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1.0 INTRODUCTION AND SCOPE OF WORK 
On September 14, 1998, A-N West was contracted by the FCDMC to prepare a 
spillway delineation analysis for Signal Butte F.R.S. The study location is shown 
on Figure I along with the limits of new study mapping. 

The limits of inundation were determined using U.S. Army Corps of Engineers 
HEC-RAS computer model (Version 2.2). The full spillway flows were provided 
by the Flood Control District of Maricopa County (District). 

Final deliverables include this report with data tables showing water surface 
elevation, depth of flow, flow velocity, and travel time; a set of full size (24" x 36)  
delineation maps at a scale of 1" = 200' depicting the inundation limits, as well 
as, a reduced copy at 11" x 17" size and digital GIs coverages consistent with 
the District's Hydrologic Information System. A copy of the scope of work and 
contract are included in Appendix A. 

2.0 STUDY AREA 
The study area involved the area from Signal Butte F.R.S. to approximately 
1,000 feet downstream of the Central Arizona Project (C.A.P.) Canal, a length of 
approximately 2.9 miles. 

The Signal Butte F.R.S. uncontrolled emergency spillway is 140 feet in width. It 
is a concrete baffled block spillway with 9 foot high side walls (See Appendix A 
for details). 

The general slope of the land is 0.9 percent to the southwest. 

At the time of this study, the study area was approximately 60 percent developed 
with mostly residential development involving RV Parks and single-family 
residential homes. Commercial development also existed primarily along 
Apache Trail. 

The Central Arizona Project (C.A.P.) Canal crosses from northwest to southeast 
approximately 2.7 miles downstream of the Signal Butte F.R.S. 

The C.A.P. Canal has earthen berms above existing ground of approximately 6 
to 8 feet height average, but as high as 18 feet. The canal includes cross- 
drainage structures to pass stormwater across the canal. These cross drainage 
structures were designed for the 100-year - 6-hour general storm for the local 
watershed between the C.A.P. and the Signal Butte F.R.S. (See Appendix F, for 
C.A.P. cross-drainage structure summary). 





a 

TABLE 1 - Capacity Comparison of CAP Canal Cross-Drainage Structures 

Note: 1) The CAP Design Discharge from Ref. 3 in Appendix. 
2) HEC-RAS computer and check capacity by (HEC #5, Ref. 9) at full spillway discharge = 11,309 cfs with 

WSEL=1573.56 at CAP Canal. The CAP design discharge would be based on lower WSEL, but this elev. was 
not known. 

3) HEC-RAS Computer Model Capacity for 213 Spillway Flow. 
4) HEC-RAS Computer Model Capacity for 113 Spillway Flow. 



Table 1 is a summary of the applicable C.A.P. cross-drainage structures 

e potentially impacted by this spillway delineation study from the Appendix data. 
Also shown are the peak discharges through these culverts from the HEC-RAS 
model analysis and a manual check (Ref. 9) at the full spillway flow with water 
over topping the CAP canal. 

3.0 HYDROLOGY I HYDRAULIC ANALYSIS 
3.1 Hvdroloqy 
The Signal Butte F.R.S. emergency spillway Freeboard Hydrology (FBH) 
discharge has been identified as 11,309 cfs from Ref. 7. The delineation of flows 
downstream of the emergency spillway are to be performed for the 113, 213, and 
full (FBH) spillway discharge or 3732, 7577 and 11,309 cfs, respectively. 

3.2 Hydraulic Analysis 
3.21 General 
The Corps of Engineers, HEC-RAS, (Ref. 8) computer modeling program was 
used to analyze the 113, 213 and full spillway discharges exiting the Signal Butte 
F.R.S. emergency spillway. Cross-sections were digitized from the 200 scale, 2' 
C.I. mapping (Ref. 6) at approximately 500 foot intervals. The cross-sections 
were coded from left to right looking downstream with station 10,000 at the 
hydraulic baseline. 

Section I.D. numbers are in River Miles increasing upstream along the hydraulic 

a baseline with River Mile 5.000, assumed at the upstream cross-section, just 
upstream of the concrete spillway. 

Each of the (3) discharges were modeled by separate HEC-RAS model and 
project number, rather than as (3) profiles within the same model. This approach 
was taken because the main low flow channel capacity was in places only 1,000 
to 2,000 ds, relative to the 113, 213 and full spillway flows, of 373 
11,309 cfs respectively. 

The majority of the spillway discharges analyzed were found to breakout of the 
main low flow channel into the left overbank. 

By utilizing (3) separate models, the ineffective area andlor blocked flow option of 
the HEC-RAS model was used to attempt to restrict effective flows for the (3) 
different discharges within the overbanks. 

The overbanks are approximately 60 percent developed by a range of residential 
development involving RV Parks, single family homes, and commercial 
developments with screen walls. Streets and some secondary small channels 
provide some continuous flow paths for overbank flow. 



Because some of these secondary channels were not considered effective for 
the 113 or 213 spillway flows, the ineffective flow or blocked flow option of HEC- 
RAS was used to block flow from these areas. 

For the full spillway flow, the majority of the mapped area was considered 
effective flow. 

Some HEC-RAS cross-sections were noted by the model to have been extended 
vertically for the computer water surface elevation at the left andlor right edges 
for some or all discharges. In most cases, the depth of flow at these open edges 
of the cross-sections was a maximum of 1 or 2 feet and it was not considered 
that significant effective flow or flooding occurred beyond these limits. 

The horizontal varied (N) value option of HEC-RAS was utilized to attempt to 
model the high resistance to flow through the different densities of development. 
Per the Appendix B, (N) Value Estimation Section, N values as high as 0.15 were 
used for high density development, with 0.10 for moderate density development. 

The mixed flow regime option of HEC-RAS was used to model each of the (3) 
profiles. The normal depth or slope-area method was used at the downstream 
end with slope = 0.01 1 ft/ft for starting water surface elevations. Critical depth 
was used for the starting water surface at the upstream end. 

Five sets of culverts were modeled by HEC-RAS across the CAP canal. The 
Table 1 shows the original CAP design discharges along with the HEC-RAS 
computed capacities for the full spillway discharge profile as well as a manual 
check by HEC #5 (Ref. 9). 

The full spillway discharge (= 11,309 cfs) water surface elevation was 1,573.56 at 
the CAP canal and involved overtopping of the canal berms. As such, the culvert 
capacities were larger than the design discharges, which were based on some 
lower (and unknown) ponding water surface elevation. 

Three of the five sets of culverts across the CAP canal had relatively little . 
downstream backwater effects from other structures. These CAP structures are 
steel pipes with modeled N values of 0.012. 

However, CAP sta. 427+15 and 429+20 structures have similar sized and 
numbers of corrugated metal pipe (CMP) culverts (N=0.024) downstream which 
create backwater and thus reduce the CAP structure capacities. To model the 
above (2) sets of structures, the CAP culvert N values was raised from 0.012 to 
0.024 to attempt to model the effect of these downstream CMP's. The total 
capacity of these (6) 72-inch diameter drainage structures across the CAP near 
the low flow channel was computed at 916 ds, for the full spillway discharge 
(See Table 1, HEC-RAS Culvert ID'S 4 and 5). 



The flow distribution was evaluated during the analysis for each discharge. The 
widely varying terrain and development type and density along with the impact of 
the CAP canal structures create a difficult situation for uniform flow distribution. 
In general, for the full spillway discharge, flow begins to break into the left 
overbank (looking downstream) immediately downstream of the spillway channel. 
More flow continues to break into the left overbank proceeding downstream until 
at the CAP canal, the majority of flcw is in the left overbank 

For the 113 and 213 spillway flows breakout begins further downstream, near the 
Adobe Road alignment and Brown Road, respectively. However, again flow 
continues to break into the left overbank, proceeding downstream. 

3.22 Breakout To East At CAP Canal 
At the east side of the study upstream of the CAP canal, ponding flow was noted 
to breakout beyond the detailed study and mapping limits. 

In order to further evaluate this breakout flow, additional 200 scale 2 foot C.I. 
mapping was obtained from Michael Baker Jr. Inc. from their study of the Apache 
Junction F.R.S. spillway for the FCDMC (see Plates 1 and 2). 

Based on the Bureau of Reclamations C.A.P. Hydrology Summary (Ref. 3), 3 
sets of 5 barrel 72-inch diameter overchutes were noted on Plates 1 and 2. As 
shown in Appendix F, the set just west of Signal Butte Road had a capacity of 
approximately 1900 cfs total at a highwater elevation of 1,573.6 (Full Spillway 
Ponding Elev.). 

As shown by Plate 1, the low road elev. of 1,571.3 on Signal Butte Road contains 
the 113 spillway flow ponding elev. of 1,570.4 from flowing further east. 

It was further noted that overflow over the CAP Canal can occur for ponded 
water above approx. elev. 1,572.5k. 

East of Signal Butte Road, the CAP Canal bank seemed high enough that only 
overchutes would convey flow across the CAP within the supplemental mapping 
limits. 

To estimate the maximum amount of flow that could flow east over Signal Butte 
Road, a normal depth flow calculation was made using the Haestad Methods 
hydraulic software (see page F-31). Per page F-31, for 2,600 CFS, the energy 
grade elev. is 1,573.1 upstream of Signal Butte Road or equal to the 213 flow 
ponding elev. 

The two sets of 5 barrel 72-inch pipes east of Signal Butte Road were evaluated 
to determine the ponding elev. to pass this 2,600 cfs. Per p. F-30, the ponded 
highwater elev. of 1,570.0 will pass the 2,600 cfs flow proceeding east of Signal 
Butte Road for the 213 flow condition. 



To evaluate the full spillway flow condition, it was noted that the 2 sets of 5 barrel 
72-inch pipes east of Signal Butte Road could convey approx. 3,750 cfs at a 
highwater elev. of 1,573.6 or the full spillway max. ponded elev. Going back to 
the Haestad software the ponding at the Signal Butte Road, for this 3,750 cfs 
resulted in a ponded upstream water surface elev. of 1,573.45 or approximately 
the same ponded eleu. asfarthefulLspillway condition. 

Therefore, the ponding elev. east of the Signal Butte Road was estimated at elev. 
1,573.6. 
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EXHIBIT A 

SCOPE OF q70RK 

FCD 98-17 
Delineation of Spillmay F1on.s for 

Signal Bnffe Flood Retarding Structure 



SIGNAL BUTTE FLOOD RET.kRDATG STRUCTURE 
FCD 9817 

?he purpose of this study is to delinearz the inundation liiirs of the 113,213, and 111 d ischqe  values of flo~vs 
iium the emeGmcy spilhsay of the Signal Bune FRS. In order to accomplish this, the consultant trill have to 
develop the to&c mapping and paform all the necessary hydraulic modeling. The upstream limit of the ~ . . 

study is the S i sa l  Butte FRS emergency spillway and the do~imfxam limit is the Central Arizona hoject Canal, 
the study limits are also depicted on exhilit A. The len,gh of the study is approliimately 3 linear miles. The 
consultant will determine the inundation limb using the U.S. Army Corps of Engineers HEC-RAS computer .. 

model. 'Ihe consultant must use sound en,&eering judgement in the development of the inundation limis. The 
results of the HEC-RAS model must be analyzed carefully and refinements made to the input parameters in order 
to obtain the most realistic results. 

*,: ;-- 
> :s. ... .-: - 

All work must be completed within 250 days from Notice to Proceed, which includes a minimum of 90 days 
for District rerielfs 

COORDINATION 

@ The consultant will submit a project schedule showing cmrdiiation meetings and completion dates for each of the 
tasks in the swpe during the proposal stage. The consultant shall update and resubmit tbis project schedule 
whenever changes in the schedule occur. 

;i.. 
'Ihe wnsultant shall submit a quarterly esthnation of the projected billing uithin 14 days of Notice To Proceed 7 .  ? 

:-; . .... - - 
*!'.7 

Thereafter, this estimation w i l l  be updated and submined to the D i i c f s  Project Manager at least 10 days prior to .-.... :+::. 
the end of each quarter. ;:.:-+ =._-: 

, ... : .. . . . ... .2~ 
n e  consultant will obtain any necessary Rights of Entry. The consultant will firmish the District with a list of all &z2 
property owners notified and a sample Right of Entry letter. @ .:.:.>: . . 
?he consultant shall meet aith officials h m  Maricopa County and the City of Mesa The purpose of this meeting . - 
is to notify them about the study and obtain information on nnrent or planned public works projects in the study 
area 

DATA COLLECITON 



.> 2: .. . 
gic Information $stem (HIS). .... . . 

.i ... 
m e  District \\ill sapply the 3 d k h q e  \dues to be model&. ebese values are h m  the spillway rating cuncunes. : % .  .. 

.. 

The consultant n%I conduct a field mwaissance of the full study reach. This will include obsmation of 
channel and flcucblain conditions for arimation of hhmin%'s "n" \dues  ~hOto?Ca~hic docummtation of - .. - .  
floodplain cbaraarrisa'cs, determination of channel bank d o n s ,  obsenation of possible overflow and split flow 
areas The field mnnaissance finding \\ill be inchded in the Fmal Report for the study. A draft version of the 
field reconnaissane sction of the FimG Report will be submitted to the District prior to beginnimg the HEC-RAS 
modelin:. Tlis wtion \\ill p m t  the determination of channel and overbank "n" values along vi131 color 
photogmphs (or color photocopies) of t h m  arear. Photo locarions shuctms and "n" values will be displayed on 
reduced (usually 11" x 17") scale mapping and included in the Fmal Repoa 

HYDRAULIC m.U.,YSJ.S L4 
! 
/ i b. 

1 
' IXs analysis w i l l  be preformed using the latest U.S. Army Corps of Engineers HEC-RAS River Analysis System .g %&? 
computer model. k:;y~ ! TI * t - 

The HEC-RAS models u;iu usually be developed for subcritical flow. Howrever, in some cases supercritical flow 
may be expenend and have to be modeled. The HEC-RAS model should be started far enou& dounstream to 
eliminate the affects of the starting conditions on the dou- limit of the study area, and reflect a minimized 
hazard fiom spillway flows. A rating curve should be used to determine the starting water surface elevation at the 
d o ~ e a m  and u~stream ends of the studv. 

f ie  initial location and alignment of cross sections and channel centerline will be submitted for the D i c t ' s  
review and approval prior to the initial di-*g of the cross section. Cross section stationing will be from left to 
ripht looking downstream with the thalweg at station 10,000. Cross sections will be spaced approximately every 
500 feet, unless geo_pphic or structural constraints dictate closer spacing, and will exqend the full width of the 
inundated area. lbe  orientation of the cross sections may need to be altered after running the HEC-RAS model to 
ensure thai cross sections are perpendicular to flow. Also, to ensure good hydraulic modeling of the spillway 
discharges, additional cross sections may need to be added, or the existing cross sections may need to be moved. 
Interpolated cross sections will not be used in the HEC-RAS model. 

. . 
Manning's "n" vah~es are to be determined using the methodoloq in the USGS report, Estimated Mznning's -.. , - 
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County, Arizona, April 1991. i& 
Prior to the completion of the final hydraulic models all of the input data must be reviewed to ensure that it a g e s  

@ ... , . . 
with HEC-RAS model results. This includes: the location of the channel centerline, reach lengths, Manning's "n" .. . 

values, ineffective flow limits, discharge vah~es, etc ... 

For braided channels, each branch should be modeled with its hiphest anticipated discharge value. This might /I z, . 
require more then one HEC-RAS model to delineate the inundation limits in these areas. A rating m e  must be ., ... 

!; . ." 
determined and the discharge contained uimin the channeL ?he percentage of discharge in each overbank and the ,~ . .- 
main channel must be closely assessed ~+thin the split flow area, as well as upstream and downstream of it. . . .. . . 

j..: 
.< p. 

time it takes for flows to travel from the spillway to each cross section. 
i' : .,., .. * :~ 
r .' '..:A 



Use the HEC-IUS m&I results and& ropogaphic mapping data to develop the inundation limit exhiii at a 
horizontal scale of 1" =200t. eshii i  (full size) isill be on standard size sheets with a maximum dimension 
on one side of 56 in&& This ehii will use the Districis standard border, tide block, and l q m d  format 
Showvn on this c . i i  w f l  be the inundation limits for the duee dischaqes, cross section locarions, thahveg 
location, supplied topgmphic data, m n d t  developed top-gaphic data or revisions, major and appropriate 
minor mad names, and dewion ref2 i - t~  a d s .  ?his eshiiit \\ill be plotted at the same scale as the orieal ly -.. . . 
supplied t o p - q h i c  data A table mua be idcluded on this cshiiit showing the computed water surface eletation 
of each cmss section for each dischme modeled, and othu pertinent information such as m a h u m  depth, 
velocity, and mvel time h m  the spilhay to each cross section. In the case of split or braided flow the masimum 
inundation limit should be shoun and the maximum !later surface elevation for each portion of the cmss section 
listed. At the end of the study one mmplete set of inundation limit exhibits will be submitted on nowrasable 
mylar (3 mil or thicker), and uiU be sealed by the en,+eer. No sticky backs or other types of tape products shall 
be applied to the mylam. ~. 

p 
An overall Final Report for the study uiU vill developed. E s  report will include, a narrative description of the sgz; ..,.:: :.*. 
purpose of this study, what steps were undertaken to complete this study, any assumptions made, minutes of s;:~: x-? 5 ~ .  
meetings with officials h m  the County and the City of hlesa, the field reconnaissance report, and a copy of the +::<. -: -.. 
inundation l i t  exhixi. Included as appendixes to thii report should be printouts of the HEC-RAS models, plot $3:. 
of the cross seaions, supporting calculations for any other hydraulic analysis done, and a copy of any L2: 
supplemental survey wok performed. E2. 

.> c.c.. 
?he results of this study uiU'also be SUbtnitted in a digital format for use in the D i i c t ' s  Hydrologic Information ,..; ::+. 
System (HIS);: ?he digital data n f l  be prepared in conformance with the District's HIS Data Delivery ;e;:. .... .is; 
Speciiications, Revision 3.1 for me follonkg themes: *-<* g*.. 

E:?; 

1. NDXPIU 
2. PRT 
3. DQ 
4. SPWBLN 
5. SPWXSEC 
6. SPWZN 

In addition to the above, the t o p p p h i c  digital data will be prepared in conformance with the District's HIHIS Data 
Delivery Specifications, Revision 3.1 for the following themes: 

2. coRhTEFi.9 
3. c m  
4. STRCT 

6. BRIDGE 
7. CNL 
8. CULVERT 
9. nn 
10. STRTDTL 
11. ELV 



The District makes ur of a checklist and a computer pro-gam m document and automate the 
of the checklist w i l l  bt pmrided to the consultant The consultant must use the checklist t 

@ 
submittal compliane and deliver a completed copy of the chrdtlist to the Dishid along ii.1 

I 1. One set of the mun;hrion limit e x h i i i  (full s ix)  on mylar sealed by the en,' emw. 

2. 4 copies of the F d  Report -aid by the en$ineer, inundation limit exhibits, and copies of the HEC-R4S 
models 'nput and mqut Nss) on a e t t e .  

3. AU of the HIS dm ulled for in the Final Products Section. 



.. 

. ~ . . .. . . 

. . Subject ' . fficic-off Meeting at FCDMC 
. ...: , 

Date: 9/1&8 
. . .  .., . . . 
FCDMC'NO. 981 j  

A-N West No. 7158-05 

Projed Name: Delineation of Spillway Flows 
For Signal Butte F.R.S. 

I Initial Data Needs From FCDMC: 

1) Signal Butte F.R.S. Spillway I Outlet Structure Plans I As-Builts 

2) C.A.P. Plans I As-Builts, from Sta. 414 + 15f to Sta. 504 + 25f or at Point approximately 
1200 feet north of Apache Trail to Point 1200 feet south of Broadway Road. 

3) Spillway Oufflow Hydrology. 

4) Key to C.A.P. andlor Signal Butte F.R.S. Structure Security Gates or Contact Names for 
Access By Surveyors. 

I 
5) Sample Technical Data Notebooks for Example Format for Projed 

6) Two Copies of Version 3.1 GIs I HIS specs. 

7) Survey Elevation Benchmarks and Horizontal Control in Area or FCD Contact Name For 
Surveyor to Coordinate. 



PCD 98-17 
Delineation of Spillway Horns for Signal Butte FRS 

Some General Guidelines for the Study 

September 16, 1998 

1. All submittals should include a copy of the HEC-RAS model on diskette. The diskette 
should include the input and output files, and the generated report. 

2. Use the project description and cross section description features of HEC-RAS. The project 
description should include the study name, contract number, consultants name, consultant 
contact, purpose of the study, general assumptions, source of the study data (topographic 
mapping (flight date), hydrology, n-values, etc.. .). The cross section description (if 
necessary) might include a comment on the specific modeling approach, or a comment 
about the relationship of the cross section to roads or other significant features. 

3. When printing out the HEC-RAS model results make use of headers andlor footers. All 
output pages should be numbered and dated, it can be helphl to have the study name and 

that should be included in the footer. 
contract number included on the pages. If the three discharges are modeled separately, then I 

4. The hydraulic results summary table should really be on the same page as the cross sections 
it pertains to. The intent is to have some of the pertinent results on the same page with the 
cross sections. We don't want to have a separate page for the hydraulic results surnrnmy 
table. 

5.  The final HEC-RAS model should only include the final results. This means that usually 
there is only one plan, one geometry file, and one hydrology file. Any intermediate files 
(usually different geometry files for different approaches to a problem area) should not be 
included. The only exception to this is if the three discharges are modeled separately. 

6.  Items that are preliminary or draft should be identified as such. Dating the items can also 
help in this matter. 

7. The Manning's n Value Report and the Data Collection Report nre not intended to be stand- 
alone reports. They are supposed to be sections of the main report. 
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&+ ... 
5 ., , TJNC. ;;:y . . . .  ~ e ~ t e m b e r  16. 1998. . . -  

Consulfing Engineers . . : . . 
. . 

;L . + .  
Aztep Engineering 
4515 Nolth 1 6 ~  Street-'. 
Suite' 202 
Phoenix, AZ 85016-5363 . . I 

! 

'. '% 

Re: Notice to\.Pro,ceed For survey on 
FCD No. 98-17, Signal Butte Flood ~etarding Structure 
A-N West No. 7158-05 

. , 

Dear ~r..S'mith: . , . . .. . .. 

I 
t 

We write to inkrrn you of your immediate Notice to Proceed on the referenced project. 
We are transmitting: 

a a) An exeched proposal for the 2 foot C.I. mapping option. 

b) Eleven sheets of Design Plans for the Signal Butte F.R.S. CAP. 

1 c) Proposed schedule. 

Cooper Aerial Mapping (Jeff Cooper, Ph. 678-5111) will be performing the aerial mapping for the 
project. Please coordinate with Cooper on panel layout and flight schedule. Joe Tram of the 
FCD will be contacting the Bureau of Reclamation concerning CAP access and will also notify us 
concerning the F.R.S. structure access through the F.C.D. A-N West will contact Martha Dent at 
F.C.D. to obtain benchmark and control data. 

Should you have other questions, please call. 

Sincerely, 

A-N WEST, I C. 

~ r e ~ o j  A. Sdruelke, P.E., R.L.S. 
Vice President 

Manager 



. . . . . . . . 
I ' .  

. . . .  . .. . . . . 
. .' 

September 18,1998 . 

j .  . 
, ,  : . . .  

. Cooper Aerial of Phoenix, 'lnc. * .. .. . , ,*11402 North Cave Creek Road . . .~ . . 
. ; Phoenix; A285020 .. 

. .. 
. . .  ... 

, . Re: Notice to Proceed For Aerial Topography and HIS Translation on 

. . 
FCD No. 98-17; Signal Butte Flood Retarding Structure 
A-N West No. 715805- 

' . ' ~ t t n :  Mr. ~ e f f  cooper 

' Dear Mr. Cooper: : 

. We write, to inform you of your immediate Notice to Proceed effective 9/14/98 on the referenced 
/ . : project. . , , .. . 

. . .  . . . . 
, '  . . .. . . . .  
..: , . . The 2 footc.1. mapping proposal option has been selected from your earlier proposal (attached). 

~owever,'the digital photo overlay option will not be included.. Your resultant fee is understood to 
:.:': be $12,942.00. . . 

. .. . . ..: . / . ' h e =  Engin&$ng ';Mr. Norm Smith Ph: 263-9640) will be performing the field survey for the 

1 , . ,project. Please coordinate with Aztec Engineering on the flight schedule. 
;. 
1 . , -' ~ h b u l d  you have other questions, please call. 

! , . ' ,  . 
. . 

Sincerely, 
:. 



FAX MEMO 

Date: 9/23/98 
To: Martha Dent, GISIHIS Dept 

FCDMC Fax No. 506-4601 
Project: Signal Butte F.R.S. Spillway Delineation Study 

FCD. No. 98-17 
A-N West No. 7158-05 

From: Mr. Greg Schuelke, PE, RLS. 
Phone: 861-2200 
Fax: 943-1989 

Re: Horizontal and Vertical Control Data In Area of Study and 
Request For 1,000 Scale Aerial Photo of Site. 

i 
1 Dear Ms. Dent: 

A-N West is performing a spillway delineation study in the area shown on the attached Exhibit for 
the F.C.D.M.C. 

~. 
. .. . . . 
. . We are requesting a printout of horizontal and vertical control benchmarks in this study area and - 

within (1) mile beyond for our survey subconsultant, Aztec Engineering, to coordinate with. . . .  

We also write to request a 1,000 scale photo from your data base of the study area and the area 
% mile beyond for use as a study aid. 

Thank You. 





a September 23,1998 
Consulting Engineers 
FCDMC 
2801 West Durango Street 
Phoenix. AZ 85009-6399 

Attn: Mr. Joe Tram. Project Manager 

Re: FCD No. 9817 
Signal Butte F.R.S. Spillway Delineation 
A-N West No. 7158-05 

Dear Mr. Tram: 

Attached is a proposed schedule and estimate of projected billing by quarter for the referenced 
project as requested. 

Sincerely, 

vie; president 
Project Manager 



AN WstNo.  7158-05 
N&e S, Procord: 9/14/48 
Compdcn Dar M 1~99 (270 Dw) 
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ESTIMATE OF PROJECTED BILLING 

PROJECT NAME: Signal Butte F.R.S. Sp~llway Delineation 
PROJECT NO.: FCD 98-17 
A-N WEST NO.: 7158-05 
NOTICE TO PROCEED: 9/14/98 
COMPLETION DATE: 611 1/99 (270 Days) 





October 30, 1998 
Consulting Engineers 

FCDMC 
2801 West Durango Street 
Phoenix, AZ 85028 

Attn: Mr. Joe Tram 

Re: Signal Butte F.R.S. Spillway Delineation 
FCD NO. 98-17 
A-N West No. 7158-05 

Dear Mr. Tram: 

It is A-N West's understanding that the study discharges for the referenced, study are the 113, 213 
and full discharge flows from the emergency spillway for the Signal Butte F.R.S., which were to 
be provided to A-N West. A-N West was provided a loner copy of the, "Hydrologic Investigation. 
Emergency Action Plan, Signal Butte F.R.S., Buckhorn-Mesa, Watershed", FCD Library 

a (A304.701), Dated August 28, 1984, as a source of the full spillway flows. 
- 

We have enclosed a summary table from the above document, entitled, Signal Butte FRS. ESH, 
FBH and Breach Analysis For Emergency Action Plan. We interpret the Freeboard Hydrology 
Discharge (FBH) flow of 11,309 cfs as the Full Discharge for this study. The 113 and 213 flows, 
then being 3766 and 7532 cfs. respectively. 

We write to request your concurrence on these study flows. 

Sincerely, 3wlw 
Gregory A. Schuelke. P.E., :L.S. 
~ic;  president 
Project Manager 

A -10 
7600 Norih 15tf1 Sheet, Suite 200 Phoenix, Arizona 8%0-4331 Fax (602) 943-1989 (6021 861-2200 - 





Maricopa County 

A-N West, IIIC. 
Co~ist~lti~ig E~igi~lccrs 
7600 NOI-UI 15* Strcct, Suite 200 
I'hccnis, Arizorln 85020-433 I 

Atbi: Mr. G q  Scl~uclkc, P.E. 

Ilc: Lcllcr dakd October 30, 1998 
FCD 98-17 
A-N Wcst No. 7158-05 

Dcar Mr. Schuclkc: 

Wc colicur witli Ulc Ilow valucs to bc uscd for thc inundation maps for thc subject contcict, as 
dcfiiicd in your lcttcr oFOctobcr 30,1998. 

Tccluiical Rclmc No. 60 by tlic U.S. Dcl~arkmcnt of Agriculture Soil Conscrvation Scrvicc 
indicatcs that thc Freeboard Hydrograph would bc gcncratcd fro111 thc Probablc Maximum 
I'rccipit~tion cvclit, or portions U~crcof, dcpcnding upon tlic classificatio~l of thc structure. 

I apologize for 1101 fun~islli~~g tl~is infor~iiation to you soollcr. 

/ Joc Tnin, P.E. 



Earth $I Dams 
and 
Reservoirs 

Technical Release NO. 60 
210 - v1 

Rsvlsed Oct. 1905 

U.S. Department of  Agricultur 
Soi l  Conservation Service 
Engineering Division 



'I'ABLE 2-5 

MIIIIMLY E?lZRCENC'I SPILLWtIY HYDROLOCIC C R I T E R I A  

E f f e c t i v e  Height 
Freeboard 

Ploo + 0.40 (PMP - Plo0) 

PlO0 = P r e c i p i t a t i o n  f o r  100-year r e t u r n  pe r iod .  PKP = Probab le  maximum p r e c i p i t a t i o n .  

*' ~ a m s  i n v o l v i n g  i n d u s t r i a l  o r  munic ipal  c a t e r  arc t o  use  minimum c r i t e r i a  e q u i v a l e n t  co t h a t  of c l a s s  ( b ) .  
N 

I 
0 

A p p l i e s  when che u p s t r r n z  da.. i s  l o c a t e d  s o  t l la t  i t s  f a i l u r e  c o u l d  endanger  t h e  lose: dam. 

I 
i 



Consulting Engineers . December 3, 1998 

FCDMC 
2801 West Durango Street 
Phoenix, AZ 85028 

Altn: Mr. Joe Tram. PE 

Re: Signal Butle F.R.S. Spillway Delineation Study 
FCD NO. 98-17 
A-N West No. 7158-05 

Dear Mr. Tram: 

We herewith transmit one draft of the initial report and Appendix B, Field Reconnaissance and 
Hydraulic Parameters Estimation for your review and comment. 

Sincerely, 

A-N WEST. INC. 

Gregoiy A. Schuelke P.E., R.L.S. 
Vice President 
Project Manager 

I -  - ' 
7600 Noflh 15th Street, Suife 2~70 . Phoenix, Arizona 85020-4331 - F a  (602) 943-1989 - (602) 861-2200 



Maricopo County BOARD OF DIRECTORS 

2001 Wcst Durango Street Phocnix, Arizona 85009-6399 Jan Brewer 

Teleplione (602) 506-1 501 Fullon Brock 

Fax (602) 506-4601 Andrcw Kunasck 

TT (602) 506-51197 Don Slaplcy 
Mary Rosc Carriclo Ulilcox 

December 8, 1998 

Grcgory A. Schuelke P.E., RL.S. 
A-N West Inc., Consulting Engineers 
7600 Nortl~ 15th Street, Suite 200 
Phocnix, Arizona 85020-4331 

Subject: Signal Butte F.RS. Spillway Delineation Study 
FCD NO. 98-17 
A-N West No. 7158-05 

Dear Mr. Schuelke: 

Our review comments are contained within the enclosed copy of your dnfl  initial rcport and' 
Appcndix B, Field Reconnaissance and Hydraulic Paramctcr Estimation for thc subject study. 

Ifany tommcnts arc unclear, please contact me at 506-4708. 

Sincerely, 

/ Joe Tram, P.E. 



December 22,1998 
Consulting Engineers 

FCDMC 
2801 West Durango Street 
Phoenix. AZ 85028 

Attn: Mr. Joe Tram. PE 

Re: Signal Butte F.R.S. Spillway Delineation Study 
FCD NO. 98-17 
A-N West No. 7158-05 

Dear Mr. Tram: 

Our field survey sub consultant has had approximately a 3 week delay in getting final aerial 
mapping panel control data to the aerial mapping company. This in turn has resulted in a 
delay for the aerial mapping company in preparing mapping for the project. Due to the 
holidays, the mapping delay is estimated at 5 weeks. 

A-N West's work will also be impacted by these delays. We are submitting the attached 
revised schedule. We are estimating a (2) week completion delay from our earlier schedule. 
However, we had estimated completing two weeks ahead of the 270 calendar day completion 
time, such that this revised schedule still anticipates completion in the 270 day period. 

Sincerely, 

A-N WEST. INC. 

J ~ A !  
Gregory A. Schuelke P.E., R.L.S. 
Vice President 
Project Manager 



. .~ . . . . . . 

A-S \Yes: Sa. i15I-55 DELINEATION OF SWL\'AY SLOWS FOR SKjSAL ELITE F.RS 
N 2 b  t3 P W :  W1@9 FCD NO. 98.17 

P.WPOSED SCHEUDLE ' . 

) = D:at Map jng WI Proposed CrcsrSeb'on Localans 
1 = Cics-seson Ploh 

Dr&T.D.N. and HECRAS DoGnsdon - HIS Subrnrd 01.4 Daa 
= F1r.d Documen3 SuSate;l. 

=Rdd Survey Delay 



f o u u t \ u n t t x  I a tna tn rzc l  

SUKE 200 
Consuiting Engineers PHOENIX, ARIZONA 85020 

(602) 861-2200 

~ef fe ;  of Transmittal 

TO: ~ , ~ p . +  DATE: / 6 / 9 ~  
// 402 I C .  gcr! JOBTITLE: 
Ph>c. . ~ / d = 7 &  JOB NO.: k' 7/59 -b 5 

RE: 5,2jm/ k?ah(e Fk' s 
ATTN: ,&&A ~ & / p &  ~ d d  n / d c  9s-17 

/ 
ViE ARE SEtJDItJG YOU & AITACHED VIA & / , . Y P ?  / 

ME FOLLOVJING ITEIJS: 

0 SPECIFICATIONS Cl ORIGINALS Q COPY OF LEITER 

SHOP DRAWINGS 0 PRINTS Q REPORT 

Q PLANS (7 SAhlPLES Q OTHER 

O OTHER 



TRANSMllTAL FORM 
[ ] Record of a Telephone Conversation [ ] Letter Of Transmittal 

Cooper Aerial of Phoenix, Inc. 
11402 N. Cave Creek Road 

Phoenix, Arizona 85020 
(602) 678-51 1 1 

address: 

I Fax (602) 678-5228 attention: 

I date1/6/33- job no. lo@ - 091898 re. S I G N A L  BUTTE F.R.S. 

we are sending you: [ ] attached via R ~ R  the following: 

[ ] contact prints [ ] enlargments [ ] digital data [ ] mapping [ ] samples 

[ ] copy of letter [ ] change order [ ] specifications [ ] check plots 

I 
I 

[ ] other 

i .  Note: If parcel is damaged in transit, please notify us at once. 

items discussed / comments or action 1 @ 

required: 

1 CHECK PLOT 
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Greg Schuelke, PE ,:2-.2A~... 

A-N West, lnc 
7600 N 1 5Ih Street #200 
AZ 85020 January 6, 1999 

Dear Mr. Schuelke, 

Re: Minutes of the meeting held in coniunction with the Signal Butte 
Spillway Study Proiect 

This communication is a minutes of the meeting held this morning at your office 
premises. Present at the meeting were Mr. Greg Schuelke and members of the CAD team 
from AN-West and Robert Murphy and Hans Channaraj from Cooper Aerial Surveys 
Company (CASCO). Henceforth all references to "we" and "us" shall be interpreted as 
Cooper Aerial Surveys Company. 

The following task list with the assigned responsibilities has been received by us for 
subsequent construction and delivery to the Flood Control District ol'Maricopa County 
(hcnceforth FCD) : 

I lydraalic~ and hydrology related coverages and tables as under: 
I .  NDXI'IIJ from AN-West 
2. I'ILJ from AN-West 
3. DQ from AN-West 
4. SPWBLN from AN-West 
5. SPWXSEC from AN-West 
6. SPWZN from AN-West 

I'lanirnetric and topograpl~ic deliverables are indicated as follows: 
1. CART0 from AN-West and CASCO 
2. CORNERS , from AZ Tech Engg 
3. CTRI, from AZ Tech Engg 
4. SI'RCT from CASCO 
5. PRJ.REL from AN-West 
6. BRIDGE from AN-West and CASCO 
7. CNL fi-om CASCO 
8. CULVERT from AN-West and CASCO 
9. FLTY from AN-West and CASCO 

I 

i 
I 11402 N. CAVE CREEK ROAD I PHOENIX, ARIZONA 85020 I 
, 78-51 11 / FAX (602) 6 

4-33 



10. SI'RTDTL from CASCO 
I I .  ELV from CASCO 
12. RIVER from CASCO 
13. FPCTLFCD from AZ Tech Engg 

I~urtliermorc, it has been indicated to the CAD technical personnel this nioniing that we 
shall insist on receiving the incoming AutoCAD data in a manner that will be consistent 
with the CAD specs specified in the HIS standards. 

Tlie responsibilities indicated on the sheet have been duly noted. 

Exceptions 
Ilowever, we are given to understand that (in the instance of the planimetric and 
topographic deliverables as above) item #13 will be elements that will be identitied and 
made know to us from the survey control points delivered by AZ Tech. We understand 
that even though the list indicates AZ Tech, the final identifications of tlie ERMs shall 
come from AN-West. 

It is herein noted that only the above indicated coverages and tables shall be prepared. 

We note that the UTLTY(uti1ities) coverage has not been indicated in the above list. 
Normally it has been our experience to find elements that belong to this coverage. You 
may wish to consider this item as being a possible candidate in  tlie above top0 list. 

If iS specification version 
We are given to understand that all the database information will be generated to conform 
to the FCD's 3.1 revision of their specification for the Hydrologic Information System. 

CAD specific 
The following will recapitulate the highlights of the CAD requirements that we discussed 
this morning with AN-West : 
1. Put associated geometric features (e.g. base lines) into it's own layer. Chances are 
they will be revisions and comments and always ensure that these modifications go where 
they bclong. 

2. DO NOT put unassociated geometric features on the same layer (e.g. baselines and 
spillway boundary delineations). If there is associated text (text only!) it is okay to put it 
on the same layer as the geometric feature it goes with. 

3. I lowever, if there is linework associated with callouts (e.g. callouts for cross sections) 
then all this callout geometric and text information should be put on its own layer 
(different than the cross sections). 



4. In the instance of the NDXPRJ: this refers to the inner border of the map sheet. This 
is the border which is closest to the t o p ,  hydraulics, etc. And this border should be real 
coordinate space. Make sure that these border polygons are all closed. . 

5. 1'115 refers to the encompassing boundary of the study area. This is a polygon which 
encloses the entire study area as closely as possible. This polygon sllould close on itself. 

6 .  Feel free to use AS MANY layers as you wish to use. When in doubt put the item on 
a different layer. 

7. In regard to SPWZN, each individual designation goes on its own layer. (e.g. 113 
flow delineation of the zone goes to its layer, 213 to a different layer, etc). Make sure that 
each of these polygons is closed. 

I IEC-MS specific 
1. The following indicates the requirements expected for the HEC-MS output runs: 
All I IEC-RAS runs will be made using the same revision. Do not mix and match 
revisions ofthe I-IEC-RAS program. Please check also with FCD whether it would be 
appropriate to use your anticipated revision in your project. We recommend that you 
check with Mark Brewer, Database Administrator at FCD. 

\ 

2. Furthermore, we are given to understand by the FCD that they outline certain specs 
how to run the HEC-RAS program to obtain a consistent output fonnat. Once again we 
direct you to check with Mark Brewer, Database Administrator at FCD. 

3. It was indicated to us that there would be a possibility of split flow scenarios. This 
may involve additional quantum of effort and may impact our schedules. We need to be 
informed in advance if such a development should actually occur. 

4. Do not edit by hand any of the values in the output I-IEC-RAS liles. This nlay 
invalidate some ofthe assumptions made in our processing programs. 

General 
It would be to our mutual benefit to set up interim meetings to gauge the accuracy and 
acceptability of the work. We recommend atleast two check points in this regard: One 
that would indicate the broad layout ofthe effort and the next at about halfway through 
the effort. 

Please check with us if you have any questions regarding this transmission. Furthermore, 
please make a copy of this transmission available to your CAD team. 



January 19,1999 

. . . . .. . ' '  . .  M r . 3 o e T r a m  . "  
. . , ' ' .FCDMC. 

. 2801 West Durango Street- . . . .  . Phoenix, AZ 85028 
. . 

. . Re: Signal Butte F.R.S. Spillway Delineation Study 
. , 

. . FCD NO. 98-17 
. . A-N West No. 7158~05 

. . 
, .  . 

< , . 
. . 

., '. . Dear Mr. Tram: 

We received mapping from Cooper Aerial for this project on January 6, 1999. We herewith 
transmit a one-sheet 300 scale print of this mapping with a draft mark-up of hydraulic basoline 
and cross-sections for your review and comment. 

. . .  . . . . . .  . 

, . 
' The 'primary channel -along the hydraulic baseline does not appear to have the capacity to 

, . 
. . , conveyeven the lowest of the three (3) design discharges of 3766, 7532 and 11,309 cfs. This is 

. based on preliminary depth and capacity estimates noted in pencil near each cross-section. 

'0  .. . . The five (5). sets of CAP cross-drainage culverts have a capacity of 'approximately 1878 cfs, 
. . . . :: ' :  again'below the lowest of  the three design discharges. A yellow line was highlighted .on the 

. . . . . ' mapping showing the ponding elevation of 1573, the elevation at which overtopping of the CAP 
: canal will occur.' 

This submitted cross-section layout is based on a single HEC-RAS model, wherein flow is 
assumed to be spreading evenly across the sections. 

If this is not found to be reasonable, a second separate model may be involved wherein the 
cross-sections to the east of the main wash are part of a separate model. The green ridge line 
immediately to the east of the hydraulic baseline would form the break between models and , 

' cross-sections. 

; .  
. . .  Sincerely, 

A-N WEST, INC. 

a_.._ ___ 
Vice President 
Project Manager 

R- 33 
7600 North 15th Street, Suito 200 . Phoenix, Arizona 85020-4331 Fax (602) 943-1989 . (602) 861 



Consulting Engineers 

Mr. Joe Tram 
FCDMC 
2801 West Durango Street 
Phoenix, AZ 85029 

Re: Signal Butte F.R.S. - Spillway Delineation Study 
FCD NO. 98-17 
ANW NO. 71 58-05 

April 8, 1999 

Dear Mr. Tram: 

We herewith transmit (2) sets of the draft final reports for the referenced project for your 
review and comment, including (25) 11" x 17" delineation maps as part of the report and 
(25) 24" x 36" 200 scale delineation maps. 

Per earlier discussion and because the effective floodplain gets wider from the 113 to full 
spillway flows, this analysis and delineation maps reflect separate HEC-RAS models 
and exhibits for each of the (3) discharges modeled. 

Sincerely, 

~rego'ry A. Schuelke P.E., R.L.S. 
Vice President 
Project Manager 

4 -31 
7000 Norftl 15th Stroot, Sulto 200 Pl,oonlx, Arlzona 05020-4331 - Fnx (602) 943-1909 - (602) 061-2200 



Maricopa County 

A-N West, Inc. 
Consulling En ~incers k, 7 0  I IS Slrecl. Suilc200 
Pl~oerlis, Ari;.ona 85020-4331 

ALIII: Mr. Greg Sclrucllte, P.E. 

S~ l l~cc l :  FCD 98-17 --- A-N West No. 7158-05 
!leview oS Signal 1311llc Spillw;~y Arc1111fa 1)cliver:tbles 

Gear Mr. Schuelke: 

BOARD OF IIII<CCTORS 
Ian llrcwcr 

I:ulton Brock 
At>tlrc~w Kunasch 

Don Sl;rplc,y 
Mary Rosc Carrido Wilcox 

'I'ilc coverages supplied to the Flood Control District for l l~e st~bjecl c o n l ~ ~ ~ c t  lave been reviewed. The 
enclosed b u r  pages conlain Ute review conimcnls. IS Urere are questions concerning llte comrnenls, ple:tsc 
co!~l:~cl Mr. Mark Brewer, G.I.S. Databitse Atl111inislr:tlor :I[ (602) 506-2953. 

111 ;tdtlirio~~, we :~rc rcqaesling lllc DTM for llte st~bjecl slucly lo also be tlclivcred 

As previously discussed, we are slill reviewi~lg llrc dnln dcline;ltions oflhe s~tbjcct sludy and plan to 11:1ve 
Llte review co~nplctcd willtin two wcclts. 

P , ,  
Spccial I'rojecls Branclt Mnnagcr 



April 26, 1999 

@ The Flood Control District of 
Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

HIS, Revision 3.1, database review of the Signal Butte Spillway Arc/Info 
deliverables. 
Reviewed by: Mark Brewer, G.I.S. Database Administrator 

This memo is for the review of the GIS coverages supplied to the Flood 
Control District of Maricopa County. The PRJ-RID for this project is 10GG. 

The following coverages were reviewed as follows: 
[ ] need to be addressed. 
[XI passed the review. 
[f] were corrected by FCU in order to be accepted. 
please enclose a letter upon the next submittal stating what actions were 
taken for each comment, number by number, so that we know that the comment has 
been looked at and addressed. DO NOT resubmit approved coverages with the next 
submittal. 

Some of the check items may fail due to any of the following errors: 
1. The table is missing, 
2. The item name and/or definition is incorrect or 
3. No records in table. 
So if a check item has an error and it appears to be fine, then look for any 
of the previous errors causing the problem. To avoid this situation, it is 
recommended that the District's automated review program be run before making 
a submittal. The program will point out these situations. The program is 
provided free of charge. 

All of the required files have not yet been submitted for review. The 
following is a review of what has been submitted to this point. 

Submitted: April 16, 1999 
BRIDGE 
7.[ ] Item PRJ-RID in table BRIDCE.AAT has some numbers that aren't your 

assigned number. 
8.[ ] Item PRJ-RID in table BRIDGE.AXP has some numbers that aren't your 

assigned number. 
11.1 I Check items 11, 17-19 and 21-23 need to be populated if any of the 

bridges were used in the IIEC/RAS analysis. 
12.[ I Coverage has dangle errors that can be eliminated. 

CARTO 
8 . [  I Item PRJ-RID in table CARTO.AAT has some numbers that aren't your 

assigned number. 
9.[ ] Item PRJ-RID in table CARTO.AXP has some numbers that aren't your 

assigned number. 
1 3 . L  I Item PRJ-RID in table CARTO.PAT has some numbers that aren't your 

assigned number. 
14.C I Item PRJ-RID in table CARTO.XXP has some numbers that aren't your 

- 
Signal Butte Spillway 



assigned number. 
25.1 1 Blocks/cells in the CADD environment qet their entities translated for . - - 

coverage CARTO, not their insertion points. See the H.I.S. 
specifications page 1-9, section 4.5.6. Examples of features in this 
study are saguaros, fence line "x" , transformer towers, manholes, 
etcB. This should eliminate almost all of the points from this 
coverage. 

26.[ ] Any miscellaneous features from the spillway analysis portion of the 
study will need to be placed here. 

CNL 
7.[ ] Item PRJ-RID in table CNL.AAT has some numbers that aren't your 

assigned number. 
Q.[ ] Item PRJ-RID in table CNL.AXP has some numbers that aren't your 

assigned number. 
20.[ 1 The line in this coverage does not appear to be a canal. Please move 

it to coverage CARTO. 
21.1 ] The lines representing the Central Arizona Project Canal need to be 

placed here. 

CORNERS 
7.1 ] Item PRJ-RID in table CORNERS.PAT has some numbers that aren't your 

assigned number. 
8.[ ] Item PRJ-RID in table CORNERS.XXP has some numbers that aren't your 

assigned number. 
1.1. [ ] Please verify and/or correct the following error(s) for item 

CTLTYP LID: - 
Record(s) appear to be coded with wrong values. 

19. [ ] Please verify and/or correct the following error(s) for item CNRNAME: 
Record(s) appear to be coded incorrectly, ie: SCORNE instead of SCOR 
NE. This makes a difference during database searches. See the example 
in the H.I.S. specifications. 

25.[ ] Please verify and/or correct the following error(s) for item DESC: 
Some descriptions contain miscellaneous double quotes, " .  

3 0 . [  I Most of these points appear to be the same points as depicted on the 
hard copy maps. These points are 2001  + / -  away from there 
corresponding point on the map. Please verify. If these points are 
off, then coverage CTRL may also need to be corrected and resubmitted. 

CTRL 
Coverage is tentatively accepted at this time based on the following changes 
made by FCD. Final acceptance is awaiting the outcome of coverage CORNERS. 
7.[f] Item PRJ-RID in table CTRL.PAT has some numbers that aren't your 

assigned number. 
8.[fl Item PRJ-RID in table CTRL.XXP has some numbers that aren't your 

assigned number. 
2 0 .  [fl Please verify and/or correct the following error(s) for item DESC: 

Some descriptions contain miscellaneous double quotes, " .  
Most distances are missing either ' or ft. to specify the distance. 

e CULVERT 

FCD 98-17 Page 2 of 4 
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7.[ ] Item PRJ-RID in table CULVERT.AAT has some numbers that aren't your 
assigned number. 

8 .  [ 1 Item PRJ-RID in table CULVERT.AXP has some numbers that arenlt your 
assigned number. 

11.[ ] Check items 11,12 and 18-25 need to be populated if any of the 
culverts were used in the HEC/RAS analysis. 

28.[ 1 Some of the linework does not appear to be culverts. Please move it to 
whatever coverage it pertains to. 

ELV 
coverage is tentatively accepted at this time based on the following changes 
made by FCD. Final acceptance is based on a comparison with the DTM files when 
they are delivered. 
n.[f] Item PRJ-RID in table ELV.AAT has some numbers that aren't your 

assigned number. 
9.[f] Item PRJ-RID in table ELV.AXP has some numbers that aren't your 

assigned number. 
12.[f] Item PRJ-RID in table ELV.PAT has some numbers that aren't your 

assigned number. 
13.[f] Item PRJ-RID in table ELV.XXP has some numbers that aren't your 

assigned number. 
27.[f] Item CNTR-LID in table ELV.AXP has index contours coded incorrectly 

based on the elevation. 
28.[f] Item CNTR-LID in table ELV.AXP has intermediate contours coded 

incorrectly based on the elevation. 
31.[f] Some pseudo nodes can be removed. This error occurs after correcting 

the error in comment number 34. 
3'l. [f] Coverage has node intersect errors. 

FPCTLPCD 
2.[ ] Annotation from the hard copy maps should be placed here. 
7.[ ] Item PRJ-RID in table FPCTLFCD.PAT has some numbers that aren't your 

assigned number. 
8.[ ] Item PRJ-RID in table FPCTLFCD.XXP has some numbers that aren't your 

assigned number. 
18.[ ] Please verify and/or correct the following error(s) for item RMNUM: 

~ l l  3 ERMs are coded the same. 
The ERM ids should contain the verbiage "ERM" with the id, ie: ERM135. 

2 4 . L  I The hard copy maps contain 8 Ems, but only 3 were delivered. 
25.1 I The points delivered are approximately 254943' away from the study 

area. 

RIVER 
7.[ ] Item PRJ-RID in table RIVER.IIAT has some numbers that aren't your 

assigned number. 
8.[ ] Item PRJ-RID in table RIVER.AXP has some numbers that aren't your 

assigned number. 
19.[ ] The linework representing the water line in the Central Arizona 

Project Canal should be moved to coverage CARTO. 

STRCT 
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7.[ I Item PRJ-RID in table STRCT.AAT has some numbers that aren't your 
assigned number. 

8.[ I Item PRJ-RID in table STRCT.AXP has some numbers that aren't your 
assigned number. 

11.[ ] Please verify and/or correct the following error(s) for item 
SCTTYP-LID: 
Coding appears to be inconsistent, ie: one feature is coded with 
something other than 999, but all the similar features around it are 
coded as 999. How is it determined what features get a code other than 
999? 

12.[ I Coverage has many dangle errors that can be eliminated. 
19.L I There are portions of duplicate lines over existing lines. 

STRTDTL 
Coverage is accepted at this time based on the following changes made by FCD. 
7.[fl Item PRJ-RID in table STRTDTL.AAT has some numbers that aren't your 

assigned number. 
8.[f] Item PRJ-RID in table STRTDTL.AXP has some numbers that aren't your 

assigned number. 

UTLTY 
2.[ I The annotation for the manholes should be moved to coverage CARTO. 
13.[ ] Item PRJ-RID in table UTLTY.PAT has some numbers that aren't your 

assigned number. 
14.[ ] Item PRJ-RID in table UTLTY.XXP has some numbers that aren't your 

assigned number. 
la.[ ] Please verify and/or correct the following error(s) for item 

UTYTYP-LID in table UTLTY.XXP: 
The points coded as manholes should be moved to coverage CARTO. 
Remember to convert the "symbolized" entity and not the insertion 
point if this is a block. See note 25 of coverage CARTO. 

25.[ I Please verify and/or correct the following error(s) for item STRUC-NM 
in table UTLTY.XXP: 
Record(s) appear to be coded with wrong values. If the structure names 
are not known, leave this item blank and submit a letter with the 
submittal stating that the features left blank are not known. 

DQ . TBL 
Table is accepted at this time based on the following changes made by FCD. 
6 . [ f ]  Item PRJ-RID should be your assigned number. 
10.[fl Item TOPO-DT should reflect the date of topography capture. The date 

submitted was 3/20/97 and the hard copy maps have 10/15/98. 

PRJDAT.TBL 
Table is accepted at this time based on the following changes made by FCD. 
4. [fl Item PRJ-RID should be your assigned number. 

tmm 
/fcdbase/signalbuttel 
\\fcdmain\users\mrb\word\signalbuttel.doc 
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Comments relating lo survey rlnta 

C O R N E R S ' C O ~ ~ ~ ~ ~  #19. 

11402 El. Cave Creek b a d  Pllocoix AZ 05020 

Phone (602) 678-5111 Fax (602) 678-5228 
1500-229-2279 





We write to respectfully request a time extension for the referenced project, which had a 
completion date of 611 1/99. 

Cons~l f ing Engineers 

Mr. Joe Tram 
FCDMC 
2801 West Durango Street 
Phoenix, AZ 8500!34399 

Re: Signal Butte F.R.S. Spilhvay Delineation 
FCD NO. 9817 
A-N West No. 7158-05 

We have attached a revised schedule and we request a time extension of 70 calendar days to 
August 20, 1999. 

Sincerely, 

Dear Mr. Tram: 

ROOD CONTROL & 
RECEIVED 

JUN 2 1 1999 

I C H E X G  I I ? b  PV, 
- .  

37,& 
Gregory A. Schuelke P.E., R.L.S. 
Vice President 

'7, 1999 

Project Manager 

A - 3 ?  
7600 North 15th Street, Suite 200 Phoenix, Arizona 850254331 F a  (602) 943-1989 (602) 861-2200 
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FLOO CO, ROL - ', ysriccr p .A!!&? 

I P S ~  

Maricopa County 

2801 \\lest Duran~o Streel Piloenis, Arizona 85009-6399 
Telephone i6021 506-1 501 

Fax (602) 506-4601 
TT (602! 506-5397 

BO.IRD OF DIRECTORS 
Ian Brewer 

Fulton Brock 
;\ndre\\, Kunasek 

Don Staple? 
,\131-\. Roie Carrido \\'ilco\ 

A-N West,hc. 
7600 North 15" Street, Suite 200 
D,.^-r;.. * '. . or.-.-n . , L b i l i . h )  ~ i l i U l l l i  02";" 

Attn: Gregory A. Schuelke, P.E., RL.S. 
Vice President 

Re: . Contract No. FCD 98-17, Delineation of Spillwy Flo~ys for 
Signal Butte F.R.S. Spill\ray Delineation 
Letter of Forbearance 

The Flood Control District must advise A-N West, Inc. that the completion date of June 6, 1999, 
for t l ~ e  subjcct contract, can not be contraci~~ally \vaivd. Your letter of June 17, 1999 xith its 
revised schedule requests a 70day extension for subn~iltal of the technical work to \vhich \tre 
agree. I-Io;~~ever, the District \rill forbear the contract completion date to November 1,1999, to 
nllo\v for final invoice payments, certification of completion, and other contract close out 
procedures. 

The District reserves and retains all contractual rights and remedies under the subject contract 
A-N \Vest, h c .  shall pursue all aspects of tliis mended schedule to ensure the successful 
completion of fhe subject contract. 

This forbearance 1et;er establishes a new completion date only and shall not increase tbe contract 
price. 13y a slpuabire i~ the -?ace provided h?!c.v! a d  reh~!zing ic t!ie ar.dcrcip.ec', 
West, Inc. acknowledges receipt and acceptance of this forbearance letter. 

Very truly yours, , 

Miclmel S. Ellegood, P.E. 
Chief Engineer ~ c d  Genral Manager 

A-N West, Inc. 

Date: 



- 
Consulting Engineers 

July 15, 1999 

Mr. Joe Tram 
Flood Control District 
Of Maricopa County 

2801 West Durango Street 
Phoenix. Arizona 85009 

RE: Signal Butte F.R.S. -Spillway Delineation Study 
FCD NO.: 98-17 
A-N West No.: 7158-05 

Dear Mr. Tram: 

We herewith transmit for your review and comments: 
a. Four (4) sets of the revised draft final reports with diskettes of HEC-RAS models for the 

referenced project, including twenty-five (25) 11" x 17" delineation maps as part of the 
report and twenty-five (25) 24" x 3 6  200-scale delineation maps. 

b. Flood Control District mark-ups of the text and 2 4  x 36" maps 
c. Review comment response by A-N West to Flood Control District comments. 

These revised reports and plans have been revised to address review comments received May 
19, 1999 as we understood them. The following response attempts to summarize our 
understanding of the review comments and response. 

Sincerely, 

A-N WEST, INC, A 

I 

Gregory A. Schuelke. P.E., R.L.S. 
Vice President 
Project Manager 

Enclosures 

A-42 
7600 Nard? 15tJ1 Slreel Suite 200 Phoenix, A~izana 85020.433 1 (602) 86 1-2200 Fox 1602) 943-1989 



A-N WEST'S RESPONSE 
TO 

FLOOD CONTROL DISTRICT COMMENTS 

Report Comments 

Comment: Table of Contents Heading 3.0 differed slightly from Text Section 3.0 Heading. 
Response: This was corrected. 

Comment: Mapping Limit Line on Figure 1 should be bolder. 
Response: This was done. 

Comment: Table 1 referred to note(') in columns 6 and 7, which seemed like it should have 
been referred to note"'. 
Response: This was correct comment and was corrected. 

Comment: Table 1 referred to HEC-5 method. Recommend HEC #5. 
Response: This was done and also in referenced. 

Comment: Table I, column 7, rows 1 and 2 show 155 cfs each, per HEC #5 method versus 
462 and 454 by HEC-RAS model, a 3-fold difference. 
Response: The 155 cfs was computed in Appendix F, page F-27 and F-28, as per pipe 
discharge. The total for the three (3) pipes was 465 ds. This was corrected in Table 1 and thus 
compares well with the HEC-RAS model. 

General Comments 

Comment: The hydraulic base line should be a lighter weight line and dashed. 
Response: This was done. 
Comment: Add version of HEC-RAS in description. 
Response: The description was revised on all three (3) models to add "HEC-RAS Computer 
Model, Version 2.2, September 1998". 

Comment: At Section 3.674 and 3.747 it was noted that channel bank stations did not 
encompass the hydraulic baseline. 
Response: On all three (3) models the Lt. and Rt. bank station at Section 3.674 was revised to 
9769.8 and 10010.9, respectively. At Section 3.747 all three (3) models) the Rt. bank station 
was revised to Sta. 10060.91. 

Comment (A-N West): Street names to be added to mapping. 
Response: The names of streets were added at approximately % mile streets throughout 
mapping. 

Comment: Due to uncertainty of where the CAP might breach during overtopping, the 
downstream limits of the detailed study should be the upstream edge of the CAP. 
Response: This was done. Cross-sections downstream were left. 

a Full Spillwav ModellMaps 

- 
Comment: At Section 4.914, it was noted that there was no end station or containment within 
the section on the left side. It was recommended that at the next downstream Section 4.902, 



where the lefl end station was shown as 9750, that the flow be plotted at 9550t to account for 
breakout flow in this area along Meridian Road. 
Response: The left side of Section 4.914 extends into an entering tributary wash. The area to 
the left of the Meridian Road is considered ineffective flow. The delineation was extended into 
this tributary to address this backwater potential. Also at Section 4.902, on the lefl side 
delineating was continued along the east side of Meridian Road to account for potential shallow 
flow at this location. 

Comment: At Section 4.776, Rt. Side potential breakout to right was noted with 
recommendation of extending the delineation to right into the adjacent wash. 
Response: The delineation was extended to right of right ends of Sections 4.620 - 4.776 to 
show this potential breakout. This added delineation was not considered totally effective flow 
because of the shallow overtopping depth (0.5 feet) near Section 4.776. Sections 4.697 and 
4.620 were contained within the right end station. The delineation within this wash was limited 
to Elevation 1686, the average elevation of the wash outlet between Sections 4.575 - 4.620. 

Comment: Between Section 3.674 and Section 4.101 on Lt. Side, the irregular delineation was 
questions as appropriate. 
Response: Upon further review, the delineation seemed reasonable and contained between 
Section 3.885 and 4.101, Lt. Side. However, the delineation was widened to the lefl into a 
retention area between Sections 3.603 and 3.817. 

Comment: Between Sections 3.674 and 3.885, Rt. Side of the delineation was questions as 
possible needing to be widened to the right due to possible break out at Section 3.885. 
Response: Upon further review of this area, we believe this flow does not breakout further into 
the right overbank. In fact, a reduction in width at Section 3.885 was considered appropriate 
with a blocked out area in the right end of Section 3.885. 

Comment: At Section 3.532, left side, the delineation was recommended to be widened to Ule 
left. 
Response: This was done and the delineation only extended into the street an additional 100 
feet. 

Comment: Between Sections 3.006 and 3.310, lefl side, it was recommended that a not be 
added indicating possible shallow flooding in streets in this area. 
Response: This was done. 

Comment: Sheet 6 of 25, Sections 2.554 and 2.643 were not containing flow at right side. It 
was recommended that delineation be extended further to right. 
Response: This was done and it was observed that the additional delineation area involved 
flow depths of (1) ft. or less on average that would not involve serious flooding hazard. 

Comment: At upstream side of CAP North of Apache Trail, it seemed that the Apache Trail 
Road embankment would cause ponding to potential elevation 1577 or higher than ponding 
elevations along upstream side of CAP to South of Apache Trail. 
Response: A note was added to mapping reflecting this. 

Comment: It was recommended that to identify potential flow downstream of CAP, that culvert 
flow across CAP be identified, as well as potential overflow locations. 
Response: An overflow arrow with (OF) letter I.D. and culvert flow arrow with (CF) letter I.D. 
was added on mapping and in mapping legend to address this comment. 



Comment: On sheet 7, Section. 2.378 to 2.643, left side, it was suggested left side delineation 
be further left. 
Response: On further review, it was not considered appropriate to move the delineation furlher 
left as existing ground appears to block this flow. A note on shallow street flooding was added 
where appropriate. 

213 Spillway ModellMaps 

Comment: At Section 4.914, left side, an ineffective flow station was recommended. 
Response: This option was applied and the delineation was expanded into the ineffective 
tributary at this area. 

Comment: Between Sections 4.575 and 4.776 there was some question of whether flow could 
break out to left as far as shown. 
Response: The model was adjusted to block out further flow in the left overbank at ridges. 
However, it was still considered possible for flow to spread out into this left overbank as 
originally shown at Section 4.697. At Sections 4.575 and 4.620 some reduction in left side 
delineation was made. 

Comment: At this 113 flow level a comment was made regarding appropriateness of reach 
lengths in left overbank between Sections 4.518 and 4.902. 
Response: At the 213 flow this commend was reviewed and several reach lengths were 
revised for shorter overbank flow lengths. 

Comment: Between Sections 3.603 and 4.101, right side, it was questions whether the right 
@ side delineation should be further to the right. 

Response: The model was reviewed and the delineation was revised to move it further to the 
right. 

Comment: On lefl side, between Sections 3.817 and 3.958, the delineation was questioned as 
to whether flow could get this for left. 
Response: The model was reviewed and it was believed that the delineation could go further 
to the left and enter the retention basin. A note for shallow flow in streets was added in this 
area as for the full discharge condition. 

Comment: Sections 3.006 to 3.310, left side, seemed that delineation could be moved further 
left. 
~esponse: This was done, plus shallow flooding note was also added. 

Comment: Sections 3.006 to 3.235, right side. Can delineation spread further to right? 
Response: The delineation was moved further to right. 

Comment: Sections 2.261 to 2.857, right side. Can delineation be moved further to right? 
Res~onse: The delineation was moved further to the right. 

Comment: A CAP Canal, Section 2.261 right side. Can higher ponding area be shown due to 
Apache Trail road embankment? 
Response: This was done with same note as full spillway flow. Also, culvert flow (CF) and 
overflow (OF) arrows were added and labeled at the potential flow crossing points along CAP. 

The limit of study was also noted per the full spillway study along upstream edge of CAP with no 
delineatidn downstream of CAP. 



113 Flow Model and Mapping 

Comment: Between Section 4.575 and Section 4.914, it was noted that some Lt. Bank Reach 
@ lengths should be adjusted, that an ineffective flow option should be used at Section 4.914 and 

a blocked flow option should be used at Section 4.852. 
Response: This was done. 

Comment: Between Section 4.026 and 4.367, Lt. Side, it was recommended that the left side 
flood plain be moved further to left, with blocked area option used. 
Response: This was done. 
Comment: Between Section 3.603 and 4.026, it was recommended that the right side 
floodplain be moved further to right. 
Response: This was done. 

Comment: Between Section 3.006 and 3.310, right side, it was questioned whether flow could 
spread further to right. 
Response: On further review, it was not considered reasonable that any significant breakout 
further to right would occur. Intermediate water surface elevations between sections appeared 
contained by the existing ground. 

Comment: Between Section 2.793 and 3.747, left side, it was questioned whether the leA 
delineation might be either further left or noted as having shallow flooding. 
Response: The left side delineation was moved further left. 

Comment: At the CAP, similar comments were made regarding the potential higher ponding 
north of Apache Trail and upstream of CAP. Also, comments were made that the detailed study 

(0 limits should be the upstream edge of the CAP. 
Response: These changes were made. 
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B l  .O INTRODUCTION 

On October 9, 1998, A-N West made a reconnaissance field trip to the Signal 
Butte F.R.S. to photograph and evaluate Manning's 'n' values. 'The study reach 
proceeded from the north of Brown Road, just west of Meridian Road 
downstream to the CAP. Canal. Figure B-I, shows the locations of photos 
taken as part of the trip, relative to the study mapping limits. The photos were 
taken along the primary flow path from the F.R.S. to the C.A.P. Photos of each 
of the five inlets of the CAP. overchutes, potentially impacted were also taken. 

82.0 METHODOLOGY 

Manning's 'n' values were estimated using two references, Reference 1, 
Estimated Manning's Roughness Coefficients for Stream Channels and 
Floodplains in Maricopa County, Arizona,' by the U.S.G.S., Water Resources 
Division by B.W. Thompson and H.W. Hjalmarson for the FCDMC and Reference 
5, "Open Channel Hydraulics," By Ven Te Chow, Ph. D., McGraw-Hill Book Co., 
1959. 

Field visit observations of vegetation and channel and overbank 'n' value 
characteristics were noted and representative photographs were taken. The 
photos included in this report are captioned and referenced with orientation of 
photo to streets looking upstream or downstream, etc. 

• Using the 'n' value references, discussed above, with field photos, aerial 
photography and site observations, Manning's 'n' values were estimated for the 
site. 

Because of the large amount of residential and commercial development, it was 
considered appropriate to identify surface areas of varying development density 
and 'n' values. As shown on Figure B-2, 'n' value map, the overbank areas, 
where moderate or heavy development was identified have been shown as two 
separate shaded areas with an estimated 'n' value of 0.10 and 0.15, respectively. 
The remaining unshaded overbank area is either light residential or natural 
desert with an estimated 'n' value of 0.068. The primary wash channel was 
estimated to have a 'n' value 0.045. The main channel immediately downstream 
of the spillway was estimated to have an 'n' value of 0.035. 

The Determination of Manning's Roughness Coefficient Forms are included in 
the back of this Appendix which show the derivation of the above diswssed 'n' 
values. 

In the moderate to heavy development areas the effects of obstruction 
t. This component 
es, RV's and the 







e It was assumed that some of these screen walls would break down where water 
ponded-against them in any significant depth (2k feet). Floodwaters could then 
flow along internal subdivision streets andlor commercial parking lots and 
between buildings. 

83.0 FIELD PHOTOS 

The location of the following site visit field photos are shown on Figure 5 1 .  The 
photos attempt to document conditions on the ground along the primary flowpath. 
The small hill, Signal Butte allowed for an elevated panoramic view of the study 
area. On these panoramic photos PI0 and P11, the Signal Butte F.R.S. 
Emergency Spillway was identified on the photos with the approximate primary 
flow path. 

Most road crossings were dip sections with no culverts. The Brown Road 
crossing has 3-30 inch dia. CMP culverts of relatively insignificant capacity. 

84.0 DETERMINATION OF 'N' VALUE FORMS 

The determination of 'n' value forms are included in the back of this Appendix as 
discussed earlier. 
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P7 - Looking upstream from Brown Road c u l v e r t s .  



P8 
Looking uostream 
( n o r t h )  near Adobe Rd. 
and 110th Place 
a1 ignments . 

I Looking downstream 1 
(west) -near  Adobe 
Road and 110th 



PI0  - Looking N.E. t o  S.E. f rom t o p  o f  Signal Bu t te  



L 

Look ing  S . \I .  Idownstream) f r o m  .. 
t o p  o f  S i g n a l  B u t t e  

1 Nz.15 (HVY.DEVELOPMENT) T o  
Nz.10 (MODERATE DEVELOPMENT) 

N=.068 (OVERBANK) AND 
N=.045 (CHANNEL) 

lN BACKGROUND,IN FOREGROUND, 

~ o o k i n g  downstream ( w e s t )  f r o m  
M e r r i l l  Road 

Nz.068 [OVERBANK) 
Nz.045 (CHANNEL) 

P14 ( l e f t )  
Look ing  uostream ( e a s t )  f r o m  
M e r r i l l  Road 

88 



P I 5  
Look ing downstream (S.W.) 
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a1 i gnments . 

Nz.045 (CHANNEL) 

P17 
Look ing downstream ( s o u t h )  a t  
channel between M.H. Parks n e a r  
B o i s e  and 102nd S t r e e t  a l i gnment :  



PI8  
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P19 
Look ing downstream o f  CAP Sta.  
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,STEL PIPES,SM@O~~H (N:.012), 
HOWEVER USE PIPE Nz.024 
(7;O'MODEL EFFECT OF 

J 
DOWNSTREAM CMP5 OF 
SkME SIZE A'ND NO.) 
AAND Kez.9 T@ FURFHER 
MWEL DOWNSTREAM 
IMPACT OF CMP'S - 
I P20 

Look ing uostream f rom CAP 
Sta.  429+50 



I P21 
Looking downstream a t  CAP 
Sta. 456+50 - (2)  60" Pipes 

Looking downstream a t  CAP 
Sfa. 471+03 - (3)  72" Pipes 

7iR14SM RN@K EFFECE).; 
Nz.012 (STEEL PPES,SMOOTH) 

Looking downstream a t  CAP 
Sta. 479+00 - (5)  72" Pipes 

B l l  



DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY 
FCDMC METHOD 

I Project: Delineation of Spillway Flows for Signal Butte Flood Retarding Structures (FCD 98-17) 
Location: Reach-I (RI) - Between Spillway to 450' Downstream 

I Photo No: Photo 1 
A-N West No. 7158-05, Date: 12/1/98 

Rlght Overbank 
Channel Conditions Manning's n Alignment Lefl Overbank Channel (west) 

Channel Material 



DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY 
FCDMC METHOD 

Project: Delineation of Spillway Flows for Signal Butte Flood Retarding Structures (FCD 98-17) 
Location: Reach-2 (R2) - 450' Below Splllway to CAP 
Photo No: Photos 2, 6 - 17 

A-N West No. 7158-05, Date: 12/1/98 

Channel Conditions Manning's n Alignment 



SHEET INDEX 
I COVER SHEET 

2-9 1 / 3  SPILLWAY FLOW 
10-17 2/3 SPILLWAY FLOW 
18-25 FULL SPILLWAY FLOW 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
DELINEATION OF SPILLWAY FLOWS 

FOR 
SIGNAL BUTTE FLOOD RETARDING STRUCTURE 

F.C.D. CONTRACT NO. 98-17 

,000 - 
sco,. I. = ,000 f, 

MICHAEL S. ELLEGOOD, P.E. 
PROJECT LOCATION CHIEF ENGINEER AND GENERAL MANAGER 

7600 N. i5th Street. Suite 200 ~ = n  WESTMC. Phoenix, 85020 
C~nrult ing Engineer* (602)861-2200 

FLOOD CONTROL DISTRICT 

MARICOPA COUNTY OF MARICOPA COUNW 

NOT TO SCALE 
PUNS CHK. 0AI 

APmn"m m 

OAT* 1 a 25 
-~ - 



FLOOD CONTROL DlSTRlCT I OF MARICOPA COUNTY I 
DELINEATION O F  SPILLWAY FLOWS I FROM SIGNAL BUTTE F.R.S. I 

I F.C.D. CONTRACT NO. 98-17 

113 SPRLWAY ROW I 
LEGEND 

INUNDATION LIMITS 

HYDRAULIC BASE UNE 3 9 
WITH RIVER MILE 

CROSS SECTION 

ELEVAlION REFERENCE MARK ERMJ X 
ZONE DESIGNATIONS ZONE A 
CORPORATE LlMlTS 
COUNTY OR STATE 
JURISDICTIONAL BOUNDARY 

ELEVATION REFERENCE MARKS 
NOTi; ALL I S V A T O N E  bit1 WSiD ON NaTIONkL 

ELOOLTlC VERiiCIL DATUM OF i O i s  

106. 1675.83 FOUND BRASS CAP iN HANDHOLE 
0.62' BLLOW RIM AT THE INTLR- 
SECTION SIGNAL BUnE OF BROWN RD. RD, d 

I NOTES I 
IRU NOT SHOWN ON THIS 5HrOi SCi IHiiT 1 

I - -  ZOO 

SCALE: 1 "  = ZOO' 
CONTOUR INTERVAL = 2' 

7600 N. 15th Street. Suite 200  
WEST#MC Phoenix. A i l l ano  85020 

Consvliing E n g i n e e r r  (602)861-2200 I 
DE5lGM @:$ 

DA,S 
FLOOD CONTROL DISTRICT 

O L I C N  CHK. LLI  I OF MARICOPA COUNTY 
-. 

PUNS 
Rcm""tmE0 w 

CUB 1 - T -' 
I *PP*WID DX 

PUNS CHI(. GbS 1 _ 
SUBMiiiED BI: 
- 

CU#C/ Wi.iii. U. i W E W  YUlCsii . 
UTC 

s"r" 
2 0 25 



FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

DELINEATION OF SPILLWAY FLOWS 
FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

113 SPILLWAY ROW 

LEGEND 

INUNDATION LIMITS 

HYDRAULIC BASE LlNE 4.0 +-)'O 
WITH RIVER MILE 

CROSS SECTION 

ELEVATION REFERENCE MARK ERMJ X 
ZONE DESIGNA7lONS ZONE A 
CORPORATE LIMITS 
COUNTY OR STATE 
JURISDICTIONAL BOUNOARY 

I ELEVATION REFERENCE MARKS 
NOT* ALL EIEV*TIONI &RE msrD ON N A I I O N ~  

CEODITIC VERTICAL DATUM Dr 1829 1 
I i.o.NuM8En ELEVATION (IT) DESCRIPTION/IOCATlON I 

1651.61 FOUND CITY OF MESA BRASS CAP 
IN HANDHOLE 0.47' BELOW RIM AT 
THE DECATOR INTERSECTION OF CLANCY d 

1675.83 FOUND BRASS CAP IN HANDHOLE 
0.62' BELOW RIM AT THE NTER- 
SECTION OF BROIN RO. % 
SIGNAL BUTTE RD. 

NOTES 
I. CROIS-SCCIION Iil. 10.000.00 1s HIOWUIIC B f i i U N I  

IRM NOT SHOW ON THlS IHiiTi ILL IHril 1 

I --- 
ZOO 0' 

SCALE: 1"  = ZOO' 
CONTOUR I N T E R V A L  = 2' 

400 I 
7 6 0 0  N. 1Sfh Sfreel. Sui te 2 0 0  I I).n ,..Mc. Phoenix. A r i zenc  8 5 0 2 0  

Coniulfincl Eniiineers 1602)861-2200 - - . . 
D,,,,, 1 ;LS U,F 

FLOOD CONTROL DISTRICT 
DESIGN C H X .  uJ- OF UARICOPA COUNTY - lcmVYIIDm 8. 

OAW 

0.n 
m,m mmrm AN0 Ct#wAL WMrR 

DATe 
WE" 

3 25 









FLOOD CONTROL DISTRICT 
O F  MARICOPA COUNTY 

DELINEATION OF SPILLWAY FLOWS 
FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

113 SPBLWAY ROW 

LEGEND 

INUNDATION LIMITS 

HYDRAULIC BASE LINE 3.9 

WITH RIVER MILE 
*- + 

CROSS SECTION RNCR UlU  iD 

ELEVATION REFERENCE MARK ERM3 X 
ZONE DESiGNATiONS ZONE A 
CORPORATE LIMITS 
COUNTY OR STATE 
JURISDICTIONAL BOUNDARY 
CULVERT FLOW ACROSS CAP c.F.--- 
OVERFLOW LOCATIONS ACROSS CAP 0.F.- I 

I ELEVATION REFERENCE MARKS 
NOTE: ALL IITVATITlONI AEE BASED OH UATlONIL 

CiODEilC VERTICAL DTIYU Or 1928 I 
I lo ELEVATION (in DESCRIPTION/LOCATION I 

102  1581.30 FOUND MCDDT BRASS CAP IN 
HANOHOLL 0.25' BELOW RIM AT 
THE INTERSECTION OF SIGNAL 
B U n E  RD. & BROADWAY 

NOTES 
1. CROIS-SECTION m, ~o.ooo.ao is ~ r o n ~ u o c  ~ * J ~ I N E  

2. F O T ~ N T I ~ L  SHALLOW (I n. avr.) irooolvc IH rramr. 

FOR 11U (31 FLOW N E N T I  70 PDNDlNG 
EL FOB NOTTO. 2/3 AND WNOlNC FULL FLOW CONTINULO LYiNTS EAST FOR 

3.1001 rLT bT 111570.0 11% 
1573.8. RIPOICTIVIIT. 

I INDEX MAP ti l 

2 0 0  

SCALE:  1 "  = 2 0 0 '  
C O N T O U R  I N T E R V A L  = 2' 

7 6 0 0  N. 15th Street, Su i i e  200 

(602 )861 -2200  I . . 

DCSION cTs FLOOD CONTROL DISTRICT 

D ~ Z I C N  CXX. LU OF MARICOPA COUNTi --- 
P U N S  

Bcm"H5mzD m. 
C I B  

ppp 

"An 

P U N S  CHK. C4S 
mmwm m: 

u.5 

SUSMlTiiD BI; 
- 

CH,m Ew,Nrc* A m  SNrmt UAHLm* 

BAE:  
S"5" 

7 25 



R/W 30 W S  ncv V d  Chni Max Chi DptO id Tma 
F m  Sp3730y 

2.281 
(tt) /w 

"") ,1106 
/bm) 

lS70.38 004 081 

I I 
200 0' 200 400 

i__l 
SCALE: 1 "  = 200' 
CONTOUR INTERVAL = 2' 

7600 N. 15th Street, Suile 200 
WESTlac. Phoenix. Arizona 85020 

Consulting Engineerr (602)861-2200 



I FLOOD CONTROL DISTRICT 1 - 

OF MARICOPA COUNTY 
DELINEATION OF SPILLWAY FLOWS 

FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

I13 8PIIlWAY R O W  

LEGEND 

INUNOATION UMlTS 

HlDFo(UUC BASE UNE ?O 3.9 

W m l  RIVER MIL€ 7 - +  

CROSS SECTION 

ELEVATION REFERENCE MARK ERM3 X 
ZONE DESlGNATiONS ZONE A 
CORPORATE LlUlTS 
COUklY OR STATE 
JURISDICTIONAL BOUNDARY 
CULVERT FLOW ACROSS CAP C.6- 
OVERFLOW LOCATIONS &CROSS CAP 0.6- 

ELEVATION REFERENCE MARKS 
*(im ILL rwmour rar srrm ON vrnouri 

C E O O m c  Y r n l l l  U I N Y  a isr, 
I.D. NUMBER ELWAnON (FI) DE%RIPlION/LOCATION 

101' 1550.70 FOUND YCOOT BRASS CAP IN 
HANDHME 0.55. BELOW RIM AT 
THE IMERSECTION OF CRISMON 
RO. & BROADWAY RO. 

NOTES I 1 

2 0 0  0' 200 

CONTOUR INTERVAL = 2' 



U.S. Army Corp of Engineers 
Hydrologic Engineering Center 
609 Second Street. Suite D 
Davis, California 95616-4687 

(916) 756-1104 

X X XXXXXX XXXX XXXX XX XXXX 
X X X X X X X X X  X 
X X X X X X  X X X  
xxxxxxxXXXX X XXX XXXX XXXXXX XXXX 

. -, . -~ ~- .. -- 

. . .I X . . . .  XXXXXXX XXXX X X X  X x x x x x  I 

PROJECT DATA .... r-2 3 project Title: SIGNAL BUTTE FRS STUDY (1/3) I 
project File : SIGBUT4.prj 
Run Date and Time: 7/6/99 8:17:08 AM 

. ..=. :.~ 1 
Project in English units 

. -.<',<?.* 
.<*..:.?::I .: ?;:*; 
..2i, .. Project Description: 

DELINEATE SPILLWAY FLOWS FROM SIGNAL BUTTE FRS DOWNSTREAM TO CAP CANAL 9 i l 7 . .  "D NO. 
:: r~?,w . . .  98-17 .~. .~.*:. :...* 
. PREPARED BY A-N WEST, INC. JOB. NO. 7158-05 I ........ .......... "%.. 
>_ ..... *:< > <. - .:. . .F?. 

EXISTING CONDITIONS . 
.. ......... , .......... 1/3 SPILLWAY FLOW= 3732 CFS. PROFILE 1 
> .......- ..-.7p 
. z .>;... TOPOGRAPHIC MAPPING PREPARED BY COOPER AERIAL MAPPING OF PHOENIX. 
..: ??:.., :j 
:. ,d;.*::. t-<?...i PHOTO 

4-,=.i . DATE: 10/15/98 
: Z.',"* 
3 FIELD SURVFY BY AZTEC ENGINEERING , PHX. AZ. 

STARTING D/S WATER iy1 suwAcE ELw. wim ON No- DEpTX (s-0.01, n/n.) 
, 

STARTING U/S WSEL BASED 
',??F ON CRITICAL DEPTH. 

.~. , , ' COMPUTATIONX FLOW REGIME: MIXED FLOW 
........ . MANNIN'GS (N) VALUE 
. . . .  ... RANGE; 0.013 (CONCRETE SPILLWAY), .030 (TRAP. CHANN. D/S SPILLYLXY), .045 (MAIN .: - CHANN. ), .068 (LT.DEV. OVERBANK), 0.10( MOD. DEV. O.B., 0.15 (INY. DEV. ) 
I . , . . . FOR 
., . 
. - THE 1/3 SPILLKXY F M W  DELINEATION, A NARROWER BAND OF EFFECTIVE . . .  
: USED THAN FOR FULL SPILLWAY FLOWS . 

... .... 

. . .  .. 
. . .  . . 

- <  ... ........ . . 

. . . :  

FCD 9817 Delineation of S p i l h y  Fiom 
For Signal Butte Flood Retarding Structure Page 1 
li3 Discharge (9's MoWd Separately) 

FLOW WAS 



, .. + >. ,~ . . . .  
4- ;*.?.,.:.. ;z::?.,::,;, ': .~-: ,,= .- -*~. -r. - .;.... ..;. &~%.,& &- ., . &&& +&&,.:: k J i b L u ~  -,.. C&~~~+,..*L---'U>P- 
...*;,, .., .!.<+., . 

Imported Plan 01 
Plan File : C:\HEC\PAS\SIGBUT~.~~~ 

' . i l  .. 
.> ,:*-. . -.. 
.~. . i .  ;<.: Geometry Title: Imported Geom 02 
. .: i : ' ., .. : .  . . Geometry File : C:\HEC\RAS\SIGBUT4.g02 

Flow Title : Imported Flow 01 
Flow File : C:\HEC\W\SIGBUT4.£01 

. . 
< 

Plan Summary Information: , . . . 
Number of: Cross Sections = 51 Mulitple Openings = 0 

. . :  Culverts = 1 Inline Weirs = 0 
,. . Bridges = 0 

.,.? . .  
Computational Information I 

Water surface calculation tolerance = 0.01 
Critical depth calculaton tolerance = 0.01 
Maximum number of interations = 20 
Maximum difference tolerance = 0.3 
Flow tolerance factor = 0.001 

Computation Options 
Critical depth computed only where necessary 
Conveyance Calculation Method: At breaks in n values only 
Friction Slope Method: Average Conveyance 
Computational Flow Regime: Mixed Flow 

FCD 9S17 Delineation of SpiRway Flows A-N West InC. 

Fw Signal Butte Flood Retarding Sbvd~r0 page 2 July, 1999 

1R Discharge (Q's Modeled Separately) 

~,a2\2;.,-4>:3~~~.; ;?;' :G::>:..s2z;,; -; .. ,;,;;.> .. :z<s:;L> ,.,. ,L,l&,>.. :<:?~y\c2.*~q~;:;..?.~;.:~,:..,.~. - , .....:.... :.. .-: .: i^ ..;.:< . . - . . . . .  .:,:-;:7y:.:7:~;~~:~q..~~.~.:5:??:~?%?~3:*::?:.::;:~.:';,:a;;7:.T;~'< --..-,- ....... \. . .r - ... *-''.%. 



Profile 
PF 1 

Upstream Downstream 
Critical Normal S = .011 

SIGNAL BUTTE SPILLWAY 5.000 

FCD 98-17 hiineation of Spieway Flom 
For Signal Butte Flood Retarding Structure Page 3 



OECIIEPlY DATA 

Geometry T i t l e :  I m p o r t e d  Geom 0 2  
Geometry F i l e  : C:\HEC\RAS\SIGBUT4.g02 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACB: SPILLWAY RS: 5.000 

INPUT 
D e s c r i p t i o n :  P.M.5.000. UPSTREAM END OF STUDY. 33.7  ET. UPSTREAM OF UPSTREAM EDGE OF CONCRETE 
SPILLWAY OF SIGNAL BUTTE F.R.S. STARTING WSEL BASED ON CRITICAL DEPTH FOR SUPERCRITICAL PROFILE 
OF MIXED FLOW COMPUTATIONS. 

S t a t i o n  E l e v a t i o n  Da ta  nun= 33. 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

9843.98 1720 .6  9854.85 1718.12 9869.02 1715.08 9878.36 1713.22 9886.06 1710 .36  
9886.09 1710.4  9895.58 1710.17 9900.94 1710.04 9907 .81  1710.17 9923.66 1710 .11  
9939.71 1 7 1 0 . 1  9952.09 1709 .99  9962.03 1710.08 9965 .76  1709.93 9976.08 1710 .13  
9986.97 1710.110005.07 1709.7810022.06 1709.5910035.71 1709.3810040.68 1 7 0 9 . 3  

10045.28 170910065.44 1 7 0 9 . 3 9 1 0 0 7 0 ~ 1 1  1710.310072.32 1710.2310073.01 1710.22 >GI ". ..',' 
.'..c:<'sA'\.> 
,??&${ 

10073 .67  1710.2 10075.2  1710.9210084.32 1710.7310097.23 1711.2510101.65 1711 .24  
, ,  10107.98 1711.310110.12 1711.3710142.51 1721.68 
_ : I .  ,.,.&? .',. 
.-.i,.-..:4 ,..,. .* ':-" 
, Manning 's  n V a l u e s  n m =  3 
.:..:*; :: 
.& .><.;- 3 
..:L.,>i> 

S t a  n V a l  S t a  n V a l  S t a  n V a l  
. . , .  , 3 '  9 8 4 3 . 9 8 . 0 3  9843.98 .0310142.51 . 0 3  
?.!iZ$.1 
: :'>;;;<ij 
::.,,\& Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  Coeff C o n t r .  Expan. 
,.:z.ys; 

.2,:&:;4 9843.9810142.51 33 .7  33.7  33.7  .1 . 3  
-.-*,-;.'.?! ~..." .,. ;:j+,. ?' :;;.x!< CROSS SECTION OUTPUT P r o f i l e  #PF I -.-. <" ... , .!37.;:.Y. 

E.G. E l e v  ( f t )  
V e l  Head ( f t )  
W.S. E l e v  ( f t )  
C r i t  W.S. ( f t )  
E.G. S l o p e  ( f t / f t )  
Q T o t a l  ( c f s )  
Top Wid th  ( f t )  
V e l  T o t a l  ( f t / s )  
Max C h l  Dpth ( f t )  
Conv. T o t a l  (cfs) 
L e n g t h  Wtd. (it) 
Kin  Ch E l  ( f t )  
Alpha  
F r c t n  Loss  ( f t )  
C 6 E Loss  ( f t )  

E lement  
W t .  n-Val.  
Reach Len. ( f t )  
Flow A r e a  ( s q  i t)  
Area ( s q  f t )  
Flow (cfs) 
Top Width  ( f t )  
Avg. V e l .  ( f t / s )  
Hydr.  Depth  ( f t )  
Conv. ( c f s )  
Wetted P e r .  (it) 
S h e a r  ( l b / s q  i t )  
S t r e a m  Power ( l b / f t  s )  
Cum Volume ( a c r e - f t )  
Cum SA ( a c r e s )  

L e f t  OB Channe l  R i g h t  OB 
0.030 

33.70 3 3 . 7 0  3 3 . 7 0  
1624 .36  
1 6 2 4 . 3 6  
3732.00 

266 .04  
2 . 3 0  
6 . 1 1  

267406 .3  
268.08 

0 .07 
0 . 1 7  

730 .10  75 .36  87.06 
576.64 2 9 . 5 3  80.53 

Warning: The v e l o c i t y  h e a d  h a s  changed  b y  more  t h a n  0 .5  it (0.15 m) .  T h i s  may i n d i c a t e  t h e  
: .  need f o r  a d d i t i o n a l  cross s e c t i o n s .  

. '  "arning: The  conveyance  r a t io  ( u p s t r e a m  conveyance  d i v i d e d  b y  downstream conveyance)  i s  less 
..\ .:. . ..' . t h a n  0.7 o r  g r e a t e r  t h a n  1 . 4 .  T h i s  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  .. .. . . ... > : . . - ., .: ..,.. .. :: .. ,. 

.* .+'>'? 
... 

.7;,'%d .&q :..:a 2 'I.**'. 
FCD 98-17 Delineation dSpilhvay Flow .:$:*$ A-N West, Inc 

, . :  For Signal Butte Flood Retarding hdure  page 4 July, 1999 
: 113 Discharge (Q's Mcdeled Separately) 
'*-.?.>' 
'3.. .q 

.,,':;;!:; 
. . . 

, :.i..:~.:;,:<.>.,'a.:.-:-;;.,..s-? :..* ....... . . ..* ..riS;..:*- ..... :.: . ,~ . .  . . .  . i..rdrrb&.3,2!.- . , ..a. \ ,&&#&&&% 
:.;*~**%?~\~&y,~**%'?.:<;,~;,;~.~;.: ;:;:.:.;,:;;<'~ Z'':, ' : ';,'.y~!:..-,;.,zxi~. ;; -:;:.:x..- >,.> :is;. :,:. :.~:~~~:;:~'?,L~,>?,:,~'~v~~:~~y~-~~::"~,-~:. --.... ." % ~-.-, ,' -... a . . . 



FIXWl DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio [upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLW RS: 4.994 

..,,..*. 
. . INPUT 

Description: RM. 4.994. TOP OF SPILLWAY UPSTREAM EDGE. DECREASE N VALUE TO 0.013 FOR TOP OF 
CONC. SPILLWAY. 

Station Elevation Data nun= 17 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9917.72 1721.7 9918.28 1721.71 9919.94 1721.57 9921.53 1715.89 9922.08 1712.15 
9922.98 1712.2 9923.3 1712.21 9923.63 1712.2110058.64 1712.7610059.41 1712.75 
10060.03 1712.710060.35 1712.7510061.14 1716.1410062.05 1721.1810062.48 1722.14 
10062.99 1722.210064.47 1721.58 

..7.:-.:., ,:j .. . .,: ;..-%:<? 
:~:-'.,-,?, 
.%>.<?! Manning's n Values num= 3 

Sta nVal 
.?. ::. 

Sta n Val Sta n Val 
. 9 9 17 . 7 2 .013 9917.72 .01310062.48 .013 
.,<:::i.-:. 

-j. ..>.a:: . .~ >;$:~< .. , ~ .,z.A.e', \... ~:::,. , 
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 

:, ..:.~:.- . . .~~ -, >.... 
>.?.>" 

9917.7210062.48 12.96 12.96 12.96 .1 . 3  
. ~~. ~~. 

i ..<_ .. 
:?.:~:.:-~:: :.>.-** . CROSS SECTION OUTPUT Profile #PF 1 
....$%.%:?: .;.-- <... , 
: >.~ <-.:: . . -_\*: :;.. ,.-. 
.."% z __.? - . .... -.... j.' E.G. Elev (ft) 1716.72 Element Left OB Channel Right OB .. .<: -7 Vel Head (ft) 1.42 Wt. n-Val. 0.013 

W.S. Elev (ft) 1715.30 Reach Len. (ft) 12.96 12.96 12.96 
Crit W.S. (ft) 1715.30 Flow Area (sq ft) 390.87 
E.G. Slope (ft/ft) 0.001844 Area (sq it) 390.87 
Q Total (cfs) 3732.00 Flow (cis) 3732.00 
Top Width (ft) 139.33 Top Width (ft) 139.33 
Vel Total (ft/s) 9.55 Avg. Vel. (ft/s) 9.55 
M a x  Chl Dpth (ft) 3.15 Hydr. Depth (ft) 2.81 
Conv. Total (cfs) 86902.7 Conv. (cfs) 86902.7 
Length Wtd. (ft) 12.96 Wetted Per. (ft) 144.08 
Kin Ch El (ft) 1712.15 Shear (lb/sq ft) 0.31 
Al9ha 1.00 Stream Power (lb/ft s) 2.98 
Frctn Loss (ft) 0.08 CumVolume (acre-it) 730.10 74.58 87.06 
C h E Loss (ft) 0.01 Cum SA (acres) 576.64 29.37 80.53 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and 
assmed values. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

FCD 9817 Delineation of Spieway F l w  A 4  West. Inc 
For Signal W e  Rood Retarding Strudure Page 5 July, 1999 

. 1/3 Oischarge (a's M O W  Separately) 
<+:+, .. .<>>*J 
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. , :- 
,,, , : .!.; Warning: During the standard step iterations, when the assumed water surface was setequal to@ ;: 
. :  critical depth, the calculated water surface came back below critical depth. This indicates 
: ,.; .. . . ,; ~, :. that there is not a valid subcritical answer. The program defaulted to critical depth. . . 
. . .  , . . 

I ElOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. %Conv. HydrD. Velocity 
(ft) (it) (cis) (sq ft) (ft) (ft) (ft/s) 
LB 9917.72 RB 10062.48 3732.00 390.87 144.08 100.00 2.81 9.55 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and 
assumed values. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 

rr. V..li 
CROSS SECTION RIVER: SIcZiAL BUTTE 

4 -a: SPILL- 
.G;;:+<~:;, RS: 4 . 9 9 1  
.".'.a ~.*.:z-:!..!j 

RM. 4.991. TOP OF CONCRETE SPILLWAY. D/S/ EDGE. W I N G ' S  N VALUE INCREASED FOR 
THIS REACH TO 0.15 TO ACCOUNT FOR BAFFLED BLOCK ENERGY DISSIPATOR BLOCKS. 

, ...:.. 9.v. 

Station Elevation Data nun= 2 0 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9915.58 1721.9 9918.01 1721.2 9920.69 1720.98 9921.31 1718.78 9924.8 1715.45 
9942.18 1712.6 9944.25 1711.45 9944.71 1711.45 9959.07 1711.6 9959.23 1711.6 
9976.87 1711.5 9977.34 1711.4710000.77 1711.6710001.66 1711.6910034.46 1711.52 
10035.44 1711.510039.72 1713.7610058.59 1713.0210062.68 1722.1310064.47 1722.16 

Manning's n Values nun= 3 
Sta n Val Sta nVal Sta n Val 

9915.58 . .013 9915.58 .1510064.47 .013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9915.5810064.47 27.8 27.8 27.8 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 
. ,. . 

E.G. Elev (ft) 1716.59 
Vel Head (ft) 1.89 
W.S. Elev (it) 1714.70 
Crit W.S. (ft) 1715.04 
E.G. Slope (ft/ft) 0.354917 
Q Total (cfs) 3732.00 
Top Width (it) 129.94 
Vel Total (ft/s) 11.04 
Max Chl Dpth (it1 3.25 
Conv. Total (cfs) 6264.4 
Length Wtd. (it) 27.80 
Min Ch El (ftl 1711.45 
Alpha 1.00 
Frctn Loss (it) 0.08 
C 6; E Loss (ftl 0.05 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Rood Retarding Strud~re 
113 IXscharge (Cts Modeled Separately) 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfsl 
Top Width (ftf 
Avg. Vel. (ft/s) 
Hydr. Depth (it) 
Conv. (cfs) 
Wetted Per. (it) 
Shear (lb/sq f tl 
Stream Power (lb/ft s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Left OB Channel Right OB 
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Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Program found supercritical flow starting at this cross section. 

PLOW DISTRIBIITION OUTPUT Profile #PF 1 
- ..:: + ' ? A  

? . . . :  .. . . _ .. < .  . * .  _ _~ . . ~  .. . Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
. . .  

. . , . . - .  (ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/5) 
, .. .,., LB 9915.58 RB 10064.47 3732.00 338.00 132.07 100.00 2.60 , . 

11.04 
. . 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Program found supercritical flow starting at this cross section. 

CROSS SECTION XVEJt: SIENAC BDTTE 
REACH: SPILLWAP RS: 4.986 

INPUT 
Description: P.M. 4.986. BEGIN CONCRETE BAFFLED CHUTE SPILLWAY. INCREASE N VALUE TO 0.09 TO 
PROVIDE AVE. N VALUE BETWEEN NLL BAFFLED BLOCK SEGMENT AND TRAP. CHANN. SEGMENT. 

Station Elevation Data num= 2 1 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9911.12 1711.2 9918.76 1711.48 9920.17 1711.46 9921.79 1711.04 9924.61 1696.66 
9928.91 1696.4 9929.02 1696.37 9957 1696.48 9957.18 1696.48 9970.7 1696.64 
9971.09 1696.6 9985.17 1696.44 9985.42 1696.4510013.17 1697.0510014.95 1697.04 
10037.37 1697.410039.25 1698.3910058.26 1699.2710061.28 1698.6910063.52 1712.95 
10066.66 1712.6 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

9911.12 .03 9921.79 .0910063.52 .03 

Bank Sta: Left Right 
9921.7910063.52 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ftl . . 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ftl 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Lengths: Left Channel Right Coef f Contr. 
92.6 92.6 92.6 .1 

Profile #PF 1 

Element Left OB 
Wt. n-Val. 
Reach Len. (ft) 92.60 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 730.10 
Cum SA (acres) 576.64 

Expan. 
. 3  

Channel Right OB 
0.090 
92.60 92.60 
204.55 
204.55 
3732.00 
117.49 
18.25 
1.74 

4838.2 
119.28 
63.70 

1162.17 
74.30 87.06 
29.25 80.53 

..... < -... . . :-., 
% .. . :.:: .a: . 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. , -,.: .. .-* p$.~ *...'. 

. , FCO 9817 Mineation of Spillway Flows *..y.**%.i 
%fLp<~t 2. : 

For Signal Bulte Flood Retarding Sbudure 
;y.::;:. lB OiScharge (Q's Mode(ed Separately) ... . .- . j,i... i ...%s~?:<! :z,* y . +....$*sf 

:..&,=-2-.> 
,.y%>!>>;: 
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, , 

Warning: The energy loss was greater than 1.0 ft (0.3 m) .  between the cu 
cross section. This may indicate the need for additional cross sections. , 

9, <,=,q 2:: 7 ;! FLOW DISTRIBUTION OUTPUT Profile #PF 1 . i:i r .. . .., . ,: .:. . .:. 
., ,. . ., . .. ~. Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity . . . 
: , . . .. (ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
..::. ., .: LB 9921.79 RB 10063.52 3732.00 204.55 119.28 100.00 1.74 18.25 
,.. . . ~. , . .. .*. ., . . . :.'. Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the ,.: .:. 
. need for additional cross sections. 

.. . ~. ., ,., . Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
. . .  ' .  cross section. This may indicate the need for additional cross sections. " 3 . ~  
,,.. .:;., 3 

r ; 
< . :, , . 
. ., > . . . . .,: i CROSS SECTION . . RIVER: SIGNAL BUTTE 

.<;;;.;.; , , REACH: SPILLWAY RS: 4.968 

INPUT 
Description: F!M. 4.968. 

~ . ... 

Station Elevation Data num= 18 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9888.2 1706.9 9909.13 1699.23 9911.27 1698.48 9922.54 1697.93 9925.09 1696.5 
9930.97 1696.1 9946.22 1695.93 9988.32 1696.32 9996.02 1696.310027.28 1696.26 
10045.55 1696.210068.23 1696.4510074.45 1697.9510081.83 1698.8310087.66 1699.76 
10101.66 1706.410105.26 1708.1710108.82 1708.18 

.?.$,%:;.! ..... . Ma~ing ' s n Values n u =  
;.>:q:.$, 

3 
&,.** ; :;.,j Sta n Val Sta n Val Sta n Val 
'.n;;* 
+,,.r:. 9888.2 .03 9888.2 .0310108.82 .03 
.?a.>2!:.;i .: . -, , .."; 
&,..,r.,:, Bank Sta: Left Right Lengths: Left Channel Right .; !;?i Coeff Contr. Expan. 
.%<..L-l ; ?$*,$; 9888.210108.82 208.34 208.34 208.34 .1 . 3  

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 

. . . . .. , .  , .  
Q Total (cfs) 

- .  .. . .. . , Top Width (ft) 
Vel Total (ft/s) 

.. . . . Max Chl Dpth (ft) 
. .  .. . . . Conv. Total (cfs) _ . .. 
~ ..,. Length Wtd. (ft) 
l i  4 

. 7 <  

fin Ch El (ft) 
.. ., Alpha 
.. . . . Frctn Loss (ft) 
.,.% 

.... , . .. , 
C & E Loss (ft) 

:.. . . ., 

Profile #PF 1 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfsl 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum V o l m  (acre-ft) 
Cum SA (acres) 

Left OB Channel Right OB I 

. . .  
, 2 '?. 
;..c,t. Note: Hydraulic jump has occurred between this cross section and the previous upstream :.>.: 
:. -:.:; section. .. .~. - 

A-N West Inc. 
July, 1999 1 I 
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FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

........ , . . *,., . "~ L e f t  S t a  R i g h t  S t a  Flow A r e a  W.P. % C o n v .  H y d r D .  V e l o c i t y  
< .. : : , ,.' . - (... . ,  . . .  .. . (f t)  (f t )  (cis)  ( s q  it) (f t )  ( f t )  ( i t / s )  
. . .  ;. ..: . . LB 9888.20 RE, 10108.82 3732.00 952.93 191 .94  1 0 0 . 0 0  5 . 0 1  3 .92  

, *  .:. .. . .. 

Note :  H y d r a u l i c  jump h a s  o c c u r r e d  b e t w e e n  t h i s  c r o s s  s e c t i o n  a n d  t h e  p r e v i o u s  u p s t r e a m  
s e c t i o n .  

, 

. . .  CROSS SECTIOH RIVER: S I m  BUTTE 
. . . REACH: SPILLHAY RS: 4.929 

. . 
INPUT 
D e s c r i p t i 0 n : R M .  4 .929.  :... -. . . 

s t a t i o n  E l e v a t i o n  Da ta  nun= 1 2  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

9911.26 1705.3  9926.18 1 6 9 9 . 6  9933 .33  1696 .42  9941.32 1696.42 9954.96 1696.34 

Manning ' s  n V a l u e s  num= 3 
S t a  n V a l  S t a  n V a l  S t a  n V a l  

9911.26 . 0 3  9911.26 .0310105.48 . 0 3  

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  C o e f f  C o n t r .  Expan. 
9911.2610105.48 1 2 5  76 .23  2 5  .1 .3 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 
. . ~ . .  ., .. . :  . ......., -.> 
.+<.\$ :..:*;;>; 
,:. 

~ ~J:. . : .  E.G. E l e v  ( f t )  1701 .89  E lement  
..<I::.:.. .. ..~,-,.: ..:.,. '.. .... 2 . . ,  .+,-<; V e l  Head ( f t )  0 .39 W t .  nlVal.  

'2.. .,.: .. ..:>::. ~: ,..,.. -..,.:. ~ ... .... ,...~.w. ., :." 
I: ..> ... :..;_.. W.S. E l e v  ( f t )  1701 .49  Reach Len. ( f t )  

..*..>.:<. .... .~?+~!..<> % 
-. ...: ?*+:.::& , ... '. ... 

C r i t  W.S. Lf t )  Flow A r e a  ( s q  f t )  
,. '. ..+ '.' - ..--. +.;> * -*-*..-. .*?&<: E.G. S l o p e  ( f t / f t )  0.001308 A r e a  ( s q  f t )  

Q T o t a l  ( c f s )  3732.00 Flow ( c f s )  
Top Wid th  ( f t )  155 .97  T o p W i d t h  ( f t )  
V e l  T o t a l  ( f t / s )  5 . 0 3  A v g . V e 1 .  ( f t / s )  
Max C h l  Dpth ( f t )  5.52 Hydr.  Dep th  ( f t )  
Conv. T o t a l  ( c f s )  103191.4  Conv. ( c f s )  
L e n g t h  Wtd. ( f t )  76 .23  Wetted P e r .  ( f t )  
Min Ch E l  ( f t )  1695 .98  S h e a r  ( l b / s q  f t )  
Alpha  l a 0 0  S t r e a m  Power ( l b / f t  s )  
F r c t n  Loss  ( f t )  0 .10  Cum Volume ( a c r e - f t )  
c & E Loss  ( f t )  0 .02 Cum SA ( a c r e s )  

F M W  DISTRIBlrTION OUTPUT P r o f i l e  #PF 1 

L e f t  08 Channe l  R i g h t  OB 
0.030 

125 .00  7 6 . 2 3  2 5 . 0 0  
7 4 2 . 4 1  
7 4 2 . 4 1  

3732.00 
1 5 5 . 9 7  

5 . 0 3  
4 . 7 6  

103191.4  
1 5 7 . 9 3  

0 .38  

, . . . .. . 
: . ..:'. L e f t  S t a  R i g h t  s t a  Flow A r e a  W.P. % Conv. Hydr D. V e l o c i t y  

. . . 
:, ., .;, .> ( i t )  ( f t)  (cfs) ( s q  f t) (ft)  (f t )  ( f t / S )  

.. , . ~ 
\ ,. .. .~ .% . . . LE 9911.26 RE, 10105 .48  3732.00 742.41 1 5 7 . 9 3  100.00 4 . 7 6  5 . 0 3  

FCD 98-17 Delineation of S p i k y  Flows A-N West, Inc. 
For Signal Butte Flood Retarding Structure Page 9 July. 1999 
1/3 Discharge (O's Modded Separately) 
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~.. .. 
~, . 

CROSS SECTION RIVER: SI- BVTPE 
REACB: SPILLNAY RS: 4.914 

%.,.";.;; 
INPUT 

, :*..j . . .  Description: RY. 4.914 
. . .  INEFF. FLOW OPTION USED TO LT. OF STA. 9865.1. 
< :..' . ~ .  .. . 

Station Elevation Data nun= 4 3 
Sta Elev sta Elev Sta Elev Sta Elev Sta Elev 

9599.38 1703.6 9605.27 1703.57 9613.73 1703.21 9628.26 1702.74 9640.01 1702.4 
9659.34 1702.1 9689.85 1701.75 9709.87 1701.47 9716.11 1701.37 9720.11 1701.34 
9733.65 1699.9 9747.41 1698.56 9755.78 1697.4 9770.71 1698.13 9804.49 1699.6 
9812.95 1699.8 9814.27 1699.83 9816.7 1699.69 9818.67 1699.73 9829.2 1699.73 
9830.45 1699.8 9835.71 1699.72 9841.92 1699.66 9843.24 1699.65 9858.76 1700.1 
9865.1 1700.3 9873.59 1699.65 9881.28 1699.58 9890.9 1698.86 9894.92 1698.82 
9896.1 1698.8 9921.75 1697.32 9931.45 1696.61 9934.31 1696.62 9961.9 1696.57 

10034.86 1696.210039.04 1696.1210046.37 1695.9810052.89 1697.9710061.87 1700.92 
10085.54 1708.210085.62 1708.1910087.97 1708.33 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

: 9599.38 ?:<5z4:$ 
.068 9865.1 .0310087.97 .03 

. ...: . . .*;.:.,:;;a 
.ii"...." Bank Sta: Left Right Lengths: Left Channel Right 
_..%)--: Coeff Contr. Expan. 
;; ?.*-..:.>$ 
.s*,,+:., :.~%c~+. 

9865.110087.97 120 67.17 2 5 .1 .3 
&;: *-?> . *.... .. .,..:>~'>: 
: Ineffective Flow num= 
..:+.c .:i 

1 ,>?. <. . 
L..:L;-.b: Sta L Sta R Elev ,. ,,p . .. -. 
...a :.>>%i :? ,...- ~:.. 9599.38 9865.01 1703 
.?><&+.::.: j:y,<\.k: 
. ..>q 

".-*'-. ..~l*.$ .. .,. CROSS SECTION OUTPUT Profile #PF 1 
,><.;:.;. . . ... >...?. 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Hin Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C d E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ftl 
Area (sq ft) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.000 
120.00 
0.10 

312.09 
0.09 

153.61 
0.86 
1.15 
2.5 
0.09 
0.09 
0.08 

729.65 
576.42 

Channel Right 0B 
0.030 
67.17 25.00 
817.61 
817.61 
3731.91 
198.47 
4.56 
4.12 

103729.9 
199.45 
0.33 
1.51 
67.65 87.06 
27.79 80.53 

.. 
. - Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
. . . , need for additional cross sections. 
:' Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

' . than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
.~ 

. ~ < .  : . ,  ~ . .  ~ . 
~ . ,.:. -. 2. ;: . . FLOW DISTRIBUTION OUTPUT Profile #PF 1 . .. .. '...' 

%.>' 1 
Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 

% L.2' . '.%;<% (ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
.:- . . 9798.67 9865.10 0.09 0.10 0.09 0.00 1.15 0.86 

~ . . . s , ~  LB 9865.10 RB 10087.97 3731.91 817.61 199.45 100.00 4.12 4.56 

FCD 98-17 Denneation dSplhvay Flaw AN West, Inc. 
For Signal Butte Rood Retarding Strudure Page 10 July, 1999 
1R Cischarge (O's Modeled Separately) 
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?. .$k. !~, 

s . ... , :.: : . .., 
::? 

;~$@t;il ." .>*..">. ..$. .:w5 . .<.<, . :.<.. 
-9:;:;*'; *; Warning: The velocity head has changed by more than 0.5 it (0.15 m). This may indicate the 

. need for additional cross sections. 
' '  Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

. . 

' ,' CROSS SECTION RIVER: SIGNAL BUTTE 
RZACH: SPILLWAY RS: 4.902 

INPW 
Description: FLY. 4.902. BEGIN TWEZOIDAL CHANEIEL D/S/ OF SPILLWAY. 

Station Elevation Data num= 55 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9569.3 1703.6 9570.24 1703.63 9582.02 1703.52 9587.21 1703.65 9594.87 1703.72 
9600.67 1703.8 9611.08 1704.08 9613.59 1704.14 9656.3 1704.32 9698.56 1703.91 

. . 
. , 9707.61 1703.9 9710.56 1703.9 9728.44 1703.7 9770.15 1703.09 9771.24 1703.06 

9772.19 1703 9790.71 1702.51 9796.64 1702.45 9807;42 1702.69 9819.3 1702.85 
9824.23 1702.8 9840.04 1702.79 9843.47 1702.72 9853.18 1702.76 9855.36 1702.77 
9859.69 1702.8 9864.04 1702.78 9864.74 1702.98 9866.98 1702.74 9871.07 1702.7 
9877.7 1702.6 9884.14 1702.17 9890.93 1701.86 9906.82 1700.9 9910.86 1699.84 
9926.61 1699.1 9927.39 1699.04 9955.71 1696.03 9957.81 1695.76 9958.84 1695.64 
9964.99 1695.2 9982.12 1695.62 9387.28 1695.8110018.22 1695.9610022.17 1696.08 
10027.92 1696.310030.31 1696.4410039.31 1699.4410042.31 1699.7110043.42 1699.91 
10056.21 170310058.82 1703.8410066.78 1705.5910086.97 1707.9110087.92 1707.83 

Manning's n Values n u =  3 
Sta n Val Sta nVal Sta n Val 

9569.3 .068 9906.82 .04510086.97 .068 

9906.8210086.97 280 261.94 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1701.54 Element Left OB Channel Right OB 
Vel Head (ft) 0.83 Wt. n-Val. 
W.S. Elev (ft) 1700.71 Reach Len. (ft) 
Crit W.S. (ft) Flow Area (sq ftl 511.06 
E.G. slope (ft/ft) 0.008712 Area (sq ft) 
Q Total (cis) 3732.00 Flow (cfs) 3732.00 
Top Width (ft) 139.17 Top Width (ft) 
Vel Total (it/s) 7.30 Avg. Vel. (ft/s) 
Max Chl Dpth (ft) 5.51 Hydr. Depth (ft) 3.67 
Conv. Total (cfs) 39982.9 Conv. Icfs) 39982.9 
Length Wtd. (ft) 262.79 Wetted Per. (£ti 140.13 
Min Ch El (ftl 1695.20 Shear (lb/sq ft) 1.98 

1.00 Stream Power (lb/ft s) 
Frctn LOSS (ft) 2.11 Cum Volume (acre-ft) 
C & E Loss (ftl 0.06 Cum SA (acres) 

Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCO 9817 Delineation of Spdlway Flow 
For Signal B t W  flood Retarding Smdure Page 11 
1/3 Discharge (Q's Modeled Separateiy) 



. . ....,., .: 
'c'! , i t .  

.? .'r"d! ..;i: 
L.v. .,. . ....; y: .i&* 
i # .' ::;<.:<<? 

.!,+.;i>J . .?Z& 9; 
,. '"9  . .. . I :  FLOW DISTRIBUTIOPI OUTPUT P r o f i l e  #PF 1 . . .~ ., 

. . 
L e f t  S t a  ' R i g h t  S t a  Flow ~ r e a  W.P. % Conv. Hydr D. V e l o c i t y  

. . . . ( f t )  ( f t )  ( c f s )  ( s q  f t )  ( f t )  ( f t )  ( f t / s )  
. . LB 9906.82 RB 10086.97 3732.00 511.06 1 4 0 . 1 3  100 .00  3 . 6 7  7 .30 

Warning: The e n e r g y  l o s s  was g r e a t e r  t h a n  1 . 0  f t  ( 0 . 3  m), be tween  t h e  c u r r e n t  a n d  p r e v i o u s  
c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

CROSS SECTION RIVER: SIGNAL BUTTE 
RFACB: SPILLXAX RS: 4.852 

INPUT 
D e s c r i p t i o n :  RM. 4 .852 .  AREA BLOCKED OUT TO LT OF STA. 9790 

S t a t i o n  E l e v a t i o n  D a t a  num= 8 0  
S t a  E l e v  S t a  E l e v  S t a  E l e v  s t a  E l e v  S t a  E l e v  

9176 .68  1700.2  9216.75 1700.39 9216.84 1700.39 9216.88 1700.39 9216.93 1700 .38  
9223.8 1698 .7  9231.22 1698 .72  9238.57 1698 .73  9239 .83  1698.72 9243.73 1698 .83  

9271.54 1 6 9 8 . 7  9273.68 1698 .71  9276 .37  1698 .68  9278.04 1698 .65  9282.14 1698.64 
9301.81 1698 .8  9305.89 1698 .34  9314.94 1698.4  9316 .21  1698.52 9330.57 1700.06 
9339 .65  1 6 9 9 . 8  9353 .73  1700 .26  9355.44 1700 .25  9357 .73  1700 .25  9361.39 1700 .27  
9368 .81  1 7 0 0 . 4  9401.21 1701.02 9410 .55  1700.94 9424.54 1700.83 9426 .6  1700.82 
9429.18 1700 .7  9433 .95  1700 .52  9446.91 1 7 0 0 . 1  9481.8  1698 .93  9523.95 1699 .49  
9549 .43  1 7 0 0 . 1  9603.66 1700 .33  9685.19 1700 .08  9697.82 1700.06 9699.23 1700.07 

9736 .8  1700.4  9786 .05  1700.49 9790.13 1 7 0 0 . 6  9 8 0 7 . 5 6  1700 .41  9811.08 1700 .25  
9817.32 1699 .8  9821.17 1699.28 9823.8 1698 .97  9844.24 1697.92 9862.69 1697 .21  
9922.92 1695 .9  9925.6  1695.82 9928.41 1695.78 9929.54 1695.77 9936.64 1695 .75  
9983.39 1695.8  9998.01 1694.310010.25 1692.710022.77 1693.3110033.68 1 6 9 3 . 9 1  

10036 .17  1694.410051.93 1697.35 10052.2  1697.3410071.29 1697.9510071.49 1697.94 
10071.83 169810087.16 1698.1610095.74 1698.4810109.44 1699 .35  10114.9  1699 .58  
10125 .72  1699.710163.22 1700 .2610196 .01  1700.3910205.48 1700.5810221.91 1700.89 

10232.4 1701,110240.12 1701.2710268.65 1701 .21  10306 .9  1701.6210318.47 1 7 0 1 . 9 1  

Manning ' s  n  V a l u e s  n u =  3  
S t a  n  V a l  S t a  n  V a l  S t a  n  V a l  

9176.68 .068 9925.6  .04510051.93 .068 

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  Coeff  C o n t r .  Expan. 
. . 9925.610051.93 390 402.55 425 .1 . 3  

Blocked  O b s t r u c t i o n s  num= 1 
S t a  L S t a  R E l e v  

9176.68 9790 .43  1 7 0 0 . 6  

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. E l e v  ( f t )  1699.37 
V e l  Head ( f t )  0.64 
W.S. E l e v  ( f t )  1698 .73  
C r i t  W.S. ( f t )  
E.G. S l o p e  ( f t / f t )  0.007419 

. . 
Q T o t a l  (cfs) 3732.00 
Top Width  ( f t )  271.18 
V e l  T o t a l  ( f t / s )  5.53 

.: p. 
*:::; Max C h l  Dpth ( f t )  6 .03  

>'?&# 
FCD 98-17 Delineation of Spillway Flows . . t.. .: For Signal Butte flood Retarding Sbudure 

. . . : 

. . . 113 Discharge (Q's Modeled Separately) '. < ?  . . < . j ~  .. . ..'. .. . . . .. 
' . 

Element  
W t .  n-Val.  
Reach Len. ( f t )  
Flow Area  ( s q  f t )  
A r e a  ( s q  f t )  
Flow ( c f s )  
Top Width  ( f t )  
Avg. Ve l .  ( f t / s )  
Hydr.  Depth  ( f t )  

Page 12 

L e f t  03 
0.068 

390.00 
1 6 6 . 5 1  
166 .51  
448.79 

97.12 
2 . 7 0  
1 . 7 1  

Channe l  
0 .045 

402.55 
472.46 
472.46 

3228.52 
1 2 6 . 3 3  

6 . 8 3  
3.74 

R i g h t  09 
0.068 

425.00 
35.45 
35 .45  
54.69 
47.74 

1 . 5 4  
0 . 7 a  

A 4  West, Inc. 
July, 1999 



Conv. Total (cfs) 43328.6 Conv. (cfsl 5210.5 37483.2 634.9 
Length Wtd. (ft) 403.51 Wetted Per. (ft) 97.17 126.86 47.77 
Min Ch El (ft) 1692.70 Shear (Ib/sq ft) 0.79 1.72 0.34 
Alpha 1.35 Stream Power (lb/ft sl 2.14 11.79 0.53 
Frctn Loss (ft) 3.72 CumVolume (acre-ftl 728.69 63.66 86.96 
C & E Loss (ft) 0.04 Cum SA (acres) 575.90 26.73 80.41 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

. .  . .. .. , . ... Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
. . ... - :  

, . ( ft I (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
. . ~. . . .. 9738.37 9925.60 448.79 166.51 97.17 12.03 1.71 2.70 

, . , . LB 9925.60 RB 10051.93 3228.52 472.46 126.86 86.51 3.74 6.83 
,..<...a. .- 10051.93 10318.47 54.69 35.45 47.77 1.47 0.74 ' 1.54 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

, .,*;-&',>:,: 
:..y:.."F ,s: 
.,.,> :.- ,+... .~ . . .*., +:2~.. .:. .. .. ;: 
I .i, .- :.,.+%? CROSS SECTION RIVER: SIGNAL BUT!CE 

.: :.. . .. . , .wACli: SPILLWAY .*.. .. C.1 
RS: 4.776 

..::.::;:: . . 
:.. ,. ~,.:;..; ... .:,.;: C' . INPUT 
.:;: V.>@+ . Description: F!M. 4.776. FLOW BLOCKED OUT TO RT. OF STA.10270.89 DUE TO RIDGE. 
,< .~ .~ -. . 4 . i  i > 3 %  f*$ Station Elevation Data n&= 114 
*!<:-. .'?$(! 
.Z;.:&.,: 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
. . -. . . .~ ' >.. ~ * . .  i <...:c,~; 
..!k.. ..>. 

8935.41 1698 8940.48 1697.99 8945.99 1698 8960.41 1697.63 8969.15 1697.36 
. I . .. v:T<,..~ / ,  
.. ... ,->:, 

8978.82 1697.2 9013.48 1696.67 9018.78 1696.39 9024.13 1696.23 9039.09 1696.43 
... <:..-.*. .. -4,;c.x:. 
.: . 9074.04 1697.1 9089.48 1696.99 9102.18 1697 9114.78 1696.64 9117.41 1696.54 . >*;:. .:::j * .... ? ;,.,~. ,., ..:.;;:::*$:, 

9125.2 1696.3 9139.09 1696.32 9140.5 1696.43 9143.78 1696.28 9189.59 1696.03 
.. .. . L:...~, ,..&,.. >3,. .~'.* .., =.ii? c 

9210.18 1695.9 9244.85 1695.96 9294.39 1695.81 9359.47 1695.58 9382.81 1695.54 
, . . ... 5:x 

:%- -..! 9429.66 1695.8 9437.31 1695.76 9442.33 1695.74 9446.46 1695.71 9449.71 1695.66 
.. .* . . x- ..>, , 9509.16 1696.3 9513.47 1696.34 9573.45 1696.39 9586.58 1696.4 9587.04 1696.4 

9587.41 1696.4 9587.7 1696.4 9588.72 1696.4 9639.28 1695.49 9661.72 1695.55 
9664.15 1695.6 9686.93 1695.74 9699.19 1695.89 9702 1695.91 9715.09 1696 
9721.28 1696 9731.73 1696.07 9734.45 1696.06 9791.49 1695.5 9793.31 1695.48 
9813.49 1695.3 9815.93 1695.87 9823.49 1695.48 9831.94 1695.4 9850.43 1695.27 
9858.68 1695.2 9863.38 1695.2 9865.41 1695.15 9874.84 1695.02 9877.74 1694.96 
9885.97 1694.8 9910.84 1694.22 9912.71 1694.14 9914.29 1694.11 9919.29 1693.94 
9923.48 1693.6 9933.65 1693.02 9939.13 1692.74 9942.88 1692.39 9951.71 1691.58 
9954.46 1691.4 9963.23 1690.86 9967.34 1691.1 9976.35 1691.51 9980.62 1689.91 
9986.34 1689.5 9988.05 1689.61 9996.11 1688.46 9999.98 1688.0210006.86 1689.3 
10031.84 1693.710033.97 1693.610047.09 1693.610125.05 1693.4110143.11 1692.75 
10158.57 1692.710171.85 1693.2110180.16 1693.510187.75 1693.610190.27 1693.64 
10194.77 1693.710196.69 1693.7510221.59 1694.210233.77 1694.2210270.89 1694.57 
10324.27, 1693.710336.35 1693.5710351.89 1693.410366.67 1692.3110378.34 1691.68 
10385.75 1692.510396.02 1693.5610398.28 169410410.54 1694.3310423.79 1694.61 
10449.46 1694.710467.86 1694.6210483.13 1694.4510514.16 1695.0110537.72 1695.52 
10561.03 1695.910563.38 1695.9210564.33 1695.9410580.38 1695.93 

Maming's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

8935.41 .068 9939.13 .04510031.84 .068 

FCD 98-17 Delineation of Spillway Flows A-N West, Inc. 
For Signal Butte Flood Retarding Strubure W e  13 July, 1999 
T i 3  Discharge (Q's Modeled Separately) 



Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9939.1310031.84 420 418.55 365 .1 .3 

Blocked Obstructions nlm 1 
Sta L Sta R Elev 

10270.8910580.38 1694.7 
. . . . . ... 

. I.; 
. . . I 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.068 
420.00 
33.84 
33.84 
66.62 
44.89 
1.97 
0.75 
612.3 
44.93 
0.56 
1.10 

727.79 
575.26 

Channel 
0.045 
418.55 
355.94 
355.94 
3112.88 
92.71 
8.75 
3.84 

28609.9 
93.72 
2.81 
24.55 
59.84 
25.72 

Right OB 
0.068 
365.00 
235.06 
235.06 
552.51 
239.05 
2.35 
0.98 

5078.0 
239.12 
0.73 
1.71 
85.64 
79.01 

.. . .~ ...* :,:.~ 
.*.,>x,e...,~.A ..+,.~ ..&Z 
, 

Warning: The energy equation could not be balanced within the specified number of iterations. 
.... $,.‘.. - The program used critical depth for the water surface and continued on with the calculations. 
.,>..*~:&$,~j 
. . : . . ,  .,+f'.' Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 

@ $  need for additional cross sections. 
9 Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
,.>@z$, ~ $ 3  :ud;xs~q cross section. This may indicate the need for additional cross sections. 
. Warning: During the standard step iterations, when the assumed water surface was set equal to 
~>;;..9J:;;l , critical depth, the calculated water surface came back below critical depth. This indicates 
>,,::t;<r 
: that there is not a valid subcritical answer. The program defaulted to critical depth. .&.~ < \-. ...~.., 

3.: ~,?.. ..cs"%$>.- 
:.u.!T< ,* . FLOW DISTRIBUTION OUTPUT Profile #PF 1 .;;>& 1;- 
;*xc&.$ 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (cfs) (sq ft) (ft) (ft) (ft/s) 

9688.20 9939.13 66.62 33.84 44.93 1.78 0.75 1.97 
LB 9939.13 RB 10031.84 3112.88 355.94 93.72 83.41 3.84 8.75 

, .# 
10031.84 10580.38 552.51 235.06 239.12 14.80 0.98 2.35 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program used critical depth for the water surface and continued on with the calculations. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 

; . > .  ;. i: . . 
,, $';:.<.; 

.:.-. .* : . :'; ' ,"; .- *. ..< 
3. -?*.<$a .. . .. , _ . ~ . - A  

: . . .  

FCD 98-17 Delineation of SpWiay Flows AN West, Inc. 
FM Signal Butte Flood Retardng Stwdure Page 14 July. 1999 
113 Discharge (Q's Modeled Separately) 
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. - 5  ....... , ....-.... , ' 3  . . . . . . .  - . < "  .... ...-...7,. - ..?. . . . . .  
s,sds ~,-*"<-& ,<?.', * A ~ ~ * L , , " ~ * ' . ~ ~  *?AS. 9--.-..r,. .:..: '..z':& 

, 

CROSS SECTTOW : SI(;NAL BUTTE 
ReACB: SPILLWAY 

Description: RM. 4.697. AREA BLOCKED OUT TO LT. OF STA. 9797.52 AND TO RT. OF STA 10289.2 
DUE TO RIDGES. 

Station Elevation Data num= 133 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

8615.35 1691.7 8621.19 1691.78 8628.32 1691.89 8647.84 1691.45 8681.66 1690.65 
8685.98 1690.7 8711.81 1690.71 8713.45 1690.66 8742.34 1690.04 8747.69 1689.95 
8775.29 1689.5 8785.04 1689.85 8822.44 1689.74 8835.79 1689.79 8849.3 1690.18 
8855.86 1690.3 8900.66 1690.06 8902.91 1690.08 8903.54 1690.07 8904.13 1690.06 
8905.54 1690.1 8906.72 1690.07 8935.66 1690.55 8968.19 1691.08 9007.95 1690.98 
9027.69 1691.6 9045.3 1691.68 9084.5 1691.15 9109.44 1690.8 9130.16 1690.73 
9155.24 1690.6 9181.66 1690.38 9188.41 1690.37 9210.31 1690.54 9213.33 1690.82 
9243.78 1690.7 9245.88 1690.77 9269.01 1692.21 9276.84 1692.22 9298.69 1692.14 
9313.27 1692.1 9323.7 1690.92 9324.25 1690.89 9350.46 1689.83 9368.99 1689.87 
9376.02 1689.9 9436.31 1689.86 9453.1 1689.98 9473.97 1690.13 9488.68 1690.11 
9503.3 1690.1 9513.87 1689.93 9519.01 1689.84 9527.01 1689.96 9536.07 1690 
9581.7 1689.6 9625.31 1689.63 9646.29 1689.66 9647.75 1689.68 9690.82 1690.91 
9691.3 1690.9 9716.92 1691.15 9797.52 1691.52 9835.95 1691.4 9847.69 1691.41 
9926.16 1690.9 9951.62 1690.65 9955.39 1689.85 9965.75 1687.96 9974.68 1686.96 
9994.63 1687.4 9997.15 1687.310003.25 1686.8410007.88 1686.4810010.81 1686.27 
10023.5 1687.110030.84 1687.5210039.46 1686.6110044.28 1686.2110057.73 1685.92 
10060.31 1685.910061.45 1686.0710074.94 1688.0110079.14 1688.2310083.15 1688.16 
10096.94 168810097.71 1688.0110104.94 1688.0110117.41 1688.7710144.83 1689.93 
10158.77 1689.410159.88 1689.4110160.08 1689.410160.12 1689.4110171.33 1690.25 
10175.55 1690.410191.19 1690.3410220.07 1687.6110228.82 1687.0410235.53 1687.63 
10236.59 1687.710237.85 1687.7610253.54 1688.9510273.02 1690.210283.18 1690.19 
10289.59 1690.210298.19 1690.13 10326.9 1690.110352.34 1689.910368.46 1689.44 
10373.51 1688.810390.43 1685.37 10402.6 1687.1410408.58 1687.54 10422.6 1689.22 
10423.13 1689.210424.95 1689.2510453.45 1689.5810463.49 1689.6910466.12 1689.39 
10468.63 1689.410472.04 1689.2410482.12 1688.67 10486.1 1688.44 10489.9 1688.83 
10499.44 1689.610504.93 1689.8810520.08 1690.3710521.74 1690.4110522.63 1690.44 
10535.38 169110562.52 1691.1610586.08 1691.47 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

8615.35 .068 9951.62 .04510079.14 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9951.6210079.14 425 406.56 380 .1 .3 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

8615.35 9797.52 1691.52 10289.210586.08 1690.2 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1691.25 
Vel Head (ft) 0.44 
W.S. Elev (ft) 1690.81 
Crit W.S. (ft) 1689.74 
E.G. Slope (ft/ft) 0.005989 
Q Total (cfs) 3732.00 
Top Width (ft) 596.27 

FCD 9817 Delineatim of Soilhvav Flows 
FM Signal Butte Flood ~ e t a h n g  'Structure 
113 Discharge (Q's Modeled Separately) 

Element I 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (it) 

Channel 
0.045 
406.56 
464.12 
464.12 
2797.25 
127.52 

Right OB 
0.068 
380.00 
510.03 
510.03 
934.31 
452.01 

A N W e s t k  
July. 1999 



Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Kin Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ft) 

Avg. Vel. (ft/s) 0.32 6.03 1.83. 
Hydr. Depth (ft) 0.08 3.64 1.13 
Conv. (cfs) 5.7 36144.7 12072.7 
Wetted Per. (ft) 16.73 128.14 452.38 
Shear (lb/sq ft) 0.03 1.35 0.42 
Stream Power (lb/ft s) 0.01 8.16 0.77 
Cum Volume (acre-ft) 727.62 55.90 82.52 
Cum SA (acres) 574.96 24.66 76.11 

. . . . - Warning: The velocity head has changed by more than' 0.5 ft (0.15 m). This may indicate the 
. . 

, , . .  need for additional cross sections. 
: . Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less . . 
. than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

. . .  : .: . . .  Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
. , 

:, . ., . . . . cross section. This may indicate the need for additional cross sections. 
. ~ . ., ., . . , 

,$'"" 
. .;. . FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
9617.55 9951.62 0.44 1.37 16.73 0.01 0.08 0.32 

;... .;.>.,;: .;">..?<;;, 
. Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the *,3.j.i-p..4 
.;FTF:;I~: :. ,. need for additional cross sections. 
:.:..:..iy$: .:.: , L..,.~ Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
;j:$>3.;< 
.,,e.. than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
.;<,$:i.:> 
.... : . . ~ .  Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 

$ $  cross section. This may indicate the need for additional cross sections. 
.-7.+..,. .,. . .;* . .: . . , ... ,*- .. .... 

.:,~"..-O y-*. 

...... : "/... 
.'?:v=?>.:, .?!:::: .,., ~.. y : :  CROSS SECTION . .'.,: .;, RIVER: SIGNAL BUTTE 
<: .?1..! .... ::;">>;. REACH: SPILLWAX RS: 4.620 ......... ... .>% .L ,  ........ .;.:> ;%&!: 

2,:o'.>:.;* 
..'--i" :.:*, :: ...~,.&i, 

INPUT 
. Description: RM. 4.620. AREA BLOCKED OUT TO LT. OF STA. 9720.21 DUE TO RIDGE. 

Station Elevation Data nun= 138 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

8183.54 1687.4 8184.89 1687.38 8186.81 1687.38 8189.78 1687.38 8190.4 1687.39 
8191.61 1687.4 8192.65 1687.33 8193.42 1687.29 8247.72 1686.25 8252.69 1685.9 
8276.3 1685.7 8282.47 1685.64 8286.78 1685.66 8297.37 1685.93 8298.63 1685.97 
8298.72 1686 8299.28 1685.95 8313.34 1686.05 8316.75 1686.05 8325.87 1686.06 
8333.25 1686.2 8338.01 1686.07 8342.44 1686.06 8347.31 1685.9 8381.53 1686.4 
8402.32 1686.4 8418.07 1686.44 8418.12 1686.44 8487.43 1686.52 8523.15 1687.04 
8527.12 1687 8544.28 1686.39 8548.4 1686.26 8563.44 1687 8572.28 1687.42 
8619.36 1687.5 8629.86 1687.56 8631.08 1687.54 8646.85 1687.24 8683.07 1686.1 
8693.85 1686.6 8697.03 1686.86 8713.67 1686.94 8736.22 1686.92 8743.7 1686.74 
8753.78 1686.3 8764.15 1685.96 8796.52 1684.77 8806.21 1685.17 8832.47 1686.21 
8885.89 1686.3 8893.28 1686.23 8915.42 1686.3 8944.62 1686.07 8997.14 1685.73 
8999.1 1685.7 9012.34 1684.96 9018.78 1685.59 9025.58 1685.96 9035.59 1685.68 
9040.14 1685.6 9041.36 1685.62 9071.61 1685.7 9156.97 1686.1 9229.09 1686.29 
9238.36 1686.2 9240.57 1685.73 9246.15 1684.98 9250.97 1685.33 9254.36 1685.51 
9259.12 1685.6 9275.26 1686.34 9281.03 1686.5 9293.86 1685.82 9301.28 1685.29 
9308.97 1685.3 9319.63 1685.36 9327.79 1685.61 9331.55 1685.76 9346.55 1685.71 
9373.18 1685.6 9390.49 1685.57 9398.52 1685.33 9410.53 1685.39 9428.27 1685.12 
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9482 ;54 1684.5 9519.3 1684.51 9551.85 1685 9552.27 1685.02 9552.65 1684.98 
9563.28 1684 9573.01 1685.04 9575.03 1685.27 9610.37 1685.38 9623.76 1685.28 
9628.21 1685.3 9646.82 1685.91 9664.39 1686.72 9691.62 1686.21 9691.93 1686.22 
9720.21 1687.7 9725.38 1687.61 9747.48 1687.26 9762.48 1687.02 9771.94 1686.13 
9778.52 1685.8 9782.17 1685.72 9787.44 1685.7 9817.59 1685.49 9907.42 1686.28 
9918.29 1686.2 9919.18 1686.16 9933.7 1685.33 9942.43 1684.3 9962.7 1682.19 
9974.77 1683.1 9981.07 1683.5710031.53 1682.6210038.88 1682.4510056.07 1685.36 

10065.59 1687.110066.81 1687.0210080.47 1687.0510150.42 1687.1310154.68 1687.35 
10162.53 1687.910187.11 1687.0510213.74 1686.2810220.07 1685.7510223.62 1685.27 
10239.74 168310247.89 1682.5410251.65 1682.0910261.52 1682.9110287.46 1686.29 
10291.34 1686.810301.97 1687.1210322.59 1687.44 

Manning's n Values nun= 3 
, . . :. , .  

:, ......... S t a  n Val S t a  n V a l  S t a  n Val 
. .  ,: 
;;.., ~. . . 

8183.54 .068 9907.42 .04510065.59 .068 

Bank S t a :  L e f t  Right  Lengths: L e f t  Channel Right  Coeff Contr .  Expan. 
9907.4210065.59 220 235.25 230 .1 .3  

, . Blocked O b s t r u c t i o n s  nun= 1 ........... .:.>:::.,.Ti,?2':; 
.... >, ... ,,: S t a  L S t a  R E lev  
. . .  ...:i:l.:?f;:;.i: 

..'.s&. *..? 8183.54 9720.21 1687.7 .... 
:,.7;-=:-; !,j ...>.-~<.?.> z..* ... ;_:. ..... .. ~ , :. .- ..,* L>.<. ::+.:< . CROSS SECTION OUTPUT P r o f i l e  #PF 1 . .  .-,.:.. 

-L'f':..; . , I . , . .  :'::'.:;",.-. ..... *. ..;:.. ..~? .* -.": :.: ..... ..7:F!. ..> E.G. E lev  (it) 1687.02 Element L e f t  0 B  Channel Right  OB :. +,:. &*, ....... ..-*::: y.2> :+. - ,%...;.*. Vel Head ( f t )  1.06 W t .  n-Val. 0.068 0.045 0.068 
............. ,.#-!+- .--= W.S. E lev  ( f t )  1685.96 Reach Len. (it) 220.00 235.25 230.00 

< wj* 
' .Tlr ,.:. C r i t  W.S. ( i t)  1685.96 Flow Area ( s q  f t l  26.19 331.57 141.06 . . . . . . .  ......... -. ,,,. :*y:.?:'.: ..... E.G. S lope  ( f t / f t )  0.022346 Area ( s q  it) 26.19 331.57 
> - .  ;%?:;>. .............. 141.06 
.............. ;.".< Q T o t a l  ( c f s )  3732.00 Flow ( c i s )  35.95 2945.91 750.14 . . .  .. .?-? -:... :: .. ....z........ ............ -:"- 5, 

Top Width ( i t )  300.34 Top Width (it) 96.15 136.75 67.43 ........ .......... . :. .~ ::* ,.:,:, ;,+;,:~>::. ... ;....::! ,. Vel T o t a l  ( f t / s )  7.48 Avg. Vel .  ( f t / s )  1.37 8.88 5.32 
_..... ... ... ........ .;. ......... .*..:, Max Chl Dpth ( i t )  3.87 Hydr. Depth ( i t )  0.27 2 .42  2 .09  . 7 . ...:: ......... Conv. T o t a l  ( c f s )  24965.6 Conv. ( c i s )  240.5 19707.0 5018.1. .- .. ~ . :.:. .,->..: ;.:: -... ..%.*<.. .. ....... ............ 

* I  <.. Length Wtd. ( i t )  Wetted Per .  ( f t )  96.16 137.30 67.90 .... ... . 
<&25::,:::z>.*. ... .x, ~+.. F~ Min Ch E l  (it) 1682.19 Shear  ( l b / s q  it) 0.38 . ...... 3.37 2.90 

Alpha 1.22 Stream Power ( l b / f t  s l  0.52 29.93 1 5 . 4 1  
F r c t n  Loss ( f t )  Cum Volume ( a c r e - i t )  727.49 52.18 79.68 
C d E Loss (it) Cum SA ( a c r e s )  574.41 23.43 73.85 

Warning: The ene rgy  e q u a t i o n  could  n o t  b e  ba lanced w i t h i n  t h e  s p e c i f i e d  number o f  i t e r a t i o n s .  
The program used  c r i t i c a l  dep th  f o r  t h e  water  s u r f a c e  and cont inued on w i t h  t h e  c a l c u l a t i o n s .  
Warning: Divided f low computed f o r  t h i s  c r o s s - s e c t i o n .  
Warning: The v e l o c i t y  head has  changed by  more t h a n  0 .5  f t  (0.15 m l .  Th i s  may i n d i c a t e  t h e  
need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
Warning: The conveyance r a t i o  (ups t ream conveyance d i v i d e d  by downstream conveyance) i s  l e s s  

. t han  0.7 o r  g r e a t e r  t h a n  1.4. This  may i n d i c a t e  the need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
- ~.. Warning: The ene rgy  l o s s  was g r e a t e r  t h a n  1 .0  it (0 .3  m). between t h e  c u r r e n t  and p rev ious  

... c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
. ,.. .. ~ > 

. .,.. 
. . . .  . E'LOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 . . . . . . . . .  ~. ><. . ~ . . L e f t  S t a  Right  S t a  Flow Area W.P. % Conv. Hydr D. V e l o c i t y  ...... .<:. ;;., :~. 
. . .......... (it) ( f t  I tcfs) (sq ft) t i t )  ( f t l  ( f t l s )  

,..: ,.>:,.~. 9476.45 9907.42 35.95 26.19 96.16 0.96 0.27 1.37 
LB 9907.42 RB 10065.59 2945.91 331.57 137.30 78.94 2.42 8.88 
10065.59 10322.59 750.14 141.06 67.90 20.10 2.09 5.32 
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Warning: The energy equation could not be balanced within the specified number of iterations. 
The program used critical depth for the water surface and continued on with the calculations. 
Warning: Divided flow computed for this cross-section. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may ind~cate the need for additional cross sections. 

.. , . . ,  CROSS SECTION RIVER: SIGNAL BUTTE 
. ., . 
. . . <  REACE: SPILLWAY RS: 4.575 

\ ( .  
,.. " 
. .<.?< . . ., INPUT . . ,* . . . , . ~ .  . . . ,..... . . . ~  . * .:.;;: 
Llii. 

Description: RM. 4.575. HYDRAULIC BASELINE CROSSES NEAR BROWN RD. AREA BLOCKED OUT TO LT. OF 
. ! STA. 9814.63 DUE TO RIDGE. I 

Station E 

8050.52 

8240.8 

8339.52 

:levation Data nun= 171 
Elev Sta Elev Sta Elev Sta Elev Sta Elev 

1686.1 7960.09 1685.85 8002 1685.62 8008.75 1685.59 8016.89 1685.2 
1685.7 8106.94 1685.43 8119.67 1685.33 8123.23 1685.35 8137.89 1684.25 
1684.3 8138.47 1684.26 8139.96 1684.21 8156.81 1684.63 8172.24 1683.92 
1684 8225.67 1683.96 8227.17 1683.93 8227.87 1683.89 8228.9 1683.83 

1683.4 8249.59 1683.63 8256.19 1683.88 8283.98 1685.07 8289.58 1685.1 
1685.2 8308.58 1685.25 8313.54 1685.27 8323.14 1685.43 8331.75 1685.45 
1685.5 8349.44 1685.32 8364.12 1685.2 8370.51 1684.97 8398.85 1684.74 
1684.8 8406.19 1684.7 8413.43 1684.63 8429.31 1684.69 8466.64 1684.76 
1684.8 8489.46 1684.58 8497.76 1684.28 8508.08 1684.09 8518.73 1683.9 
1684.1 8539.21 1684.48 8541.98 1684.52 8565.21 1684.89 8584.77 1685.17 
1685.1 8614.69 1684.2 8619.02 1684.28 8636.13 1684.69 8660.9 1684.88 
1684.8 8698 1683.95 8731.34 1683.69 8744.69 1683.94 8748.3 1683.73 
1682.3 8785.39 1682.96 8799.62 1683.95 8834.03 1683.79 8852.1 1683.76 
1683.7 8860.54 1683.74 8868.72 1683.71 8938.05 1683.77 8992.59 1683.05 
1683.1 8995.46 1683.19 9010.69 1684.54 9077.51 1684.04 9077.55 1684.04 
1684 9077.56 1684.04 9094.76 1683.72 9180.42 1683.98 9214.52 1684.13 

1684.3 9258.67 1684.78 9264.52 1684.87 9265.9 1684.64 9275.25 1682.96 
1683.6 9288.55 1683.71 9289.19 1683.69 9295.86 1683.68 9310.73 1683.43 
1683.7 9337.56 1683.73 9413.89 1683.23 9442.38 1683.04 9444.41 1683.4 
1683 9453.93 1682.49 9455.79 1682.63 9465.08 1683.44 9511.99 1683.13 

1682.8 9567.04 1683.14 9583.58 1683.35 9604.27 1684.13 9616.12 1684.53 
1684.8 9661.78 1684.45 9706.1 1683.97 9712.25 1683.92 9755.92 1683.69 
1683.6 9763.73 1683.64 9765.05 1683.63 9773.66 1683.91 9794.63 1684.57 
1684.5 9814.63 1684.65 9824.21 1684.48 9835.53 1684.51 9842.2 1684.45 
1683.5 9881.7 1682.95 9884.55 1682.95 9885.59 1682.9 9892.12 1682.44 
1682.4 9928.77 1682.05 9929.75 1682.04 9929.97 1682.03 9941.46 1681.28 
1680.9 9955.78 1680.18 9980.17 1679.69 9989.32 1680.4610003.63 1680.74 
1680.7 10011.8 1680.2210022.14 1681.6110038.51 1683.36 10053.4 1683.49 
1683.610103.52 1683.9910105.17 1683.9810107.82 1683.510123.59 1679.81 
1680.610139.55 1681.0610149.23 1680.7810161.04 1680.4710169.43 1680.14 
1679.7 10179.5 1679.710194.39 1680.62 10198.6 1680.9610203.21 1680.9 
1680.710250.48 1680.810260.03 1681.1810263.63 1681.3510275.86 1681.21 
1682.510295.24 1682.5710296.02 1682.6210297.17 1682.6310297.71 1682.64 
1682.710325.74 1683.4810338.84 1684.0310351.91 1684.46 10387.5 1685.44 
1686 
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Manning's n Values num= 3 
Sta nVal Sta n Val Sta n Val 

7923.93 -068 9929.97 .04510038.51 .068 

Bank Sta: Left Right Lengths: Left Chamel aght Coeff Contr. Expan. 
9929.9710038.51 275 300.41 290 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

7923.93 9814.63 1684.65 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1683.99 Element Left 0B Channel Right OB 
Vel Head (ft) 0.32 Wt. n-Val. 0.068 0.045 0.068 
W.S. Elev (ft) 1683.67 ReachLen. (ft) 275.00 300.41 290.00 
Crit W.S. (ftl 1682.62 Flow Area (sq ft) 71.68 307.62 552.22 
E.G. Slope (ft/ft) 0.007307 Area (sq ft) 71.68 307.62 552.22 
Q Total (cfs) 3732.00 Flow (cfs) 137.68 1735.59 1858.73 
Top Width (ftl 429.46 TopWidth (ftl 68.71 108.54 252.21 
Vel Total (ft/s) 4.01 Avg. Vel. (ft/s) 1.92 5.64 3.37 
Max Chl Dpth (ft) 3.98 Hydr. Depth (ftl 1.04 2.83 2.19 
Conv. Total (cfs) 43659.0 Conv. (cfsl 1610.6 20303.9 21744.4 
Length Wtd. (ft) 296.21 Wetted Per. (ft) 68.74 108.85 252.86 
Min Ch El (ftl 1679.69 Shear (lb/sq ftl 0.48 1.29 1.00 
Alpha 1.28 Stream Power (lb/ft s) 0.91 7.27 3.35 
Frctn Loss (ft) 2.09 Cum Volume (acre-ft) 727.24 50.46 77.85 
C 6 E Loss (ft) 0.03 Cum SA (acres1 574.00 22.76 73.00 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. Thls may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 3 Conv. Hydr D. Velocity 
(ftl (ftl (cfs) (sq ft) (ft) (ftl (ft/sl 
9428.46 9929.97 137.68 71.68 68.74 3.69 1.04 1.92 
LB 9929.97 RB 10038.51 1735.59 307.62 108.85 46.51 2.83 5.64 
10038.51 10397.97 1858.73 552.22 252.86 49.81 2.19 3.37 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

W S S  SECTION RIVER: SIONAL BUTTS 
REACH: S P I L L W  RS: 4.518 

INPUT 
Description: W.4.518. AREABLOCKED OUT TOLTOF STA. 9849.9 DUETORIDGE. 

Station Elevation Data nurn= 172 
Sta Elev Sta FLev Sta Elev Sta Elev Sta Elev 

7858.44 1682.4 7875.51 1682.05 7893.45 1682.55 7898.24 1682.13 7900.03 1682.09 
7901.6 1682 7907.08 1682.38 7907.23 1682.38 7909.91 1682.43 7911.42 1682.5 
7918.29 1682.3 7945.58 1682.3 7949.33 1682.28 7954.62 1682.27 7966.73 1682.29 

FCD 98-17 Delineation of Spitlway Flow 
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M a n n i n g l s . n  V a l u e s  n u =  3 
S t a  n V a l  S t a  n V a l  S t a  n V a l  

7858.44 .068 9974.99 .04510098.79 .068 

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  Coef f  C o n t r .  Expan. 
9974.9910098.79 370 394 .81  390 .1 . 3  

Blocked  O b s t r u c t i o n s  n m =  1 
S t a  L S t a  R Elev 

7858.44 9849.9  1682.93 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. E l e v  ( f t )  
V e l  Head ( i t )  
W.S. E l e v  ( f t )  
C r i t  W.S. ( f t )  
E.G. S l o p e  ( f t / f t )  
Q T o t a l  (cfs) 
Top Width  ( f t )  
V e l  T o t a l  ( f t / s )  
Max C h l  Dpth  ( f t )  
Conv. T o t a l  (cfs) 
L e n g t h  Wtd. ( f t )  

FCD 9817 Delineation of Spihvay Flows 
For Signal Bude Flood Retarding Structure 
113 Discharge (0's Modeled Separately) 

Element  
W t .  n-Val.  
Reach Len. ( f t )  
Flow Area  ( s q  f t )  
A r e a  ( s q  f t )  
Flow ( c f s )  
Top Width ( f t )  
Avg. V e l .  ( f t / s )  
Hydr. Dep th  ( f t )  
Conv. ( c f s )  
Wetted P e r .  ( f t )  
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L e f t  OB 
0.068 

370.00 
116.54 
116.54 
304.09 

67.15 
2 . 6 1  
1 .74 

3671.5 
67.32 

Channe l  
0.045 

3 9 4 . 8 1  
493.50 
493.50 

3352.88 
123.80 

6.79 
3 .99 

40482.3 
126.04 

R i g h t  OB 
0.068 

390.00 
54 .95  
54 .95  
75 .03  
85.01 

1 .37 
0 .65 

A 4  West, Inc. 
July, 1999 



. . ... . . . 
:..I .:j.:rs.r .. s+:8,.?.; 

$ .v.a*: *p; 
, >;;,., ..:.- ?..;~?~!zi -., &*.l .* .* ::. 

4 ;??g<;i 
>:<.;;$ >", '" " C, 

; fin Ch El (ft) 1674.88 Shear (lb/sq ft) 0.74 1.68 0.28 
<.-.*fi Alpha 1.34 Stream Power (lb/ft s) 1.93 11.39 0.38 
,$ ?p+ , Frctn Loss (ft) 3.23 Cum Volume (acre-ft) 726.64 . 47.70 75.83 

C d E Loss (ft) 0.02 Cum SA (acres) 573.57 21.96 71.88 ,. . , ;:.,,:>cr 
.,:y>*, ; 
?: I.. . 1. . . . ,  Warning: Divided flow computed for this cross-section. 
'-*, .:~- 
. '  Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
.. ~. - 
.;.;: cross section. This may indicate the need for additional cross sections. 
, . .... ,,,: 

., - . , .. 1 
, .:!; FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow h e a  W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
9445.85 9974.99 304.09 116.54 67.32 8.15 1.74 2.61 
LB 9974.99 RB 10098.79 3352.88 493.50 126.04 89.84 3.99 6.79 
10098.79 10388.39 75.03 54.95 85.29 2.01 0.65 1.37 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

P?.+,,:,.:... . .*- -3  ; ;  CROSS SECTION RIVER: SIGNAL BUTTE 
. . . . - 3  . . . . REACH : SPILLXAY . . .<... > 

RS: 4 . 4 4 3  
.... >. ..,. -..' .r.:.r9 
:- ,?:~.*:;% .'.~ -.r,., . INPUT ,~+.~.:.. ..... >?'2 
,.& ,,, Description: RM.4.443. AREA BLOCKED OUT TO LT. OF STA. 9918.63 DUE TO RIDGE. .._) .. .._ ..* 
-. .., Station Elevation Data num= 
- .>+ ;? 

191 
.::Tf:?;j Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev .c<::l . .' ~~ ..... 
.. . . , . , . 7526.67 1680 7545.06 1679.91 7568.71 1679.82 7572.74 1679.82 7577.15 1679.83 
_>_,". . .. . '.... 
..z..i:-...4 7603.68 1680 7619.7 1679.72 7633.68 1679.57 7744.86 1679.23 7746.82 1679.23 
..p*.:>. 7746.97 1679.2 7747.58 1679.21.7747.95 1679.21 7748.38 1679.21 7748.65 1679.21 ~-., :.,..~.. . . ... > .. 
i..*i.; 
,. ?;?:.': :>i 7749.35 1679.2 7753.99 1679.21 7787.77 1679.2 7791.96 1678 7797.46 1675.19 
:i,,=,:.., 
:sT,s.-:j 7804.11 1678.3 7806.25 1679.47 7825.23 1679.28 7839.84 1679.15 7881.83 1679.05 

~~b.. ..:<a. ?::?:*>? 
~x:rr+.??; 7885.55 1678 7887.72 1676.97 7890.5 1678.15 7892.69 1678.82 7931.27 1679.01 
: 7968.53 1679.3 7968.93 1679.31 7969.67 1679.3 7976.45 1678.94 7986.76 1678.87 

8012.87 1678.5 8059.4 1677.76 8071.6 1677.74 8075.81 1677.7 8084.49 1677.66 
8094.39 1677.6 8109.81 1677.47 8127.2 1677.54 8130.64 1677.63 8138.35 1677.93 
8141.37 1677.9 8146.18 1677.83 8181.53 1676.95 8190.17 1676.84 8208.19 1677.67 
8222.33 '1678.3 8254.79 1677.92 8276.28 1677.7 8285.67 1677.58 8311.73 1677.38 
8321.81 1677.5 8337.73 1677.73 8342.4 1677.73 8353.48 1677.95 8372.5 1678.26 
8399.06 1677.6 8416.09 1677.1 8420.04 1676.97 8452 1676.73 8452.96 1676.73 
8454.52 1676.7 8456.71 1676.8 8518.47 1677.26 8520.451677.17 8526.38 1676.92 
8541.61 1676.3 8545.35 1676.32 8562.74 1676.87 8583.66 1677.89 8587.46 1677.91 
8612.15 1677.9 8659.71 1677.65 8758.69 1677.31 8773.71 1677.26 8786.13 1677.25 
8887.72 1677.1 8965.45 1677.21 8998.52 1677.27 8999.59 1677.05 9006.19 1676.42 
9011.36 1676.4 9014.22 1676.72 9020.73 1677.34 9027.22 1677.15 9066.24 1676.55 
9066.75 1676.5 9066.86 1676.54 9067 1676.54 9079.9 1676.43 9100.22 1676.6 

. . 9101.84 1676.6 9105.36 1676.66 9106.53 1676.65 9109.54 1676.68 9114.08 1676.62 
9115.46 1676.6 9131.63 1676.12 9139.36 1676.41 9153.08 1677.21 9157.08 1676.75 
9164.32 1676 9171.85 1676.78 9173.07 1676.92 9178.23 1676.91 9209.52 1676.94 
9213.9 1676.9 9223.13 1677.02 9229.72 1677.01 9288.05 1677.93 9337.3 1678.58 
9361.98 1677.6 9373.36 1677.11 9378.9 1677.31 9394.09 1677.91 9406.32 1678.29 
9422.64 1678.1 9432.6 1678.03 9457.73 1677.9 9514.38 1678.21 9571.73 1678.66 
9609.4 1678.6 9642.91 1678.53 9664.84 1678.46 9670.22 1678.6'9685.74 1679.3 
9757.61 1679.1 9770.07 1679.11 9800.24 1678.84 9819.54 1678.76 9825.27 1678.81 

FCD 9817 Delineation of Spahvay Flow AN West, lnc. 
For Signal Butte Rood Raterding Sbudure P a s  21 July, 1999 
1/3 Discharge (Q's Modeled Separately) 



Manning's n Values n u =  3 
Sta n Val Sta n Val Sta nVal 

7526.67 .068 9964.4 ' .04510044.95 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9964.410044.95 380 401.96 390 .1 .3 

Blocked Obstructions nun= 1 
Sta L Sta R Elev 

7526.67 9918.63 1679.26 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Profile #PF 1 

1678.61 Element 
0.57 Wt. n-Val. 

1678.03 Reach Len. (ft) 
Flow Area (sq ft) 

0.010070 Area (sq ft) 
3732.00 Flow (cfs) 
343.41 Top Width (ft) 
4.90 Avg. Vel. (ft/s) 
5.93 Hydr. Depth (ft) 

37189.5 Conv. (cfs) 
394.85 Wetted Per. (ft) 
1672.10 Shear (lb/sq ft) 

1.53 Stream Power (lb/ft s) 
3.66 Cum Volume (acre-ft) 
0.00 Cum SA (acres) 

Left OB 
0.068 
380.00 
70.69 
70.69 
240.60 
36.31 
3.40 
1.95 

2397.6 
36.56 
1.22 
4.14 

725.85 
573.13 

Channel Right OB 
0.045 0.068 
401.96 390.00. 
277.85 412.59 
277.85 412.59 
2092.34 1399.07 
80.55 226.55 
7.53 3.39 
3.45 1.82 

20850.2 13941.7 
81.10 227.37 
2.15 1.14 
16.22 3.87 
44.20 73.74 
21.04 70.48 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF I 

Left Sta Right Sta Flow Area W.P. 9 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
9354.97 9964.40 240.60 70.69 36.56 6.45 1.95 3.40 
LB 9964.40 RB 10044.95 2092.34 277.85 81.10 56.06 3.45 7.53 
10044.95 10564.34 1399.07 412.59 227.37 37.49 1.82 3.39 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCD 9817 Delineation d S w y  Flom 
For Signal Butte Flood Retarding W u r e  
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CROSS SECTION RIVZR: SIGNAL BUTTE 
ReAcB: SPILLWAY RS: 4.367 

INPUT 
D e s c r i p t i o n :  RM.4.367. AREA BLOCKED OUT TO LT. OF STA. 9551.85 DUE TO RIDGE. 

S t a t i o n  E 
S t a  

7222 .98  

: l e v a t i o n  Da ta  nun= 1 9 5  
E l e v  S t a  E l e v  S t a  E l e v  S t a  Eiev S t a  E l e v  
1676  7240.22 1676  7264 .11  1 6 7 5 . 8 1  7274.4 1675.74 7276.63 1675 .73  

1675.8  7340.6  1 6 7 5 . 6 6  7387 .23  1675 .43  7433.77 1675 .3  7441.29 1674 .88  
1674 .9  7443.13 1674 .94  7450.4  1674 .99  7454.44 1675.11 7496.11 1675.97 

1676 7577.58 1676 .13  7580.59 1676.14 7588.15 1676.14 7589.52 1676 .12  
1 6 7 6 . 1  7701.39 1675 .57  7811.64 1674 .01  7814 .64  1673.98 7815.92 1674 

Manning's n V a l u e s  nun= 3 
S t a  n V a l  S t a  n V a l  S t a  n V a l  

7222.98 .068 9961 .3  .045  10004 .3  , 0 6 9  

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  C o e f f  C o n t r .  Expan. 
9961.3  10004.3  280 294 .8  290  .1 .3 

FCD 98-17 Mineation of Spmway Flows 
For agnal Butte Flood Retarding Sbudure 
If3 M a r g e  (Q's Modeled Separately) 
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&.... ,. .... . ..~ ..?,, 
. .... . . *  -.- 24.%:*t, 

Blocked Obstruct ions  num= 1 
S t a  L S t a  R Elev 

7222.98 9551.87 1674.92 

e 
CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E . G .  Elev ( f t )  1674.94 Element L e f t  OB Channel Right OB 
Vel Head ( f t )  0.58 W t .  n-Val. 0.068 0.045 0.068 
W.S. Elev ( f t )  1674.36 Reach Len. ( i t )  280.00 294.80 290.00 
C r i t  W.S. ( f t )  1674.28 Flow Area ( s q  i t )  329.39 204.59 433.13 
E.G. Slope ( f t / f t )  0.008570 Area ( s q  f t )  329.39 204 .59  433.13 
Q Tota l  ( c f s )  3732.00 Flow ( c i s )  724.83 1740.29 1266.88 
Top Width ( f t )  581.69 TopWidth ( f t )  290.27 43.00 248.42 
Vel To ta l  ( f t / s )  3.86 Avg. Vel. ( f t / s )  2.20 8 . 5 1  2 .92 
Max Chl Dpth ( f t )  7.14 Hydr. Depth ( f t )  1 . 1 3  4.76 1.74 
Conv. To ta l  ( c i s )  40314.3 Conv. ( c f s )  7829.9 18799.1  13685.3 
Length Wtd. ( f t )  290.97 Wetted Per .  ( f t )  290.33 44.08 249.12 
Min Ch E l  ( f t )  1667.22 Shear ( l b / s q  f t )  0 .61  2.48 0.93 
Alpha 2.52 Stream Power ( l b / f t  s) 1.34 21.12 2.72 
Frctn  Loss ( f t )  3.05 Cum Volume ( a c r e - f t )  724.10 41.97 69.95 
C & E Loss ( f t )  0.02 Cum SA ( a c r e s )  571.70 20.47 68.36 

Warning: The energy l o s s  was g r e a t e r  than 1.0 f t  (0.3 rn). between t h e  c u r r e n t  and previous 
c ross  s e c t i o n .  This may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c ross  s e c t i o n s .  

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

Lef t  S t a  Right S t a  Flow Area W.P. 6 Conv. Hydr D.  Veloci t  
( f t )  ( f t )  ( c f s )  ( sq  f t )  ( i t)  ( f t )  
9276.72 9961.30 724.83 329.39 290.33 19 .42  1 .13 

( f t / s B  
2.20 

LB 9961.30 RB 10004.30 1740.29 204.59 44.08 46.63 4 .76  8 . 5 1  
10004.30 10311.16 1266.88 433.13 249.12 33.95 1.74 2.92 

Warning: The energy l o s s  was g r e a t e r  than 1.0 f t  ( 0 . 3  m ) .  between t h e  c u r r e n t  and previous 
c ross  s e c t i o n .  This may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c ross  s e c t i o n s .  

CROSS SECTION RIVER: SIGNAL BDTPE 
REACH: SPILLWAY RS: 4.311 

, .. INPUT 
Descr ip t ion:  RM. 4.311. HYDRAULIC BASELINE CROSSES NERR 112TH STR. AREA BLOCKED OUT TO 
LEET OF STA. 9365.82 AND TO RIGHT OF STA. 10230 DUE TO RIDGES. 

S t a t i o n  Elevat ion Data , num= 232 
Sta  Elev S ta  Elev S ta  Elev S ta  Elev S ta  Elev 

7118.23 1672 7150.91 1671.91 7182.25 1671.46 7191.26 1671.42 7195.81 1670.57 
7199.34 1670 7200.25 1669.87 7206.14 1669.81 7210.43 1669.7 7220.54 1669.63 

~. . 7230.71 1669.6 7237.19 1669.58 7243.62 1669.45 7245 .81  1669.39 7248.07 1669.62 
7259.42 1670.8 7 2 6 2 . 1  1671.14 7291.58 1671.17 7357.92 1671.15 7384 .06  1671.12 
7428.69 1670.9  7439.37 1671.62 7457.81 1671.74 7460.38 1671 .76  7460.53 1671.76 
7467.92 1671.7 7488.05 1671.87 7494.52 1671.83 7500.63 1671.84 7518.16 1671.83 
7617.21 1671.7 7683.48 1671.56 7714.93 1671.32 7733.78 1671.38 7808.95 1671.02 
7850.35 1670.8 7878.05 1670.64 7920 .91  1670 .51  7931.1  1670.41 7948.08 1670.22 
7956.13 1669.8 7960.76 1669.49 7976.13 1668.58 7983.82 1667.87 7988.37 1668.22 
8003.74 1669.8 8005.47 1669.81 8005.67 1669.81 8006.33 1669.77 8006.49 1669.75 
8021.59 1669.3 8048.43 1669.23 8081.92 1668.72 8083.92 1669.13 8116.44 1669.52 

FCD 98-17 Delineation of Spilhvay Flows A-N West, InC 
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' 
Manning's n Values num= 3 

Sta n Val Sta n Val Sta n Val 
7118.23 .068 9935.43 .04510061.18 .068 

.. ... Bank Sta: Left Right Lengths: Left Channel Right 
9935.4310061.18 320 379.86 380 

Blocked Obstructions nun= 2 
Sta L Sta R Elev Sta L Sta R Elev 

7118.23 9365.82 1672.710229.1810565.27 1672.92 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1671.87 Element 
Vel Head (ft) 0.75 Wt. n-Val. 

. . . . 
.. . 

W.S. Elev (ft) 1671.12 Reach Len. (it) 
. .. . . . . Crit W.S. (ft) Flow Area (sq ft) 
. . E.G. Slope (ft/ft) 0.013138 Area (sq ft) 

Q Total (cfs) 3732.00 Flow (cfs) 

:,a Top Width (ft) 431.51 Top Width (ft) 
." ,*.. . FCD 98-17 Delineatiw of Spilhvay Rows 
yP For Signal Butte Rood Retarding Sbudure . .* Page 25 
:;.. In Discharge (Q's Modeled Separately) 

3 . .  .. . . 
, . 

Coeff Contr. 
.1 

Expan. 
.3 

Left OB Channel Right OB 
0.068 0.045 0.068 
320.00 379.86 380.00 
270.43 370.20 31.71 
270.43 370.20 31.71 
770.76 2877.22 84.03 

1 

276.69 125.75 29.07 I 
A-N West, hc. 

July, i 



Vel Total (ft/s) 
Hax Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Kin Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

. ~ .  . 
. . . . 
.'. . 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 
"',.:'*'. 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
lit1 (ft) (cfs) (ss ftl (ft) (ft) (ft/s) 
9231.13 9935.43 770.76 270.43 276.74 20.65 0.98 2.85 
LB 9935.43 RB 10061.18 2877.22 370.20 125.81 77.10 2.94 7.77 
10061.18 10565.27 84.03 31.71 29.14 2.25 1.09 2.65 

Warning: Divided flow computed for this cross-section. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
RZACW: SPILLWAY RS: 4,239 

INPUT 
Description: FN. 4.239. AREA BLOCKED OUT TO LEFT OF STA. 9258.77 DUE TO RIDGE. 

. ~ .  .-- .,. :;, .!::.*?::, ..._ , .. , 
.I ; &  Station Elevation Data num= 165 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
7075.61 1668 7119.41 1667.82 7177.14 1667.45 7189.35 1667.15 7210.08 1667.45 

7537.56 1667.1 7566.64 1667.14 7593.2 1667.03 7604.41 1666.99 7616.17 1666.97 
7680.56 1666.9 7682.13 1666.95 7711.65 1666.91 7753.22 1666.65 7830.1 1665.88 
7867.17 1665.8 7873.44 1665.74 7879.45 1664.09 7882.83 1663.13 7885.6 1663.87 
7891.87 1665.2 7895.1 1665.92 7910.8 1665.68 7916.32 1665.53 7929.81 1664.82 
7934.74 1664.7 7945.75 1665.54 7954.61 1665.64 7973.63 1665.83 7986.08 1665.9 
8066.99 1665.8 8126.39 1665.44 8162.51 1665.35 8185.44 1665.32 8288.1 1665.83 
8303.89 1665.9 8312.97 1665.9 8422.34 1665.1 8499.56 1665.32 8524 1665.52 
8510.79 1665.6 8597.23 1665.85 8652.46 1666.39 8667.79 1666.44 8668.83 1666.44 
8705.75 1666.4 8777.68 1666.42 8810.33 1666.82 8826.07 1666.91 8829.82 1666.99 
8842.87 1667.3 8846.6 1667.24 8857.2 1666.91 8880.23 1666.26 8885.34 1666.12 
8904.41 1666.2 8928.74 1666.52 8931.29 1666.45 8934.94 1666.22 8939.31 1666.8 
8942.88 1667.5 8944.35 1667.7 8945.7 1667.78 8946.82 1667.71 8947.55 1667.63 
8956.94 1667.4 8959.97 1667.49 8970.99 1667.58 8977.32 1667.61 8985.31 1667.75 
9023.01 1667.9 9024.64 1668.29 9035.64 1668.57 9050.43 1668.85 9070.29 1668.53 
9102.4 1667.8 9109.99 1667.93 9118.32 1668.1 9147.36 1668.16 9165.72 1668.27 
9172.28 1668.3 9175.79 1668.33 9189.78 1668.06 9213.21 1667.83 9213.83 1668.14 

FCO 98-17 Delineation of Spilhvay flows AN West. Inc. 
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I . , 
:.? i. 

'I . ;; ~ Manning's n Values num= 3 
.+. ,">..:' Sta  n Val S t a  n Val S ta  n Val 

7075.61 .068 9954.67 .04510031.52 .068 

Bank Sta:  Lef t  Right Lengths: Lef t  Channel Right Coeff Contr. Expan. 
9954.6710031.52 230 363.96 440 .1 .3 

.%,.-:>,<$: 
I.?:.b. . Blocked Obstructions num= 1 
:.*:::::< ........ 
?. ......... 

j Sta  L S ta  R Elev ,-. -<<' ......... .......... ...: ... .., ''1 7075.61 9258.47 1669.77 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev ( f t )  
Vel Head ( f t )  
W.S. Elev (it) 
C r i t  W.S. ( f t )  
E.G. Slope ( f t / f t )  
Q Total  ( c f s )  
Top Width ( f t )  
Vel Total  ( f t / s )  
Max Chl Dpth ( f t )  
Conv. Total  ( c i s )  
Length Wtd. ( f t )  
Kin Ch E l  (it) 
Alpha 
Frctn  Loss ( f t )  
C & E Loss ( f t )  

Element 
W t .  n-Val. 
Reach Len. (it) 
Flow Area ( sq  f t )  
Area (sq  f t )  
Flow ( c i s )  
Top Width ( f t )  
Avg. Vel. ( f t / s )  
Hydr. Depth ( f t )  
Conv. ( c f s )  
Wetted Per. (ft) 
Shear ( lb /sq f t )  
Stream Power ( l b / f t  s) 
cum Volume (ac re - f t )  
Cum SA (acres )  

Lef t  OB 
0.068 

230.00 
673.83 
673.83 

1232.57 
681.48 

1.83 
0.99 

14610.0 
681.75 

0.44 
0.80 

718.71 
566.36 

Channel 
0.045 

363.96 
230.82 
230.82 

1333.11 
76.85 

5.78 
3.00 

Right OB 
0.068 

440.00 
402.88 
402.88 

1166.32 
204 .51  

2.89 
1.97 

13824.8 
204.73 

0.87 
2.53 

66.51 
66.42 

Warning: The energy l o s s  was g r ea t e r  than 1.0 f t  (0.3 rn). between t h e  cur ren t  and previous 
cross  sec t ion .  This may i n d i c a t e  t he  need f o r  add i t i ona l  cross  sec t ions .  

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

Lef t  S ta  Riqht S ta  Flow Area W.P. S Conv. Hydr D. Veloci ty  

. . 
iz.  

. . :  Warning: The energy l o s s  was g r ea t e r  than 1.0 f t  (0.3 m). between the cu r r en t  and previous -. ..;.. 2.: 
, . ,- cross  sec t ion .  This may i n d i c a t e  t h e  need f o r  add i t i ona l  cross  sec t ions .  

i 
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INPUT 
Description: RM. 4.171 AREA BLOCKED OUT TO LEET OF STA.9095.98 DUE TO CONTAINMEN 
AND ALSO BETWEEN STA 10187.48 AND 10480.19 DUE TO CONTAINMT. BY RIDGE. 

Station Elevation Data num= 145 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7230.69 1663.4 7231.21 1663.3 7233.09 1663.1 7235.4 1662.86 7258.65 1664.47 
7262.05 1664.7 7270.15 1664.86 7309.93 1665.57 7330.14 1665.76 7363.27 1665.92 
7447.86 1666.2 7499.45 1666 7549.7 1665.73 7561.99 1665.86 7577.77 1665.59 
7591.74 1665.3 7610.41 1665.06 7632.71 1664.65 7680.26 1664.43 7682.94 1664.4 
7684.23 1664.4 7688.96 1664.37 7801.03 1664.26 7878.48 1664.22 7903.97 1664.87 
7909.32 1664.9 7918.34 1662.15 7920.27 1661.86 7924.3 1662.72 7936.25 1664.79 
7936.38 1664.8 7937.3 1664.81 7977.71 1664.53 7998.2 1664.39 8036.48 1664.05 
8067.99 1663.7 8154.2 1663.09 8202.07 1663.46 8219.59 1663.93 8249.15 1663.78 
8263.3 1663.7 8271.92 1663.7 8339.01 1663.97 8389.64 1663.65 8411.63 1663.71 
8447.02 1663.9 8507.36 1664.16 8606.31 1663.68 8625.09 1663.56 8628.07 1663.58 
8628.89 1663.6 8630.32 1663.57 8642.61 1663.64 8672.89 1663.76 8685.66 1663.94 
8686.75 1664 8691.19 1664.03 8708.67 1664.26 8714.87 1664.61 8723.91 1665.08 
8740.32 1665.2 8759.38 1665.45 8786.64 1664.88 8796.77 1664.65 8809.27 1664.64 
8830.29 1664.6 8850.26 1664.59 8855.02 1664.63 8855.56 1664.42 8860.54 1663.14 
8869.2 1664.3 8873.39 1664.77 8895.34 1664.58 8945.23 1664.28 8954.7 1665 
8960.76 1665.5 8971.08 1665.27 8979.44 1665.17 8980.6 1665.43 8991.42 1665.32 
8991.48 1665.3 8991.79 1665.32 9025.37 1665.66 9049.92 1666.06 9095.98 1666.34 
9205.08 1665.6 9208.26 1665.53 9213.7 1665.5 9227.83 1665.51 9331.42 1665.44 
9365.48 1665.4 9384.66 1665.42 9417.04 1665.2 9417.17 1665.2 9459.46 1665.17 
9462.16 1665.2 9465.83 1665.16 9484.99 1665.03 9566.87 1665.23 9584.11 1665.27 
9646.09 1665.5 9684.59 1665.47 9711.86 1666.13 9719.68 1666.33 9724.38 1666.32 
9780.37 1663.6 9798.24 1662.94 9801.53 1662.67 9801.91 1662.64 9805.56 1662.68 
9817.2 1662.8 9818.59 1662.8 9826.97 1662.58 9842.88 1662.66 9872.4 1663 
9897.74 1663.1 9966.5 1663.04 9969.64 1663.04 9991.53 1660.49 9997.3 1659.67 
9998.69 1659.910017.15 1661.7610038.55 1663.8910062.83 1664.2610078.73 1664.55 
10107.97 166510117.15 1665.2610123.68 1665.410128.13 1665.5210148.43 1666.34 
10163.68 1666.7 10183.2 1667.0410187.48 1667.06 10221.7 1666.710224.49 1666.67 
10277.57 1666.210295.65 1666.0710304.54 1665.3310313.37 1664.5910336.94 1665.78 
10340.66 1665.910393.34 1666.4110424.52 1666.7810435.88 1666.6910480.19 1666.04 

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

7230.69 .068 9969.64 .04510038.55 .068 
-' ? '  , . . 

. . .. - Bank Sta: Left Right Lengths: Left Channel Right 
. . 

Coeff Contr; Expan. 
9969.6410038.55 350 364.78 370 .1 .3 

Blocked Obstructions num- 2 
Sta L Sta R Elev Sta L Sta R Elev 

7230.69 9095.98 1666.3410187.4810480.19 1667.06 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1665.96 
Vel Head (ft) 0.41 
W.S. Elev (ft) 1665.55 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 0.007077 

FCD 9817 Ddinaatica of S p M y  Flows 
For Signal Butte Flood Rstarding Structure 
it3 Oisdrarge (Q's Modekd Separately) 

Element Left OB Channel 
Wt. n-Val. 0.068 0.045 
Reach Len. (ft) 350.00 364.78 
Flow Area (sq ft) 629.35 267.60 
Area (sq ft) 629.35 267.60 
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Right OB 
0.068 
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p.>~,~;~j,~;zA*-"2".-A:;:L-a>:~ . .~;:;,,d:&~%~~~~~<::~d-&L~.~a&.T&~a.z;&~".- 2 ..c ......... :.....z.>- a. .,-A, ',G&A."*.~.Q~..&U& 

. , 

Q Total (cis) 3732.00 Flow (cis) 1761.49 1829.03 141.48 
Top Width (ft) 868.66 Top Width (ft) 709.53 68.91 90.22 

2 !...Y Vel Total (ft/s) 2.80 6.83 1.72 3.81 Avg. Vel. (ft/s) ...aT;d 
a,,-*- ., 
;",+>+,v, 

Uax Chl Dpth (ft) 5.88 Hydr. Depth (it) 0.89 3.88 0.91 
y!:;;: .= ., Conv. Total (cis) 44362.8 Conv. (cfs) 20939.0 21741.9 
r C . . <  

1681.8 
f.. > . I  Length Wtd. (it) 358.46 Wetted Per. (ft) 
;:., ).lJ 

709.61 ....... 69.33 90.24 
.; . 

. . . . . . .  - .: Min Ch El (ft) 1659.67 Shear (lb/sq ft) 0.39 1.71 0.40 ...... 
.:;.A!,. Alpha 1.10 11.66 0.69 1.84 Stream Power (lb/ft s) .. . .:. . f:: 

.I 
Frctn Loss (it) 3.00 Cum Volume (acre-ft) 715.27 35.33 64.06 

- . . %,:. C 6 E Loss (it) 0.01 Cum SA (acres) 562.69 18.40 64.93 .... ...... ,2: . : .~ - .  . 
Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

. . .  
~ .;, ~. ;, 

;c,.? FLOW DISTRIBUTION OUTPUT Profile #PF 1 . , .  . 
';,&:I ..,. - 3  

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
8600.17 9284.90 1.51 3.91 77.37 0.04 0.05 0.39 

.;,zdd,+:: 
+ ,  Warning: Divided flow computed for this cross-section. 
--., ..,.? . *  . . i r . = .  Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
;,py.y;.< 
. cross section. This may indicate the need for additional cross sections. 
>, 4. >...,I >.I7. .; s.yy.c1< 

CROSS SECTION RIVER: SI- BUTTE 
-m: SPILL- RS: 4.101 

: :  INPUT ~.,. :;> '. ..... . ; .  Description: RM.4.101' AREA BLOCKED OUT TO LT. OF STA. 9207.63 AND TO RT. OF STA. 10207.91 DUE . ...*:.. - "> . : I TO RIDGE. 
..,>% l , .  . ..... ..? 
.Ir;"+ ..: <~. * , 
. .~ >-. Station Elevation Data num= ......... __.i >. 

197 
: ..~*.., Sta Elev Sta Elev Sta ELev Sta Elev Sta Elev 

7362.74 1665.2 7391.29 1664.77 7425.1 1664.4 7431.92 1664.35 7441.38 1664.32 
7451.45 1664.2 7467.65 1664.06 7521.78 1663.72 7541.24 1663.61 7576.1 1663.42 
7578.82 1663.4 7580.64 1663.39 7584.98 1663.35 7602.25 1663.21 7625.04 1663.01 
7626.66 1662.7 7629.62 1661.81 7635.05 1661.83 7641.41 1661.86 7654.04 1661.91 
7670.7 1662 7675.45 1662.23 7690.41 1662.96 7700.72 1661.91 7719.18 1660.22 
7723.11 1660.6 7726.05 1660.87 7736.84 1662 7746.98 1662.99 7773.26 1662.84 
7785.13 1662.8 7792.41 1662.77 7805.33 1662.61 7894.96 1662.12 8005.26 1662.04 
8009.17 1662 8011.46 1662.06 8016.32 1662.16 8040.99 1662.66 8053.39 1660.26 
8053.46 1660.2 8053.54 1660.26 8065.81 1662.63 8067.85 1662.62 8123.38 1661.93 
8219.36 1661.3 8237.58 1661.16 8245.59 1661.22 8270.81 1661.04 8299.85 1660.93 
8310.01 1661.1 8370.7 1661.99 8373.7 1660.92 8376.55 1660.05 8382.97 1660.87 
8386.76 1661.3 8415.12 1661.48 8434.87 1661.58 8445.99 1661.63 8466 1661.71 
8471.07 1661.7 8472.16 1661.72 8539.87 1661.28 8546.24 1661.29 8554.37 1661.35 
8576.18 1661.5 8576.37 1661.51 8577.73 1661.51 8577.99 1661.5 8585.91 1660.99 
8588.17 1660.8 8589.26 1660.89 8615.95 1662.47 8627.29 1662.38 8696.45 1662.04 
8702.52 1661.9 8705.06 1661.88 8757.9 1661.09 8787.79 1661.28 8809.72 1661.32 
8813.63 1661.2 8829.22 1661.01 8845.59 1661.01 8879.61 1660.83 8881.95 1660.84 
8886.12 1661 8894.66 1661.21 8898.99 1661.32 8904.57 1661.36 8921.16 1661.58 
8930.67 1661.7 8936.22 1661.33 8943.31 1661.02 8964.39 1661.29 9008.98 1662.34 

FCD 98-17 Delineation of SpiBway Rows A N  West, Inc 
For Signal Butte Rood Retarding Shudure Page 29 
In Discharge (Q's Modeled Separately) 

July. 1999 



Manning's n Values num= 3 
Sta n Val Sta nVal Sta nVal 

7362.74 .068 9976.5 .04510019.79 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9976.510019.79 470 400.93 315 .1 .3 

Blocked Obstructions n u =  2 
Sta L Sta R Elev Sta L Sta R Elev 

7362.74 9207.63 1663.1310207.9910758.02 1663.01 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Kin Ch El (ft) 
Mpha 
Frctn Loss (it) 
C & E Loss (it) 

Element 
Wt. n-Val. 
Reach 'Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left 08 
0.068 
470.00 
617.20 
617.20 
1668.26 
628.14 
2.70 
0.98 

16714.5 
628.27 
0.61 
1.65 

710.26 
557.32 

Channel 
0.045 
400.93 
181.21 
181.21 
1534.59 
43.29 
8.47 
4.19 

15375.2 
44.00 
2.56 
21.69 
33.45 
17.93 

Right OB 
0.068 
315.00 
192.33 
192.33 
529.16 
135.68 
2.75 
1.42 

5301.7 
135.75 
0.88 
2.42 
62.90 
63.97 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 in). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCD 98-17 Delineation of Sp4h-a~ Flan 
FM Sigd Bulte Flood Retarding Sbudure 
113 Cischarge (Q's Modeled Separaldy) 

Page 30 
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FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. 
(sq ft) (ftl (ft) 

9323.06 0.23 0.51 7.50 0.01 0.07 
9976.50 1668.03 616.70 620.77 44.70 0.99 

LB 9976.50 RB 10019.79 1534.59 181.21 44.00 41.12 4.19 
10019.79 10758.02 529.16 192.33 135.75 14.18 1.42 

Velocity 
(ft/s) 

0.45 
2.70 
8.47 
2.75 

.. , . . .  .. . .  . Warning: Divided flow computed for this cross-section. 
. . 
- ,  .; Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 

cross section. This may indicate the need for additional cross sections. 
.. ! ,  . ~. 

. . ,  .~~ . . . .  . . 
' . CFSSS SECTION RIVER: SIGNAL BUTTE 
, ~;.,..' . . .  
::;..; ... REACH: S P I L L W  RS: 4.026 

:...:*:: ..> .,: 

INPUT 
Description: RM. 4.026. HORZ. N VALUES USED. AREA BLOCKED OUT TO LEFf OF STA.8752.37 AND TO 
RT. OF 10389.33 DUE TO RIDGE. 

,>... ~.;,~.,* .. .? 'l,.*> ., 
.~..<. . ,. . Station Elevation Data num= 
....=!;:%<:+ 

266 
: .;7::=:,-: 

.,<. ...*,.<,C~% ..,* ;.* :.. 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

..~~,3..:.*;..A . 7068.44 1661.9 7081.6 1661.47 7088.09 1661.39 7099.17 1661.83 7123.5 1661.31 
?,<,... ?'. .;: >';'.>'L 

C1, .*i. . ..,., 7139.3 1661.2 7158.22 1661.18 7174.23 1661.13 7184.9 1660.93 7198.81 1660.8 
,.. %.' . 7204.09 1660.9 7217.93 1660.72 7229.3 1660.65 7256.75 1660.58 7261.92 1660.46 

7290.96 1660.4 7291.79 1660.37 7294.84 1660.36 7301.12 1660.31 7311.85 1659.52 ~. . .. . I .'Ti 
..-?,:.? .:.,>... . ,. . . . , .. 2. *?: 7320.01 1658.7 7320.54 1658.76 7328.52 1658.59 7333.33 1658.59 7343.04 1658.35 

7345.14 1658.2 7349.53 1658.69 7350.89 1658.84 7353.65 1659.45 7357.06 1659.65 
. .,,!: . . . . 7372.01 1658.8 7374.34 1658.49 7395.73 1657.05 7397.49 1657.03 7397.9 1657.03 .. ,.:.$. "~..' 

~ ~ ~ .-,,. ~ :T,.; ." 
: .... 7410.38 1657.1 7417.47 1657.08 7426.06 1657.02 7436.22 1656.82 7438.19 1656.8 

~ . , .& ,-:, 
:i>!;::.:::2 

~ . . . . , ., 7446.97 1656.7 7451.42 1656.81 7452.47 1656.85 7454.15 1656.93 7469.66 1657.75 
..s-:?..:,<''' . 7479.03 1658.2 7482.62 1658.44 7488.26 1658.67 7492.57 1658.84 7494.47 1658.88 
.\,*,f, .. >. .. 
. ' :  , 7504.78 1658.9 7575.68 1659.54 7598.31 1659.55 7615.69 1659.56 7618.33 1659.57 

. . 3  ~;.&. . . . . .,,~ , 7622.43 1659.6 7626.73 1659.56 7695.08 1659.64 7714.48 1659.41 7743.37 1659.27 ::;;: .;.. ~. . ; ..;.."!-'; 
:---.%.i.:. . .- -L ... ,, , 7765.39 1658.9 7778.41 1660.4 7801.55 1662.89 7808.31 1662.77 7837.14 1662.15 
...:3:$c: .,,, < ..,;:*:.-..: .;~+;7>z<!?~ 
...+ :*.... .,. 

7850.6 1661.9 7886.72 1661.4 7930.84 1661.01 7937.56 1660.94 7945.93 1660.92 
7957.29 1660.9 8021.68 1660.64 8039.9 1660.54 8062.19 1660.49 8093.85 1660.31 
8107.26 1660.2 8132.94 1659.88 8138.09 1659.8 8143.38 1659.7 8161.11 1659.36 
8169.33 1659.1 8185.42 1658.71 8186.26 1658.69 8189.49 1658.56 8190.67 1658.55 
8204.15 1657.8 8208.31 1657.69 8211.081657.25 8219.72 1656.93 8228.09 1656.68 
8233.36 1656.6 8236.79 1656.55 8245.151656.,72 8262.62 1657.3 8270 1658.24 
8293.08 1658.8 8296.13 1658.93 8298.34 1658.97 8325.15 1656.81 8327.98 1656.76 
8332.62 1656.9 8368.38 1658.24 8372 1658.24 8375.28 1658.41 8376.3 1658.47 
8377.23 1658.5 8378.18 1658.39 8379.54 1658.5 8385.21 1658.44 8389.13 1658.47 
8391.75 1658.6 8405.28 1658.76 8435.94 1658.62 8471.08 1658.6 8481.04 1658.84 
8505.91 1659.2 8527 1659.15 8550.4 1659.16 8600.46 1659.12 8604.37 1659.11 

8604.9 1659.1 8611.12 1659.06 8618.39 1659 8619.42 1659 8688.38 1659 
8721.21 1659 8752.37 1658.79 8763.16 1658.47 8805.23 1657.8 8843.95 1657.39 
8853.35 1657.3 8855.31 1656.96 8864.99 1655.86 8869.45 1656.45 8874.07 1657.14 
8884.22 1657.2 8892.9 1657.41 8923.51 1657.64 8941.66 1657.8 8951.65 1658 
8997.23 1657.3 9000.92 1657.24 9002.35 1657.24 9007.13 1657.22 9011.75 1657.2 

9011.9 1657.2 9013.57 1657.21 9015.79 1657.22 9048.52 1657.44 9059.01 1657.48 
9061.81 1657.5 9072.06 1657.62 9075.61 1657.68 9079.83 1657.68 9080.54 1657.67 
9081.46 1657.7 9082.65 1657.63 9094.26 1657.32 9094.63 1657.33 9095.02 1657.33 
9135.32 1658 9135.75 1657.95 9187.66 1657.46 9202.55 1657.26 9203.08 1657.26 
9204.45 1657.3 9214.54 1657.52 9219.24 1657.36 9301.3 1658.15 9316.95 1658.34 

FCD 98-17 Delineation of *#way Flam AN West Inc. 
For Signal Butte Flood Retarding Sbudure paSe 31 July, 1999 
If3 Discharge (Q's Modeled Separately) 



Manning's n Values nun= 4 
Sta n Val Sta nVal Sta n Val Sta n Val 

7068.44 .15 8270 .068 9960.94 .04510016.93 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9960.9410016.93 340 365.6 370 .1 .3 

Blocked Obstructions n u =  2 
Sta L Sta R Elev Sta L Sta R Elev 

7068.44 8752.37 165910389.3318736.17 1658.96 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (it) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s1 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.068 
340.00 
1006.04 
1006.04 
1990.08 
1132.40 

1.98 
0.89 

20816.0 
1133.12 

0.51 
1.00 

701.50 
547.82 

Channel 
0.045 
365.60 
186.64 
186.64 
1303.98 
55.99 
6.99 
3.33 

13639.5 
56.68 
1.88 
13.13 
31.75 
17.48 

Right 08 
0.068 
370.00 
240.08 
240.08 
437.95 
312.71 
1.82 
0.77 

4580.9 
312.93 
0.44 
0.80 
61.33 
62.35 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3.m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

.:i$$ 
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FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  Right  S t a  Flow Area W.P. % Conv. Hydr D. Ve loc i ty  
(ft) ( f t )  ( c f s )  ( s q  f t )  ( f t )  (ft) ( f t / s )  
8514.69 9237.82 981.24 466.80 476.95 26.29 0.98 2.10 
9237.82 9960.94 1008.84 539.23 656.16 27.03 0.82 1.87 
LB 9960.94 RB 10016.93 1303.98 186.64 56.68 34.94 3.33 6.99 
10016.93 10736.17 437.95 240.08 312.93 11.73 0.77 1.82 

Warning: Divided f low computed f o r  t h i s  c r o s s - s e c t i o n .  
Warning: The energy  l o s s  was g r e a t e r  t han  1 .0  f t  (0.3 m). between t h e  c u r r e n t  and p rev ious  
c r o s s  s e c t i o n .  Th i s  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

CROSS SECTION RIVW: SIGNAL BUTPe 
REACH: SPILLWAY RS: 3.956 

INPUT - - 

Desc r ip t ion :  RM. 3.956. HORZ. N W E S  USED. AREA BLOCKED OUT TO LT. OF STA. 8679.01 AND TO 
RT. OF 10569.25 DUE TO RIDGE. 

S t a t i o n  E l e v a t i o n  Data nun= 245 
S t a  E lev  S t a  E lev  S t a  E lev  S t a  Elev  S t a  E lev  

7493.42 1656.4 7504.43 1656.32 7509.71 1656.26 7526.4 1656.09 7548.6 1655.99 
7568.56 1655.9 7575.56 1655.76 7581.54 1655.64 7592.25 1655.54 7598.62 1655.54 
7629.82 1655.3 7651.88 1655.28 7653.28 1655.29 7654.2 1655.28 7665.94 1655.22 
7686.14 1654.4 7705.61 1653.95 7714.07 1653.7 7729.29 1653.32 7739.01 1653.24 
7752.15 1653.2 7768.01 1653.09 7771.6 1653.08 7773.76 1653.09 7776.42 1653.07 
7780.23 1653 7783.19 1652.9 7790.75 1652.91 7807.06 1652.91 7811.43 1652.93 
7822.46 1653 7836.24 1652.84 7836.98 1652.83 7838.32 1653.12 7847.93 1655.07 
7853.85 1654.9 7862.33 1654.61 7888.82 1654.3 7920.16 1653.97 7951.23 1653.69 
7956.12 1652.6 7968.32 1649.85 7979.65 1649.81 7985.56 1649.8 7999.27 1653.69 
8004.41 1655.2 8023.45 1655.21 8030.56 1655.02 8064.03 1654.59 8066.49 1654.57 
8069.28 1654.6 8089.89 1656.16 8094.93 1656.61 8101.49 1656.42 8123.66 1656.57 
8149.85 1656.5 8160.78 1656.5 8184.95 1655.82 8201.57 1655.74 8224.63 1655.6 
8235.45 1655.9 8246.5 1655.77 8275.89 1655.33 8279.92 1655.22 8297.29 1655.08 
8303.08 1654.5 8306.64 1654.06 8317.18 1654.27 8333.95 1654.03 8361.7 1653.75 
8365.22 1653.6 8371.53 1653.52 8397.97 1652.97 8419.49 1652.54 8425.83 1652.61 
8431.95 1652.7 8445.55 1653 8462.25 1653.27 8469.5 1653.75 8472.9 1654.09 

8484.1 1654.2 8485.6 1654.15 8537.8 1653.9 8538.9 1653.91 8540.92 1653.93 
8545.17 1654 8597.86 1654.58 8616.34 1654.63 8626.95 1654.48 8641.04 1654.37 
8655.02 1654.3 8670.28 1655.57 8679.01 1656.31 8688.96 1656.21 8747.17 1655.67 
8760.26 1655.7 8762.69 1655.66 8765.8 1655.66 8787.55 1655.58 8826.3 1655.45 
8830.77 1654.3 8836.99 1653.02 8844.51 1653.11 8847.75 1653.24 8859.68 1653.1 
8898.85 1652.8 8911.66 1653.14 8923.61 1653.47 8930.14 1653.61 8933.62 1653.69 
8936.32 1653.8 8939.6 1653.76 8950.99 1653.45 8969.85 1652.76 8974.27 1652.79 
8981.84 1652.7 8985.45 1652.8 8999.96 1652.98 9002.95 1653.03 9003.7 1653.05 
9045.59 1653.9 9053.02 1654.03 9059.81 1654.15 9065.91 1654.17 9076.78 1654.38 
9086.49 1654.5 9099.82 1654.59 9101.32 1654.61 9104.5 1654.64 9108.51 1654.7 
9119.58 1654.9 9131.31 1655.04 9132.68 1655.05 9141.68 1655.05 9158.54 1655.28 
9174.98 1655.6 9192.27 1655.86 9206.28 1655.82 9218.28 1655.24 9267.03 1655.21 
9331.41 1655.2 9388.72 1655.31 9444.54 1655.4 9497.12 1654.89 9497.75 1654.89 
9498.65 1654.9 9515.86 1654.52 9523.68 1654.87 9533.61 1655.24 9545.74 1655.17 
9557.67 1655.2 9602.57 1655.39 9664.08 1655.65 9683.41 1655.58 9685.95 1655.58 
9688.94 1655.7 9697.24 1656.08 9723.76 1655.88 9763.18 1655.57 9783.93 1655.38 
9816.42 1655.5 9866.39 1655.75 9877.97 1655.65 9887.44 1655.5 9909.16 1654.92 
9925.33 1654.6 9930.08 1653.93 9932.66 1653.52 9938.22 1652.56 9944.59 1651.22 

FCD 9817 Delineation o f S p h y  flows A-N West Inc 
For Signal Butte Rood Retarding Sbudure pa!+ 33 July, 1999 
li3 Discharge (Q's Mcdeled Separately) 



. . . .  .: . . 
;-'I 

y+&,$' $$J@:i 

$$&f 

jpnr 5 *, F0>? 
.c:?;.~j 
$ ~ $ ~ ~ ~  ~. 9955.97 1652 9961.1 1652.53 9967.7 
. %,. 

52.5 9981.96 1652.62 9994.75 1653.12 
-;,., ;.iC 
, 10003.68 1651.810010.19 1650.81.10012.05 1651.03 10025.9 1652.9810034.22 1654.2 
. . : I  : 10037.46 1654.610041.76 1654.4210050.54 1653.9710062.62 1653.7310065.78 1653.67 . . . . .  . . . .  
; . 10068.44 1653.610072.86 1653.6410119.96 1653.710146.25 1653.810158.45 1651.68 

. .  : .: . 10158.54 1651.710158.61 1651.6810170.76 1653.810181.49 1654.110184.22 1654.08 ... . . .  
? . .  . 

. ~ 

10197.63 1654.310212.11 1654.5410220.56 1654.6310228.08 1654.7110260.47 1654.9 
10268.49 1654.910292.33 1654.6410328.47 1654.2710331.12 1654.2510332.17 1654.24 

. 10360.89 1653.610363.55 1653.5110378.78 1653.210384.75 1653.1110390.02 1653.12 
' 10394.22 1653.110403.27 1652.93 10405.9 1652.810414.43 1652.8210425.56 1653.18 

10434.89 1653.510439.91 1653.7910447.04 1653.91 10454 1653.5510461.14 1653.49 
10464.67 1653.710478.45 1654.6610493.76 1655.0210496.54 1655.1110504.46 1655.17 
10567.89 1655.510569.25 1655.5810573.01 1655.5710575.29 1655.5510597.79 1653.87 
10602.02 1653.910616.91 1654.5510673.62 1654.8310679.78 1654.9 10683.1 1654.86 
10688.98 1654.910695.89 1654.9910708.67 1655.1710733.56 1655.4810738.39 1655.92 
10753.96 1657.110760.65 1657.0810802.11 1657.1710837.12 1657.2710854.37 1657.04 

Manning's n Values n u =  4 
S t a  n Val S t a  n Val S t a  n Val S t a  n V a l  

7493.42 .15 8836.99 .068 9994.75 .04510037.46 .068 

Bank S t a :  L e f t  Right  Lengths: L e f t  Channel Right  Coeff Contr.  Expan. 
9994.7510037.46 310 377.63 300 .1 . 3  

Blocked Obs t ruc t ions  num= 2 
S t a  L S t a  R Elev  S t a  L S t a  R E lev  

7493.42 8679.01 1656.3110569.2510854.37 1655.58 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. E lev  ( f t )  
Vel Head ( f t )  
W.S. Elev  ( f t )  
C r i t  W.S. ( f t )  
E.G. Slope ( f t / f t )  
Q T o t a l  ( c f s )  
Top Width ( f t )  
Vel T o t a l  ( f t / s )  
Max Chl Dpth ( f t )  
Conv. T o t a l  ( c f s )  
Length Wtd. (it) 
M i n C h E l  ( f t )  
Alpha 
F r c t n  Loss ( f t )  
C & E Loss ( f t )  

Element 
W t .  n-Val. 
Reach Len. ( f t )  
Flow Area ( s q  f t )  
Area ( s q  i t)  
Flow ( c f s )  
Top Width ( f t )  
Avg. Vel. ( f t / s l  
Hydr. Depth ( f t )  
Conv. ( c f s )  
Wetted Per .  (f t)  
Shear  ( l b / s q  f t )  
Stream Power ( l b / f t  s) 
Cum Volume ( a c r e - f t )  
Cum SA ( a c r e s )  

L e f t  OB 
0.068 

310.00 
603.77 
603.77 

1881.92 
424.06 

3.12 
1.42 

17551.5 
424.71 

1.02 
3.18 

695.22 
541.74 

Channel 
0.045 

377.63 
108.51 
108.51 
710.47 

42 .71  
6.55 
2.54 

6626.1 
43.14 

1 . 8 1  
11.82 
30.52 
17.06 

Right  08 
0.068 

Warning: Divided f low computed f o r  t h i s  c r o s s - s e c t i o n .  
. . . . Warning: The energy l o s s  was g r e a t e r  t han  1 .0  f t  (0 .3  m) .  between t h e  c u r r e n t  and p rev ious  
. . . c r o s s  s e c t i o n .  This  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

. . . . . .  
~. 

. . FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  Right  S t a  Flow Area W.P. €3 Conv. Hydr D. 
(ft) (ft) (cfs) ( s q  f t )  ( f t )  ( f t )  
8744.08 9369.42 1327.39 425.65 298.18 35.57 1 . 4 3  
9369.42 9994.75 554.53 178.12 126.53 14.86 1 .41  
LB9994.75 RB10037.46 710.47 108.51 43.14 19.04 2.54 
10037.46 10854.37 1139.61 473.57 454.97 30.54 1.04 

FCD 9817 Delineath of SpiRway Flows 
For Signal Butte Flood Retarding Sbudure Page 34 
1A Cischarge (Q's Modaled Separately) 

V e l o c i t y  
( f t / s )  

3.12 
3.11 

A 4  Wed, Inc. 
July, 1999 
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. "..,,:..: . 
. . .,>:.;; 

. .'",T( 
' :g,'r . , .= ,,-><,.$ 
;;,..?$,$< 
2,y,?>;$s.: 
+~&$" 
#'''.$ 

5. ;.;.>: . ,: 
, ... C~ .<. 
.:y..,. ''*?@ warning: Divided  f low computed f o r  t h i s  c ros s - sec t ion .  

,$-i Warning: The ene rgy  l o s s  was g r e a t e r  t h a n  1.0 fk (4 .3  m). between t h e  c u r r e n t  and p rev ious  
',..%*; 

.p;lak4j c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
it?$@l . ' *;!;.! 
,*:*. ., .. 
9 4 . 1 .  . . . CROSS SECTION 

,?. ,.z 
RTVW: SIONAL BUTTE 

2 REACH: S P I L L W  
.%I . .  . 

RS: 3.885 
: .,. 

' ' 3  INPUT ..;. 
. . <., : 

- ,  . . :. , Desc r ip t ion :  PM. 3.885. HORZ. N VALUES USED. AREA LT. O F  STA . 8799.74 BLOCKED OUT DUE TO 
.., .. - RIDGE. 
,:'<,;.',, 

~. .. : ,-.. . ,. .- :.,, 
; i ~ i  S t a t i o n  E l e v a t i o n  Data nun= . .>. ,.,: n: 248 

...,.. ,- .. 
:i ". : 

S t a  E lev  S t a  E lev  S t a  ' Elev  S t a  E lev  S t a  E lev  
,-.- 7650.82 1653.2 7653.74 1653.19 7667.17 1653.14 7678.49 1653.1 7690.69 1653.03 : .. i! , *<. , . 

.: , . . I  7701.42 1652.9 7725.19 1652.69 7729.9 1652.57 7757.63 1652.33 7760.65 1652.28 
,,,.,.-..1 7763.22 1652.3 7793.94 1651.75 7795.32 1651.74 7808.63 1651.67 7827.81 1651.63 

7832.36 1651.6 7862.74 1651.48 7877.13 1651.3 7881.39 1651.29 7884.24 1651.25 
7887.74 1651.2 7890.56 1651.08 7894.44 1650.97 7897.39 1650.84 7900.75 1650.87 
7935.24 1651.1 7943.41 1651.33 7949.82 1651.47 7953.22 1651.55 7955.94 1651.99 
7963.87 1653.2 7973 1653.11 8021.72 1652.52 8064.33 1651.89 8081.12 1647.69 
8081.42 1647.6 8081.54 1647.58 8082.39 1647.6 8099.7.5 1648.03 8114.4 1653.39 
8115.69 1653.9 8117.1 1653.84 8117.5 1653.84 8118.1 1653.84 8119.39 1653.83 
8154.63 1653.6 8173 1653.38 8184.3 1653.39 8191.97 1653.43 8217.96 1653.41 
8222.41 1653.4 8251.82 1653.41 8255.55 1653.42 8284.94 1652.85 8290.38 1652.88 

~ ,,', s!::: ..* .9 ... , .. .. ..z::, 
.., .$><3 

8296.4 1652.8 8311.1 1652.68 8322.26 1652.62 8333.8 1651.39 8340.01 1650.9 
, 8355.36 1650.8 8364.93 1650.67 8378.63 1650.53 8390.75 1650.42 8406.35 1650.32 

?.%<*. :;, 
:<:.i.<:;.L. ,..++.;j 8416.04 1650.3 8435.07 1650.15 8461 1649.85 8462.61 1649.83 8465.54 1649.81 

8493.41 1650.4 8510.45 1650.7 8520.17 1651.16 8523.74 1651.66 8525.16 1651.72 
.. j - i'., 

8528.48 1651.5 8548.18 1651.41 8561.78 1651.18 8579.03 1651.97 8579.4 1652.11 
> , Y' 
:;&>.%. 

8579.7 1652.1 8598.16 1653.55 8607.74 1653.98 8611.88 1654.08 8613.36 1653.74 
*--.,:.:i 
; ~. , 8613.97 1653.5 8618.94 1651.23 8625.29 1650.96 8627.02 1650.85 8628.64 1650.34 . . :<*:J ~. 
, 8630.73 1649.9 8634.09 1649.75 8636.61 1649.58 8642.76 1649.32 8668.32 1648.36 
,...v; ..,:.. :..?,+::j q, 

,,c.-$..:s 8669.58 1648.4 8688.69 1649.05 8694.39 1650.7 8697 1651.56 8709.35 1651.71 
. 8751.59 1652.1 8760.19 1652.03 8799.74 1651.95 8809.73 1651.17 8817.79 1650.83 

8833.08 1650.9 8866.81 1650.97 8869.12 1650.95 8874.71 1650.92 8933.14 1651.53 
8975.42 1651.4 8998.8 1651.36 9010.54 1651.09 9044.9 1650.39 9059.86 1650.04 

! 
9063.96 1649.7 9082.86 1648.64 9086.19 1648.99 9092.38 1649.74 9095.48 1650.14 
9107.14 1650.4 9122.35 1650.69 9134.51 1650.61 9142.59 1650.6 9155.78 1650.44 
9159.33 1650.6 9212.88 1651.46 9232.59 1651.82 9269.23 1652.47 9282.12 1652.58 
9286.08 1652.6 9332.57 1652.39 9396.84 1652.31 9493.73 1652.02 9506.01 1651.98 
9510.42 1652 9510.86 1651.96 9521.78 1651.92 9631.9 1651.85 9634.5 1651.9 

j 
9639.27 1651.9 9641.22 1651.9 9651.83 1651.95 9652.75 1651.95 9656.71 1651.91 
9658.54 1651.9 9660.07 1651.86 9664.38 1651.81 9674.29 1651.79 9680.96 1651.85 I 
9696.71 1652.1 9724.35 1652.52 9740.86 1652.5 9746.58 1652.58 9763.9 1652.6 
9795.26 1652.6 9805.18 1652.72 9826.11 1652.85 9833.45 1653.02 9847.46 1653 
9856.84 1653 9862.61 1653.07 9866.22 1653.1 9879.58 1653.13 9893.79 1653.29 
9908.29 1653.5 9925.91 1653.78 9941.93 1653.38 9944.86 1653.22 9946.02 1653.31 
9948.66 1653.1 9963.68 1652.72 9970.61 1652.52 9973.59 1651.83 9983.3 1649.72 
9990.87 1648.1 9999.98 1649.3210014.84 1651.2810018.65 1651.3310067.18 1651.4 

10081.08 1651.2 10092.4 1651.2910127.86 1651.3610163.66 1650.8510197.84 1650.39 
10267.67 1650.410278.71 1650.3810287.99 1650.3410295.41 1649.8210315.86 1648.48 
10318.39 1648.610319.99 1648.6410320.99 1648.6510333.32 1648.7810343.52 1649.63 1 
10359.68 1650.910378.43 1652.710388.98 1652.5610410.39 1652.4810419.49 1652.23 ! 
10429.95 1651.910436.73 1651.7410442.86 1651.5410449.34 1651.710463.86 1652.02 i 
10484.87 1652.5 10530.6 1650.7610530.89 1650.75 10531.1 1650.71 10537.4 1649.69 I I 
10541.46 1649 10551 1650.7510552.02 1650.9510563.06 1650.9810618.28 1651.14 

, ." ,. . : FCD 9817 Delineation of Spitlway Flow *,. .7 A-N West, Inc. 
J.% For Signal Butte Flood Rahrrding Sbudure Page 35 July. 1W 
<-?! . . 1 0  Discharge (Q's Modded Sepaately) :.: ~... 
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Manning's n Values nun= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7650.82 .15 8809.73 .068 9948.66 .04510018.65 .068 

Bank Sta: Left Right Lengths: Left Channel - Right Coeff Contr. Expan. 
9948.6610018.65 320 359.41 280 .1 . 3  

Blocked Obstructions num= 1 
Sta L Sta R Elev 

7650.82 8799.74 1652.5 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (it) 
Crit W.S. (ft) 
E.G. Slope (itlit) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cis) 
Length Wtd. (it) 
Kin Ch El (ft) 
Alpha 
Frctn Loss (it) 
C 6 E Loss (it) 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq it) 
Area (sq ft) 
Flow (cis) 
Top Width (it) 
Avg. Vel. (ft/s) 
Hydr. Depth (it) 
Conv. (cis) 
Wetted Per. (it) 
Shear (lblsq ft) 
Stream Power (lb/it s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Left OB 
0.068 
320.00 
627.49 
627.49 
1281.66 
714.75 
2.04 
0.88 

14858.0 
715.20 
0.41 
0.83 

690.84 
537.69 

Channel 
0.045 
359.41 
101.54 
101.54 
481.82 
46.57 
4.75 
2.18 

5585.7 
47.22 
1.00 
4.74 
29.60 
16.68 

Right OB 
0.068 
280.00 
817.77 
817.77 
1968.52 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity I 
(ft) (ft) (cis) (sq ft) (ft) (ft) (ft/s) I 

8799.74 9374.20 1237.98 566.39 453.58 33.17 1.25 2.19 
9374.20 9948.66 43.68 61.10 261.62 1.17 0.23 0.71 

1 
LB 9948.66 RS 10018.65 481.82 101.54 47.22 12.91 2.18 4.75 I 
10018.65 11038.59 1968.52 817.77 620.54 52.75 1.32 2.41 i 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

. - 
<< ' 

FCD 9817 Delineaticn d Spahray Flaws 
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INPUT 
Description: I1M. 3.817. HORZ. N VALUES USED. HYDRAULIC BASELINE CROSSES NEAR ADOBE RD. XIGN. 
RREA BLOCKED OUT TO LT. OF STA.8363.65 AND TOOF STA. 10673.07 DUE TO RIDGE. 

Station Elevation Data n w  251 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7682.24 1650.9 7684.74 1650.88 7686.56 1650.84 7688.54 1650.84 7691.14 1650.86 
7693.03 1650.9 7695.72 1650.98 7710.05 1650.95 7712.7 1650.96 7716.44 1650.97 
7721.29 1651 7737.77 1650.86 7751.66 1650.96 7758.06 1650.88 7806.42 1650.43 
7807.72 1650.4 7810.96 1650.4 7812.58 1650.05 7815.81 1649.32 7824.87 1647.49 
7827.78 1646.6 7828.14 1646.76 7831.32 1646.57 7844.72 1646.52 7854.7 1648.76 
7863.2 1650.4 7877.88 1650.96 7896.01 1651.88 7900.19 1651.96 7901.21 1651.92 
7903.35 1652 7904.32 1651.99 7907.18 1651.98 7914.16 1651.97 7928.25 1651.97 
7955.26 1651.9 7965.1 1651.68 7970.81 1651.32 7994.41 1649.42 7997.45 1649.37 
7998.83 1649.4 8001.42 1649.33 8038.43 1649.2 8058.74 1648.78 8069.11 1648.36 
8071.8 1648.3 8074.11 1648.25 8120.15 1647.63 8129.34 1647.63 8142.86 1647.91 
8144.5 1647.9 8146.04 1647.91 8164.4 1647.59 8190.85 1647.9 8209.23 1647.98 
8218 1648.2 8223.35 1648.49 8229.41 1648.57 8234.51 1648.55 8235.23 1648.53 

8236.43 1648.4 8238.69 1648.28 8242.49 1647.81 8243.43 1647.7 8244.33 1647.53 
8246.68 1647.4 8249.39 1647.2 8269.99 1647.06 8285.76 1647.02 8300.85 1648.17 
8302.69 1648.3 8310.75 1648.72 8315.37 1649.08 8331.96 1648.72 8331.99 1648.72 
8332.01 1648.7 8334.16 1649.34 8335.75 1649.58 8341.63 1650.33 8345.56 1650.32 
8350.01 1649.3 8355.76 1649.42 8357.41 1649.06 8363.65 1649.97 8373.18 1648.88 

8889.33 1649.2 8918.99 1648.99 8935.59 1648.89 8938.32 1648.91 8977.87 1649.17 
8980.94 1648.4 8989.87 1646.77 8994.96 1646.89 9000.12 1648.34 9004.8 1649.02 
9025.15 1649.1 9076.26 1649.17 9079.37 1649.2 9116.09 1648.95 9118.87 1648.9 
9125.71 1648.8 9171.92 1648.11 9172.92 1648.14 9178.35 1648.42 9181.65 1648.6 
9182.42 1648.6 9183.21 1648.61 9209.01 1648.79 9303.25 1648.88 9310.94 1648.99 
9318.95 1648.8 9330.65 1648.7 9335.85 1648.81 9343.1 1648.94 9351.29 1648.7 
9368.24 1648.9 9378.4 1649.42 9383.35 1649.56 9390.93 1649.98 9399.63 1649.96 
9422.08 1650 9438.08 1650.02 9458.97 1650.04 9462.97 1650.2 9469.33 1650.47 
9471.78 1650.5 9480.67 1650.63 9539.72 1651.06 9546.61 1650.97 9546.84 1650.97 
9556.57 1650.9 9590.82 1650.61 9601.71 1650.51 9655.94 1650.14 9697.48 1649.98 
9718.44 1649.7 9724.7 1649.7 9757.44 1648.89 9775.14 1648.46 9785.75 1649.14 
9787.55 1649.3 9799.87' 1649.43 9835.62 1649.89 9854.86 1648.86 9868.28 1648.05 
9892.93 1648.3 9908.45 1648.44 9910.77 1648.5 9315.98 1647.76 9919.25 1647.24 

. , 9922.27 1647.4 9929.04 1648.41 9934.06 1648.04 9971.21 1646.11 9973.14 1646.19 
9974.93 1646.2 9984.49 1646.52 9993.52 1646.61 10015.5 1647.11 10019.5 1647.3 
10033.7 1647.710034.27 1647.72 10034.6 1647.7210044.46 1647.8 10051.6 1647.87 
10056.5 1647.910060.88 1647.9910091.51 1649.0410098.19 1649.3810099.04 1649.44 
10101.34 1649.510103.18 1650.5110103.88 1650.5810106.81 1651.1710109.82 1650.67 
10112.11 1649.810115.76 1649.9210118.34 1650.1510118.93 1650.2810168.11 1649.51 
10183.95 1649.110185.66 1649.1410187.66 1649.1510313.01 1649.3310326.94 1649.45 

10333 1649.410340.41 1649.2810343.15 1649.2610346.69 1649.1810367.43 1648.43 
10384.62 164910396.42 1649.6310430.58 1648.4110440.44 1648.1110443.88 1647.55 
10451.12 1646.410459.39 1647.5110465.45 1648.3410470.62 1648.3710496.61 1648.48 
10502.34 1648.610522.06 1648.6510575.84 1649.1510631.22 1649.93 10649.6 1650.41 
10673.07 1650.810686.55 1650.1210688.07 1650.0510693.34 1650.1410702.44 1650.29 
10706.31 1650.410730.96 1650.5210758.11 1650.2510774.38 1650.11 10784.5 1650.05 
10793.85 165010800.83 1649.9110825.07.1649.6610839.99 1649.4810844.06 1649.05 
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Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7682.24 .15 8429.19 .068 9934.06 .04510060.88 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
9934.0610060.88 400 370.17 365 .1 

Blocked Obstructions nun= 2 
Sta L Sta R Elev Sta L Sta R Elev 

7682.24 8363.65 1649.9710673.0710987.53 1650.8 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1649.79 Element Left OB 
Vel Head (ft) 0.23 Wt. n-Val. 0.070 

..*.$+ ,<,:> 
W.S. Elev (ft) 1649.56 Reach Len. (ft) 400.00 

.::*.,..-' ;,%< ... 9 Crit W.S. (ft) Flow Area (sq ft) 920.68 
...>$><j .. 1 II :,.,.,.<, 
A"..,.",, 

E.G. Slope (ft/ft) 0.008405 Area (sq ft) 920.68 
:. !;$:<?> ...,..<. ",.! 

Q Total (cfs) 3732.00 Flow (cfs) 1551.37 
.. ...,&k:;. ~ Top Width (ft) 
'...T..<r. 

1790.92 Top Width (ft) 1187.39 
rp$:; 
..I,.:.) 

Vel Total (ft/s) 2.43 Avg. Vel. (ft/s) 1.69 
. . . . * .. : . . .,*. . .* ,:..: 7 P . Max Chl Dpth (ft) 3.45 Hydr. Depth (ft) 0.78 

. . .>' .:!yrzx$ Conv. Total (cfs) 40706.6 Conv. (cfs) 16921.4 
.-c>- M .. .; - ., .* 2 3 

Length Wtd. (ft) 383.53 Wetted Per. (ft) 
;:?;,.", 

1188.29 . '.4%!."; :;.,..;;:., Min Ch El (ft) 1646.11 Shear (lb/sq ft) 0.41 
..;: .,...rtj ..., ..,.. Alpha 2.53 Stream Power (lb/ft s) 0.69 -.. .,.<.:! ..: ..... ,, -. ,?. Frctn Loss (ft) 3.47 Cum Volume (acre-ft) 685.15 ..-$'I ;y..:,s3 
.:,< .- .:> 

C 6 E Loss (ft) 0.04 Cum SA (acres) 530.70 
I/_.\ 

Channel Right OB 
0.045 0.068 
370.17 365.00 
307.16 307.75 
307.16 307.75 
1676.36 504.27 
126.82 476.71 
5.46 1.64 
2.42 0.65 

18284.8 5500.3 

" .. ,/;; 
,:..?><;> Warning: Divided flow computed for this cross-section. . ?A.-., , : . <. .; >v .L 4 

. < .  Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
:+-:,.$,s,.: . cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta Right Sta 
(ft) (ftl 
8245.20 8808.15 
8808.15 9371.10 
9371.10 9934.06 

Profile #PF 1 

Flow Area 
(cfs) (sq ft) 

647.85 374.58 
631.36 394.12 
272.16 151.98 

W.P. 
(ft) 

440.97 
563.48 
183.84 

8 Conv. 

17.36 
16.92 
7.29 

Hydr D. 
(ft) 
0.85 
0.70 
0.83 

Velocity 
(ftls) 
1.73 
1.60 
1.79 

Warning: Divided flow computed for this cross-section. 
.. Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 

cross section. This may indicate the need for additional cross sections. 

. .. _ .,/ '... . . .:. . . . . a o s s  SzcTIm RIVER: SIONAL BZPW 
. . . - REAaI: SPILUIAg .~ , , RS: 3.747 
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Station Elevation Data nun= 290 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7545.9 1647.4 7574.93 1647.01 7613.05 1645.95 7622.49 1646.29 7633.4 1646.53 
7640.58 1644.3 7643.04 1643.44 7644.6 1643.55 7647.71 1643.69 7650.74 1644.26 
7653.17 1644.7 7661.31 1646.25 7662.38 1646.45 7662.8 1646.53 7677.94 1646.81 
7689.54 1646.7 7697.36 1647.03 7725.07 1647.09 7743.98 1647.26 7763.21 1647.03 
7791.34 1647.2 7793.77 1647.17 7807.28 1647.26 7831.13 1646.8 7858.09 1647.48 
7867.31 1647.4 7884.4 1647.53 7884.62 1647.51 7884.66 1647.51 7891.05 1647.36 
7903.22 1647.4 7904.88 1647.48 7908.86 1647.31 7935.61 1646.46 7935.93 1646.48 
7945.86 1646.4 7966.59 1646.23 7971.29 1646.2 7975.03 1646.34 7998.03 1647.59 
8002.15 1647.8 8042.01 1647.77 8071.95 1647.72 8094.78 1648.13 8095.18 1648.05 
8106.64 1646 8108.16 1645.86 8114.38 1644.93 8144.87 1644.94 8150.49 1644.97 
8164.08 1645.1 8174.11 1645.12 8179.67 1645.27 8192.14 1645.57 8192.25 1645.55 
8198.42 1645 8199.52 1644.86 8203.91 1644.55 8210.83 1644.34 8212.85 1644.26 

8226 1644.7 8227.8 1644.79 8230.82 1644.98 8240.49 1645.37 8255.95 1645.23 
8264.51 1645.1 8298.71 1644.86 8314.29 1645.21 8349.65 1646.35 8360.74 1646.58 
8390.81 1647.1 8408.27 1647.55 8416.28 1646.23 8421.2 1646 8423.08 1645.94 
8447.72 1646.4 8454.47 1645.87 8466.69 1644.99 8468.26 1644.91 8475.12 1644.72 
8479.22 1644.6 8486.16 1644.64 8489.92 1644.8 8492.4 1645.06 8497.74 1646.36 
8502.98 1646.5 8507.76 1646.53 8514.26 1646.51 8530.87 1646.72 8538.89 1646.74 
8573.55 1646.9 8644.68 1646.83 8657.09 1646.91 8659.89 1646.48 8664.84 1645.52 
8693.41 1645.9 8709.07 1646.06 8727.21 1643.35 8727.35 1643.34 8729.03 1643.49 
8747.14 1645.3 8767.83 1645.3 8774.08 1645.24 8777 1645.21 8785.67 1645.17 
8808.01 1644.8 8815.22 1644.61 8845.55 1644.08 8851.98 1644.05 8853.38 1644.01 
8858.62 16n.9 8861.43 1643.89 8874.95 1643.76 8878.46 1643.77 8880.05 1643.87 
8881.57 1643.9 8889.33 1643.84 8904.97 1644.3 8912.76 1644.49 8918.08 1644.68 
8933.61 1645 8936.96 1644.95 8941.01 1645.2 8943.19 1645.23 8961.27 1645.59 
8988.77 1645.4 9014.31 1645.6 9030.2 1645.57 9034.98 1645.79 9042 1645.62 
9045.7 1645.7 9055.66 1646.04 9086.89 1645.44 9098.55 1645.4 9113.72 1645.42 
9113.77 1645.4 9128 1645.2 9129.85 1645.16 9133.8 1645.34 9147.31 1645.7 
9153.82 1645.9 9156.95 1645.93 9162.4 1646.04 9167.25 1646.03 9176.52 1646 
9184.87 1646 9196.46 1645.96 9200.5 1645.94 9233.35 1646.22 9241.25 1646.26 
9278.64 1646.5 9280.62 1646.54 9283.37 1646.55 9287.45 1646.6 9289.14 1646.61 
9299.03 1646.8 9311.58 1647.02 9331.89 1647.2 9341.55 1646.9 9344.43 1646.75 
9344.52 1646.7 9353.28 1646.75 9365.36 1647.11 9373.31 1646.99 9411.37 1646.79 
9440.7 1646.9 9484.63 1646.34 9487.36 1646.3 9545.87 1645.05 9551.9 1644.93 
9552.29 1644.9 9558.52 1645.09 9579.03 1645.47 9587.63 1645.65 9590.94 1645.68 
9629.81 1645.9 9644.33 1646.01 9666.9 1646.01 9671.58 1646.02 9697.26 1645.71 
9708.76 1645.1 9710.05 1644.99 9713.27 1645.52 9716.86 1646.11 9717.22 1646.17 
9720.55 1646.1 9764.21 1646.02 9775.15 1646.57 9775.35 1646.59 9776.68 1646.57 
9786.79 1646.4 9792.14 1645.74 9810.55 1643.34 9815.75 1643.44 9827.83 1643.75 
9827.99 1644.1 9834.89 1644.62 9858.49 1645.71 9864.92 1645.51 9876.69 1645.06 
9896.62 1644.8 9907.62 1645 9966.94 1645.01 9969.96 1645.04 9971.36 1645.19 
9978.88 1645.9 9988.14 1645.23 9992.09 1644.94 9994.17 1644.83 9998.98 1645.06 
10006.1 1645.4 10016.2 1645.1410060.91 1645.0910064.55 1645.2710076.54 1646.14 
10086.69 1646.910097.57 1647.2110144.33 1647.910159.29 1648.1410169.33 1647.95 
10205.58 1647 10221.6 1646.6310230.88 1646.3810237.31 1646.3610239.11 1646.36 
10282.35 1644.710282.72 1644.66 10283 1644.6510283.14 1644.6510302.14 1645.22 
10314.54 1644.710322.86 1644.910332.37 1644.8910344.08 1644.72 10368.5 1644.49 
10369.08 1644.510369.52 1644.3910375.31 1643.4510378.17 1643.0510382.99 1643.96 
10385.95 1644.510404.15 1644.1410409.63 1644.1310422.26 1644.79 10433.9 1645.38 
10447.54 1645.810453.24 1645.8710458.95 1646.0910462.71 1646.1510468.59 1646.33 
10472.46 1646.410486.29 1646.910486.45 1646.9310487.49 1647.0510487.81 1647.08 
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Manning's n Values nun= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7545.9 .15 8108.16 .068 9775.35 .045 9858.49 .068 

Bank Sta: Left fight Lengths: Left Channel fight Coeff Contr. Expan. 
9775.3510060.91 390 385.69 400 .1 .3 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 
7545.9 8094.78 1648.1310487.8110942.18 1647.08 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (it/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Left OB 
0.068 
390.00 
977.16 
977.16 
2003.30 
1146.90 

2.05 
0.85 

20215.6 
1147.90 

0.52 
1.07 

676.44 
519.99 

Channel 
0.056 
385.69 
329.70 
329.70 
1001.12 
272.37 
3.04 
1.21 

10102.5 
272.94 
0.74 
2.25 
25.21 
14.26 

Right OB 
0.068 
400.00 
289.99 
289.99 
727.58 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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CROSS SECTION RIYW: SIGNAL BUTTE 
REACH: SPILLWAY RS: 3.674 

INPUT 
D e s c r i p t i o n :  RM. 3 .674 .  HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA.7670.78 DUE TO 
RIDGE. 

S t a t i o n  E l e v a t i o n  Da ta  num= 279 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

7200.95 1 6 4 5 . 1  7211.54 1645 .19  7219 .61  1645.19 7260.08 1644.48 7279.15 1644.19 
7288.35 1 6 4 4 . 1  7297.92 1 6 4 4 . 0 2  7316.08 1643.86 7321 .27  1643.93 7353.04 1643.92 
7353.15 1643 .9  7353 .19  1643 .9  7361.78 1 6 4 0 . 6 6  7363.34 1641 .04  7372 .98  1643 .75  

7408.7  1643 .5  7412.99 1643 .42  7415.02 1643.39 7416.03 1643 .38  7416.24 1643 .38  
7425.15 1643.4 7499.77 1 6 4 4 . 1 1  7509.93 1644 .13  7521.83 1644.22 7538.53 1 6 4 4 . 3  
7584.48 1 6 4 3 . 6  7604 .7  1643 .56  7607 .01  1643 .45  7614.4  1642.44 7630.9  1642 .46  
7636.43 1 6 4 2 . 6  7648.39 1 6 4 2 . 4 9  7664.91 1 6 4 3 . 7  7670 .78  1644.23 7705 .96  1643.92 

7729.2  1643 .7  7736 .07  1 6 4 3 . 6 1  7742.72 1643.57 7776 .43  1643 .13  7787.33 1641 .73  
7794.09 1640.9 7797.5  1 6 4 1 . 3 3  7798.06 1641.42 7798 .28  1641 .43  7800.99 1641 .48  
7839.99 1641 .9  7846.9  1641 .85  7854.88 1643.02 7860.26 1643.63 7878.75 1 6 4 3 . 6 6  
7894 .43  1643 .7  7 9 0 3 . 5 1  1643 .36  7908 .51  1643 .26  7917.13 1643.18 7920.3  1 6 4 3 . 1  
7922.82 1 6 4 3 . 1  7938.39 1 6 4 2 . 9 5  8 0 4 3 . 2 1  1642.02 8102 .41  1641 .51  8141 .02  1641 .26  
8145.75 1641 .2  8152.14 1 6 4 1 . 2  8160 .16  1641.19 8235.28 1641.29 8235.49 1641 .29  
8235 .63  1 6 4 1 . 3  8235 .81  1641 .25  8236.53 1640.94 8239 .63  1639.72 8240.59 1639 .93  
8246 .33  1640 .9  8296.29 1 6 4 0 . 5  8325.73 1640.58 8332.34 1 6 4 1 . 1 5  8337 .05  1641 .66  
8348.82 1 6 4 1 . 2  8366 .1  1 6 4 0 . 8 8  8368.86 1640.74 8381.74 1639.96 8389.42 1639 .74  
8 3 9 8 . 3 1  1 6 3 9 . 3  8401 .93  1639.3  8438.27 1 6 3 9 . 8 1  8455.2  1640 .09  8481.07 1640.34 
8495.56 1640.4  8514.78 1 6 4 0 . 6 9  8533 .24  1640.84 8540.73 1 6 4 1 . 1  8549 .92  1641 .38  
8564.28 1641 .3  8572.39 1641.24 8574.85 1 6 4 1 . 1 5  8576.46 1641.13 8579.65 1641.06 
8586.82 1640 .9  8595.78 1 6 4 0 . 7 7  8604 .56  1640 .75  8615 .97  1640.88 8623 .73  1640 .95  
8627 .11  1 6 4 1  8636 .05  1641.17 8672.32 1641.86 8672.58 1641.86 8672.79 1641 .86  
8696 .12  1 6 4 1 . 8  8706.82 1641.74 8717.09 1641.77 8723 .15  1641.92 8733 .09  1 6 4 2 . 1 3  
8736.02 1 6 4 2 . 2  8774.54 1641.92 8776 .05  1641.92 8 7 7 6 . 6 1  1641 .92  8843.88 1641.97 

8860.6  1 6 4 1 . 8  8864.64 1641.82 8886.75 1 6 4 1 . 1 6  8909 .19  1640 .94  8913.39 1 6 4 0 . 8 6  
8925.82 1 6 4 0 . 8  8929.16 1640 .91  8935 .25  1641  8950.89 1641.39 8957.4  1 6 4 1 . 4 3  

8967.2  1 6 4 1 . 6  8976.69 1641 .74  8981.82 1641 .79  8996.76 1641.86 9030 .15  1642 .4  
9043 .95  1 6 4 2 . 6  9047 1642 .64  9047.84 1 6 4 2 . 6 5  9082.39 1642.34 9090 .1  1642 .38  
9091.86 1 6 4 2 . 4  9118 .29  1642 .34  9185 .68  1642.34 9190.98 1642.34 9195 .01  1642.32 
9200 .15  1 6 4 2 . 3  9212 .28  1642 .09  9215.05 1642.08 9258.42 1642.18 9262.34 1642.18 
9271.16 1642.2  9283.31 1641.24 9286 .46  1641.02 9294.34 1641.34 9303.36 1 6 4 1 . 6 5  

9321 .3  1641 .5  9321.8 1641.49 9322.43 1641.47 9332.21 1 6 4 0 . 9  9336.26 1640 .89  
9360.74 1640 .7  9381.89 1641 .08  9392.94 1641.27 9408.74 1641.94 9419 .61  1642 .3  
9420.73 1 6 4 2 . 3  9456.15 1642 .33  9457.21 1642 .32  9457.67 1642 .32  9481.42 1642 .22  

9495 .1  1 6 4 2 . 3  9501.74 1642.24 9523.77 1641.71 9526.63 1641 .7  9533 .03  1641.82 
9557 .36  1642.2  9561.39 1642.24 9590.96 1 6 4 2 . 2 5  9605.38 1642.39 9609.42 1642 .36  
9614.59 1 6 4 2 . 4  9623 .2  1642 .33  9623.65 1 6 4 2 . 3  9627.17 1642.33 9631 .91  1642 .21  
9648 .03  1 6 4 2 . 6  9651.84 1642 .61  9651.96 1642.61 9661.95 1642.56 9662.28 1642.56 
9662.68 1642 .5  9667.82 1642.42 9691.93 1641.62 9693.89 1641 .75  9706.54 1642 .52  
9718.37 1 6 4 2 . 7  9719.73 1642 .66  9719.86 1642 .66  9724.18 1642.69 9737.54 1642 .85  
9739.12 1642 .9  9740.58 1 6 4 2 . 7 6  9747.41 1642.76 9769.8  1642.79 9774.62 1642 .8  
9774.69 1641.4  9778.6 1641 .03  9782.95 1640.96 9790.92 1641 .31  9798.17 1640 .73  
9816.29 1641.4  9844.6 1642 .36  9856.09 1642 .21  9868.37 1642.09 9927.35 1 6 4 2 . 1  

9963.5  1 6 4 2 . 1  9978.34 1 6 4 2 . 0 1  9979.37 1641 .98  9980.55 1642.02 9981.8  1642 .01  
10010.89 164310027.78 1643.510028.34 1643.5610059.89 1643.3610072.53 1643 .28  
10128.88 1643.110195.84 1643.2210208.75 1643.2510220.61 1643.2410235.16 1 6 4 3 . 1  
10246.39 1642.510249.89 1642.210251.56 1641.5810266.45 1641.2810267.72 1641.34 
10268 .86  1 6 4 1 . 3  10272 .1  1641.1710291.03 1641 .55  10310.4  1641.2710310.54 1641 .26  
10310 .71  1641.310311.14 1641.2510334.08 1640.5110339.72 1639.7210343.64 1639.17 

FCD 98-17 Ddineabon of S p i k y  F low A-N West, Inc 
For Signal Butte Flood Retarding Stnrcture Page 41 July, 1999 
113 Dscharge (Q's Modeled Separately) 



Manning's n Values nun= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7200.95 .15 8455.2 .068 9790.92 .045 9844.6 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9790.9210010.89 430 372.11 425 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

7200.95 7670.78 1644.23 
,>:<.";. - , ,:- 
. .  . . : CROSS SECTION OUTPUT Profile #PF 1 . , ,.. , .. .- * .. :.. .. . ..;:: . . 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ftl 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/sl 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C h E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/sl 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.095 
430.00 
1662.95 
1662.95 
2645.42 

Channel 
0.051 
372.11 
107.75 
107.75 
226.51 
204.78 
2.10 
0.53 

2355.4 
204.84 
0.30 
0.64 

23.28 
12.15 

Right 08 
0.068 
425.00 
411.70 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow 
(ft) (ftl (cfsl 
7200.95 7848.44 44.99 
7848.44 8495.94 1147.42 
8495.94 9143.43 1015.38 
9143.43 9790.92 437.64 
LB 9790.92 RE 10010.89 226.51 
10010.89 10871.77 860.07 

Area 
(sq ft) 
54.33 
766.97 
532.57 
309.07 
107.75 
411.70 

W.P. 
(ftl 

67.13 
508.23 
616.96 
559.42 
204.84 
419.53 

f Conv. Hydr D. 
(ft) 

1.21 0.31 
30.75 1.51 
27.21 0.86 
11.73 0.55 
6.07 0.53 
23.05 0.98 

Velocity 
(ft/SI 
0.83 
1.50 
1.91 
1.42 
2.10 
2.09 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. -. a . .,,: >: 
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CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWil RS: 3 .603  

INPUT -. ... 
D e s c r i p t i o n :  P.M. 3 .603 .  HORZ. N VALUES USED. ARER BLOCKED OUT TO LT. OF STA. 7080 .82  . AND TO 
RT. OF STA. 10414 .43  

S t a t i o n  E l e v a t i o n  Da ta  num= 263  
S t a  E l e v  S t a  Elelr  S t a  E l e v  S t a  . E l e v  S t a  E l e v  

6861.52 1 6 4 0 . 1  6901.54 1 6 3 9 . 9  6918 .66  1 6 3 9 . 7  6924 .99  1639.64 6945.38 1639.76 
6964.26 1 6 3 9 . 7  6972 .39  1638 .97  6982 .46  1 6 3 8 . 2 3  6986 .7  1638 .01  6992.08 1637.97 
7020.87 1637 .5  7040 .23  1 6 3 8 . 8 8  7049 .92  1639 .57  7080 .83  1639 .55  7151.28 1639 .44  
7155 .26  1639 .4  7 1 6 3 . 6 1  1637 .22  7176.7  1633.93 7 2 1 1 . 2 1  1633.92 7243.5  1 6 3 4 . 1  
7254.81 1636 .7  7 2 6 7 . 7 1  1639.12 7275.68 1639.16 7287.8  1638 .82  7288.53 1638.52 

7296.3  1638 .7  7296.77 1638 .76  7299 .65  1 6 3 8 . 7 5  7303 .11  1638.74 7339.26 1 6 3 8 . 5 8  
7343 .5  1637 .5  7350.75 1635.84 7358.66 1635 .7  7365.4  1635 .63  7369.87 1635 .59  

7379.89 1 6 3 7 . 1  7389 .19  1638.89 7402 .65  1 6 3 8 . 4 5  7427 .37  1638 .12  7460 .96  1638 .75  
7475.8 1 6 3 8 . 7  7 4 7 7 . 1 5  1638 .7  7477.36 1638.69 7477 .91  1638 .73  7478.79 1638.77 

7496.87 1639 .7  7519.93 1 6 3 9 . 5 7  7577.49 1639 .11  7609 .75  1638.82 7634.15 1 6 3 8 . 6 1  
7662.34 1638 .4  7667.65 1638.37 7669 .95  1638.42 7685 .93  1638.59 7700.97 1638.73 
7702 .66  1638 .7  7711.72 1638 .45  7717 .11  1638 .13  7719 .7  1638.14 7751.74 1639 .05  
7793.58 1 6 3 9 . 6  7816.04 1639 .55  7828 .8  1639 .53  7 8 4 6 . 2 5  1638 .03  7853.88 1637 .9  
7875 .49  1637.54 7 8 7 5 . 5  1637.54 7875 .53  1637.54 7891.72 1637.97 7971.17 1 6 3 6 . 7  

7995 .1  1636.37 8003.09 1636 .27  8008 .46  1636.34 8028 .24  1 6 3 6 . 4 1  8044.65 1 6 3 6 . 4  
8108.91 1636 .24  8120 .91  1 6 3 6 . 4 1  8138.65 1636 .65  8140.16 1 6 3 6 . 6 1  8150.6  1 6 3 6 . 1  
8167 .71  1 6 3 6  8180.97 1636 .05  8200.69 1637.74 8205.42 1638.09 8231.78 1 6 3 7 . 9  
8271.22 1637.82 8308.37 1637 .63  8309.76 1637 .8  8366.14 1638.32 8414.89 1 6 3 8 . 3  
8425.12 1 6 3 7 . 8 6  8431 .56  1637 .61  8451.64 1637 .58  8459 .77  1 6 3 7 . 6  8471.29 1637 .5  
8472.42 1637.52 8479 .83  1637 .71  8480 .25  1 6 3 7 . 7 1  8484 .55  1637 .71  8485.09 1 6 3 7 . 7  
8491.96 1637 .56  8503 .41  1637 .56  8536 .42  1637.77 8539 .99  1 6 3 7 . 8 1  8 5 4 0 . 1  1 6 3 7 . 8  
8540.33 1 6 3 7 . 8 1  8551 .04  1637 .89  8554.25 1637.87 8 5 6 3 . 9 1  1637 .88  8567.32 1637 .8  

8579.6  1 6 3 7 . 9 9  8585.84 1637 .98  8599 .08  1638.13 8600 .19  1638.13 8603 .31  1 6 3 8 . 1  
8606 .45  1638.19 8610.64 1 6 3 8 . 2 1  8611.27 1638.24 8 6 1 2 . 5 3  1638 .26  8619 .01  1 6 3 8 . 5  
8625.37 1638.77 8627.32 1638 .85  8646 .21  1 6 3 8 . 4 6  8728 .15  1637 .17  8745.05 1 6 3 7 . 1  
8781 .22  1637 .26  8792 .82  1637.34 8839.98 1637.58 8842 .1  1637 .45  8846.64 1637 .5  
8855.18 1636 .89  8860 .99  1 6 3 6 . 6  8877.28 1636.72 8893 .71  1 6 3 6 . 9 5  8901.88 1 6 3 7 . 1  
8908.32 1 6 3 7 . 3 8  8918 .41  1637.7  8923.49 1637.79 8926 .29  1637 .85  8959.38 1 6 3 7 . 9  
9002 .63  1637.87 9014 .05  1637 .91  9033 .63  1638.12 9048.76 1638  9055.01 1637.8  
9057.14 1637 .81  9058.65 1637 .82  9060.44 1637.79 9078 .33  1637.59 9080.09 1637 .6  
9126 .43  1637.85 9163.23 1 6 3 7 . 3 1  9170.85 1637 .26  9186 .12  1637 .18  9211.86 1 6 3 7 . 1  
9230.09 1637.2  9244.22 1636.99 9271.35 1636.67 9294.25 1 6 3 6 . 6 6  9295 .03  1636 .6  
9296.94 1636 .63  9322.51 1636 .39  9332.81 1636 .31  9347.65 1636.24 9363.32 1636.2  
9369.57 1636 .18  9377.64 1 6 3 6 . 1 5  9378.03 1636 .15  9378.44 1636 .15  9389.17 1638 .8  

9391.8 1639 .37  9400 .41  1637 .75  9405.47 1636.68 9431.66 1637 .15  9452.49 1637 .5  
9487.08 1637.94 9505.28 1637.64 9559 1638.2  9 5 7 8 . 1  1638.37 9580.82 1638.4  
9581.81 1638 .31  9593.35 1637 .58  9603.08 1637.88 9637.2  1638.03 9655.84 1638 .3  
9672.14 1 6 3 8 . 8  9719 .2  1639 .35  9734 1639.48 9752.16 1639 .83  9758.36 1 6 4 0 . 1  
9762.22 1640.22 9767.8  1640 .5  9769.87 1640.59 9771.67 1640.24 9776.52 1 6 3 9 . 3  
9784.24 1 6 3 7 . 7 1  9791.91 1638 .19  9801.54 1638 .67  9812.39 1639.22 9843 .18  1 6 4 0 . 1  
9859.25 1 6 4 0 . 3 3  9864.07 1639.38 9371.47 1637 .89  9884.39 1637.9 9885.31 1 6 3 7 . 9  
9888.64 1637 .99  9913.29 1638.69 9938.22 1639 .23  9954.79 1638.02 9955.6 1638  
9960.87 1 6 3 8 . 0 1  9972.7 1638 .16  9976.41 1638 .06  9979 .55  1637.88 9986.21 1637.5  
9992.78 1636 .96  9993.74 1 6 3 6 . 8 8  9994.27 1636.8510007.58 1637.8710012.22 1638 .1  

10020.33 1638.1710022.16 1638.110036.98 1639.5210043.62 1640.4810055.28 1 6 4 0 . 3  
10068.42 1640.0310089.93 1639.8510090.08 1639.8410106.37 1639.1210112.53 1638 .8  
10117.08 1638.6810120.53 1638.5410151.76 1637.1110153.41 1637.1110154.24 1 6 3 7 . 1  

10169.4  1637.4310179.39 1637.5810182.39 1637.6710185.38 1637.6110199.71 1636 .5  

FCD 98.17 Deltneation of Spilhvay Flows A-N Wed, Inc 
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10206.93 1637.6710209.52 1638.0610236.19 1637.8110246.88 1637.7110255.19 
10304.59 1637.6110359.23 1637.610379.67 1637.6910386.83 1637.7310401.85 
10411.54 1639.510414.43 1639.7410434.12 1638.8210443.35 1638.410443.78 
10449.6 1638.1610450.36 1638.1110462.38 1637.510464.09 1637.3610465.25 
10480.9 1637.9310487.76 1638.1710508.76 1642.1 

Kanning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

6861.52 .15 9347.65 ,068 9976.41 .04510020.33 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
9976.4110020.33 375 374.47 300 .1 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

6861.52 7080.82 1639.5610414.4310508.76 1639.74 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ftl 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
MinChEl (ft) 
Alpha 
Frctn Loss (ftl 
C h E Loss (ft) 

Profile #PF 1 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.135 
375.00 

2324.97 
2324.97 
3192.23 
2087.24 

1.37 
1.11 

32270.2 
2089.78 

0.68 
0.93 

6A4.94 
408.08 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the cur 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Expan. 
.3 

Channel 
0.045 

374.47 
35.78 
35.78 
101.83 
43.92 
2.85 
0.81 

1029.4 
44.01 
0.50 

Right 09 
0.068 
300.00 
229.62 
229.62 
437.94 
279.58 

rent and previous 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ftl (ft) (ft) (ft/s) 
6861.52 7640.24 923.87 481.41 195.17 24.76 2.49 1.92 

Warning: Divided flow computed for t h ~ s  cross-sect~on. 
h'arning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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., .. . . -2 ,&A;--. .*, 
CROSS SECTION RIVER: SIGNAL BUTTE 

. , I.: .$ REACH: SPILLWAY RS: 3.532 

INPUT 
D e s c r i p t i o n :  RM. 3 .532 .  HORZ. N VALUES USED. 

. . ,, . , .. - S t a t i o n  E l e v a t i o n  Da ta  nun= 2 8 1  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

6596.9 1 6 3 5 . 6  6605.07 1 6 3 5 . 2 1  6644 .47  1635.08 6668.86 1634 .95  6695.67 1634 .65  
6725.09 1 6 3 3 . 8  6728.54 1633 .76  6729 .66  1633 .73  6773.42 1633 .87  6774.39 1633 .86  
6774.76 1 6 3 3 . 9  6835.11 1632 .74  6851.67 1632.86 6906.54 1632.39 6915.68 1632.44 
6918 .01  1632 .5  6926.76 1632 .69  6931.88 1632.73 6981.27 1 6 3 3 . 6 5  7006.17 1633 .71  
7010.35 1633 .8  7015 .83  1633 .69  7018.74 1633 .81  7021.11 1 6 3 3 . 9  7024.87 1 6 3 3 . 8 6  

7029.1  1633 .8  7037 .5  1633 .55  7040 .83  1633 .49  7042.18 1633 .45  7045.22 1633 .35  
7048.96 1 6 3 3 . 2  7066.22 1633 .58  7089 .25  1633 .95  7097.23 1 6 3 3 . 5 5  7115.28 1634.89 
7120.78 1635.2  7162.52 1634.84 7 1 7 2 . 8 3  1634.77 7191.45 1634 .8  7239.87 1635 .15  
7263.79 1 6 3 5 . 3  7298.02 1635 .58  7303.33 1635.69 7364.58 1635 .03  7392.2  1 6 3 4 . 5 8  
7412.24 1634 .7  7418 .88  1634 .8  7423 .21  1634 .43  7432 .31  1633.52 7461 .41  1 6 3 3 . 5 6  
7462.29 1633 .6  7462.5 1633 .58  7462.79 1 6 3 3 . 6  7479.92 1634 .81  7481.99 1634.78 
7526.14 1 6 3 4 . 7  7558.69 1 6 3 4 . 6 8  7 5 8 0 . 3 1  1634.37 7630.72 1634.34 7632.37 1 6 3 4 . 3 3  
7632 .53  1634 .3  7633.63 1634 .32  7697.16 1634 .01  7702.8  1633.15 7709.09 1632.29 
7714.87 1 6 3 2 . 3  7738.92 1 6 3 2 . 4 1  7750.9  1634.28 7751.96 1634.36 7753.27 1 6 3 4 . 3 3  
7811.97 1634 7846.9  1 6 3 4 . 3  7867.36 1634.24 7924 .03  1634 .19  7954 .67  1634 .17  
7969 .13  1 6 3 4 . 1  7971 .43  1 6 3 4 . 1 6  7 9 7 4 . 4 6 .  1 6 3 3 . 5  7984.36 1631 .53  7990.27 1 6 3 2 . 3  
7994 .03  1632 .8  7994.06 1 6 3 2 . 7 9  8018 .6  1632.77 8080.89 1632 .46  8087 .09  1632 .74  
8097.25 1 6 3 2 . 3  8102.82 1 6 3 2 . 1 5  8111.13 1632 .21  8112 .69  1632 .21  8115.57 1 6 3 2 . 2 3  
8140 .33  1 6 3 2 . 2  8142.04 1632 .23  8146 .19  1632.18 8 1 4 9 . 0 1  1632.15 8150.82 1 6 3 2 . 1 5  
8155.94 1632.2  8162 .1  1632 .26  8 1 9 6 . 7 6  1632 .74  8198 .49  1632 .76  8201 .93  1 6 3 2 . 8 3  
8211 .62  1633  8232.35 1633 .59  8244.54 1633 .84  8255.56 1 6 3 4 . 1 1  8273.49 1 6 3 4 . 5 6  
8274 .85  1 6 3 4 . 6  8276 .54  1634.64 8293 .58  1634.72 8304 .49  1634 .83  8311.37 1634 .97  
8362.48 1635 .2  8372 .76  1635 .3  8381.95 1635.4  8405.04 1635.12 8433 .15  1634.59 
8438 .83  1 6 3 4 . 5  8439 .8  1634 .47  8442.33 1634.43 8507 .68  1633 .96  8520.08 1633 .87  
8520 .95  1633 .9  8521 .23  1633 .85  8540.28 1632 .96  8544 .04  1633 8565.14 1632 .69  
8572.28 1 6 3 2 . 7  8583 .25  1 6 3 2 . 5 1  8599 .27  1633.44 8609.42 1633 .95  8 6 1 4 . 2 1  1 6 3 4 . 8 3  
8615.39 1635  8654.77 1634 .65  8659 .3  1634.58 8680.73 1634.55 8721.04 1634.59 
8725 .15  1 6 3 3 . 2  8725.54 1 6 3 3 . 0 5  8756.13 1 6 3 3 . 1  8783 1633 .2  8802.63 1 6 3 3 . 2 6  
8821 .78  1 6 3 3 . 3  8837.2  1632.29 8845.95 1631.92 8857.39 1632 .05  8879.22 1632 .03  
8886.46 1 6 3 2 . 1  8889.27 1632.04 8 8 9 2 . 9 1  1633.4  8893.58 1633.75 8894 .66  1633 .75  
8896.58 1633 .8  8903 .91  1 6 3 3 . 8  8913 .63  1633 .83  8923.88 1633.77 8939.84 1 6 3 4 . 0 1  
8987 .35  1634 .2  9005.28 1634 .27  9014.14 1634.27 9042.42 1633.97 9 0 7 5 . 3  1633.92 
9080.22 1633 .9  9094.32 1633 .75  9101.12 1633.84 9107.95 1633.39 9116.55 1632.32 
9122.12 1632.2  9127.44 1 6 3 2 . 1 8  9164.54 1632.2  9167.88 1632.29 9173.94 1632 .56  
9181.02 1632 .8  9186.29 1633 .13  9211.66 1633.25 9230.93 1633.38 9240.88 1633.47 
9257.59 1633 .6  9269.65 1633.02 9 2 7 1 . 9 1  1633.06 9283.23 1632 .27  9286.56 1 6 3 3 . 3 3  

9291.8 1634 .3  9297.86 1634.17 9311.27 1633 .66  9322.66 1633 .05  9328.69 1633.32 
9331.42 1 6 3 3 . 3  9361 .95  1633 .99  9366.65 1634.25 9374.71 1634 .65  9379.44 1634.87 
9382.85 1 6 3 5 . 1  9389.15 1635.19 9393.83 1635 .21  9435.85 1635 .46  9454.62 1635 .46  
9458.47 1635 .5  9480.68 1 6 3 5 . 3 6  9480 .81  1635.37 9481 1635 .38  9483.47 1635.36 
9490.94 1635 .9  9 4 9 3 . 5  1635 .93  9494.64 1635.94 9496 .41  1635 .82  9497 .85  1635.67 

9501.4 1635.4  9503.73 1635 .46  9506 .08  1635.44 9518.12 1 6 3 5 . 5 8  9532.19 1635 .57  
9572.97 1635 .6  9577.39 1635 .66  9586.36 1635.62 9593.54 1635 .56  9599.16 1635 .96  
9605.16 1635 .7  9606.85 1635 .08  9613.56 1 6 3 5  9651 .71  1634.64 9655.15 1634 .61  
9660.51 1634 .6  9662.19 1634 .52  9680.36 1633 .21  9681.25 1633.17 9686.52 1633.23 
9693.08 1633.4  9694 .81  1633.37 9705.17 1633.11 9719.19 1636.77 9719.89 1636 .96  

9720.5  1636 .9  9727 .11  1636  9733 .3  1635 .01  9754.18 1635.62 9776.15 1 6 3 6 . 4 1  
9776.38 1636.4  9783.04 1635 .59  9784.85 1635.37 9835.89 1636.29 9839.85 1636.34 

. 
9851.14 1634 .7  9855.79 1634.06 9856.34 1634.13 9858.51 1634.38 9871.02 1635.79 

. ., . . . FCD 9817 Delineation of Spilhvay Flows A-N West, Inc. 
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INPUT 
D e s c r i p t i o n :  RM.3.462. HORZ. N VALUES USED. HYDRAULIC BASELINE CROSSES NEAR SIGNAL BUTTE 
Fa. 'I 
S t a t i o n  E l e v a t i o n  Da ta  num= 268 

S t a  E l e v  S t a  . E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  
6404 .21  1 6 3 3 . 9  6418.29 1634 .05  6426.22 1633 .99  6435 .65  1633 .85  6456.77 1633.66 
6466.46 1 6 3 3 . 6  6483.24 1 6 3 3 . 1  6489.29 1633 .06  6493 .32  1633 .37  6496 .1  1632 .72  
6501.79 1 6 3 2 . 6  6511.26 1632.77 6518 .61  1632.99 6522 .99  1633 .01  6538.14 1 6 3 2 . 9 1  
6544.98 1 6 3 2 . 8  6572.22 1632 .31  6576.07 1632 .29  6626.13 1632.44 6632.21 1632 .5  
6642.48 1 6 3 2 . 3  6700.68 1631.44 6711.26 1631.4  6729 1631 .31  6737.54 1631 .66  
6780 .36  1632 6800.54 1631 .66  6807.39 1632 .21  6815.99 1630 .23  6819 .01  1629.57 
6819.59 1 6 2 9 . 6  6822.95 1629.94 6 8 2 5 . 1  1630 .13  6844.59 1629 .89  6846.73 1629 .85  
6847.41 1629.8  6849.82 1 6 3 0 . 0 8  6863.59 1631.94 6895.68 1631 .53  6912.25 1631;34 
6925.63 1 6 3 1 . 3  6948.21 1 6 3 1 . 3 1  6983 .31  1 6 3 1 . 3 3  7053.54 1631 .5  7110.79 1 6 3 1 . 7 8  
7115.27 1631 .8  7163 .13  1631 .88  7163.34 1631 .88  7163 .45  1631.88 7163.58 1631 .88  
7164 .14  1631 .9  7205 .11  1 6 3 1 . 5 9  7231.79 1631 .53  7 2 4 6 . 9  1631.4  7267.24 1631 .41  

7288.4  1631 .5  7299 .99  1631 .46  7335.99 1631.52 7 3 3 9 . 8 1  1 6 3 1 . 5 3  7379.14 1 6 3 1 . 2 5  
7404.45 1 6 3 1 . 2  7 4 1 6 . 9 1  1631 .29  7453 .01  1630.97 7 4 9 1 . 8 6  1631.44 7520.16 1631 .54  
7537.29 1 6 3 1 . 3  7565.05 1630.52 7565.74 1630 .52  7571.59 1630.53 7593 .21  1630.57 
7596.72 1630 .6  7598.53 1630 .66  7610 .01  1631.18 7613.12 1631.17 7615 .83  1631 .37  
7678 .18  1631 .5  7737.93 1631.52 7780.99 1631 .33  7818 .56  1630.95 7850 .35  1630 .88  
7864.79 1630 .5  7889.38 1630.29 7894.05 1629 .16  7898 .23  1628.59 7906.89 1629 .83  
7908.26 1630 7957.42 1629 .83  7971 .76  1629 .8  7 9 7 6 . 6  1629.89 8007.48 1 6 3 0 . 5 5  
8008.83 1 6 3 0 . 6  8011.14 1630 .49  8 0 2 0 . 1  1630.17 8037 .7  1630.52 8051.65 1630 .77  
8062 .81  1 6 3 1 . 1  8069 1631 .28  8073.79 1631.39 8091.14 1631.68 8 1 0 7 . 8 1  1631 .91  
8160 .24  1 6 3 2 . 2  8 1 7 1 . 1 1  1632.34 8192 .38  1631 .92  8193.4  1631 .89  8211 .05  1631 .94  
8284 .95  1 6 3 2 . 1  8294.58 1631.04 8300 .31  1630 .53  8301.89 1630 .56  8336 .73  1630 .95  
8 3 4 1 . 1 1  1630 .9  8342.32 1 6 3 1 . 1  8343.49 1631 .15  8345 1631 .23  8354 .85  1631.88 

. . 
' 8923.43 1 6 2 9 . 9  8940 .81  1 6 3 0 . 1  8944.45 1630.14 8945.68 1630 .16  8948.2  1630 .23  

8988.99 1 6 3 0 . 3  8997.55 1630 .23  9013.63 1630 .16  9053.58 1629 .58  9055.99 1630.14 
9059.71 1631 .5  9081.41 1631 .53  9088.21 1631.67 9111 .03  1632 .23  9144.49 1631 .88  
9172.64 1 6 3 1 . 6  9180.98 1631 .57  9186.06 1630 .41  9 1 8 6 . 8 1  1630.29 9189.94 1630 .35  
9220.96 1 6 3 1  9222.42 1630 .97  9227.47 1631 .53  9232.06 1632.08 9250.24 1 6 3 1 . 9 3  
9280.64 1 6 3 1 . 7  9286.95 1 6 3 1 . 6 3  9316.12 1631 .73  9316.14 1 6 3 1 . 7 3  9316.29 1631.74 
9316.47 1631 .7  9332.8  1631 .48  9352.27 1630.96 9354.59 1 6 3 0 . 9  9356 .06  1630 .86  
9376.42 1 6 3 1  9385.31 1631.07 9398.73 1631 .36  9403.58 1631 .43  9406.84 1631 .52  

! 
. . 1 

9415.05 1 6 3 1 . 5  9415.9  1631 .55  9416 .3  1631.55 9425 .53  1631 .65  9426.17 1631 .68  
9426.74 1631 .7  9427.08 1631 .68  9427.42 1631.68 9436.46 1631.67 9444 .1  1631 .65  
9455 .53  1 6 3 1 . 6  9468.68 1631 .59  9484.74 1631.37 9488 .29  1631.44 9495 .1  1631.64 
9506.08 1 6 3 1 . 9  9513.37 1 6 3 2 . 0 9  9513.75 1632.09 9520.53 1632.12 9523.15 1632.14 

I 
9532.7 1632 .2  9546.05 1632.25 9554.45 1632.26 9555 .86  1632 .29  9569.92 1632 .7  

9576.78 1 6 3 2 . 9  9585.46 1632.97 9591.22 1633 .01  9630.2 1632 .38  9669.99 1633 .26  
9678 .1  1633 .2  9705.44 1632 .89  9726.82 1632.55 9742.94 1632.52 9745.35 1632 .68  

9752.31 1633.2  9772.7  1632.22 9785.42 1631 .71  9795.56 1631 .39  9796.63 1631 .21  

FCD 9517 Delineation d S p i l k y  Flow A-N West, Inc. 
: . :, .C For Signal Butte Flood Retarding Structure Page 47 _ ,< .* 

July, 19% 
,:;:.; 113 Discharge (Q's Modded Separately) 
: ....... .... 

. ' ... 



Manning's n Values n u =  4 
Sta n Val Sta n Val Sta n Val Sta n Val 

6404.21 .15 9822.61 .068 9941.71 .045 10073.3 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9941.71 10073.3 400 399.38 400 .1 .3 

CROSS SECTION OUTPUT 

. E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cis) 
Length Wtd. (it) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C c E Loss (ft) 

Profile #PF 1 

Element 
Wt. n-Val. 
Reach Len. (ftl 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avq. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left 0B 
0.150 
400.00 
2422.20 
2422.20 
2450.80 
2665.17 

1.01 
0.91 

24545.8 

Channel Right OB 
0.045 
399.38 400.00 
216.39 
216.39 
1281.20 
89.04 
5.92 
2.43 

12831.7 

r . ; , i . .  .:. .. 
.! :55 :.. .......... . .: Warning: Divided flow computed for this cross-section. 
. . ~  Warning: The enesgy loss was greater than 1.0 ft (0.3 m). between the current and previous . . . .  ........ ? ........... .... :. . cross section. This may indicate the need for additional cross sections. . ...> . .  
.Ti: ....... .... ..... :,. * .;:.;, .. 
s..: ........ .; .... : :  FLOW DISTRIBUTION OUTPUT Profile #PF I 
I ..-I 

Left Sta Right Sta Flow Area W.P. % Conv. . Hydr D. Ve.locity 
(ft) lit) (cis) lsq ft) (ft) (it) (ft/s) 
6404.21 7288.58 237.28 347.55 625.86 6.36 0.56 0.68 
7288.58 8172.96 876.30 857.21 842.50 23.48 1.02 1.02 
8172.96 9057.33 1173.99 973.68 747.08 31.46 1.30 1.21 
9057.33 9941.71 163.23 243.76 451.88 4.37 0.54 0.67 
LB 9941.71 RB 10073.30 1281.20 216.39 89.91 34.33 2.43 5.92 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SBCTIOS RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 3.386 

, ,  , INPUT 
Description: RM. 3.386. BLOCKED INEFF. FLOW AREA USED BELOW EL1626 AND BETWEEN STA.8450 AND 

. .  8670 TO BLOCK OUT RET.BRSIN. HORZ. N VALUES USED. AREA BL'XKED OUT TO LT. OF STA.6439.84. .. , .* .  ....,, , .;;:;?. 
%?.  .. FCD 9817 Mineation of Spilhvay Flows ,..<iti.i 

A-N West. Inc. 
. For Signal Butte Flood Retarding Sbudure 
.:. . ?  

Page48 July, 1999 
. . .  1B Dischacge (Q's Modeled Separately) 
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01 . :. . 
.. . . 

S t a t i o n  E l e v a t i o n  Da ta  n w  296  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

6177.65 1 6 3 0 . 6  6204.47 1630.4  6260.31 1630.17 6315.77 1629.94 6331.51 1629 .98  
6340.18 1629 .9  6363.04 1629.74 6384.72 1629.57 6386.61 1629.44 6396.67 1628 .86  
6398.19 1629  6405.25 1629 .35  6418.88 1629.36 6424.03 1629.49 6439.84 1629 .48  
6444.11 1629.3  6445 .73  1629 .35  6466.06 1629.33 6469.69 1629 .33  6472.94 1629.32 
6488 .93  1 6 2 9 . 3  6513 .31  1 6 2 9 . 3 1  6 5 4 9 . 5 1  1629 .09  6552.17 1 6 2 9 . 2 1  6556.68 1 6 2 8 . 8 5  

6560 .8  1628 .5  6564 .53  1628 .18  6576.77 1628 .23  6593.83 1628.29 6599.27 1 6 2 8 . 1 3  
6600.28 1 6 2 8 . 1  6606.04 1 6 2 8 . 1 2  6644.15 1628.44 6676.2 1628.68 6694 .83  1 6 2 8 . 5 3  
6697.96 1628 .5  6700.59 1628 .48  6700 .88  1628 .48  6701.02 1628 .48  6702 .66  1628 .48  
6708.15 1628 .5  6742.99 1626 .98  6775.67 1 6 2 6 . 8 1  6777.22 1627.07 6784.54 1627 .11  
6807.17 1627 .4  6807.4  1627 .39  6810.27 1627 .68  6815 .41  1628.13 6818.18 1628.14 
6880.59 1628 .6  6901.75 1628 .68  6906.97 1628 .68  6911.28 1628 .71  6920.24 1628.54 
6938.68 1 6 2 8 . 3  6972.89 1628.2  6973.53 1628 .23  6975.15 1628.31 6979.3  1 6 2 8 . 5  

6980.9 1628 .5  6982.29 1628 .48  6984 .3  1628.43 6987.91 1628.23 6988.65 1 6 2 8 . 2 3  
6991.02 1628 .2  6993.33 1628 .26  7019.08 1628.54 7020.62 1628.55 7023.28 1 6 2 8 . 5  

7025.4 1628.4  7027.26 1 6 2 8 . 4 2  7029.37 1628 .36  7032 .31  1628.34 7048.79 1 6 2 8 . 1 6  
7108.89 1627.9  7122 .96  1627 .92  7127.19 1627 .93  7140.2  1627.9  7155.55 1627 .9  
7190.99 1627 .7  7192.62 1627 .62  7195.67 1627.4  7199.9 1627.42 7232 .49  1627 .23  
7235.31 1627.2  7237.09 1 6 2 7 . 3 5  7241 .73  1627 .75  7245 .57  1628.08 7250.45 1 6 2 8  
7346 .36  1 6 2 7 . 1  7363 .33  1626.94 7374.54 1626 .83  7404.18 1626.63 7406.93 1 6 2 6 . 6 1  
7413 .29  1 6 2 6 . 9  7415 .5  1626 .98  7416.97 1627 .05  7443.77 1626 .92  7446.86 1 6 2 6 . 8 8  

7448.7  1626 .9  7453.8  1626 .63  7483 .96  1626.74 7534 .75  1626.72 7561.67 1626 .95  
7579.65 1626 .9  7585.28 1627.2  7594.97 1626.69 7599.74 1626.46 7608.23 1626 .48  
7625.04 1 6 2 6 . 3  7627.27 1 6 2 6 . 3 1  7630.02 1626.29 7636.12 1626.27 7643.68 1626 .27  
7648.72 1 6 2 6 . 2  7649.38 1626 .26  7650 .1  1626 .28  7651.62 1626.36 7652.53 1626 .37  

7664.9 1 6 2 6 . 8  7665.29 1 6 2 6 . 7 7  7671 .62  1626.77 7700 .23  1627 .13  7767 .55  1 6 2 8 . 1 1  
7791.94 1 6 2 8 . 2  7846.52 1 6 2 8 . 4 1  7849.79 1 6 2 8 . 4  7895 .45  1628.35 7923.69 1628.44 
7926 .05  1628.4  7929 .13  1628 .45  7931.62 1628 .43  7 9 3 2 . 8 1  1628.44 7941.2 1 6 2 8 . 4 3  
7942.09 1628.4  7978 .67  1628 .43  7998 .02  1628.42 8000.07 1628.67 8001.54 1629 .28  

8 0 0 2 . 1  1629.4  8004.84 1 6 2 8 . 9 5  8005.47 1628.78 8020.09 1628 .21  8029.42 1 6 2 8 . 4 1  
8034.23 1628 .6  8036.79 1628 .78  8073 .09  1 6 2 9 . 0 1  8091.74 1629 .03  8112.78 1629 .07  
8157.07 1628 .2  8159 .09  1628.19 8159.95 1628.18 8162.27 1628 .11  8217.42 1 6 2 7 . 9 4  
8226.28 1 6 2 7 . 9  8227.45 1627 .93  8236.42 1627.88 8261.2  1627.65 8300.28 1627.2  
8308.24 1 6 2 7 . 7  8311 .77  1627 .95  8314 .65  1627 .9  8319.88 1627.92 8323.54 1 6 2 8 . 0 3  
8361.12 1 6 2 8 . 3  8367 .22  1628 .3  8405.92 1 6 2 8 . 4 8  8411.82 1628.23 8426 .19  1 6 2 6 . 2 1  
8450.12 1622.4  8460 .1  1622 .57  8470.24 1622.72 8524.36 1 6 2 3 . 6 1  8534.46 1 6 2 3 . 7 6  
8573.34 1624 8577.18 1624 .01  8 5 9 8 . 9 1  1 6 2 3 . 7 6  8600.83 1623.58 8621 .5  1 6 2 3 . 1 8  
8631.49 1623  8635.98 1623 .8  8 6 4 9 . 3 3  1626 .25  8652 1626.26 8672.94 1626 .33  
8678.95 1 6 2 6 . 3  8708.17 1626 .28  8713 .26  1626.52 8720.27 1626.82 8744.55 1627 .47  
8746.27 1627 .5  8747.66 1 6 2 7 . 5 3  8748 .13  1627 .53  8750.79 1627.5  8772.03 1627 .05  
8783.39 1627 8794 .1  1 6 2 6 . 9 1  8795.95 1626 .9  8806.79 1627.01 8814 .11  1 6 2 7 . 0 3  
8825.45 1 6 2 7 . 1  8834 .11  1627 .13  8841.84 1627.14 8846.75 1627 .1  8872 .11  1 6 2 7 . 1 1  
8875.97 1627 .3  8877.92 1 6 2 7 . 4 1  8890.17 1628 .06  8905.85 1628.94 8914 .2  1628.94 
8917.39 1628 .8  8922.98 1628 .66  8929 .36  1628.37 8948.54 1627.53 8949.37 1 6 2 7 . 4 9  
8949.49 1627 .5  8949.64 1 6 2 7 . 4 8  8949.77 1627 .48  8971.82 1627.54 8984.69 1 6 2 7 . 7 3  
8993.18 1628  9003.19 1628 .28  9 0 4 0 . 1  1628 .36  9057.89 1628.47 9073.89 1628 .56  

9088 .7  1628 .7  9089.43 1 6 2 8 . 6  9107.24 1628 .7  9121.77 1628.8  9125 .55  1629.72 
9128.4 1 6 3 0 . 3  9136 .86  1 6 3 0 . 3 1  9156.57 1630 .36  9162.46 1630 .41  9201.12 1630 .64  

9221.99 1 6 3 0 . 3  9230 .56  1630 .25  9 2 3 2 . 3  1629 .63  9233 .3  1629.29 9234.82 1 6 2 9 . 1  
9240.54 1628 .5  9244.9  1628 .63  9251.79 1628.84 9265.18 1629 .19  9278.15 1629 .49  
9312.25 1630 .3  9332.4 1630 .65  9335.62 1630.62 9362.62 1630 .41  9392.11 1630 .18  
9399.66 1630.4  9415.28 1630 .87  9424.84 1630.94 9454.47 1630 .35  9465.15 1 6 3 1 . 3 1  
9480.83 1 6 3 1 . 1  9496.77 1 6 3 1 . 2 1  9523.65 1630 .33  9550.56 1630.62 9563.72 1630 .29  
9585.87 1 6 2 9 . 9  9622.89 1629 .42  9653 .41  1630.15 9658.36 1630.2 9675.32 1629 .78  
9717.06 1629 .8  9727.86 1630.08 9755 .6  1630 .25  9761.78 1630.28 9762.36 1630 .21  
9790.85 1629 .7  9855.16 1629 .63  9880.56 1 6 2 9 . 2 1  9883.25 1629 .16  9893.41 1629 .24  

FCD 98-17 Delineation dSp~llway Flows A-N West. Inc 
For Stgnal Butte Flood Retarding Structure Page 49 July, 1999 
113 kcharge (Q's Modeled Separately) 



Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta nVal 

6177.65 .15 9480.83 .068 9967 .41  .04510076.89 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9967.4110076.89 450 404.63 380 .1 .3 

Blocked Obstructions ~LII~I= 2 
Sta L Sta R Elev Sta L Sta R Elev 

6177.65 6439.84 1629.48 8450 8670 1626 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cis) 
Length Wtd. (ft) 
MinChEl (ft) 
Alpha 
Frctn Loss (ft) 
C L E Loss (ft) 

Profile #PF 1 

1628.86 Element 
0 .20  Wt. n-Val. 

1628.65 Reach Len. (ft) 
1628.04 Flow Area (sq ft) 

0.007164 Area (sq ft) 
3732.00 Flow (cfs) 
2434.45 Top Width (it) 

1 . 3 1  Avg. Vel. (ft/s) 
6.24 Hydr. Depth (ft) 

44093.5 Conv. (cfs) 
436.99 Wetted Per. (ft) 

1623.40 Shear (lb/sq it) 
7.62 Stream Power (lb/ft s) 
3.85 Cum Volume (acre-ft) 
0.00 Cum SA (acres) 

Left OB 
0.150 

450.00 
2681.22 
2681.22 
2609.95 
2385.77 

0 .97 
1.12 

30836.6 
2390.28 

0 .50 
0 .49 

581.33 
429.74 

Channel Right 08 
0.045 

404.63 380.00 
175 .11  

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta Right Sta 
(ft) (ft) 
6177.65 7125.09 
7125.09 8072.53 
8072.53 9019.97 
9019.97 9967.41 
LB 9967 .41  RB 10076.89 

Profile #PF 1 

Flow Area W.P. 6 Conv. Hydr D. Velocity 
(cfs) (sq ft) (ft) (ft) (ft/s) 

162.74 292.59 5 4 0 . 4 1  4 .36  0.54 0.56 
972.03 1049.17 901.32 26.05 1 .16  0 .93 

1471.49 1325.34 867.89 39.43 1.53 1.11 
3 . 7 0  14 .12  80.65 0.10 0.18 0.26 

1122.05 175 .11  50.44 30.07 3 .60 6 . 4 1  

Warning: Divided flow computed for tinis cross-section. 
Warning: The energy loss was greater than 1 . 0  ft ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACE: SPILLWAY RS: 3.310 

FCD 9817 Delineation of S p i i y  Flows 
For Sgnal Butte Flood ~ d a i d i n ~  .&dure 
113 Discharge (Q's hlodded Saparately) 

Page 50 
A-N West, Inc. 
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INPUT 
D e s c r i p t i o n :  RM. 3.310. HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA. 6297.08 

S t a t i o n  E 
S t a  

6115.85 
6273.86 
6297.08 

6346 
6463.77 
6545.05 
6569.23 
6677.39 

6749.5 
6785.35 
6796.53 

6884.4 
6895.31 
6916.13 

: l e v a t i o n  D a t a  num= 254 
E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

1625 .1  6163.39 1625.02 6222.58 1624.92 6254.16 1624.83 6273.71 1624.88 

FCD 98.17 Delineation of Spilhvay Flows AN West, Inc. 
For Signal Butte flood Retarding Sbucture Page 51 July, 1999 
113 Discharge (Q's Modeled Separately) 
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)A,:,,; :< ..-, .'i. i$:T?".: 
..> ii.4 
..I ;. >&@ 
.-X*: -. . .& . .. , .., . 
,' .;itl 
.? 
;.::..:fl": 
, Manning's n Values nun= 
, ~ :: .~ 6 
i . ; .  . . Sta n Val 

. . 
Sta n Val Sta n Val Sta n Val Sta n Val 

. . :  . 6115.85 .15 7303.1 . 1  8571.07 . . .  
.15 9070.01 .068 9973.23 .045 

. . ., . 10046.39 .068 
.. ' s 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
9973.2310046.39 380 395.59 410 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

6115.85 6297.08 1626.4 

CROSS SECTION OUTPUT Profile #PF 1 

, . E.G. Elev (ft) 
Vel Head (ft) 

: ' .  .. W.S. Elev (ft) 
.,. . .. Crit W.S. (ft) 

E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (ft) 
Kin Ch El (ft) 
apha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (it) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.121 
380.00 
2256.33 
2256.33 
2715.42 
2651.53 

1.20 
0.85 

25889.3 
2652.09 

0.58 
0.70 

555.83 
403.72 

Channel Right OB 
0.045 

395.59 410.00 
154.35 
154.35 

,. . , ..... ... ::.. .;.:;...... Warning: Divided flow computed for this cross-section. .< ~. .: 
~ . , :  Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 

. ,.. * ......,. "^ 
..-..:.!..; : ..... cross section. This may indicate the need for additional cross sections. 
..:,;:<.;,. 
%? :?". . 
,.-...%:; . ..:*+ < FLOW DISTRIBUTION OUTPUT Profile #PF 1 .'.> .. ,.... :. , . .. 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ftl (cfs) (sq ft) (ft) (it) (ft/sl 
6115.85 7080.20 364.75 447.60 633.41 9.77 0.71 0.81 
7080.20 8044.54 1174.35 897.53 964.53 31.47 0.93 1.31 
8044.54 9008.89 1113.29 844.31 941.04 29.83 0.90 1.32 
9008.89 9973.23 63.03 66.90 113.11 1.69 0.59 0.94 
LB 9973.23 RB 10046.39 1016.58 154.35 58.86 27.24 2.67 6;:59 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RrWX: SIGNAL BUTTE 
REACH: SPILLWAP RS: 3.235 

INPUT 
Description: RM. 3.235. HORZ. N VALUES USED. AREA TO LT OF STA. 6514.73 BMCKED OUT, AND TO 
RT. OF STA. 10048.52. 

FCD 98-17 Delineation of Spilhnay Flows A-N West. Inc. 
For Signal Butte Flood Retarding Structure Page 52 July, 1999 
1/3 Wxharge (Q's Modeled Separately) 



S t a t i o n  E l e v a t i o n  Da ta  num= 270  
S t a  E l e v  S t a  E l e v  Sta E l e v  S t a  E l e v  S t a  E l e v  

5901.57 1621 .9  5921 .29  1621 .96  5997.74 1621 .34  6015.78 1621.24 6023.78 1621 .43  
6029.98 1 6 2 1 . 6  6033.72 1621 .62  6036.81 1621 .43  6057.18 1621 .25  6064.42 1621.14 
6065.64 1 6 2 1 . 2  6072.28 1621.6  6084.26 1622 .31  6105.56 1621.93 6118 .31  1621 .72  
6160.44 1 6 2 1 . 3  6198.56 1620 .86  6205 .85  1620 .8  6229 1620.58 6232.43 1 6 2 0 . 5 5  
6240.13 1620 .7  6250.7  1620 .99  6253.67 1621 .08  6258.59 1621.04 6264.34 1621.04 
6284.14 1 6 2 1  6284.57 1621 .03  6324.09 1620 .91  6372.44 1620.72 6406.78 1 6 2 0 . 8  
6418.67 1 6 2 1  6423.44 1620 .86  6434.87 1621 .07  6451.63 1621.52 6460.2 1621 .48  
6514.73 1621 .6  6598 .11  1621 .6  6621.62 1621 .16  6674.16 1620.54 6690.71 1 6 2 0 . 3  
6704.02 1620.2  6704.17 1 6 2 0 . 2 1  6728 .51  1620 .35  6754.71 1620.49 6765.55 1 6 2 0 . 3 2  
6766.65 1 6 2 0 . 4  6775 .01  1621 .18  6775.09 1 6 2 1 . 1 8  6775 .15  1621.18 6776 .51  1 6 2 1 . 2 1  
6787.78 1621.4  6788.33 1621 .41  6788.84 1621.39 6792.08 1621  6798.28 1619 .73  
6825 .23  1619 .8  6825 .66  1619 .95  6 8 2 6 . 9  1619.92 6830.64 1619.64 6831.94 1 6 2 0 . 0 5  
6835.39 1620 .2  6848.24 1620 .6  6871.98 1620.37 6 8 9 3 . 6  1620 .13  6907.02 1 6 2 0 . 1 1  
6913 .53  1 6 2 0 . 1  6940.25 1619 .53  6959.27 1619.19 6975.35 1619.67 6996.51 1 6 2 0 . 4 9  
6998 .21  1620 .5  7004 .36  1620 .65  7013.88 1620.69 7045.23 1621.09 7049.32 1621 .14  

7081.5  1 6 2 0 . 3  7091.26 1620 .07  7102 .15  1619 .89  7132.2  1619 .5  7153.56 1619 .39  
7155.13 1619.4  7181.14 1 6 1 9 . 1 1  7191.84 1619 .2  7231.53 1619.43 7235.48 1619 .45  
7236.17 1 6 1 9 . 5  7339.52 1620 .48  7346 .16  1620 .5  7387.54 1619.78 7394.55 1 6 1 9 . 6 3  
7395.82 1 6 1 9 . 6  7402 .51  1620 7406.73 1619 .95  7412 .61  1619.93 7454.31 1620.07 
7454 .96  1620 7461.58 1620.02 7467.4  1 6 2 0 . 1 6  7521.92 1620 .51  7595 .3  1620 .38  
7704.32 1 6 2 1 . 3  7709.22 1621 .28  7710 .35  1621 .26  7712.46 1621.22 7713.94 1621 .19  
7728.05 1620 .9  7755 .04  1620.94 7 7 6 9 . 1 5  1 6 2 0 . 1 1  7775.52 1620.18 7784 .6  1 6 2 0 . 2 6  
7794 .36  1 6 2 0 . 3  7811 .08  1620.27 7821 .71  1620 .23  7845.33 1 6 2 0 . 1 1  7857 .06  1 6 2 0 . 1 5  
7886.72 1620.2  7927.37 1620 .26  7954.02 1620 .51  7980.24 1620.87 7986 .96  1620 .84  
8005.24 1620 .9  8066.49 1 6 2 1 . 0 1  8070 .12  1621 .01  8071.27 1621 .01  8073.59 1621.02 
8086.67 1620.7  8138.22 1 6 1 9 . 4 8  8150 .44  1619.49 8154.64 1 6 1 9 . 5  8182.27 1619 .55  
8190 .21  1619 .5  8212 .48  1619.32 8217 .96  1619 .15  8251.52 1619 .45  8276 .13  1 6 1 9 . 3 8  
8302.42 1 6 1 9 . 5  8 3 0 9 . 2 3  1619.59 8429 .25  1619 .42  8432 .31  1619.42 8432 .81  1619 .42  
8433.92 1619.4  8438.74 1619 .43  8562.74 1 6 1 9 . 8 3  8590.46 1 6 2 0 . 3  8639 .91  1620 .75  
8645.27 1 6 2 0 . 8  8656 .61  1 6 2 0 . 9 5  8673.22 1621 .61  8685.62 1621.65 8731.18 1621 .9  
8735.19 1 6 2 1 . 9  8757.56 1 6 2 1 . 2 1  8793 .05  1620.62 8796 .13  1620 .59  8801.72 1 6 2 0 . 5 6  
8841.23 1620.4  8876.4 1621.37 8936 .13  1621 .35  8993.97 1621.37 8996 .93  1 6 2 1 . 3 5  
8997.92 1621.4  8998.54 1621 .38  9 0 0 0 . 2 1  1621 .38  9002 .11  1621 .38  9049.22 1621.59 
9051.59 1 6 2 1 . 6  9057.13 1621 .72  9061.02 1621 .8  9091.89 1622.75 9109 .55  1622.88 
9137.11 1623  9147.52 1622 .89  9155.03 1622 .98  9163.51 1623.09 9269 .31  1 6 2 4 . 0 8  
9325.02 1624 .6  9349.84 1625.07 9349.87 1625.07 9349.97 1625 .07  9372.56 1 6 2 3 . 9 1  
9373.53 1623 .9  9384.46 1624 .48  9387.57 1624 .75  9393.22 1624.74 9508.46 1623 .97  
9516.32 1623 .9  9528.31 1623.74 9628.03 1622.79 9661.68 1622 .6  9710.7 1622 .75  

9727 .9  1622.7 9728.74 1622.72 9729 .35  1622.72 9747.6 1622 .77  9817.83 1 6 2 2 . 7 3  
9867.18 1622 .7  9882.34 1622 .75  9887 .34  1622.83 9903.85 1623 .12  9951.2 1624.19 
9965.45 1624.4  9972.67 1624 .77  9982.97 1621 .36  9990.18 1618.9910000.25 1618.92 

10003.15 1618.910005.35 1618.8910014.71 1619.1610017.03 1619.0710030.43 1 6 2 3 . 8 1  
10035.08 1625 .310038 .45  1625.4110045.59 1625.5310048.52 1625.6210055.12 1624 .38  
10059.06 1623.210071.94 1623.310092.29 1623.3410102.73 1623.3110115.51 1623.37 
10123.62 162210129.22 1620.9510142.89 1622.2510143.04 1622.2610143.09 1622 .26  
10151.93 1622.610157.18 1622.1610159.34 1621.610160.55 1621.410173.88 1622 .03  
10180.06 1622.410183.55 1622.4510185.94 1622.4610215.89 1622.2210231.71 1622 .28  

10233.9  1622 .310234 .65  1622.2910240.37 1622.3610256.79 1622.5910267.32 1622 .5  
10276.2  1622.310283.62 1622.5510296.17 1622.710303.18 1622.8710314.95 1623 .13  

10328.48 1620.810329.96 1620 .56  1 0 3 3 1  1620.710336.97 1621.7510348.87 1623 .11  
10351.22 1623.510359.37 1623.610368.35 1623.5310383.22 1623.4710390.48 1623 .33  
10402.36 1623.4  10413 .7  1623.5910419.26 1623.6410422.95 1623.710448.87 1624 .46  
10453 .16  1624.610492.73 1624.4710523.98 1624.1810525.37 1624.1510529.62 1624.04 
10542.18 1623.710546.82 1623.9810558.72 1624.5910565.55 1624.6610573.22 1624 .78  

FCD 9817 Delineation of Spilhvay Flows 
For Signal Butte f l w d  Retarding Slrudure 
1/3 Discharge (Q's Modeled Separately) 

Page 53 
A N  West, Inc. 

July. 1999 



Manning's n Values num= 6 
sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

.15 6913.53 ,068 7794.36 .12 8685.62 .068 9972.67 .045 
10035.08 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9972.6710035.08 375 388.39 390 .1 .3 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

5901.57 6514.73 1621.610048.5210573.22 1625.62 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (it) 

Profile #PF 1 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (it) 

Left OB 
0.093 

375.00 
2177.69 
2177.69 
3398.80 
2114.96 

1.56 
1.03 

36439.1 
2115.44 

Channel Right OB 
0.045 

388.39 390.00 
72.84 
72.84 
333.20 
39.52 

. 4.57 
1.84 

3572.3 
40.24 

..j ><, ,., ,~.., ..- .:.:..:.*'. ..: . . .. Min-~h El (ft) 1618.89 Shear (lb/sq ft) 0.56 0.98 :~.~:..:...:,> .... . ,...<x- 
:<, ,. <.. 

: . ?. .,.. -.;:.:: 
Alpha 

gt..::,,;: . , -. ,:: Frctn Loss (ft) :. $. ..:, ,. ..,**>., . $%.. . : .I ,  ... y 

C & E Loss (ft) 
.'~y:+$; 

1.49 Stream Power (lb/ft s) 0.87 4.50 
3.62 Cum Volume (acre-ft) 536.49 16.98 40.28 e 
0.00 Cum SA [acres) 382.93 8.43 41.00 

.,,, :- 
.s;;.... . . .,~, Warning: Divided flow computed for this cross-section. . . . . : 3  . -L, . . . .:.. .;.. . ;.: - Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous . . i.' ' 
: . .. . cross section. This may indicate the need for additional cross sections. 
. .. . .. 

, . :.;?::': 
,...-. , ..,. FLOW DISTRIBUTION OUTPUT Profile #PF 1 
,*'. 3;: -*:< .... ; , . .-. .~ .. . 

.,-,*<i.,::.> , :.>:?i ,, ... + Left Sta Right Sta Flow ~ r e a  W.P. % Conv. Hydr D. Velocity 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION FaWR: SIWAL BuT!CE 
' ma: SPILLPAY RS: 3.161 

. . 
~ ,. .: . . 

. . 
INPUT 

. Description: RM. 3.161. HORZ. N VALUES USED. AREA TO LT. OF STA. 6450.49 BLOCKED OUT, AND TO 
. .  . . , ~. , . RT. OF STA. 10044.99. 

.:. . 1 a 
FCD 98-17 Delineation of Spiltway Flows A-N West, Inc. 

i . L . For Signal Bulte Flood Retarding Strudure Page 54 
'.F.. J 

July. 1999 
. :  113 Discharge (Q's Modeled Separately) 
..'1*.. ,,.y3<t': . ....> : . .  . ,  
'::::,::: 



S t a t i o n  E l e v a t i o n  Da ta  nun= 3 2  8 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

5468.62 1 6 1 9 . 6  5499.49 1618 .41  5544 .71  1618.19 5577 .7  1618.19 5589 .85  1618 .12  
5626.7  1617 .9  5640 .03  1617 .88  5651.59 1617 .98  5654.66 1618 .05  5657.05 1618 .09  

5657.95 1 6 1 8 . 1  5680.26 1618 .26  5687.96 1618.32 5706.25 1618.92 5708 .7  1618 .99  
5712 .17  1619  5784.92 1619 .05  5788.44 1619 .05  5790.06 1619.04 5 7 9 2 . 5  1619 .03  
5821.05 1618 .8  5860.47 1618 .55  5862 .81  1618.54 5877.55 1618.54 5893.38 1 6 1 8 . 4 9  
5906 .76  1 6 1 8 . 3  5908 .45  1618 .37  5961 .35  1618.04 5977 .01  1 6 1 7 . 8 8  6002.36 1617 .75  
6002.78 1617 .7  6024.09 1 6 1 7 . 4 1  6024.51 1617.56 6040.49 1617 .31  6043 .46  1617.29 
6045.89 1 6 1 7 . 3  6063.18 1 6 1 7 . 7 3  6066.59 1617.84 6072.44 1618.05 6072 .48  1618 .05  

6072.5  1 6 1 8 . 1  6072.74 1 6 1 8 . 0 5  6118.98 1617.93 6143.42 1 6 1 8 . 0 1  6149.07 1618 .03  
6180.18 1618 .2  6187.01 1618 .29  6198.77 1618.36 6210.74 1618.39 6238.23 1618 .51  
6257 .53  1 6 1 8 . 3  6260.78 1 6 1 8 . 2 9  6264.34 1618 .35  6283.67 1618.82 6284 .11  1 6 1 8 . 8  
6284 .81  1618 .8  6295.33 1618.24 6302 .3  1618.04 6345.19 1618.05 6352.88 1618 .05  
6381.78 1618  6396.45 1618 6401.6 1617 .63  6406.63 1617 .31  6408.51 1617 .25  
6411.28 1617.3  6441.23 1617.92 6441.94 1617.98 6442.81 1618.05 6450.49 1 6 1 8 . 6  
6490 .21  1 6 1 8 . 3  6504.34 1 6 1 8 . 1 5  6507.11 1618 .11  6510.7  1618.09 6512.7  1618 .08  
6605 .53  1 6 1 7 . 3  6617.99 1 6 1 7 . 3  6620.69 1617.38 6626.77 1617.46 6627.94 1617.54 
6645.75 1617.3  6660.73 1 6 1 7 . 1 1  6665.59 1617.43 6668.43 1617.56 6684.6  1 6 1 7 . 6 1  
6698.64 1617 .6  6701.61 1617 .48  6721 .16  1617 .38  6722.75 1617.36 6723 .1  1 6 1 7 . 3 6  
6724.88 1 6 1 7 . 3  6766.64 1617 .09  6772.99 1617 .03  6806.37 1617.02 6841.54 1616 .61  
6844.54 1616 .6  6857 .21  1616 .63  6867.34 1616.77 6875 .58  1616 .77  6920.64 1 6 1 6 . 5 8  

6946.3  1 6 1 6 . 3  6983.79 1616.34 6996.9  1 6 1 6 . 1 1  7002.22 1615.86 7017.2  1616.77 
7022.24 1 6 1 6 . 9  7027.82 1616 .25  7044.8  1617.37 7057.3  1617.97 7067 .11  1617 .6  
7106.03 1617.2  7143 1616 .88  7199 .4  1616 .43  7221.37 1616.34 7232.38 1616.34 
7251.34 1616 .6  7260.55 1 6 1 6 . 5  7307.88 1616.27 7310 .6  1616 .39  7346.24 1616 .9  
7374.77 1617 7417.67 1616.94 7466.34 1616.87 7476.95 1616.6  7570 .15  1617 .03  
7586.44 1 6 1 7 . 1  7598.23 1617.12 7706.54 1616.64 7748.66 1615.85 7750.69 1615 .84  
7772.12 1 6 1 6 . 8  7779.03 1617 .12  7797.56 1617.24 7810.45 1616 .85  7825.03 1616 .32  
7841.11 1 6 1 6 . 4  7946.96 1617.4  7952.27 1617.18 7955.93 1616 .67  8035.74 1616 .44  
8051.57 1616 .5  8053.42 1 6 1 6 . 4 1  8082.78 1615 .53  8099.84 1615 .03  8124 .59  1 6 1 5 . 0 6  
8134.75 1615 .3  8143.76 1615 .58  8165 .53  1616.39 8183.06 1616.63 8186 .82  1616.14 
8195.99 1615 8204.96 1615 .45  8209.33 1615.58 8 2 2 4 . 9 3  1616.14 8232.29 1616 .16  
8242.19 1616.2  8279 .81  1616.39 8304.25 1615.89 8309.2  1615 .69  8310.66 1 6 1 5 . 6 5  
8324.17 1616 .3  8 3 2 8 . 5  1 6 1 6 . 6 4  8341.87 1616 .62  8361.05 1616.54 8362 .72  1616 .38  
8379.51 1617 8387 .4  1617 .19  8425.65 1617 .91  8437 .5  1617.87 8465 .58  1617.64 

8488.2  1617.4  8512.74 1617.04 8525.34 1616 .9  8547.25 1616.82 8622.77 1 6 1 6 . 8 3  
8643.34 1616 .7  8643.8  1616 .69  8644 .71  1616 .68  8645.29 1616 .63  8668.57 1615 .51  
8673.56 1 6 1 6 . 3  8684.76 1 6 1 7 . 6 5  8 6 9 2 . 3  1617 .65  8 7 1 4 . 4 1  1 6 1 8 . 0 6  8728 .2  1618.04 
8740.58 1618  8743.25 1618  8787.45 1618 .13  8862.15 1618.66 8907.55 1619 .09  
8997.74 1620  9027.65 1 6 2 0 . 3  9031.45 1620.42 9033.93 1620 .45  9040.49 1 6 2 0 . 6 8  
9059.96 1 6 2 1 . 1  9081.57 1620 .92  9147.76 1620 .65  9186.67 1620 .76  9223.28 1620 .97  
9243.07 1621.2 9272.53 1621 .19  9278.03 1620 .96  9280.15 1620 .95  9282 .53  1 6 2 1 . 0 1  
9286.24 1621  9289.93 1621.02 9297.12 1621 .21  9308.15 1 6 2 1 . 1 1  9318.25 1621 .08  
9350.12 1620 .7  9390.95 1620 .18  9413.59 1620 .41  9416.41 1620 .39  9416.76 1620.4  
9516.31 1620.1  9584.4 1619 .39  9613.06 1619.44 9623.35 1 6 1 9 . 1  9652 .28  1619 .11  
9748.26 1619 .8  9753.61 1619.84 9754.86 1619.82 9756.98 1619 .81  9758.86 1619 .78  
9761.34 1619 .8  9763.83 1 6 1 9 . 7 9  9794.75 1619 .46  9799.07 1619.49 9802.53 1619 .43  
9857.61 1619.4  9837.01 1 6 1 9 . 5 1  9868.37 1619.85 9903.21 1620 .16  9915.3  1620 .18  
9934.17 1620.4  9938.15 1620.44 9939.81 1620.4 9944.61 1620.32 9948.32 1620.21 
9950.86 1620 .1  9956 .1  1620 .2  9961.1  1619 .66  9964.7  1619 .56  9964.97 1619 .56  
9965.69 1619.8 9978.5  1618 .89  9981.21 1618.7 9982.06 1618 .65  9982.5  1618 .55  
9992.27 1616.4  1 0 0 0 3 . 2  1615.4610004.86 1615.3510007.61 1615.17 10016 .1  1614.67 

10018.09 1614.510021.08 1615.410028.53 1617.8610042.14 1619.3210044.99 1619.54 
10072 .26  1619.410089.84 1619.2610092.09 1619.2610093.98 1619.2210105.34 1619.51 
10110 .56  1619.710117.86 1618.5610121.41 1617.9610122.93 1618.0710129.96 1619 .51  
10145.81 161910146.38 1618.9910147.49 1618.8110148.61 1618.53 10155  1617.35 

FCD 9817 Delineabon of Spahvay Flows A N  Wesf Inc. 
For Signal Butte Flood Retarding Strudure Page 55 July, 1999 
113 Discharge (Q's Modded Separately) 



Manning's n Values nun= 5 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5468.62 .15 6996.9 .068 9297.12 .068 9965.69 .04510044.99 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9965.6910044.99 425 416.26 375 .1 .3 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

5468.62 6450.49 1618.610044.9910640.61 1619.54 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Kin Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (it) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.073 

Channel Right OB 
0.045 
416.26 375.00 ' 
73.02 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 
Left Sta Right Sta Flow Area W.P. S Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (it) (ft/s) 
5a68.62 6592.89 0.17 1.01 15.47 0.00 0.07 0.16 
6592.89 7717.16 1138.92 757.21 1066.75 30.52 0.71 1.50 
7717.16 8841.42 2228.07 955.01 897.60 59.70 1.06 2.33 
8841.42 9965.69 
LB 9965.69 RS 10044.99 364.85 73.02 41.11 9.78 1.81 5.00 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCD 9817 Delineaticn of S c h a v  Flom 
For Slgnal Butte Flood ~eta'rdm~ 'structure 
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CROSS SECTION RIYH1: SIGNAL BUTTE 
REACB: SPILLWAY FS: 3.082 

INPUT 
D e s c r i p t i o n :  P.M. 3.082. HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA.6302.82 AND TO 
RT. OF STA.10050.71. 

S t a t i o n  E l e v a t i o n  Da ta  n w  300 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

5881.19 1 6 1 5 . 1  5901.68 1615 .27  5925 .45  1614.84 5 9 3 3 . 1 3  1614 .81  5938.15 1614.79 
5940.22 1614 .7  5947.18 1614 .72  5973.27 1614.4  5992.34 1614.65 6007.68 1614 .55  
6028.58 1 6 1 4 . 7  6051.16 1614 .47  6067.04 1614 .81  6083.52 1614 .6  6111 1614 .25  
6157.97 1613.4  6158.47 1 6 1 3 . 5 3  6158.93 1613.78 6182 .26  1613.77 6190.95 1613 .71  
6215.87 1613 .8  6224.05 1613 .88  6235 .3  1613 .93  6251.26 1613.56 6281.68 1613.98 

6286.5  1614.4  6302.82 1614 .45  6322.74 1614.32 6375.44 1614 .11  6392.62 1613.52 
6397.03 1613.4  6405.8  1613 .57  6409 1613 .6  6431 .23  1613.87 6440.74 1613 .94  

6453.4 1 6 1 4 . 1  6462.58 1614 .29  6484.49 1613.89 6513 .99  1613 .65  6535.74 1613 .45  
6551.73 1613 .6  6562.46 1613.52 6571.21 1613.54 6593.96 1613.4  6616.47 1613 .33  
6626.49 1613 .5  6627.66 1 6 1 3 . 3 1  6635.15 1613.27 6636.02 1613 .26  6755.64 1612.44 
6755.87 1612.4  6762.74 1612 .56  6786.4 1613.15 6844.15 1613.01 6847.94 1613 .07  
6852.85 1613 .3  6881.8  1613 .15  6891.45 1613 .15  6898.36 1612.88 6980.5  1612 .11  
6989.08 1 6 1 2 . 1  6994.7 1612.03 7056 1611.89 7075 .62  1611.82 7092.2  1 6 1 2 . 3 8  
7096.05 1612 .6  7097.77 1612 .46  7106.66 1612.55 7140.79 1612 .38  7149.86 1 6 1 2 . 4  
7156.54 1612.4  7217.22 1612 .52  7219.04 1612 .46  7234.77 1612.29 7254.76 1612.12 
7266.18 1612 7282.14 1611.74 7295.65 1611.68 7308.84 1612 .01  7319.52 1 6 1 2 . 3 1  
7344.99 1 6 1 2 . 1  7350.28 1612 .08  7358 .15  1612.18 7370.58 1612.25 7375.49 1610 .67  
7379.87 1608 .3  7391 .26  1612.07 7393.2  1612 .83  7396.27 1612.79 7407.64 1612.68 
7472 .83  1612.2  7494 .71  1612 .35  7528 .1  1612.47 7592.37 1612.34 7639.17 1611 .96  
7710.64 1612 7711.83 1612 .03  7728.34 1612 .12  7814 .83  1613 .56  7822.01 1 6 1 3 . 6 9  
7828.17 1613 .7  7835 .1  1611 .9  7835.37 1611.77 7844 .45  1612.22 7853.01 1612 .18  

7877.2 1611 .8  7883.97 1611 .86  7907.07 1612 .15  7919 .92  1611.78 7936 .05  1611 .28  
7950.57 1 6 1 1 . 1  7957.4 1610 .86  7966.92 1610.04 7 9 8 1 . 3  1610.7  7981.65 1610 .71  
7981 .85  1610 .7  7983 .63  1 6 1 0 . 7 3  8017.25 1611 .01  8023 .64  1610.99 8046.19 1 6 1 0 . 8 6  
8071 .48  1 6 1 0 . 7  8079.67 1610 .69  8094.18 1610.66 8101.63 1610.58 8109.36 1610.62 

8134.2  1611 .3  8161.29 1611 .8  8166 .61  1611.38 8179.87 1610.26 8192.19 1 6 1 0 . 7 5  
8203.38 1 6 1 1 . 5  8203 .61  1611 .55  8203.87 1611 .55  8246 .32  1611.98 8268.64 1 6 1 2 . 3 9  
8296 .77  1612 .9  8305.39 1 6 1 3 . 1  8310 .52  1613 .12  8348 .83  1613 .13  8380.06 1613 .5  
8425.66 1614 8429.27 1613 .98  8434 .67  1613.99 8492 .88  1613.83 8507.27 1613 .79  

8511.8  1613 .8  8511 .91  1613 .75  8515.59 1613.69 8525.36 1613 .81  8586.75 1 6 1 4 . 3 9  
8607 .58  1 6 1 4 . 3  8614.4  1614.34 8619.06 1614 .35  8624.18 1614.39 8625.85 1614.4  
8626.09 1614.4  8626.78 1614 .4  8629.05 1614.4  8631 .61  1614 .41  8660.33 1614 .63  
8673.09 1614 .7  8679.77 1614 .85  8 6 8 1 . 5  1614 .81  8694 .21  1614 .66  8710.45 1615.15 
8728.07 1615.4  8731.26 1615 .46  8731.77 1615.47 8732.52 1615.48 8733.76 1615.52 
8783.91 1615 .5  8787.85 1615.54 8791 .31  1615 .5  8 7 9 6 . 1 6  1615.47 8805 .86  1615 .5  
8867.12 1615 .7  8907.23 1 6 1 5 . 7  8988.4  1615.86 9011.58 1615.96 9026.77 1616.04 
9083.82 1616.2  9146 .3  1616 .68  9152.27 1616.67 9170 .93  1616 .5  9196.92 1616.67 
9257.91 1616.4  9264.83 1 6 1 6 . 3  9353.47 1614.75 9379 .01  1614 .6  9391 .58  1614.54 
9407.12 1614 .4  9422.2 1614 .46  9436.54 1614 .57  9442.84 1614 .43  9445.34 1614 .61  
9496.83 1614 .9  9519.83 1614 .97  9534.35 1615 .01  9554.28 1615.22 9562.94 1615.22 
9576.93 1615 .5  9618.22 1616 .07  9625.79 1616.08 9634.9  1616.16 9647.47 1616.08 
9712.04 1616  9720.67 1615.96 9736.26 1615.97 9737.28 1615.97 9735.48 1615 .98  
9739.47 1616  9744.42 1616 .02  9748.04 1616 .05  9759.13 1616.13 9765.97 1616.14 
9772.32 1616.2 9774.03 1616 .24  9782.42 1616.13 9783.57 1616 .11  9785.29 1616.07 
9787.81 1616  9791.08 1615 .98  9843.16 1615.72 9865.28 1615.75 9877.85 1616 .35  
9878.64 1616.4  9879.13 1616 .37  9914.72 1616.04 9926.54 1615 .96  9937.23 1616.67 
9944.29 1 6 1 7 . 1  9945.94 1617.13 9952.17 1617.02 9989.24 1616.52 9992.75 1616.6  
9993.69 1 6 1 6 . 1  9997.36 1 6 1 2 . 6 5  10009 .9  1612.6910017.97 1612.710026.75 1614.34 
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Manning's n Values num= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5881.19 .15 7396.27 .068 7907.07 .12 9791.08 .068 9945.94 .045 
, 10050 .71  .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9945.9410050.71 370  403.32 390 .1 .3 

Blocked Obstructions nun= 2 
Sta L Sta R Elev Sta L Sta R Elev 

5881.19 6302.82 1614.8510050.7110503.52 1615.7 
....', ... <::<!< 7.: . ....... . ? CROSS SECTION OUTPUT Profile #PF 1 

,.:.. ... ;,: 

E.G. Elev (ft) 
Vel Head (ftl 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ftl 
Conv. Total (cfs) 
Length Wtd. (ft) 
KinChEl (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ftl 
Cum SA (acres) 

Left 0B 
0.108 

370.00 
2284.12 
2284.12 
3685.20 
1799.34 

Channel Right 0.9 9 
0.045 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft ( 0 . 3  rn). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Floh' Area W.P. 3 Conv. Hydr D. Velocity 
. . (ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 

. . 5881.19 6897.38 77.65 146.79 335.49 2.08 0.44 0.53 
. .:. . . 6897.38 7913.57 2039 .61  1248.63 999.92 54.65 1.25 1.63 
,'.. . . .  7913.57 8929.75 1567.94 888.71 466.09 42 .01  1 . 9 1  1 .76 . . .  ' ? /  . ~~ . . 8929.75 9945.94 

. . LB 9945.94 RB 10050.71 46.80 18.92 26.16 1 .25 0.73 2.49 
,..:fr$ 
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, ' .  , . :, .... >',<.!. :,. ;. 4.:<- ..v,;;*j <.. , . , -9.- . . .-. , -5 .'""+." ..*..+ .'.,. .. > !i :< ., .. ?I ; .,';'5'i; 
2' w- e Warning: D i v i d e d  f l o w  computed f o r  t h i s  c r o s s - s e c t i o n .  

I . . . . Warning: The e n e r g y  l o s s  was  g r e a t e r  t h a n  1 .0  f t  ( 0 . 3  m). be tween  t h e  c u r r e n t  a n d  p r e v i o u s  . . .  ~. . . .  . . : cross s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  cross s e c t i o n s .  
,, .: 

.. '. , . ~ . .  , .  .. . , 
CROSS SECTION I(IVW: SIGNAL BUTTE 

1 .  . REACA: S P I L L W  RS: 3 . 0 0 6  

INPUT 
D e s c r i p t i o n :  FX. 3 .006 .  KORZ. N VALUES USED. HYDRAULIC BASELINE CROSSES NE?iR UNIVERSITY DR. 

S t a t i o n  E l e v a t i o n  Da ta  nun= 307 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  

5622.28 1 6 1 2 . 1  5624 .12  1 6 1 2 . 1 1  5626 .1  1 6 1 2 . 0 8  5 6 3 9 . 1  1612 .09  5669.38 
5669.44 1611 .9  5669.47 1611 .87  5669.48 1611.87 5700 .86  1611.88 5706.36 

. . .~  5710.94 1611.87 5722.79 1611 .76  5779.55 1611.1  5795.49 1611.04 5806.25 
. ,. . .. 5850.72 1610 .83  5909.28 1610 .66  5943.75 1610 .65  5990 .95  1610.49 6029.17 

6031.99 1610 .18  6032.07 1610 .19  6036.82 1610 .62  6079.15 1610.53 6086.59 
6089.95 1610.54 6101.05 1610 .61  6103.22 1610 .6  6 1 0 5 . 5 1  1610.62 6134 .3  
6137.74 1610 .66  6140.71 1610 .68  6184.39 1611 .25  6205 1611.66 6226.06 
6245.17 1 6 1 1 . 3 6  6252.91 1611.23 6266.24 1611.09 6266.82 1610.94 6295.76 

6299.4 1610 .86  6300.53 1610.97 6307.64 1611 .03  6310.82 1611.14 6319.22 
6325 .65  1611 .5  6328 .51  1611 .46  6331.06 1611.28 6332.74 1611 .26  6381 .81  
6388.86 1610 .48  6392.29 1610 .47  6394.04 1610 .45  6 3 9 8 . 8 1  1610 .41  6415.8 

6494.6  1609 .85  6505.59 1609 .93  6516.4 1609 .45  6516 .47  1609 .45  6521.03 
6521.55 1611 .45  6546.46 1611 .02  6589 .03  1610 .03  6594.25 1610.06 6610.78 
6624.58 1610 .51  6628 .65  1610 .47  6686.38 1610.82 6706 .65  1610.85 6741.37 
6753.92 1 6 1 0 . 0 8  6813.69 1609.27 6827.19 1609 .31  6840.89 1609.54 6854.56 
6868 .45  1609 .77  6938.31 1608.79 6977.61 1607.52 6980.39 1607.43 6999.4 
6999.95 1606 .86  7001.28 1607 .12  7007.97 1608.42 7080 .62  1608 .29  7097.49 
7105.84 1608.17 7112.88 1 6 0 8 . 2 6  7114.32 1608.27 7118.83 1608.4 7128.82 
7160 .15  1609 .49  7163.89 1609 .61  7184 .2  1 6 0 9 . 6 1  7 2 0 7 . 3 5  1609.74 7240.85 
7277.44 1609 .28  7307.06 1 6 0 8 . 6  7338.01 1608.35 7354.7  1609.83 7358.4 
7360 .15  1610 .32  7365.62 1610.37 7400.16 1610.69 7417.47 1609.97 7422.23 
7438.37 1 6 0 9 . 3  7445.47 1608.84 7457.97 1608.57 7474.98 1608.15 7476.81 
7495.34 1608 .31  7525.74 1 6 0 8 . 6 5  7 5 7 0 . 3  1 6 0 9 . 0 9  7576.56 1609 .13  7580.13 
7589 .78  1 6 0 9 . 1 1  7605.87 1609 .02  7606.48 1609.08 7663.37 1608.48 7690.06 
7705.49 1607 .57  7761.27 1607.14 7 8 1 5 . 7 1  1607 .24  7828 .55  1607.34 7850.86 
7947 .51  1608 .49  7978.72 1608.77 8 0 2 5 . 9  1609.29 8067 .4  1609.72 8115.53 
8119 .41  1610.12 8148.29 1609.67 8153.79 1609.57 8160 .4  1609.54 8174.56 

. . . . . 8189 .21  1 6 0 9 . 6  8193.98 1609.94 8209.76 1610.38 8212 .25  1610.47 8218 .03  
8220.32 1610.4  8254.84 1610.27 8289.88 1610.39 8320.06 1610 .36  8326.94 
8333.24 1610 .28  8335 1610 .2  8354 .75  1609 .84  8368.18 1609.94 8398.42 
8402.07 1610 .81  8409.36 1610 .76  8 4 1 4 . 0 3  1610.74 8430 .86  1610.56 8434.84 
8468 .41  1610 .79  8527.66 1611.34 8542 .04  1611 .46  8549.07 1611.52 8553.33 
8573.02 1 6 1 1 . 8 1  8603.1  1611 .98  8623.14 1612.14 8 6 3 0 . 1  1612 .12  8666.88 
8702 .31  1611.72 8742.92 1611 .48  8775.64 1 6 1 1 . 3  8790 .61  1611.33 8807 .61  
8832.38 1611.48 8878.32 1 6 1 1 . 7 1  8908 .87  1611 .83  8915 .93  1611 .81  8931.4  

8945.7 1610 .76  8960.9  1610 .76  8968.55 1610 .78  8985 .3  1610.76 8998 .21  
9007.25 1 6 1 0 . 8 1  9022.16 1610 .88  9044.48 1610.96 9051.69 1611 .31  9065 .93  
9116.69 1611.37 9119.88 1611 .28  9122.11 1611 .23  9124.18 1611.18 9149.01 

. . 9154.28 1 6 1 1  9170.02 1 6 1 1 . 2 1  9176.09 1610 .43  9181.22 1609 .78  9192.27 
. . 9193.92 1 6 1 1 . 3  9201.05 1611 .3  9224.57 1611.29 9238.22 1611 .31  9276.52 

9282.19 1611.3  9304.13 1610.63 9 3 1 9 . 1  1610 .36  9319.21 1610.36 9334.83 
9345.66 1610 .88  9354.82 1611 .01  9366.03 1610 .75  9379 .3  1610.49 9395.28 
9416.95 1611.97 9417.13 1611 .98  9417.25 1611.98 9417.33 1611 .98  9424.75 
9429.09 1611.28 9437 .41  1610.16 9442.62 1610.44 9450.48 1610 .93  9470.07 

FCO 98-17 Delineation of S p h y  Fbm 
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E l e v  
1611.87 

1611 .9  
1 6 1 1  

1610 .2  
1610 .5  
1610 .7  
1611 .5  
1 6 1 0 . 8  
1611 .6  
1610 .5  
1 6 1 0 . 3  
1611.2  
1 6 1 0 . 4  
1 6 1 0 . 3  
1609 .5  
1606 .8  
1 6 0 8 . 2  
1608.6  
1609 .6  
1610.2  
1609 .8  
1 6 0 8 . 1  
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9478.84 1611 9480.01 1611.02 9493.57 1611.36 9498.79 1611.49 9513.05 
9517.15 1611.53 9523.36 1611.52 9541.44 1611.54 9557.4 1611.63 9562.69 
9574.74 1611.77 9586.65 1611.89 9599.98 1611.84 9602.17 1611.82 9614.25 

:./ 9627.63 1611.87 9639.41 1611.62 9645.18 1611.71 9658.17 1611.36 9662.35 
9663.96 1611.25 9676.47 1611.63 9683.5 1611.87 9687.85 1612.05 9700.02 
9702.59 1612.08 9713.42 1612.17 9716.98 1612.19 9718 1612.21 9730.66 
9734.03 1612.09 9755.83 1612.03 9759.27 1612.03 9788.19 1611.95 9788.71 
9790.54 1612.04 9792.88 1612 9813.24 1611.81 9826.54 1611.45 9828.15 
9854.48 1611.4 9869.15 1611.44 9880.16 1611.42 9899.58 1611.09 9899.72 
9920.83 1611.31 9930.46 1611.43 9945.44 1610.81 9948.7 1610.62 9950.34 
9952.97 1610.45 9959.29 1609.81 9978.76 1609.510033.42 1609.410033.69 
10034.13 1609.3910035.55 1609.4710047.65 1610.0510054.55 1611.0910067.73 
10080.18 1612.910091.81 1613.0710098.68 1613.2310106.65 1613.1810108.67 
10109.26 1613.1610113.36 1613.0210131.26 1612.7410134.22 1612.6310139.87 
10146.19 1612.11 10154.2 1612.0410155.78 1612.0510156.55 1612.0510171.16 
10241.83 1612.1710243.24 1612.1810244.01 1612.1910245.73 1612.2710253.63 

10262 1612.9810271.24 1613.2610276.37 1613.2610292.01 1613.410302.36 
10305.41 1613.510317.26 1613.57 

Manning's n Values nun= 6 
Sta n Val Sta nVal Sta n Val Sta n Val Sta 

5622.28 .068 6101.05 .15 6854.56 .068 7761.27 .1 9930.46 
10067.73 .1 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
9930.4610067.73 300 382.27 400 .1 

.~.. ~.: . . . .> . : . . : . . . , . > 

:'c". ..  ... . CROSS SECTION OUTPUT Profile #PF I ..~.. .. 
--i..: . . .~ . . . I ~ . &  

E.G. Elev (ft) 
Vel Head ( ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ftl 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C h E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft sl 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left 08 
0.078 
300.00 
1574.33 
1574.33 
3679.23 
1343.08 

2.34 
1.17 

35801.2 

n Val 
.045 

Channel Right OB 
0.045 
382.27 400.00 
30.76 
30.76 
52.77 
85.54 
1.72 
0.36 
513.5 
85.56 
0.24 
0.41 
15.66 40.28 
7.25 41.00 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

. , ., 

. . 
FLOW DISTRIBUTIOH OUTPUT Profile #PF 1 

.. .. . Left Sta Right Sta Flow Area N.P. 6 Conv. Hydr D. Velocity 
.: . ~. . . 

::. 
(ftl (ft) (cfsl (sq ft) (ft) (ft) (ft/s) 

. . . . ~  5622.28 6699.32 0.65 2.52 20.80 0.02, 0.12 0.26 
, . . . 
, , 6699.32 7776.37 2770.83 1083.69 943.41 74.25 1.15 2.56 . . . ~ .  . . . . . .  7776.37 8853.42 907.73 488.04 377.76 24.32 1.29 1.86 

. . 
I.;ii 8853.42 9930.46 0.02 0.08 1.60 0.00 0.05 0.21 a 
!TCS LB 9930.46 RB 10067.73 52.77 30.76 85.56 1.41 0.36 1.72 .a 
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9 
s' * Warning: Divided flow computed for this cross-section. Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 

cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.933 

INPUT 
Description: FW. 2.933. HORZ. N VALUES USED. AREA TO LT. OF STA. 6124.39 BLOCKED OUT DUE 
TO RIDGE. 

Station Elevation Data nun= 328 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

5354.28 1609 5361.54 1609.19 5365.08 1609.25 5366.6 1609.34 5370.2 1609.45 
5371.55 1609.4 5384.2 1609.86 5394.48 1610.33 5399.42 1610.88 5455.93 1610.14 
5473.04 1610.1 5486.59 1610.17 5508.66 1609.89 5545.73 1608.17 5601.97 1608.2 
5641.51 1609.5 5658.31 1609.98 5666.07 1610.34 5730.16 1610.17 5732.54 1610.16 
5733.6 1610.1 5734.55 1610.05 5737.67 1609.83 5748.01 1609.13 5753.29 1608.71 
5758.63 1608.4 5768.44 1607.7 5781.68 1606.33 5782.47 1606.1 5789.29 1606.52 
5795.9 1606.9 5810.08 1607.81 5820.51 1608.58 5828.89 1609.08 5833.48 1609.18 
5840.83 1609.7 5863.29 1609.56 5908.58 1609.29 5918.56 1608.64 5922.37 1608.15 
5930.26 1607.9 5939.45 1606.54 5943.18 1605.48 5949.03 1606.52 5954.39 1607.67 
5955.59 1608.1 5956.58 1608.08 5958.11 1608.17 5963.65 1608.29 5986.98 1608.76 
5989.17 1608.7 5990.86 1608.77 5993.53 1608.76 5996 1608.76 6095.37 1608.4 
6123.28 1608.9 6124.39 1608.92 6151.41 1608.81 6209.4 1608.28 6224.99 1608.2 
6253.73 1608.1 6260.22 1608.21 6264.96 1608.15 6273.95 1608.29 6319.19 1607.73 
6325.51 1607.8 6361.12 1607.79 6368.72 1607.63 6385.87 1607.52 6391.95 1607.46 
6419.39 1607.1 6424.95 1607.11 6435.53 1607.34 6452.34 1607.53 6478.87 1607.5 
6482.03 1607.5 6494.79 1607.43 6584.91 1607.36 6588.04 1607.37 6602.74 1607.34 
6631.42 1607.8 6667.64 1607.65 6704.5 1607.51 6708.67 1607.52 6717.11 1607.45 
6802.39 1606.6 6823.17 1606.44 6838.83 1606.39 6850.65 1606.13 6852.75 1606.02 
6856.65 1605.9 6902.74 1604.73 6911.69 1605.82 6922.95 1606.36 6936.4 1606.26 
6944.87 1606.3 6951.5 1604.79 6954.8 1604.34 6960.18 1604.93 6970.6 1605.28 
6994.33 1605.4 7016.69 1605.48 7028.45 1604.86 7031.3.7 1604.66 7048.69 1605.48 
7050.31 1605.6 7066.17 1605.54 7085.55 1605.63 7134.92 1605.33 7177.44 1605.12 
7205.84 1605.3 7206.19 1605.29 7206.74 1605.29 7209.05 1605.32 7326.96 1606.24 
7352.31 1606.6 7375.76 1606.66 7376 1606.59 7377.12 1606.37 7380.52 1605.55 
7389.59 1604.1 7406.25 1604.95 7409.14 1605.1 7424.31 1604.99 7457.64 1604.86 
7481.4 1605 7493.04 1605.06 7517276 1604.84 7551.33 1604.97 7588.66 1605.55 
7603.68 1605.9 7621.35 1605.96 7682.68 1606.27 7695.37 1606.31 7701.17 1605.82 
7715.92 1606.2 7751.55 1606.72 7771.67 1606.77 7793.63 1606.82 7798.97 1606.68 
7810.77 1606.7 7857.61 1606.8 7870.55 1606.81 7874.1 1606.77 7881.32 1606.83 
7902.04 1606.8 7914.35 1606.79 7929.57 1606.26 7974.23 1606.76 7985.72 1606.66 
7987.64 1606.7 8013.56 1606.82 8013.95 1606.82 8036.66 1606.87 8061.9 1606.83 
8068.42 1606.8 8101.87 1606.95 8143.64 1607.11 8171.88 1607.33 8211.61 1608.11 
8222.19 1608.3 8226.68 1608.36 8228.11 1608.96 8229 1609.24 8231.79 1609.26 
8242.37 1609.5 8242.64 1609.46 8242.91 1609.4 8245.54 1608.55 8253.8 1608.4 
8266.26 1608.2 8272.49 1608.05 8289.31 1607.85 8292.58 1607.83 8297.26 1607.91 
8397.61 1608.6 8417.28 1608.69 8424.3 1608.44 8435.5 1608.6 8439.89 1608.52 
8457.63 1608.6 8461.25 1608.69 8514.97 1609.03 8538.01 1609.05 8556.6 1609.1 
8569.2 1609 8596.34 1608.6 8598.2 1608.56 8598.43 1608.56 8598.49 1608.56 
8600.36 1608.5 8643.72 1608.14 8648.87 1608.22 8656.56 1608.29 8674.12 1608.43 
8701.28 1608.4 8742.05 1608.32 8765.22 1608.18 8772.62 1608.13 8783.57 1608.15 
8785.24 1608.2 8816.13 1608.24 8896.1 1608.44 8994.69 1608.54 9008.86 1608.51 
9015.98 1608.4 9029.31 1608.56 9036.39 1608.51 9057.31 1608.5 9063.95 1608.56 
9066.33 1608.3 9074.54 1607.13 9075.73 1607.23 9083.01 1607.88 9085.3 1608 
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. Manning's n Values num= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5354.28 .068 7409.14 .15 8061.9 .1 9611.07 .068 9979.04 .045 
' ' [  10027.77 ':', .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9979.0410027.77 360 404.67 390 .I .3 

. Blocked Obstructions num= 1 
Sta L Sta R Elev 

5354.28 6124.39 1608.92 

: CROSS SECTION OUTPUT Profile #PF 1 
!I 

E.G. Elev (ft) 
Vel Head (ft) 
W.8. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 

: . C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left 0B 
0.086 

Channel Right OB 
0.045 
404.67 390.00 
75.20 
75.20 
306.99 
41.31 
4.08 
1.82 

3668.9 
41.87 
0.79 
3.20 
15.20 40.28 
6.69 41.00 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. * 
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mow DIsTRIBuTIoN OUTPUT profile #m 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
I REACH: SPILLWAY RS: 2.857 

1 
INPUT 
Description: RM.2.857 . HORZ. N VALUES USED. AREA TO LT. OF STA. 6325.35 BLOCKED OUT DUE TO 
RIDGE. AND TO RT. OF STA. 10046.7. 

Station Elevation Data num= 32 9 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

5248.42 1604.1 5269.19 1604.52 5274.82 1604.54 5303.67 1604.59 5346.54 1604.71 
5403.29 1604.8 5442.77 1604.85 5467.1 1604.97 5581.95 1605.15 5591.59 1605.11 

- 
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- 3  , ., 
; Manning's n Values num= 6 
. ! Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5248.42 .068 7122.13 .15 8544.26 .I 9303.81 .068 9946.06 .045 
10046.72 .068 

I $ Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
9946.0610046.72 320 336.06 320 .1 .3 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

5248.42 6325.35 1607.1410046.7210467.75 1604.2 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (it/ft) 
Q Total (cfsl 
Top Width (it) 
Vel Total (ft/s) 

1604.18 Element Left OB Channel Right 0B 
0.06 Wt. n-Val. 0.119 0.045 

1604.12 Reach Len. (ft) 320.00 336.06 320.00 
Flow Area (sq ft) 2374.62 82.76 

0.011501 Area (sq it) 2374.62 82.76 
3732.00 Flow (cfs) 3374.34 357.66 
2523.22 Top Width (it) 2462.28 60.93 

1.52 Avg. Vel. (ft/s) 1.42 4.32 @ 
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Max Chl Dpth (ft) 3.42 Hydr. Depth (ft) 
Conv. Total (cis) 34799.5 Conv. (cis) 
Length Wtd. (it) 322.79 Wetted Per. (it) 
Min Ch El (ft) 1601.52 Shear (lb/sq ft) 

1.57 Stream Power (lb/it s) 
2.83 CumVolume (acre-ft) 

C & E Loss (ft) 0.00 Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

8 Conv. Hydr D. Velocity 

LB 9946.06 RB 10046.72 357.66 

b 
s Warning: Divided flow computed for this cross-section. 

: Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous . .: 
:: cross section. This may indicate the need for additional cross sections. 

' CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY 

@ INPUT 

RS: 2.793 

Description: RM.2.793. HORZ. N VALUES USED. AREA TO LT. OF STA. 5350.41 BLOCKED OUT DUE TO 
RIDGE AND AREA TO RT. OF STA.10070.6. 

Station Elevation Data num= 374 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

5011.3 1601 5109.26 1601.42 5127.7 1601.4 5163.69 1601.18 5231.86 1601.14 
5245.82 1601.3 5272.65 1601.06 5287.85 1600.91 5298.86 1601.18 5327.97 1602.21 
5336.56 1602.4 5346.48 1602.67 5347.89 1602.68 5350.41 1602.69 5419.33 1602.19 
5470.98 1602.1 5490.08 1602.07 5508.23 1601.56 5554.34 1601.26 5556.83 1601.33 
5570.91 1601.6 5591.56 1601.89 5635.46 1602.02 5712.13 1601.98 5808.89 1601.54 
5842.62 1601.7 5855.49 1601.76 5879.6 1601.82 5923.63 1602.17 5953.29 1602.07 
5995.67 1601.9 6058.58 1601.48 6067.29 1601.46 6072.69 1601.52 6093.55 1601.69 
6113.32 1601.6 6117.78 1601.6 6121.35 1601.65 6149.35 1601.84 6153.77 1601.87 
6177.05 1602.1 6196.42 1602.27 6209.12 1602.28 6228.94 1602.56 6279.99 1602.56 
6288.86 1602.6 6290.82 1602.56 6292.03 1602.56 6308.41 1602.85 6311.57 1602.92 
6348.87 1603.1 6390.69 1603.07 6395.99 1603.07 6409.3 1603.07 6410.45 1603.01 
6412.56 1603 6418.43 1603 6423.77 1602.96 6430.3 1602.96 6434.1 1602.96 
6436.83 1603 6441.26 1602.93 6442.26 1602.93 6445.16 1603 6470.5 1603.1 
6540.65 1603.4 6553.14 1603.34 6564.23 1603.2 6571.99 1603.24 6588.24 1603.09 
6589.61 1603.1 6600.9 1602.58 6610.16 1602.33 6615.01 1602.48 6638.25 1602.98 
6656.96 1602.7 6715.94 1601.75 6719.25 1601.83 6722.51 1601.85 6729.1 1601.94 
6731.81 1601.7 6738.8 1601.26 6740.68 1601.01 6745.29 1601.33 6745.72 1601.46 
6757.09 1601.2 6770.61 1600.9 6797.32 1600.77 6878.15 1599.9 6913.59 1599.73 
6914.98 1599.7 6930.61 1599.98 6979.95 1599.71 7004.27 1599.81 7005.06 1599.81 
7039.97 1599.8 7071.3 1600.15 7077.18 1600.19 7078.22 1600.15 7080.05 1600.16 
7081.67 1600.2 7099.02 1600.01 7108.49 1599.79 7130.77 1599.57 7147.33 159.9.2 
7151.19 1599.2 7154.32 1598.99 7157.22 1599.05 7163.47 1598.88 7179.88 1599.04 
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Manning's n Values nun= 5 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5011.3 .068 5591.56 .15 8882.19 .1 9948.53 .04510041.91 .068 
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Bank Sta: Left Right Lengths: Left Channel Prght 
9948.5310041.91 380 384 440 

Blocked Obstructions nun= 2 
Sta L Sta R Elev Sta L Sta R Elev 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cis) 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Profile #PF 1 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

,v . - . , . . r  . . : . . , . . i .  , ., . . . , . i . . i ' . ~  ,,A:. :!'.: -~ :  .~ ,. ...,...~A... "., . . .  

Coeff Contr. Expan. 
.I .3 1 

Left OB 
0.143 
380.00 
3011.73 
3011.73 
2757.94 
2964.35 

0.92 
1.02 

33153.6 
2964.74 

0.44 
0.40 

434.26 
287.01 

Channel 
0.045 
384.00 
203.39 
203.39 
938.46 
93.38 
4.61 
2.18 

11281.4 
93.43 
0.94 
4.34 
13.36 
5.62 

Right OB 
0.068 
440.00 

*: Warning: Divided flow computed for this cross-section. 
" Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. This may indicate the need for additional cross sectidns. 
Warnrng: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous * 

, cross section. This may indicate the need for additional cross sections. I 
FLOW DISTRIBUTION OUTPUT Profile #PF 1 I 
Left Sta Rrght Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
6245.61 7479.92 1240.89 1142.02 730.45 33.25 1.56 1.09 
7479.92 8714.22 968.76 1214.23 1234.34 25.96 0.98 0.80 1 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.720 

INPUT 
Description: RM.2.720. HORZ. N VALUES USED. AREA BLOCKED OUT TO RT. OF STA. 10434.56 DUE 
TO RIDGE., AND TO LT. OF STA. 6943.33. 

. , . 
113 ~iicharge (Q's Modeled ~ e i a r a t e l ~ )  I 



'$ 
',:: .>. 
.$ 
d 

S t a t i o n  E l e v a t i o n  D a t a  num= ;+ 457 
'i S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v .  S t a  E l e v  

4895.17 1598 4948.42 1598.54 4955.14 1598 .61  5036.32 1598.18 5068.25 1597.96 
5073.77 1598 5126.14 1597.38 5189.65 1597.04 5223.8 1596.74 5231.69 1596.86 

' 4 
! 5252.45 1597.3 5254.34 1 5 9 7 . 3 1  5254.86 1597.36 5264.23 1598.05 5274.24 1596 .78  

5277 .1  1596.3  5 2 8 8 . 2 1  1 5 9 9 . 1 1  5293.83 1600.64 5299.08 1599.98 5307.48 1599 .33  
5310 .66  1598.5 5327.64 1598.53 5419 .86  1598.16 5435.59 1598 .13  5443.07 1598.16 
5 4 4 9 . 7 1  1598 5453.73 1597.98 5477.47 1 5 9 8 . 2 1  5497.73 1 5 9 8 . 5 1  5534 .46  1598.66 
5536.78 1598 .5  5547.78 1597 .6  5552 .96  1597 .56  5555 .86  1597 .51  5596.66 1597 .33  
5651.28 1597 .2  5653.42 1597.33 5674.09 1597.48 5732 .1  1597.78 5765.17 1597 .68  
5805.42 1597.4 5876.03 1597.57 5878.6 1597.6  5879.37 1597.6 5 8 8 0 . 7 1  1597.62 
5885.82 1597.7 5942.58 1598 .32  5949.82 1597.74 5957 .21  1597.45 5975.37 1597 .09  
5977.32 1 5 9 7 . 6  5979 .75  1597.57 5989.3 1598.17 5989.63 1598.22 5992.96 1598.49 
6027.26 1598 .5  6027 .71  1 5 9 8 . 5  6042.23 1598 .19  6053.66 1598.35 6088.55 1598.28 

6099.9 1598 .5  6115.62 1598 .81  6150.65 1597.78 6170.19 1597.33 6174.07 1597 .24  
6178.32 1597.3 6204.98 1597.84 6208.63 1597.89 6221.83 1597.66 6240.3 1597 .71  
6241.39 1597.7 6 2 5 2 . 9 1  1597.46 6257 .1  1597.53 6280.84 1597.56 6338.27 1598.04 
6349.97 1597.9 6362.83 1597.71 6372.62 1597.7 6418.88 1597 .07  6457.82 1596.9 
6495.55 1596.6 6500.83 1596.5 6512.79 1596.55 6521.28 1596.49 6 5 7 1 . 1  1595 .91  
6587.99 1595 .7  6594.34 1595 .74  6596 .61  1595.72 6610.97 1595.68 6632.54 1595.87 
6661.37 1596  6682.45 1595.97 6701.75 1595 .97  6724.33 1596.12 6725 1596 .12  
6726.67 1 5 9 6 . 1  6726.67 1596.12 6773.39 1596.88 6787.57 1597.24 6822.48 1597 .76  
6838.27 1597 .8  6839.29 1597.77 6858.72 1597.9 6865.4  1597 6 8 6 9 . 0 1  1 5 9 6 . 9  
6871.81 1596 .7  6875.12 1596.8 6886.18 1596.9 6896.89 1596 .96  6924.18 1 5 9 7 . 3  
6933.47 1597.8 6942.63 1 5 9 8 . 1 6  6943.33 1598.13 6949.54 1598.07 6964.66 1597.69 
6979.53 ,1597.6 6997.68 1597 .69  7023.16 1597.87 7024 .81  1597 .86  7074 .13  1597.9 
7075 .46  1597.9 7075 .85  1597 .92  7081 .31  1597.9 7086.55 1597 .6  7091.17 1597 .29  
7095.55 1 5 9 6 . 6  7102.32 1596 .56  7110.54 1596.08 7115.65 1595.74 7126 .71  1596 .1  
7142.64 1596 .3  7143.87 1596.3 7149.93 1596 .3  7165 .09  1596 .51  7218 .21  1596 .54  
7231.44 1596 .2  7236.15 1596.43 7240.47 1596.28 7248 .36  1594.92 7251.79 1595 .22  

7252.2 1595 .2  7252.59 1595.15 7256.65 1595.2 7261 .92  1595.15 7266.99 1595.17 
7278.02 1595.2 7286 .7  1595.29 7316 .36  1595 .82  7327.04 1595 .97  7333 .53  1595 .74  
7334.97 1595.7 7370.95 1595 .82  7388.58 1595.87 7411.6 1 5 9 5 . 9 1  7430.82 1595 .9  
7460.82 1596 .3  7499.52 1595 .9  7520.46 1595.93 7545 .41  1595.84 7546.86 1595.85 
7549.78 1595.8 7574 .22  1595 .97  7600.6 1596 .01  7610.8 1596.04 7630 .57  1 5 9 5 . 9 1  
7641.39 1595.8 7673 .95  1595.66 7687.16 1 5 9 5 . 6 1  7706.05 1595.62 7728.35 1595 .4  
7736 .51  1595 .5  7760.23 1595.88 7765.9 1596 7781 .44  1596.03 7810 .73  1596 .02  
7818 .22  1596 .1  7855.55 1596 .11  7873.24 1596.12 7893.5 1596.25 7921 .1  1596.38 
7954.18 1596 .4  7969.92 1596.45 7998.13 1 5 9 6 . 5 1  8003.18 1596.56 8007.28 1596.59 
8013.28 1 5 9 6 . 6  8059.28 1596.76 8073.69 1596 .76  8085.32 1596.84 8090.83 1596.84 
8093.58 1596.8 8099.68 1596.74 8104.77 1596.67 8110.44 1596 .66  8113.63 1596.7 
8118.42 1596.8 8124.7 1596 .92  8129.84 1596.84 8134.77 1596 .7  8167.62 1596.53 
8196.13 1596.3 8209 .56  1596 .38  8211.37 1596.33 8235.77 1 5 9 6 . 3 1  8242.34 1596 .32  
8247.73 1596.3 8296.54 1596 .32  8318.98 1596.34 8321.6 1596.34 8331.14 1596.36 
8425.11 1596.5 8444.73 1596 .94  8453.32 1597.13 8454.76 1597 .11  8 4 5 6 . 3 1  1597.16 
8505.15 1596.6 8547 .96  1 5 9 6 . 6  8549.83 1596.64 8573.98 1596 .71  8576.79 1596 .74  
8 5 8 2 . 7 1  1596.7 8668.69 1597.03 8681.73 1597.07 8681.8 1597.07 8681.89 1597.07 
8683.43 1597 .1  8722 .01  1596.94 8735.05 1596.87 8 7 3 9 . 0 1  1596.8 8744.94 1596.93 
8748 .71  1596 .9  8752.02 1596.76 8752.15 1596 .74  8753.84 1596.72 8754.6 1596 .71  
8757.85 1596 .8  8786.97 1597.53 8803.38 1597.67 8823 .31  1 5 9 7 . 4 1  8836.83 1597.3 
8840.22 1597 .2  8842.51 1597.23 8855.53 1597.02 8855.64 1597.02 8855.74 1597 .02  
8 8 5 5 . 8 1  1597 8860.54 1597 .1  8862.12 1597.09 8863.23 1597.07 8863.97 1597.02 
8869.12 1596.6 8885.53 1596.85 8902 .9  1596.92 8910.69 1596.98 8918.83 1 5 9 6 . 9 6  
8933.53 1597.3 8937.83 1597.3 8951.89 1597.69 8966.4 1597.39 8982.16 1597 .71  
8986.66 1597.7 8994.48 1597.69 9021.32 1597.28 9040.44 1596.99 9041.81 1596 .98  
9042.53 1597 9043.24 1596.99 9044.06 1596.98 9045.6 1596.99 9046.05 1597 

. 9051.77 1597.3 9068.48 1597.28 9072.23 1597.32 9105.47 1597.09 9137.31 1596 .95  

.$ FCD 98-17 Delineation of Spillway Flows A-N West, Inc. 
" For Signal Butte Flood Retarding Structure Page 88 July, 1999 

113 Discharge (Q's Modeled Separately) 



d 
-1' 

Manning's n Values nun= 6 1 Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 
4895.17 .068 6150.65 .15 8668.69 .l 9655.59 .068 9981.01 .045 

: 10056.67 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9981.0110056.67 380 410.52 380 .1 .3 

Blocked Obstructions nun= 2 
Sta L Sta R Elev Sta L Sta R Elev 

4895.17 6943.33 1598.1210434.5610956.68 1599.17 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1597.40 Element Left OB Channel 
Vel Head (ft) 0.40 Wt. n-Val. 0.146 0.045 
W.S. Elev (it) 1597.00 Reach Len. (ft) 380.00 410.52 
Crit W.S. (it) Flow Area (sq ft) 1233.16 192.80 
E.G. Slope (ft/ft) 0.015858 Area (sq ft) 1233.16 192.80 

FCD 98-17 Delineation of S p i M y  F h n  '4 For Signal Butte Flood Retarding Structure Page 69 
113 Discharge (Q's Modeled Separately) 



Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfsl 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 
i 
1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
6166.63 7438.09 466.90 356.40 345.30 12.51 1.03 1.31 
7438.09 8709.55 812.25 817.62 1201.31 21.76 0.68 0.99 
8709.55 9981.01 64.17 59.14 259.90 1.72 0.23 1.08 
LB 9981.01 RB 10056.67 1482.80 192.80 76.65 39.73 2.55 7.69 
10056.67 10956.68 905.89 307.74 310.24 24.27 1.00 2.94 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BVTTE 
REACH: SPILLWAY RS: 2.643 

INPUT 
4 Description: RM. 2.643. HORZ. N VALUES USED. ARFA BLOCKED OUT TO LT. OF STA.7411 1 

Station Elevation Data num= 442 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4784.71 1593.6 4786.79 1593.45 4797.34 1594.52 4818.03 1595.14 4821.33 1595.26 
4844.11 1595.2 4847.46 1595.22 4852.12 1595.23 4872.45 1595.28 4887.13 1595.23 
4895.74 1595.2 4908.09 1595.25 4931.32 1595.41 4937.95 1595.43 4939.43 1595.43 
4940.35 1595.4 4941.83 1595.43 4951.45 1595.37 4955.79 1593.64 4958.76 1592.05 
4970.47 1592.1 4975.05 1592.17 4982.33 1592.2 4996.02 1594.11 4996.59 1594.23 
4996.6 1594.2 4996.97 1594.22 5019.52 1593.82 5037.37 1593.59 5043.7 1593.44 
5057.34 1593.7 5058.32 1593.67 5058.68 1593.66 5058.97 1593.65 5059.38 1593.62 
5060.19 1593.6 5072.64 1593 5084.54 1593.84 5087.92 1594.13 5095.34 1594.84 
5101.01 1594.6 5108.47 1594.39 5118.94 1594.37 5142.87 1594.25 5158.14 1594.18 
5205.67 1594.1 5244.07 1594.27 5289.53 1594.29 5357.82 1594.39 5415.48 1594.14 
5451.85 1594 5471.56 1593.93 5517.98 1593.42 5573.86 1593.06 5578.11 1593.07 
5585.79 1593 5591.68 1593.51 5593.84 1593.67 5594.17 1593.69 5644.61 1593.81 
5668.07 1593.8 5678.94 1592.46 5679.49 1592.41 5689.18 1593.04 5690.57 1593.11 
5691.29 1593.2 5692.43 1593.3 5693.2 1593.27 5740.74 1593.49 5779.39 1593.68 
5780.45 1593.7 5781.21 1593.7 5781.49 1593.71 5781.63 1593.71 5782.1 1593.72 

FCO 98-17 Delineation of Splllway Flow A-N West, Inc 
, For Signal Butte Flood Retarding Structure Page 70 July, 1999 

113 Discharge (Q's Modeled Separately) 



5785.93 1593 .9  5801.55 1594.45 5806 .06  1 5 9 4 . 4 1  5817.42 1593.76 5818.31 1594 .3  
5819.24 1594.2  5833.68 1593.52 5835 .95  1593 .56  5836.77 1593.56 5840.16 1593 .55  
5871.75 1593 .6  5893.55 1593.68 5901.3 1593 .69  5949.29 1593.5 5953.52 1593 .6  

5 9 5 7 . 1  1 5 9 3 . 7  5960.58 1593 .7  5963.82 1593.69 5984.98 1593.99 6002.13 1593.94 
6017 .51  1 5 9 3 . 9  6043.54 1 5 9 3 . 9  6056.2  1 5 9 4 . 1 2  6059 .92  1593.94 6061 .11  1593.83 
6089.97 1 5 9 3 . 7  6092.03 1 5 9 3 . 7 2  6094.02 1593 .76  6106.33 1593.89 6110.69 1593.87 
6114.23 1594 6114.76 1593.97 6 1 7 8 . 7 1  1593 .46  6179 .45  1593.47 6179.83 1593.47 
6180.42 1 5 9 3 . 5  6181.75 1 5 9 3 . 5  6181 .86  1593.49 6231.53 1593.73 6232.02 1593.7  
6256.43 1592 .9  6258 .41  1592 .92  6 2 6 5 . 3 1  1592.83 6301.74 1593 .05  6322.42 1593.19 
6352 .71  1593 .6  6422 .81  1594 .86  6 4 7 9 . 2 1  1596 .03  6484.8 1 5 9 6 . 0 1  6530.08 1595.43 
6540.34 1595 .3  6541.94 1595.32 6543.89 1595 .26  6545.4 1595.22 6546.88 1595.18 
6559.54 1594 .9  6642 .91  1593 .25  6 6 7 0 . 3 1  1592.54 6696.92 1592.2  6697.4 1592.24 
6699 .51  1 5 9 2 . 2  6700 .41  1 5 9 2 . 1 4  6724.83 1591 .7  6741.09 1591.33 6772.29 1 5 9 0 . 6 5  
6782.98 1 5 9 0 . 4  6802.95 1590 .03  6811.66 1589.89 6835 .08  1590.16 6862.16 1 5 9 0 . 4 1  
6883.15 1590 .6  6897.08 1590.94 6 8 9 9 . 2 1  1590 .7  6918.19 1590.88 6978 .5  1591.37 
7028.17 1 5 9 1 . 9  7035.7  1591 .96  7062 .25  1591.97 7113.95 1592.19 7149.24 1592 .36  
7185.92 1592 .7  7239.66 1592.82 7262.58 1592.93 7265.13 1592.96 7273.52 1593.04 

7289.6  1 5 9 3 . 1  7339.02 1593 .23  7361 .29  1593 .65  7 3 7 2 . 5 1  1593.85 7373.14 1593 .86  
7375.99 1 5 9 3 . 1  7390 .3  1589 .28  7391.23 1589 .27  7392.97 1589.25 7 4 0 1  1589.15 
7402.18 1589.2  7402.88 1589 .08  7404.48 1589.27 7411.09 1593.79 7 4 5 1 . 3 1  1593 .69  
7460.34 1593 .5  7460 .81  1593 .53  7461.25 1593.52 7461.63 1593.53 7463.33 1593.52 
7524 .81  1593 .5  7531.24 1593.52 7552.34 1592 .13  7561.15 1591.48 7577.82 1 5 9 3 . 5  
7579 .21  1593.7  7579.95 1593 .73  7581 .38  1593.87 7581.4  1593.87 7581.8  1 5 9 3 . 8 5  
7585.34 1593.8  7602.56 1593 .59  7 6 0 5 . 5  1593.67 7625 .25  1593.78 7642 1593 .9  
7657.25 1593.8  7659.26 1593.64 7 6 6 0 . 2 1  1 5 9 3 . 6  7 6 7 8 . 8 6  1593.3  7707.83 1593.24 
7715.25 1 5 9 2 . 1  7716 .14  1 5 9 1 . 9 8  7720.38 1591.58 7722.62 1591.42 7723.7  1591.38 
7730 .03  1590.9  7734.12 1 5 9 0 . 6 1  7737.48 1590.35 7745 .88  1591.09 7755.08 1591.92 
7759.97 1 5 9 1 . 9  7765 .52  1 5 9 1 . 9 5  7767.25 1591 .96  7795.97 1592.19 7805.54 1592.24 
7833.54 1592.4  7882.4  1592.43 7 9 7 4 . 1  1592.34 7978.23 1592.33 7998.74 1592 .36  
8054 .54  1592  8063.46 1591.95 8 0 7 5 . 5 6  1591 .86  8101.18 1591.7  8105.03 1 5 9 1 . 7 3  
8105.99 1 5 9 1 . 7  8108.99 1591.75 8117.93 1591.98 8123.49 1591.99 8128.49 1591.84 
8135 .14  1 5 9 1 . 8  8141.93 1591 .76  8 1 6 5 . 1  1591.74 8218.49 1591.96 8221.99 1 5 9 2 . 0 1  
8255.87 1 5 9 1 . 9  8256.68 1591 .87  8257.14 1591.87 8259.46 1591 .88  8409.22 1592.5  
8440.58 1592.4  8 4 5 1  1592.68 8 4 5 6 . 8 1  1592.88 8461.34 1592 .97  8506.44 1592.88 
8525.58 1 5 9 3 . 1  8553.14 1593 .47  8616 .39  1593.14 8626 .56  1593.14 8628.75 1593.39 
8632.52 1593 .3  8638.49 1 5 9 3 . 3 1  8654.54 1592 .55  8660.25 1592 .39  8677.92 1592.77 
8692.19 1592 .9  8699.69 1592 .99  8727 .76  1 5 9 3 . 1  8752 .54  1592.99 8785 .61  1593.04 
8822.09 1 5 9 3 . 1  8832.57 1 5 9 3 . 1  8836.66 1593.07 8 8 4 3 . 1  1593 .09  8844 .61  1593.08 
8874.85 1592 .6  8882.54 1592 .5  8891.16 1592.53 8894 .49  1592.55 8908.69 1592.56 
8919 .51  1592 .6  8924.47 1592 .63  8931.73 1592.48 8932 .41  1592.5  8932.58 1 5 9 2 . 5 1  
8932.93 1592 .5  8942.14 1 5 9 3 . 0 1  8944 .55  1 5 9 2 . 9 3  8951 .15  1592.64 8960.09 1592.55 
8971.66 1 5 9 2 . 4  8981.65 1592 .36  8 9 9 0 . 9 1  1592.38 8991.19 1592.5  8992 .41  1 5 9 2 . 4 9  
8997.76 1592 .6  9001.68 1 5 9 2 . 5 1  9019 .66  1592 .46  9058.05 1592.52 9061.34 1592.57 
9076 .99  1 5 9 2 . 8  9079.55 1592 .83  9 1 0 9 . 3 6  1593 .09  9124.16 1593.03 9128.19 1 5 9 2 . 9 8  
9137.29 1 5 9 2 . 8  9144.36 1592.74 9154.69 1592 .83  9167.04 1592.49 9168.59 1 5 9 2 . 4 6  

9 1 7 4 . 1  1592 .5  9179 .81  1592 .48  9184.73 1592.57 9193.2  1592 .58  9 1 9 4 . 1 1  1 5 9 2 . 7 1  
9215.29 1593.2  9230.35 1593 .69  9236 .49  1593.7  9254 .6  1 5 9 4 . 1  9 2 5 9 . 3 1  1594.19 

9261.8  1594.2  9263.68 1594 .13  9289.32 1 5 9 3 . 8 5  9303 .01  1593.95 9303.83 1593.99 
9319 .31  1593 .9  9321.42 1594 .25  9329.25 1 5 9 4 . 2 8  9347.7  1594.26 9363 .57  1594.24 
9376.78 1595.8  9379.37 1 5 9 6 . 6 4  9390.92 1594.94 9391 .3  1594.88 9395.73 1 5 9 4 . 6 1  

9398 .1  1594 .3  9405.64 1 5 9 4 . 2 9  9417.27 1594 .44  9431.74 1594.36 9436.97 1594.18 
9445.33 1594  9458.88 1593.95 9467.34 1593.94 9493.05 1593.74 9519.26 1593.63 
9522.83 1 5 9 3 . 6  9533.78 1593 .49  9539.68 1 5 9 3 . 5 1  9539.99 1593.57 9540.26 1593.7  
9540.28 1593 .7  9542.72 1593 .82  9546.59 1593 .95  9554.94 1593.83 9565 .44  1594.09 
9570.02 1 5 9 4 . 1  9585.82 1593.93 9 5 9 4 . 4 1  1593.82 9607 .71  1593 .84  9619.56 1593 .9  

9622.2 1593.8  9634.09 1593 .77  9641 .14  1593.78 9659.74 1594.07 9661.94 1 5 9 4 . 0 1  
9669.34 1593 .9  9681 .11  1593 .8  9701.82 1593.38 9 7 0 5 . 2 1  1593.28 9706.35 1593.26 
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Manning's n Values num= 8 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4784.71 .15 5037.37 ,068 5871.75 .15 8259.46 .1 9329.25 .15 
9789.84 .068 9985.51 .04510041.45 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9985.5110041.45 400 468.72 400 .1 .3 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

6479.21 7411.09 1593.79 4784.71 6479.21 1596.03 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ftl 
C & E Loss (it) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (it) 
Conv. (cfs) 
Wetted Per. (it) 
Shear (lb/sq ft) 
Stream Power (lb/ft sl 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left 0B 
0.120 
400.00 
1697.10 
1697.10 
1675.46 
1880.45 

0.99 
0.90 

20787.2 
1881.24 

0.37 
0.36 

402.97 
250.12 

Channel 
0.045 
468.72 
152.99 
152.99 
805.89 
53.88 
5.27 
2.84 

9998.5 
54.95 
1.13 
5.95 
9.98 
4.26 

Right OB 
0.068 
400.00 
634.33 
634.33 
1250.65 
539.40 
1.97 
1.18 

15516.7 
540.32 
0.48 
0.94 
34.44 
35.54 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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FLOW DISTRIBUTION OUTPUT Profile #PF I 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfsl (sq ft) (it) (it) (ft/s) 
7385.11 8685.31 1110.32 1142.44 1056.11 29.75 1.08 0.97 
8685.31 9985.51 565.14 554.66 825.12 15.14 0.67 1.02 
LB 9985.51 RB 10041.45 805.89 152.99 54.95 21.59 2.84 5.27 
10041.45 10596.30 1250.65 634.33 540.32 33.51 1.18 1.97 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The conveyance ratlo (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2 .554  

INPUT 
Description: RM. 2.554. HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA.6690.45 

Station Elevation Data nun= 487 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4444.79 1591.7 4454.3 1591.65 4478.65 1591.63 4489.69 1591.11 4492.88 1591.01 
4504.26 1590.4 4509.49 1590.46 4532.72 1590.58 4535.85 1590.65 4541.63 1590.8 
4547.67 1590.9 4556.23 1591.03 4561.4 1591.03 4631.71 1591.21 4649.85 1591.26 
4651.02 1591.3 4652.06 1591.27 4653.53 1591.27 4656.27 1591.25 4696.01 1590.89 
4697.24 1590.8 4705.55 1590.44 4708.14 1590.4 4715 1590.11 4721.5 1590.22 
4743.17 1590.5 4759.88 1591.14 4762.35 1591.18 4766.23 1591.15 4769.2 1591.14 
4823.71 1590.9 4870.64 1590.7 4872.8 1590.7 4873.67 1590.7 4874.97 1590.7 
4879.09 1590.7 4897.77 1590.57 4904.11 1590.33 4925.76 1589.86 4948.36 1589.89 
4953.84 1589.9 4958.95 1590.01 4960.32 1590.07 4967.18 1590.23 4977.86 1590.48 
5000.99 1590.5 5021.62 1590.67 5030.41 1590.68 5044.65 1590.72 5045.46 1590.72 
5046.79 1590.7 5047.02 1590.4 5048.39 1589.04 5056.07 1588.61 5060.73 1588.18 
5061.72 1588.4 5071.8 1590.72 5075.38 1590.4 5094.28 1589.46 5101.12 1589.91 
5101.31 1589.9 5140.44 1589.77 5142.44 1589.77 5185.09 1589.83 5197.16 1590.89 

.j 5202.03 1591.2 5203.84 1591.27 5221.67 1591.47 5224.59 1591.04 5235.1 1589.84 
'1 5242.62 1589.9 5248.13 1589.89 5269.01 1590.02 5288.26 1590!1 5312.98 1590.18 

5327.8 1590.2 5354.24 1590.32 5362.24 1589.94 5379.11 1589.14 5379.97 1589.08 
5380.61 1589 5381 1589.02 5382.29 1588.98 5386.64 1589.04 5421.71 1589.36 
5435.49 1589.9 5445.04 1590.19 5455.55 1590.08 5459.12 1590.16 5467.63 1590.61 
5477.32 1590.9 5489.7 1590.97 5494.03 1591.01 5497.95 1590.94 5507.27 1591.01 
5532.07 1591 5544.07 1591.01 5558.68 1590.72 5577.94 1590.47 5583.9 1590.44 
5593.3 1590.4 5615.19 1590.35 5621.23 1590.31 5651.25 1589.97 5653.5 1589.91 
5665.21 1589.7 5686.25 1589 5708 1588.88 5740.14 1588.98 5749.61 1589.31 
5753.77 1589.4 5756.31 1589.43 5762.88 1589.67 5772.43 1590.18 5782.2 1590.21 
5782.9 1590.2 5824.22 1589.91 5826.73 1589.93 5831.06 1590.01 5839.41 1590.1 
5865.55 1589.9 5893.29 1589.94 5910.26 1589.85 5914.46 1589.83 5923.41 1589.92 
5931.07 1590.2 5953.71 1590.31 5958.23 1590.36 5961.58 1590.4 5964.06 1590.42 
5970.79 1590.4 6053.16 1590.16 6070.28 1590.21 6074.52 1590.01 6076.58 1589.87 
6089.23 1589.1 6089.58 1589.1 6092.42 1589 6095.03 1588.74 6100.1 1588.34 
6132.67 1588.2 6142.16 1588.28 6148.31 1588.49 6168.56 1588.77 6174.47 1588.51 
6190.95 1588.4 6212.31 1588.51 6229.27 1588.5 6316.9 1589.82 6320.42 1589.89 
6322.38 1589.9 6322.48 1589.87 6332.62 1589.87 6335.91 1589.87 6343.49 1589.95 
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. . .  . 

10255.25 1586.910257.89 1586.8910277.43 1588.67 10285.5 1589.0910297.48 1588.79 
10300.97 1588.710306.85 1588.6710313.95 1588.8110320.35 1589.1510334.16 1589.26 
10333.58 1589.410352.17 1589.5610357.81 1589.6110361.97 1589.5810363.52 1589.63 

1 10378.79 1589.610381.13 1589.6410392.07 1589.5310405.89 1589.4410420.75 1589.71 
10426.49 1589.710433.62 1589.710452.64 1589.810457.14 1589.7910461.07 1589.85 

10521.74 1589.410542.64 1588.8610546.73 1588.84 10548.1 1588.8410562.94 1588.77 
10601.52 1588.810608.93 1588.8110611.89 1588.81 10621.1 1588.5810634.57 1588.57 
10648.15 1588.710659.12 1589.15 

Manning's n Values num= 5 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4444.79 .15 7863.94 .1 8809.14 .15 9997.96 .045 10032.8 .15 

9997.96 10032.8 400 529.54 

Blocked Obstructions numum 1 
Sta L Sta R Elev 

4444.79 6690.45 1591.86 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1589.86 Element Left OB Channel Right 0B 
Vel Head (ft) 0.11 Wt. n-Val. 
W.S. Elev (ft) 1589.74 Reach Len. (ft) 
Crit W.S. (ft) Flow Area (sq ft) 
E.G. Slope (ft/ft) 0.013252 Area (sq it) 
Q Total (cfs) 3732.00 Flow (cfs) 
Top Width (ft) 2853.61 Top Width (ft) 
Vel Total (ft/s) 1.42 Avg. Vel. (ft/s) 
Max Chl Dpth (it) 4.19 Hydr. Depth (ft) 
Conv. Total (cfs) 32419.6 Conv. (cis) 17564.6 4195.0 10660.0 
Length Wtd. (ft) 418.23 Wetted Per. (ft) 
Min Ch El (ft) 1586.04 Shear (lb/sq ft) 

3.62 Stream Power (lb/ft s) 
Frctn Loss (ft) 4.19 Cum Volume (acre-ft) 
C & ELoss (ft) 0.01 C u m s ~  (acres) 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % COnV. Hydr D. Velocity 
(ft) (ft) (cfs (sq ft) (ft) (ft) ' (ft/s) 
5833.08 7221.38 53.64 91.63 253.53 
7221.38 
8609.67 9997.96 
LB 9997.96 RB 10032.80 482.91 
10032.80 10659.12 1227.14 806.76 571.53 

a 
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Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SICRJAL BUTTE 
IIEACH: SPILLWAY RS: 2.454 

INPUT 
Description: RM. 2.454. HORZ. N VALUES USED. AREA BLOCKED OUT TO LEFT OF STA.7066.08. 

Station Elevation Data num= 485 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4639.26 1588.7 4642.64 1588.71 4681.32 1587.61 4701.19 1587.45 4711.47 1587.43 
4732.19 1588 4742.15 1588.22 4746.23 1588.28 4774.34 1588.72 4778.44 1588.74 
4780.72 1588.7 4844.29 1588.74 4845 1588.71 4869.86 1588.11 4907.52 1587.41 
4923.63 1587.5 4940.65 1587.57 4958.62 1588.26 4958.94 1588.27 4959.48 1588.26 
4961.43 1588.3 5009.37 1588.05 5027.56 1588.5 5037.36 1589.04 5041.08 1588.95 
5043.19 ,1585.9 5044.96 1584.85 5057.03 1585.57 5061.61 1585.29 5072.91 1588.46 
5094.2 1587.5 5097.03 1587.26 5103.5 1587.24 5134.62 1587.42 5165.01 1587.7 
5174.42 1587.6 5181.58 1587.66 5192.54 1588.2 5200.65 1588.65 5223.88 1589.9 
5230.73 1590.3 5233.33 1590.2 5234.2 1590.19 5257.15 1589.67 5267.07 1589.47 
5286.1 1589.1 5308.64 1588.59 5317.11 1588.41 5326.05 1587.83 5343.53 1587.82 
5345.4 1587.7 5347.55 1587.65 5364.64 1587.21 5372.79 1587.01 5382.62 1586.97 
5387.29 1587 5397.41 1587.12 5412.47 1587.23 5413.18 1587.22 5414.07 1587.29 
5429.13 1588.5 5433.38 1588.48 5456.52 1588.46 5462.34 1588.46 5464.51 1588.49 
5517.86 1588.5 5532.96 1588.38 5548.03 1588.32 5559.41 1588.44 5588.12 1588.55 
5597.7 1588 5622.85 1586.03 5626.89 1586.02 5652.37 1585.9 5666.74 1585.78 
5682.36 1585.7 5696.55 1585.73 5716.68 1586.85 5734.99 1587.83 5744.53 1587.55 
5752.12 1587.5 5799.9 1587.14 5817.7 1586.99 5821.61 1586.95 5823.44 1586.94 
5828.85 1586.9 5885.72 1586.36 5899.75 1586.15 5904.22 1585.97 5921.78 1585.16 
5925.28 1585.1 5929.24 1585.09 5950.06 1584.87 5964.74 1584.78 5973.15 1585.37 
5979.25 1585.9 5992.44 1586.71 6004.16 1586.55 6024.7 1586.64 6050.52 1586.85 
6054.38 1586.6 6064 1586.68 6070.47 1586.62 6104.13 1587.37 6111.76 1587.52 
6112.58 1587.5 6142.85 1587.32 6179.35 1587.09 6182.48 1587.09 6183.81 1587.08 
6184.24 1587.1 6185.08 1587.08 6187.15 1587.05 6250.99 1586.85 6268.55 1587.02 
6270.05 1587 6293.06 1586.04 6300.27 1585.77 6305.28 1585.54 6327.31 1585.57 

6341 1585.6 6351.99 1586.02 6374.41 1586.15 6383.02 1586.49 6388.77 1586.76 
6398.04 1587.2 6407.9 1587.1 6439.17 1586.89 6448.82 1586.77 6467.18 1587.12 
6478.83 1587 6492.07 1587.02 6529.62 1586.9 6535.86 1586.89 6540.99 1586.9 
6547.18 1586.7 6548.87 1586.73 6555.98 1586.44 6566.33 1586.1 6568.4 1586.01 
6571.94 1585.9 6579.63 1585.75 6610.81 1585.29 6624.83 1586.01 6636.04 1586.58 
6645.88 1586.6 6702.8 1586.9 6742.49 1587.04 6745.19 1586.95 6768.35 1586.15 
6776.09 1586 6778.22 1585.89 6785.81 1585.59 6796.89 1585.55 6841.75 1585.6 
6865.65 1586.7 6869.61 1586.81 6874.25 1586.84 6898.75 1586.68 6905.32 1586.63 
6905.61 1586.6 6905.97 1586.63 6906.65 1586.63 6946.77 1586.72 6960.88 1586.67 
6970.14 1586.7 6996.1 1586.43 7004.26 1586.46 7029.41 1586.43 7044.98 1586.51 
7053.98 1586.5 7056.65 1586.51 7064.87 1587.28 7066.08 1587.44 7091.66 1586.1 
7095.04 1585.9 7095.13 1585.9 7095.24 1585.9 7095.48 1585.9 7118.64 1586.06 
7141.06 1586.3 7145.31 1586.7 7160.86 1586.9 7161.15 1586.9 7161.68 1586.89 
7168.29 1586.6 7202.96 1586.47 7258.44 1585.87 7262.84 1585.83 7264.27 1585.81 
7270.4 1585.8 7278.38 1585.95 7299.21 1584.96 7311.3 1584.36 7316.55 1584.35 
7349.48 1584.9 7358.67 1585.13 7388.07 1586.66 7409.46 1586.81 7441.26 1586.71 
7470.47 1586 7551.14 1584.5 7555.37 1584.48 7577.43 1584.39 7602.02 1584.28 
7607.21 1584.2 7609.04 1584.33 7616.47 1584.49 7627.61 1584.56 7629.11 1584.56 
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j 
Manning's n Values num= 3 

Sta n Val Sta n Val Sta n Val 

j 4639.26 .15  9966.38 .04510024.19 .15 

' Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9966.3810024.19 480 399.74 360  .1 .3 

Ineffective Flow num= 1 
Sta L Sta R Elev 

4639.26 7066.08 1587.44 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1585.66 Element Left 08 Channel Right OB 
Vel Head (ft) 0.07 Wt. n-Val. 0.150 0.045 0 .150  
W.S. Elev (ft) 1585.59 Reach Len. (ft) 480.00 399 .74  360 .00  
Crit W.S. (ft) 1584 .68  Flow Area (sq it) 1536.48 1 1 8 . 0 1  1466.43 
E.G. Slope (ft/ft) 0.007835 Area (sq ft) 1581.54 1 1 8 . 0 1  1466.43 
Q Total (cfs) 3732.00 Flow (cfs) 1343.39 5 6 7 . 3 1  1821.30 
Top Width (ft) 2908.06 Top Width (ft) 1955.70 54 .74  897.62 
Vel Total (ft/s) 1 .20  Avg. Vel. (ft/s) 0.87 4 . 8 1  1 . 2 4  
Max Chl Dpth (ft) 7.28 Hydr. Depth (ft) 0.87 2 .16 1 .63 
Conv. Total (cfs) 42162.3 Conv. (cfs) 15177.0 6409 .1  20576 .1  
Length Wtd. (ft) 420.98 Wetted Per. (ft) 1783.06 55 .95  8 9 7 . 9 1  
Min Ch El (ft) 1580.99 Shear (lb/sq ft) 0.42 1 .03 0 .80  
Alpha 3.18 stream Power (lb/ft s) 0.37 4 .96  0 .99  
Frctn Loss (ft) 4.25 Cum Volume (acre-it) 371.93 7.62 17.38 
C & E Loss (ft) 0 . 0 1  CumSA (acres) 211 .81  3 . 3 1  

! 
: Warning: Divided flow computed for this cross-section. 

23.70* 

: Warning: The energy loss was greater than 1.0 ft (0 .3  m). between the current and previous 
: cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta Right Sta 
Ift) (ft) 
5971.04 7302.82 
7302.82 8634.60 
8634.60 9966.38 
LB 9966.38 RB 10024 .19  
10024.19 11109.96 

Profile #PF 1 

Flow Area W.P. % Conv. Hydr D. Velocity 
(cfs) (sq ft) (ft) (ft) (ft/s) 
3.44 6 .71  1 6 . 8 0  0 . 0 9  0 .40  0 . 5 1  

922.07 967.81 958 .83  2 4 . 7 1  1 .02 0.95 
417.88 561.96 807 .43  11.20 0.70 0 .74  
567.31 118 .01  55.95 15.20 2 .16 4 . 8 1  

1821 .30  1466.43 8 9 7 . 9 1  48.80 1 . 6 3  1 . 2 4  

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.378 

INPUT 
Description: RM. 2 .378 .  HORZ. N VALUES USED. AREA BLOCKED OUT TO LT OF STA.6382.5.  
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i S t a t i o n  E l e v a t i o n  D a t a  num= 478 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

) 4470.09 1582 .3  4470.98 1582.29 4480.23 1582.54 4485.95 1582.28 4504.07 1582.37 
j 4545.73 1581 .9  4568.5 1582.32 4576.85 1582.32 4585.52 1582.29 4643.63 1582.03 

< 4656.83 1 5 8 2 . 1  4670.74 1582 .21  4693.67 1582.26 4706.35 1583 .11  4723.05 1582.85 
4728.45 1 5 8 3 . 1  4730.89 1582.88 4739.71 1582.7 4745.73 1581.58 4747.22 1581.7 
4750.24 1582 .5  4834.72 1581.89 4875 .69  1581.88 4876.7 1581.87 4877.89 1581.77 
4899.74 1 5 8 0 . 3  4906.92 1580.23 4923.37 1580 .01  4933 .35  1579 .79  4942.04 1579.75 

4963.8 1 5 7 9 . 7  4984.65 1580.96 4988.22 1581.25 5004.48 1581.15 5047.36 1580.95 
5068.47 1580 .9  5072.85 1580.83 5076.04 1580.83 5081 .63  1580 .8  5095.23 1580 .71  
5113.32 1580 .6  5165.08 1580.33 5191.45 1580.07 5192.14 1580 .19  5193.75 1580.42 
5209 .81  1 5 8 3 . 2  5216.35 1 5 8 3 . 1 3  5242.88 1582 .92  5284.87 1582.38 5300.55 1582 .26  
5323.45 1581 .6  5359.24 1581.54 5401.76 1581.23 5 4 0 9 . 3 6  1580 .65  5416.48 1580.17 
5418.68 1580  5422 .31  1 5 7 9 . 7 1  5439.83 1579.73 5465.02 1579.77 5473.43 1580.14 
5476.75 1580 .4  5485.74 1 5 8 1 . 0 1  5495.73 1581.46 5503.33 1581.36 5506.55 1581.35 
5558.48 1581.2 5566.97 1581.19 5567 .61  1581.19 5568.08 1581 .19  5568.31 1581.19 
5571.28 1581 .2  5610.74 1581.47 5619.17 1582.53 5628.74 1583.13 5646.88 1582'.79 
5660.09 1582 .6  5683 .91  1 5 8 2 . 2 6  5697.h 1 5 8 2 . 1  5703.24 1581.97 5734.94 1581 .91  

5743.8 1581;8 5766.27 1581.49 5780.5 1581.45 5782.8 1581 .46  5805.84 1580.06 
5821.06 1579 .2  5830 .95  1579.13 5876.95 1579.28 5896.27 1580.25 5903.05 1580 .48  
5908.35 1580 .8  5917.86 1581.47 5927.97 1 5 8 1 . 5  5931.15 1581.49 5945.51 1581.25 
5972.99 1581.2 5986.44 1581.13 5994.29 1581.15 6015.29 1581 .05  6042.84 1581.17 
6052.14 1581.2 6072.15 1581.27 6074.12 1581.28 6082.44 1581.28 6089.72 1580 .9  
6120.13 1579.4 6141.9 1 5 7 9 . 7 1  6185.76 1579 .85  6197.25 1580.49 6201.44 1580.69 
6208.02 1 5 8 1 . 1  6214.55 1581 .47  6218.48 1581.69 6228.72 1581 .67  6241.32 1581.73 
6289.78 1581.5 6293.1  1581.52 6301 .7  1581.56 6317.78 1581.64 6336.54 1581.75 
6359.69 1581 .9  6374.84 1581.98 6376.49 1581.99 6378.18 1581.98 6382.5 1582  
6 3 9 9 . 5 1  1581.4 6411.02 1581.09 6425.29 1 5 8 0 . 8  6436.58 1580 .76  6448.47 1580.88 
6460.47 1581 .5  6462.2 1 5 8 1 . 6 1  6464.16 1581 .69 -6483 .09  1581.85 6490.5 1581 .76  
6545.26 1 5 8 1 . 9  6578.24 1 5 8 1 . 4 7  6598.8 1581.49 6 6 1 9 . 4 1  1581.49 6659.78 1581.96 
6661.65 1582  6663.23 1582.03 6664 .16  1582 .17  6670 .53  1583 .09  6680.41 1583.38 
6686.49 1583 .6  6728.82 1 5 8 3 . 3 5  6785.84 1582.74 6787 .81  1582.72 6788.57 1582 .71  
6789.15 1 5 8 2 . 7  6 7 9 0 . 1 1  1582.7 6807 .71  1582 .64  6810.05 1582.52 6823.45 1581.87 
6827.25 1581.9 6831.66 1581.53 6845.35 1581 .62  6871 .12  1581 .13  6881.61 1582.19 

6882.9 1582 .3  6889.93 1582.22 6892.37 1582.19 6937.22 1581 .46  6960.07 1581 .25  
6976.05 1581.2 6988.48 1582.38 6995.92 1583.09 7002.58 1583.24 7007.06 1583.17 
7020.45 1583.3 7054.25 1 5 8 3 . 1 1  7082.59 1582 .65  7093 .17  1582.55 7119.58 1582.39 
7121.45 1582.4 7122.09 1582.35 7131.58 1582.28 7140 .26  1 5 8 2 . 1 1  7172.29 1580.47 
7204 .18  1580 .5  7218.76 1 5 8 0 . 4 5  7226.98 1580.53 7251.27 1581.28 7270.84 1581 .96  
7289.38 1 5 8 1 . 8  7294.94 1581.78 7325.5 1581.27 7341.18 1580.95 7348.52 1580.94 

1 7369.31 1580 .8  7378 .59  1580.78 7397 .47  1580.66 7 4 1 1 . 5 1  1580.48 7422.39 1581.19 
7430.74 1581 .7  7439.29 1 5 8 2 . 2 5  7447.79 1582.2 7 4 5 9 . 6 1  1582.08 7510.21 1581.44 
7515 .93  1 5 8 1 . 4  7527 .37  1 5 8 1 . 3 2  7571 .11  1 5 8 1 . 1  7579.54 1581 .1  7586.73 1 5 8 1 . 1  
7592.31 1 5 8 1 . 1  7612.69 1579.77 7614.89 1579.59 7617 .86  1579.33 7618.62 1579.34 
7620 .83  1579 .3  7625.36 1 5 7 9 . 3 1  7648 .44  1579.52 7653 .61  1579.23 7665 .56  1579.75 
7667 .26  1 5 7 9 . 8  7670.43 1579.93 7715.8 1580 .31  7767 .08  1 5 8 0 . 6  7791.47 1 5 8 1 . 0 1  
7801.45 1581.3 7802 .39  1577.24 7804.2 1574.82 7817.3 1578 .3  7821.44 1578 .97  
7823.24 1579 .9  7 8 3 8 . 6 1  1 5 7 9 . 7 5  7 8 4 2 . 9 1  1579 .7  7847.7  1579 .81  7872.3 1580 
7875.48 1 5 8 0  7885.8 1579 .94  7898.22 1580 .28  7902 .66  1580.54 7903.28 1580.58 
7904.84 1580 .6  7988.43 1580 .11  7991.2 1580 .12  7996.39 1580.34 8008.2 1580.73 
8019.35 1580.7 8038.29 1 5 8 0 . 8 3  8042 1580.89 8052.85 1580.92 8080.17 1 5 8 1  
8104.65 1 5 8 1 . 2  8113.4 1581.03 8135.38 1581.16 8137.54 1581.16 8147.04 1580.63 
8156.35 1580.3 8162 .1  1580.33 8167.68 1580.48 8180.25 1580 .55  8191.4 1580 .75  
8209.63 1580.8 8212.4 1580.83 8218 .73  1580.89 8241.06 1581.09 8243.86 1581.12 

8246.2 1581.2  8247.59 1581 .21  8261.95 1581.58 8284.67 1581.64 8292.97 1581.74 
8297.4 1581.7  8308.42 1581 .96  8313.42 1 5 8 2 . 2 6  8325.4 1582 .1  8364.66 1581.58 

8377.24 1581 .5  8387.59 1581 .45  8391.79 1581.47 8393.03 1581.46 8407.7 1581 .31  
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Manning's n Values num= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4470.09 .15 7823.24 .1 8589.32 .15 9802.58 .068 9985.72 .045 
10059.07 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9985.7210059.07 520 402.78 320 .1 . 3  

Blocked Obstructions nun= 1 
Sta L Sta R Elev . 

4470.09 6382.5 1582 

CROSS SECTION OUTPUT Profile #PF 1 
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. ?  
1: 
L?, 

E.G. Elev (ft) 1581.39 Element Left OB Channel Right OB 9 Vel Head (ii) 0.21 Wt. n-Val. 0.123 0.045 0.150 

1 
W.S. Elev (ft) 1581.19 Reach Len. (ft) 520.00 402.78 320.00 
Crit W.S. (ft) Flow Area (sq ft) 1497.31 163.62 718.01 
E.G. Slope (ft/ft) 0.013590 Area (sq ft) 1497.31 163.62 718.01 
Q Total (cfs) 3732.00 Flow (cfs) 1907.48 1066.68 757.84 
Top Width (ft) 2947.02 Top Width (ft) 2031.55 73.35 842.12 
Vel Total (ft/s) 1.57 Avg. Vel. (ft/s) 1.27 6.52 1.06 
Max Chl Dpth (ftl 6.37 Hydr. Depth (ft) 0.74 2.23 0.85 
Conv. Total (cfs) 32013.9 Conv. (cfs) 16362.8 9150.2 6500.9 
Length Wtd. (ft) 449.80 Wetted Per. (ft) 2037.58 74.24 842.42 
Min Ch El (ft) 1576.20 Shear (lb/sq it) 0.62 1.87 0.72 
Alpha 5.36 Stream Power (lb/it s) 0.79 12.19 0.76 
Frctn Loss (ftl 4.45 CumVolume (acre-ft) 354.96 6.33 8.36 
C & E Loss (ftl 0.01 Cum SA (acres) 189.85 2.72 16.51 

Warning: Divided flow computed for this cross-section. 
: Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 

cross section. This may indicate the need for additional cross sections. 

:I FLOW DISTRIBUTION OUTPUT Profile #PF 1 
.. , 
..., .* 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
. . 
~> (ft) (ftl (cfs) (sq ft) (ft) (ftl (ft/s) 

.. . 5849.00 7227.90 44.13 57.85 120.36 1.18 0.48 0.76 
.: 7227.90 8606.81 820.53 679.85 976.20 21.99 0.70 1.21 

8606.81 9985.72 1042.82 759.61 941.02 27.94 0.81 1.37 
LB 9985.72 RB 10059.07 1066.68 163.62 74.24 28.58 2.23 6.52 
10059.07 11054.67 757.84 718.01 842.42 20.31 0.85 1.06 

..: 
>'' Warning: Divided flow computed for this cross-section. 
, Warning: The energy loss was greater than 1.0 ft (0.3 ml. between the current and previous 
1 cross section. This may indicate the need for additional cross sections. 

; CROSS SECTION RIVER: SIGNAL BUTTE 
. REACH: SPILLWAY RS: 2.302 ] INPUT 

Description: RM.2.302 . HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA. 6157.1. 

Station Elevation ~ a t a  num= 482 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4327.1 1576.6 4330.78 1576.65 4338.25 1576.69 4344.63 1576.7 4358.84 1576.79 
4368.5 1576.9 4375.49 1576.79 4402.45 1576.7 4469.44 1576.27 4482.03 1576.24 
4485.85 1576.3 4494.3 1576.2 4498.01 1576.2 4501.43 1576.17 4515.57 1575.63 
4517.44 1575.7 4548.31 1576.08 4563.65 1576.09 4576.09 1576.11 4595.55 1576.07 
4612.07 1576.2 4650.01 1575.86 4666.93 1575.67 4675.99 1575.74 4687.8 1575.9 
4695.5 1574.6 4697.8 1574.2 4713.25 1574.92 4725.98 1575.45 4740.71 1575.83 
4743.45 1575.9 4761.5 1576.9 4763.56 1576.97 4770.06 1577.13 4786.09 1577.46 
4795.54 1577.3 4822.33 1577 4829.67 1576.93 4854.93 1576.14 4859.48 1576.01 
4862.1 1576 4867.05 1575.98 4872.71 1575.94 4888.42 1575.83 4913.44 1575.84 
4918.04 1575.6 4922.42 1575.65 4929.44 1575.52 4942.86 1575.39 4967.7 1575.15 
4979.7 1575.2 4982.52 1575.28 5000.56 1575.57 5024.64 1576.28 5065.37 1575.82 
5076.38 1575.9 5085.76 1575.92 5094.96 1575.86 5102.52 1575.83 5116.8 1575.82 
5132.29 1575.8 5140.69 1574.15 5152.65 1574.34 5153.65 1574.97 5166.97 1574.75 
5182.33 1573.2 5184.58 1573.85 5186.99 1574.41 5189.93 1574.49 5226.15 1574.97 
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' Manning's n Values num= 6 
Sta n Val @ 4327.1 

Sta n Val Sta n Val Sta n Val Sta n Val 
. ,. .1 5226.15 .15 7160.89 .1 8004.84 .15 9928.84 .045 
. 10016. 18 .15 
. .. 

. Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
:,.i . ., 

9928.8410016.18 280 118.36 118 .1 .3 
.:, : Blocked Obstructions 
.: 

num= 1 
Sta L Sta R Elev 

,::> 4327.1 6157.1 1578.65 4 

i CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (it) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (ft) 
MinChEl (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

FCD 98-17 Delineat~on of Spillway Flows d For Signal Butte Flood Retarding Structure 
113 Discharge (Q's Modeled Separately) 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (it) 
Conv. (cfs) 
Wetted Per. (it) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Page 83 

Left 08 
0.120 

Channel 
0.045 
118.36 
297.54 
297.54 
1942.97 
86.41 
6.53 
3.44 

22319.9 
86.90 
1.62 
10.58 
4.19 
1.98 

Right OB 
0.150 
118.00 
105.22 
105.22 
98.64 
130.01 
0.94 

A-N West, Inc. 
July, 1999 



, 
Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

* 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta . Right Sta Flow . Area W.P. % Conv. Hydr D. Velocitv 

Warning: Divided flow computed for this cross-section. 
' Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

4 than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
, warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 

cross section. This may indicate the need for additional cross sections. 

. . 
L 

, CROSS SECTION RIVER: SIGNAL BUTTE 
' 1  REACH: SPILLWAY RS: 2.279 

INPUT 
Description: RM.2.279 . BLOCKED OUT INEFF. AREA BELOW EL.1570 AND BETWEEN STA. 5994 AND 617 
AT RET. BASIN. HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA. 5891.39. 

Station Elevation Data num= 482 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4265.03 1573.9 4268.87 1573.75 4287.66 1573.56 4288.69 1573.53 4289.44 1573.51 
4298.34 1573.6 4303.69 1573.83 4315.59 1573.8 4330.1 1573.63 4334.29 1573.69 
4338.84 1573.9 4340.61 1573.93 4348.57 1574.18 4351.65 1574.27 4356.66 1574.3 
4373,5 1574.3 4380.22 1574.36 4434.76 1573.96 4474.83 1573.61 4481.99 1573.55 
4492.63 1573 4493.55 1572.99 4495.54 1573.03 4540.04 1573.72 4553.5 1573.69 
4554.34 1573.7 4557.8 1573.66 4586.72 1573.58 4590.46 1573.53 4602.05 1573.54 
4615.83 1573.6 4631.18 1573.63 4636.53 1572.81 4641.11 1572.14 4660.56 1573.06 
4671.07 1573.5 4680.03 1573.62 4729.16 1573.83 4729.26 1573.83 4729.45 1573.83 
4740.7 1573.6 4743.97 1573.63 4756.63 1573.58 4765.51 1573.42 4784.85 1573.42 
4796.97 1573.5 4805.73 1573.53 4808.3 1573.46 4818.19 1573.16 4868.53 1572.42 
4901.2 1572.2 4913.37 1572.19 4920.65 1571.89 4927.91 1571.79 4933.85 1571.89 
4938.87 1571.9 4947.91 1571.52 4952.96 1571.51 4959.59 1571.67 4961.55 1571.75 
4990.49 1572.2 4993.97 1572.2 5002.56 1572.24 5012.22 1572.25 5020.96 1572.35 
5025.28 1572.4 5038.05 1572.52 5044.34 1572.61 5051.27 1572.66 5112.34 1572.87 
5118.72 1572.9 5135.47 1572.67 5145.9 1572.64 5146.41 1572.63 5149.16 1572.55 
5163.33 1572.1 5164.32 1572.07 5165.75 1571.98 5166.87 1571.99 5169.33 1571.98 
5170.94 1572 5186.12 1572.24 5192.75 1572.45 5197.35 1572.5 5212.96 1572.22 
5230.28 1572.4 5236.67 1572.53 5243.14 1572.67 5250.71 1572.88 5270.89 1573.09 
5317.04 1572.9 5353.24 1572.44 5356.54 1572.6 5360.6 1572.93 5365.06 1572.75 
5371.62 1572.2 5374.91 1571.96 5385.22 1569.08 5390.98 1567.31 5392.38 1567.44 
5410.85 1572.7 5411.21 1572.78 5424.49 1572.5 5430.17 1572.55 5445.28 1572.66 
5481.83 1572.3 5486.91 1572.28 5502.22 1572.27 5515.88 1572.25 5535.4 1572.19 
5547.71 1572.2 5550.9 1572.17 5569.54 1572.19 5579.35 1571.67 5593.89 1571 
5604.44 1570.6 5608.78 1570.43 5612.24 1570.41 5614.89 1570.37 5660.4 1570.54 
5669.93 1571.3 5677.33 1571.84 5682.42 1571.75 5693.48 1571.58 5695.98 1571.63 

..! 
3 FCD 98-47 Dellneation of Spillway Flows A-N West, Inc. 

For Signal Butte Flood Retarding Strudure Page 84 July, 1999 
113 Discharge (Q's Modeled Separately) 

.< 



~ ~~~~ ~~ -~ - . . -  
5877.44 1 5 7 3 . 6  5882.05 1573 .77  5884 .63  1573.82 5891.39 1573.87 5893.16 1573 .82  
5894.83 1573.8  5908.62 1573 .74  5911.97 1573.74 5916.64 1573.67 5923.32 1 5 7 3 . 6 1  
5943.84 1 5 7 3 . 4  5961.14 1573 .15  5978 .13  1572 .93  5994 1570.18 6032.47 1563 .13  

6045.5  1563 .3  6105.44 1563.75 6107 .66  1563.77 6 1 1 3 . 8 1  1563.83 6124.62 1564.15 
6152 .2  1 5 6 8 . 1  6187.85 1572 .85  6190 .06  1573.48 6199 .13  1575.36 6234.23 1575.38 

6240.78 1575.4  6245.43 1575 .4  6249.85 1575.44 6293.33 1575.04 6316.47 1574.82 
6332.62 1573 .9  6338.59 1573 .56  6344.67 1573 .26  6364.4 1573.19 6382.37 1 5 7 3 . 1  
6395.53 1 5 7 3 . 6  6413.38 1 5 7 4 . 1 9  6427 .06  1574.15 6444.68 1 5 7 4 . 1  6492.68 1573 .96  
6548.68 1 5 7 3 . 5  6574.23 1573 .08  6581 .39  1573 .06  6585.7  1572.77 6603.5  1571.73 
6614.24 1 5 7 2  6624.23 1571 .98  6642.38 1571.87 6654.55 1572 .29  6671.24 1572.93 
6671.74 1572 .9  6672.18 1572 .94  6751 .56  1573.88 6753.76 1572.48 6760.82 1571 .49  
6770.04 1 5 7 3 . 7  6 7 9 3 . 1  1573 .46  6793 .16  1 5 7 3 . 3 1  6797.09 1571.71 6800 .61  1572.85 
6805 .21  1 5 7 2 . 7  6813.96 1572 .43  6818 .29  1572.44 6823.27 1572 .41  6829.03 1572.39 
6831.02 1572 .3  6832.56 1572 .3  6833.47 1572.32 6837.25 1 5 7 2 . 3 1  6842.97 1572 .3  
6867.03 1572 .2  6867.27 1572 .54  6 8 7 7 . 6 1  1574.04 6882.67 1574.56 6885.5 1 5 7 4 . 2 1  
6904.48 1 5 7 2 . 1  6909.13 1 5 7 2 . 5 1  6921.34 1573 .34  6938.98 1573.54 6960.89 1573 .8  
6967.16 1573 .9  6992.4 1574.04 7103 .92  1573 .66  7111.58 1573.64 7117.32 1573 .63  
7183:05 1 5 7 3  7242.27 1573 .4  7254 .09  1573.53 7270 .75  1573.5  7336.42 1573.47 
7351.45 1 5 7 3 . 3  7374.28 1573 .15  7384.69 1573 .17  7408 .6  1572.95 7420.9  1572.88 
7427.08 1 5 7 2 . 4  7438 .36  1571 .82  7440 .32  1571 .82  7441.82 1571.83 7466.25 1572  
7484.05 1571 .6  7486.87 1 5 7 1 . 6  7 4 9 9 . 1 1  1571.48 7505.03 1571 .83  7518 .99  1572.77 
7528 .11  1572 .7  7546.9  1572 .42  7 6 0 4 . 4 1  1 5 7 2 . 5 1  7617.07 1572.5  7654.79 1572 .4  
7741.99 1572.2  7769.86 1572.18 7831 .94  1 5 7 2 . 6  7834 .2  1572.47 7837.63 1572 .56  
7850.94 1 5 7 2 . 4  7870 .34  1572 .43  7873 .4  1 5 7 2 . 4 1  7 8 7 3 . 8 3  1572.4 7887.4 1572.22 
7906.57 1 5 7 2 . 1  7909.16 1 5 7 2  7 9 1 6 . 7 1  1571 .79  7931.95 1571 .12  7933 .08  1571.29 
7936.79 1571 .9  7945.34 1573 .16  7948 .43  1573 .47  7964 .36  1572.96 7972.98 1 5 7 2 . 2 1  
8000.84 1572 .3  8031 .51  1 5 7 2 . 4 1  8046.04 1572.52 8051.79 1572.52 8055.8'1 1572.57 
8065.82 1572 .5  8073.44 1572 .42  8074.22 1 5 7 2 . 4 1  8076.18 1572.39 8097.58 1571.95 
8109.13 1571.8  8113.3 1571 .8  8120 .99  1571 .73  8143.06 1572.08 8167.9 1 5 7 2 . 5 1  
8182.69 1572 .6  8213.02 1573.77 8224  1 5 7 3 . 7 1  8250.37 1573 .67  8251.66 1573 .7  
8259.55 1 5 7 3 . 7  8276 .9  1573 .73  8288 .16  1 5 7 3 . 7 1  8296.58 1573 .73  8331.24 1573.62 
8342 .31  1 5 7 3 . 4  8343.79 1573 .7  8357 .82  1573 .55  8373.55 1573.47 8392.89 1573.35 
8469.05 1572 .6  8477.22 1 5 7 2 . 7 1  8481 .59  1572.67 8513 .79  1572.86 8513.88 1572 .6  
8529.93 1573 .2  8536.85 1573 .4  8 5 8 2 . 5 1  1573.02 8602 .19  1572.85 8606.52 1 5 7 2 . 8  

8608.3  1572.8  8613.27 1572.67 8621 .99  1 5 7 2 . 7 1  8653.24 1572 .73  8663.28 1572 .7  
8665 .51  1572 .7  8692.2 1572 .09  8 6 9 4 . 3 8  1572 .14  8717.8  1572.02 8732.13 1571.95 
8734.45 1571 .9  8752.5  1571.84 8769.24 1572.02 8780.44 1572.17 8802.42 1572,4  
8804.67 1572.4  8829.9 1572 .43  8835 .06  1572.45 8850.35 1572 .51  8862.3  1572.62 
8872.24 1 5 7 2 . 6  8880 .55  1572 .59  8900 .72  1572 .66  8904.58 1572.67 8925.04 1572.83 
8926.06 1572 .8  8929.64 1572 .86  8 9 4 4 . 8 3  1572 .82  8950.58 1572.87 8971.27 1573.12 
8977.73 1573 .2  8981.52 1573.24 9013 .99  1573.43 9019.84 1573.26 9045.96 1573.24 
9052.53 1573.2  9065.07 1 5 7 3 . 3 9  9067 .45  1573.35 9069 .56  1573.56 9071 .41  1573.58 
9088 .51  1573 .6  9101.67 1 5 7 3 . 2 9  9 1 0 5 . 5 7  1573.48 9115 .81  1573.73 9118.95 1573.78 
9120.62 1573.8  9138.79 1573.74 9146 .48  1573.68 9 1 6 7 . 6  1573.65 9199 .91  1573 .3  
9211.23 1 5 7 3 . 2  9217.39 1573.22 9220 .23  1 5 7 3 . 2 1  9230.09 1 5 7 3 . 8 6  9233.44 1573.74 
9278.65 1 5 7 3 . 5  9280 .44  1573 .52  9288.44 1573 .5  9290 .76  1573.59 9317.87 1573.99 
9321 .61  1574  9322.06 1574 .03  9329 .75  1574.02 9416.34 1573.53 9422.19 1573.53 
9429.27 1573 .5  9438.03 1573.42 9490 .03  1573.45 9509 .41  1574.34 9521.03 1575.17 
9534.66 1 5 7 5 . 2  9561.3  1575 .24  9578 .83  1574 .2  9586.7  1573.96 9594.02 1573.65 
9603.08 1574.7  9616 .2  1576.04 9617.46 1576.08 9621.47 1 5 7 6 . 3 1  9622.98 1576.35 
9658.17 1575 .6  9667 .41  1575 .42  9679.8  1574.24 9686.57 1573.65 9689.45 1 5 7 4 . 3 1  
9703.33 1577 .5  9708.72 1577 .25  9733 .93  1577.45 9754.74 1577.38 9769.84 1577.18 

9784.2 1 5 7 7 . 1  9845.72 1576 .9  9875 .65  1576 .12  9881.9  1575.94 9887.1 1575.75 
9911.99 1575.1  9931.99 1574 .95  9970.15 1574 .23  9975.79 1572.28 9977.5  1571.68 9 FCD 96-17 Delineation of Spilhny Flow 

For Signal Butte Flood Retarding Strudure Page 85 
113 Discharge (Q's Modeled Separately) 
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Manning's n Values n u =  8 
S t a  n Val S t a  n Val S t a  n Val S t a  n Val S t a  n Val 

4265.03 .l 5410.85 .15 6800.61 . I  8055.81 . I 5  8481.59 . I  
9101.67 .15 9911.99 .04510039.39 .15 

, Bank S t a :  L e f t  Right Lengths: L e f t  Channel Right Coeff Contr .  Expan. 
9911.9910039.39 800 96.77 96 . 1 .3 

, I n e f f e c t i v e  Flow num= 1 
4 S t a  L S t a  R Elev 

4265.03 5891.39 1573.87 

, Blocked Obs t ruc t ions  num= 1 
S t a  L S t a  R Elev 

5994 6170 1570 

CROSS SECTION OUTPUT P r o f i l e  #PF I 

E.G. E lev  ( f t )  

i Vel Head ( f t )  
W.S. E l e v  ( f t >  

i 
C r i t  W.S. ( f t )  
E.G. Slope [ft /ft)  
Q T o t a l  ( c f s )  
Top Width ( f t )  
Vel T o t a l  ( f t / s I  
Max chi ~ p t h  ( f t )  
Conv. T o t a l  ( c f s )  
Length Wtd. ( f t )  
Min Ch E l  ( i t )  
Alpha 
F r c t n  Loss ( f t )  
C & E Loss ( f t )  

Element 
W t .  n-Val. 
Reach Len. t f t )  
Flow Area ( sq  it) 
Area ( s q  i t )  
Flow ( c f s )  
Top Width t f t )  
Avg. Vel. rft /sJ 
Hydr. Depth ( f t )  
Conv. ( c f s )  
Wetted Per .  ( f t )  
Shear ( l b / s q  it] 
Stream Power ( I b f f t  sl 
Cbm Volume ( a c r e - f t )  
Cum SA (ac res )  

L e f t  OB 
0.140 

800. 00 
864.60 

1367.28 
3131.53 
1978.44 

3.62 
0.69 

11361.2 
1257.66 

3 .26  
11.81 

325.46 
149.53 

Channel 
0.045 
96.77 
46.79 
46.79 

512.90 
34.98 
1 0 . 9 6  

1 .34  
1860.8 

35.41 
6 .27 

68. 70 
3 . 7 3  
1 . 8 1  

Right 08 
0.150 
96.00 
26.70 
26.70 
87.57 
19.55 

3.28 
1.37 

317.7 
20.29 

6.24 
20.47 

5 .15 
12.74 

Warning: The energy equat lon cou ld  n o t  be balanced w i t h i n  t h e  s p e c i f i e d  number of  i t e r a t i o n s .  
The program used c r i t i c a l  dep th  f o r  t h e  water  s u r f a c e  and cont inued on wi th  t h e  c a l c u l a t i o n s .  
Warning: Divided flow computed f o r  t h i s  c ross - sec t ion .  
Warning: The conveyance r a t i o  (upstream conveyance d i v i d e d  by downstream conveyance) i s  l e s s  
t h a n  0 .7  o r  g r e a t e r  than  1 .4 .  This  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
Warning: The energy l o s s  was g r e a t e r  than  1 . 0  f t  (0 .3  m ) .  between t h e  c u r r e n t  and p rev ious  
c r o s s  s e c t i o n .  This  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

FCD 9&?7 Denneation of Soithvav Flows 
For Slgnar Butte Flood ~etardln~.Structure 
TI3 Discharge (a's Modeled Separatety) 

Page 88 
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Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was used. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs1 (sq ft) (ft) (ft) (ft/s) 
5676.77 7088.51 2455.84 551.50 365.27 65.80 1.51 4.45 
7088.51 8500.25 504.88 242.10 704.95 13.53 0.34 2.09 
8500.25 9911.99 170.81 71.01 187.44 4.58 0.38 2.41 
LB 9911.99 RB 10039.39 512.90 46.79 35.41 13.74 1.34 10.96 
10039.39 10739.30 87.57 26.70 20.29 2.35 1.37 3.28 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program used critical depth for the water surface and continued on with the calculations. 
Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below crit~cal depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was used. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.261 

INPUT 
Description: RM. 2.261. HORZ. N VALUES USED. UPSTREAM EDGE OF CAP CANAL, RAS.I.D.3 =SEC. 
STA.49+50=CAP STA.479+00=(5) 72"DIA. RAS. I.D.2=SEC. STA.58+10=CAP STA.471+03=(3) 72"DIA 
RAS.I.D.l=SEC.STA. 73tOO=CAP STA.456+50=(2)6OW DIA RAS.I.D.4&5=SEC.STA.100+O0&102+30=CAP 
STA.429+20&427+15 =(3) 72"DIA/EA. 

Station Elevation Data nun= 499 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4349.26 1572.1 4359.98 1572.17 4369.44 1571.81 4383.67 1570.09 4383.82 1570.08 
4395.8 1569.7 4407.82 1569.32 4408.08 1569.31 4420.62 1568.58 4441.8 1568.43 
4481.73 1568.7 4512.79 1569.42 4516.83 1569.85 4537.78 1570.49 4557.27 1571.6 
4560.8 1571.6 4583.03 1573.22 4590.2 1573.75 4592.05 1573.76 4610.53 1572.71 
4623.3 1573.2 4636.58 1573.23 4647.26 1573.2 4661.53 1573.03 4663.08 1572.97 
4663.64 1572.9 4687.6 1571.99 4691.74 1571.86 4719.14 1571.06 4736.33 1573.09 
4737.14 1573.1 4738.25 1573.07 4770.97 1570.81 4793.2 1570.74 4830.14 1568.29 
4830.93 1568.3 4846.29 1568.05 4855.1 1567.98 4882.71 1568.83 4885.98 1568.88 
4891.09 1568.6 4915.77 1566.44 4927.66 1566.75 4940.89 1567.87 4952.23 1567.96 
4967.75 1567.9 4987.23 1570.96 5007.01 1571.12 5016.73 1569.99 5043.63 1569.96 
5047.88 1570 5054.03 1570.11 5056.57 1569.91 5072.53 1569.72 5098.67 1569.81 
5100.76 1569.9 5117.31 1572.8 5125.88 1571.4 5147.11 1573.22 5148.5 1573.77 
5155.24 1573.8 5174.46 1573.84 5178.28 1573.82 5204.95 1574.18 5210.66 1574.21 
5235.24 1574.3 5240.42 1574.27 5249.96 1574.18 5259.22 1574.13 5268.04 1574.09 
5272.46 1574.2 5285.47 1574.66 5303.13 1575.15 5334.89 1575.44 5341.19 1575.4 
5374.3 1574.8 5389.16 1574.9 5391.8 1574.78 5395.95 1574.73 5396.29 1574.71 

FCD 98-17 Delineation of Spillway Flows A-N West, inc. 
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,.:a ,:a 
5412.32 1574.2  5431.18 1573.37 5437.91 1573.83 5455.32 1573.72 5461.29 1573.77 . , 

1; 5486.08 1573.7  5491.38 1513.38 5496.65 1573.47 5531.03 1573.39 5540.57 1573.18 
.J 5559.47 1573.8 5573.76 1 5 7 4 . 1  5591.33 1573.73 5 6 0 5 . 5 1  1573.49 5616.97 1 5 7 3 . 5 1  

5638.66 1573.3  5646 .31  1573 .34  5674.93 1573.23 5676.13 1573.23 5689.54 1572.88 
1 5695.24 1572.8 5721.29 1571 .79  5762 .48  1571.64 5772 .68  1571 .86  5774.73 1571 .86  

5777.8 1571.9  5784 .45  1569.26 5808.26 1 5 6 1 . 9 1  5822.47 1561.62 5824.99 1561.44 
5833 .61  1561 .4  5851 .61  1563.04 5859.38 1563.99 5871 .66  1565.72 5893.63 1571.36 
5913 .91  1572 .4  5934.92 1572.89 5953.53 1573.26 5978.13 1572 .79  5978 .25  1572.79 
5979 .01  1572.8 6002.43 1571.95 6006.38 1571.82 6030.54 1570.82 6042.47 1570.45 
6059.83 1570  6073.14 1569.47 6083.99 1569 .14  6106.89 1568.03 6107.5  1 5 6 8 . 0 1  
6111.37 1 5 6 8 . 1  6133.3 1567.96 6149.22 1567 .98  6154.9 1568  6175.28 1567.51 
6179.49 1 5 6 7 . 5  6195.27 1567.45 6200.76 1567.47 6225.2 1 5 6 7 . 4 1  6230 .84  1567.39 
6250 .31  1 5 6 7 . 5  6255 1567 .55  6278.98 1567.53 6284.2  1567.5  6309.15 1567.26 
6313.04 1567.2  6340.93 1567.33 6346.77 1567.39 6371.83 1567.2  6375.55 1567.12 
6380.62 1567  6407.02 1 5 6 7 . 0 1  6410.5 1 5 6 7 . 0 1  6437.13 1565 .96  6441.43 1565.96 
6455.68 1 5 6 6  6460.75 1566.03 6480.57 1565.95 6508.11 1565 .79  6515 .66  1 5 6 5 . 8  
6541.82 1565 .4  6546 .76  1565 .33  6568.69 1565.25 6574.05 1565.28 6600.43 1564.92 
6603 .51  1564.9  6637.13 1 5 6 5 . 1 1 ' 6 6 4 1 . 3 9  1565 .06  6645.55 1564.98 6686.6  1564 .59  
6692.37 1564 .6  6712.92 1564.17 6741 .25  1563.9  6745 .21  1563.85 6759.59 1563 .66  
6763.03 1563.7  6787.79 1563.75 6807 .81  1563.47 6810.54 1 5 6 3 . 4 5  6847.56 1562.53 
6849.34 1562.5  6850.23 1562.48 6881.24 1562.26 6882.17 1562.26 6903.18 1562.33 
6906.05 1562.3  6927.87 1560.89 6936.34 1560.67 6 9 3 7 . 1  1 5 6 0 . 6 1  6969.07 1560 .45  
6969 .16  1560.5  6973 .81  1560.45 6988.76 1560.57 6989.12 1560.58 6996.22 1561.05 
7013 .21  1 5 6 0 . 2  7019 .04  1560.16 7019 .61  1 5 6 0 . 2 1  7 0 2 2 . 1 6  1 5 6 0 . 1 1  7 0 4 4 . 0 6  1561.48 
7049.26 1560.4  7066 .49  1 5 5 8 . 2 1  7068.36 1558.22 7069.64 1558.27 7 0 9 3 . 1  1561.24 
7105 .67  1 5 6 1 . 1  7118.57 1560 .93  7132.54 1560.87 7146.04 1560.79 7157.28 1561.02 
7171 .67  1560.9  7185.79 1 5 6 0 . 8 1  7202.38 1560.56 7213.69 1560.59 7219.5  1560 .83  
7235.59 1561 .1  7252.02 1 5 6 0 . 8 1  7259 .23  1561.13 7273.69 1558.53 7280 .83  1558.13 
7299.69 1558  7302.83 1557.89 7314 .22  1 5 5 7 . 5 1  7 3 2 2 . 7 9  1557.57 7324.13 1557.58 
7 3 2 5 . 4 1  1557.5  7 3 2 5 . 6 1  1557 .5  7325.78 1557.48 7327.92 1557 .4  7353.58 1557.89 
7367.34 1 5 5 8 . 9  7374.12 1560.66 7402.17 1560.56 7402.69 1560.54 7423.75 1560.84 
7424.87 1560 .7  7426 .81  1560.53 7446.77 1 5 6 0 . 1  7461.74 1560.45 7467.82 1 5 6 0 . 9  

7484 .9  1561 .1  7488.23 1561 .24  7503.42 1559 .63  7516.04 1559.65 7532.78 1561 .48  
7541.12 1561.5  7559.94 1558 .48  7561.33 1558.52 7581.54 1558 .62  7 5 8 1 . 9 1  1558.65 

7583.3 1558 .6  7613.17 1560.29 7622 .23  1560.27 7650 .88  1562 .13  7 6 6 8 . 3 1  1562.49 
7669 .2  1 5 6 2 . 6  7686 .9  1561.12 7689.77 1561.47 7707.63 1562.39 7727.54 1559.7  

7727.64 1559 .7  7727 .72  1559.69 7728.23 1559.65 7752.88 1560.12 7759.62 1560.08 
7777.76 1560.6  7793.13 1 5 6 1 . 0 1  7808.93 1 5 6 3 . 3 1  7811.87 1563.27 7830.4  1564.03 
7 8 3 4 . 0 6  1 5 6 4 . 1  7853.87 1563 .59  7856.24 1563.52 7871.65 1563 .45  7874.06 1563.38 
7896.14 1563 .5  7899.5 1 5 6 3 . 5  7916 .82  1 5 6 3 . 1 1  7918.93 1 5 6 3 . 1  7961.63 1562.88 
7962.49 1562 .9  7963.44 1562.87 7985.78 1562 .9  7986.14 1562.83 8004 .06  1562.68 
8025.67 1563  8046.65 1562.92 8049.22 1 5 6 3 . 4 1  8050.04 1 5 6 3 . 4 1  8068.95 1563.33 
8069.53 1563'.3 8093 .81  1563.86 8095.03 1563 .87 .8117 .93  1564.63 8121 .91  1563.34 
8139.37 1563 .2  8155.96 1563.08 8162.18 '  1 5 6 3 . 2 1  8168.33 1 5 6 3 . 1 1  8176.08 1563.09 
8197.37 1563  8215.84 1 5 6 2 . 7 1  8229.03 1562.68 8252.88 1564 .1  8264.5  1563.53 
8270.98 1563 .7  8274.4 1563 .68  8299 .42  1 5 6 3 . 6 9  8307 .13  1563 .54  8324 .97  1563.99 
8330.44 1563.8  8347 .51  1564 .27  8351.44 1 5 6 4 . 3 6  8365 .99  1564.69 8369.9  1564.89 
8389 .21  1564.7  8393.25 1564 .74  8397.46 1564.92 8411 .82  1565 .09  8431.78 1565.09 
8435.84 1 5 6 5 . 1  8457.63 1565.05 8461 .36  1565.23 8 4 6 4 . 1  1565.34 8486.07 1565.64 
8489.84 1 5 6 5 . 6  8511 .01  1 5 6 6 . 1 1  8514 .71  1566.08 8533.82 1566 .36  8537.09 1 5 6 6 . 3 6  
8557.17 1566 .4  8563.63 1565.48 8588.57 1565.79 8594 .41  1566.56 8596.5  1566 .6  
8 6 1 8 . 5 1  1566 .7  8621.77 1566.74 8643.52 1566.92 8646.85 1566.94 8667.75 1 5 6 7 . 3 1  
8671.44 1567.4 8690.16 1567.78 8693.94 1567.82 8714.48 1567.72 8717 .41  1567.75 
8732.58 1567.8 8735.75 1 5 6 8 . 1 1  8754.95 1568.77 8759.03 1 5 6 8 . 8 1  8780 .71  1568.93 
8785.16 1568.8 8805.36 1568.99 8808.32 1569.29 8826.46 1569.87 8830.2  1569.98 
8846.35 1570.4  8850.26 1570.04 8867.45 1 5 7 0 . 2 1  8871 .64  1570 .19  8891.77 1570.47 
8897.82 1570.7 8914.78 1 5 7 1 . 3 1  8921.47 1571 .33  8938.85 1571.64 8945.92 1572.19 1 FCD 98-17' Delineation of Spillway Flows 
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Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta nVal 

4349.26 .1 9192.94 .15 9949.1 ,04510039.47 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9949.110039.47 200 200.58 200 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ftl 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
113 Discharge (Q's Modeled Separately) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs)' 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Page 89 

Left OB 
0.100 

200.00 
19763.54 
19763.54 
3731.81 
3404.30 

0.19 
5.81 

1008556.8 
3410.15 

0.00 
0.00 

131.42 
100.10 

Channel 
0.045 
200.58 
3.48 
3.48 
0.13 
21.05 
0.04 
0.17 
34.5 
21.19 
0.00 
0.00 
3.67 
1.75 

Right 08 
0.150 
200.00 
4.28 
4.28 
0.07 
15.86 
0.02 
0.27 
17.7 
15.90 
0.00 
0.00 
5.12 
12.70 

A-N West, Inc. 
July. 1999 



FLOW DISTRIBUTION OUTPUT 

L e f t  S t a  Right  S t a  
(it) ( f t )  

P r o f i l e  #PF 1 

Flow 
( c f s )  
43.33 

1150 .87  
2465.27 1 

72.33 
0.13 
0 .07 

Area W.P. 
( s q  f t )  ( f t )  
631.14 427.35 

6856.07 1214 .37  
11469.26 1402 .00  

807 .07  366 .43  
3.48 21.19 
4.28 15 .90  

CULVERT RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.252 

% Conv. Hydr D. V e l o c i t y  

INPUT 
8 Desc r ip t ion :  CULVERTS ACROSS CAP CANAL 

Distance  from Upstream XS = 2 5 
Deck/Roadway Width = 

- 1 6 0  
Weir C o e f f i c i e n t  - 2.8 
Bridge Deck/Roadway Skew = 
Upstream Deck/Roadway Coordinates  

nun= 3 6  
S t a  H i  Cord Lo Cord S t a  H i  Cord Lo Cord S t a  H i  Cord Lo Cord 

3778.9  1573.16 3935.44 1573.66 4002.7 1574  
4172.27 1574.22 4291.03 1574.26 4357.67 1574.2  
4390.75 1572.8 4414.56 1568.95 4491.44 1 5 6 8 . 9  
4 5 2 6 . 7 1  1 5 7 2 . 7 1  4562 .88  1 5 7 3 . 8  4856.47 1573 .83  
5266.74 1 5 7 3 . 8 3  5303 .49  1574.9  5398.9  1575  
5460.86 1573.67 5714.85 1573.19 5801.62 1572 .03  
5824.78 1 5 7 1 . 9  5855 .78  1 5 7 2 . 9 1  6153 .43  1572 .93  
6347 .31  1572 .9  6588.98 1572.93 7286 .17  1572.93 
7403.63 1 5 7 3 . 2 5  7905 .82  1 5 7 3 . 3  8097.17 1 5 7 3 . 1 1  
8300.29 1 5 7 3 . 1 4  8306.43 1 5 7 2 . 8  8410.8 1572.82 
8508.59 1573.79 9 4 3 6 . 0 1  1573.8  9530.22 1 5 7 4 . 3 1  
9716.23 1 5 7 5 . 5 1  9730.42 1577.18 1 0 4 3 1 . 6  1577.28 

; Upstream Bridge Cross S e c t i o n  Data $1 S t a t i o n  E leva t ion  Data nun= 499 
S t a  E lev  S t a  E lev  S t a  Elev S t a  Elev S t a  Elev 

4349 .26  1 5 7 2 . 1  4359 .98  1572.17 4369.44 1 5 7 1 . 8 1  4383.67 1570 .09  4383.82 1570 .08  
4395.8  1 5 6 9 . 7  4407.82 1569.32 4408.08 1 5 6 9 . 3 1  4420 .62  1568 .58  4441.8 1568 .43  

4481.73 1568 .7  4512.79 1569.42 4516.83 1569.85 4537 .78  1570.49 4557.27 1 5 7 1 . 6  
4560.8 1571 .6  4583.03 1 5 7 3 . 2 2  4590.2 1573.75 4592.05 1573.76 4610.53 1 5 7 2 . 7 1  
4623.3 1573.2  4636.58 1573.23 4647 .26  1573.2  4661.53 1573 .03  4663.08 1572.97 

4663.64 1 5 7 2 . 9  4687.6  1571 .99  4691.74 1571 .86  4719.14 1 5 7 1 . 0 6  4736.33 1573.09 
4737.14 1 5 7 3 . 1  4738.25 1 5 7 3 . 0 7  4770.97 1 5 7 0 . 8 1  4793 .2  1570.74 4830.14 1568.29 
4830.93 1568.3  4846.29 1568.05 4855 .1  1567.98 4 8 8 2 . 7 1  1568.83 4885.98 1568 .88  
4891.09 1568 .6  4915.77 1566.44 4927.66 1566.75 4940 .89  1567.87 4952.23 1 5 6 7 . 9 6  
4967.75 1567 .9  4987.23 1570 .96  5007 .01  1571.12 5016.73 1569.99 5043 .63  1569 .96  
5047.88 1 5 7 0  5054 .03  1 5 7 0 . 1 1  5056.57 1569.91 5072.53 1569.72 5098 .67  1 5 6 9 . 8 1  
5100.76 1569 .9  5117 .31  1 5 7 2 . 8  5125 .88  1571.4 5147.11 1573.22 5148.5 1573.77 
5155.24 1573.8  5174.46 1573.84 5178.28 1573.82 5204.95 1574.18 5210.66 1 5 7 4 . 2 1  
5235.24 1574 .3  5240.42 1574.27 5249.96 1574.18 5259.22 1574.13 5268.04 1574.09 
5272.46 1 5 7 4 . 2  5285.47 1574 .66  5303.13 1575.15 5334.89 1575.44 5341.19 1575.4 

5374.3  1574 .8  5389.16 1574 .9  5391.8  1574.78 5395 .95  1574.73 5396.29 1 5 7 4 . 7 1  

I 
5412.32 1574.2  5431.18 1573.37 5437 .91  1573.83 5455.32 1573.72 5461.29 1573 .77  

FCD 98-17 Delineation of Spillway Flows A-N West, Inc. 
; For Signal Butte Flood Retarding Structure Page 90 July, 1999 
' . 113 Discharge (Q's Modeled Separately) 
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3 5695.24 1572.8  5721.29 1571 .79  5762.48 1571.64 5772 .68  1571.86 5774.73 1571 .86  
... 5777.8  1571 .9  5784.45 1569 .26  5808 .26  1 5 6 1 . 9 1  5822 .47  1561.62 5824 .99  1561.44 
: 5833 .61  1561 .4  5 8 5 1 . 6 1  1563.04 5859.38 1563.99 5871.66 1565.72 5893.63 1571 .36  

5913 .91  1572 .4  5934.92 1 5 7 2 . 8 9  5953.53 1573 .26  5978 .13  1572.79 5978.25 1572.79 
5979 .01  1572 .8  6002.43 1571.95 6006.38 1571.82 6030.54 1570.82 6042.47 1570.45 
6059.83 1 5 7 0  6073.14 1569 .47  6083.99 1569.14 6106 .89  1568.03 6107.5 1 5 6 8 . 0 1  
6111.37 1 5 6 8 . 1  6133.3  1567 .96  6149.22 1567.98 6154.9 1568  6175.28 1 5 6 7 . 5 1  
6179.49 1567 .5  6195.27 1567.45 6200.76 1567.47 6225.2  1567.41 6230.84 1567.39 
6250 .31  1 5 6 7 . 5  6255 1567 .55  6278.98 1567.53 6284.2  1567 .5  6309.15 1 5 6 7 . 2 6  
6313.04 1 5 6 7 . 2  6340.93 1567 .33  6346.77 1567.39 6371 .83  1567.2  6375.55 1567.12 
6380.62 1 5 6 7  6407.02 1 5 6 7 . 0 1  6410.5  1 5 6 7 . 0 1  6437 .13  1565 .96  6441.43 1565.96 
6455.68 1 5 6 6  6460.75 1 5 6 6 . 0 3  6480.57 1 5 6 5 . 9 5  6 5 0 8 . 1 1  1565.79 6515.66 1565.8  
6541.82 1565 .4  6546.76 1565 .33  6568.69 1565.25 6574.05 1565.28 6600.43 1564.92 
6603 .51  1564 .9  6637.13 1 5 6 5 . 1 1  6641.39 1565.06 6645.55 1564.98 6686 .6  1564.59 
6692.37 1 5 6 4 . 6  6712.92 1564 .17  6741.25 1563 .9  6 7 4 5 . 2 1  1563 .85 .6759 .59  1563 .66  
6763.03 1563.7  6787.79 1563 .75  6807 .81  1563.47 6810.54 1563.45 6847.56 1562.53 
6849.34 1562 .5  6850.23 1562.48 6881.24 1562 .26  6882.17 1562.26 6903.18 1562.33 
6906.05 1562 .3  6927.87 1560 .89  6936.34 1560.67 6937.1  1 5 6 0 . 6 1  6969.07 1560.45 
6969.16 1 5 6 0 . 5  6973.81 1560 .45  6988.76 1560.57 6989.12 1560 .58  6996.22 1561.05 
7013 .21  1 5 6 0 . 2  7019.04 1560.16 7 0 1 9 . 6 1  1 5 6 0 . 2 1  7022 .16  1 5 6 0 . 1 1  7044.06 1561.48 
7049.26 1560 .4  7066.49 1 5 5 8 . 2 1  7068 .36  1558.22 7069.64 1558.27 7093 .1  1561.24 
7105.67 1 5 6 1 . 1  7118.57 1560 .93  7132.54 1560.87 7146.04 1560.79 7157.28 1561.02 
7171.67 1 5 6 0 . 9  7 1 8 5 . 7 9  1 5 6 0 . 8 1  7202.38 1 5 6 0 . 5 6  7213.69 1560.59 7219.5 1560.83 
7235.59 1 5 6 1 . 1  7252 .02  1 5 6 0 . 8 1  7259.23 1561 .13  7273 .69  1558.53 7280.83 1558.13 
7299.69 1 5 5 8  7302.83 1557 .89  7 3 1 4 . 2 2  1 5 5 7 . 5 1  7322.79 1557.57 7324.13 1557.58 
7325 .41  1557 .5  7 3 2 5 . 6 1  1557 .5  7325 .78  1557.48 7 3 2 7 . 9 2  1557.4 7353.58 1557.89 
7367.34 1 5 5 8 . 9  7374.12 1560 .66  7402.17 1560 .56  7402 .69  1560.54 7423.75 1560.84 
7424.87 1560 .7  7 4 2 6 . 8 1  1560 .53  7446.77 1 5 6 0 . 1  7461.74 1560.45 7467.82 1560 .9  

7484.9  1 5 6 1 . 1  7488.23 1561.24 7503.42 1559.63 7516.04 1559.65 7532.78 1561 .48  
7541.12 1 5 6 1 . 5  7559 .94  1558.48 7561 .33  1558.52 7581 .54  1558.62 7 5 8 1 . 9 1  1558.65 

7583.3 1 5 5 8 . 6  7613.17 1560 .29  7622.23 1560.27 7650.88 1562.13 7668 .31  1562.49 
7669.2 1 5 6 2 . 6  7686.9  1561.12 7689.77 1561.47 7707 .63  1562.39 7727.54 1559.7  

7727.64 1559 .7  7727.72 1559 .69  7728 .23  1 5 5 9 . 6 5  7752.88 1560 .12  7759.62 1560.08 
7777.76 1560 .6  7 7 9 3 . 1 3  1 5 6 1 . 0 1  7808 .93  1 5 6 3 . 3 1  7811.87 1563.27 7830.4 1564.03 
7834.06 1564 .1  7853.87 1563.59 7856 .24  1563.52 7871.65 1563.45 7874.06 1563.38 
7896.14 1563.5  7899 .5  1563 .5  7916.82 1 5 6 3 . 1 1  7918 .93  1 5 6 3 . 1  7961.63 1562 .88  
7962.49 1562 .9  7963.44 1562 .87  7985.78 1 5 6 2 . 9  7986.14 1562.83 8004.06 1562.68 
8025.67 1 5 6 3  8046.65 1562.'92 8049.22 1 5 6 3 . 4 1  8050.04 1 5 6 3 . 4 1  8068.95 1563.33 
8069.53 1 5 6 3 . 3  8 0 9 3 . 8 1  1563 .86  8095.03 1563.87 8117.93 1564.63 8121.91 1563 .34  
8139.37 1 5 6 3 . 2  8155 .96  1 5 6 3 . 0 8  8162.18 1 5 6 3 . 2 1  8168.33 1 5 6 3 . 1 1  8176.08 1563 .09  
8197.37 1 5 6 3  8215.84 1 5 6 2 . 7 1  8229.03 1562.68 8252.88 1 5 6 4 . 1  8264.5 1563.53 
8270.98 1563.'7 8274.4 1563 .68  8299.42 1563.69 8307 .13  1563.54 8324.97 1563.99 
8330.44 1563 .8  8347:51 1564 .27  8351.44 1564 .36  8365.99 1564.69 8369.9 1564.89 

8 3 8 9 . 2 1  1564 .7  8393.25 1 5 6 4 . 7 4  8397.46 1564.92 8411.82 1565.09 8431.78 1565 .09  
8435 .84  1 5 6 5 . 1  8457.63 1565 .05  8461.36 1565.23 8 4 6 4 . 1  1565.34 8486.07 1565.64 
8489.84 1 5 6 5 . 6  8511 .01  1 5 6 6 . 1 1  8514 .71  1566.08 8533.82 1566.36 8537.09 1566 .36  
8557.17 1566 .4  8563.63 1565.48 8588.57 1565.79 8594.41 1566.56 8596.5  1 5 6 6 . 6  

' ' 8618 .51  1566 .7  8621.77 15'66.74 8643.52 1566.92 8646.85 1566.94 8667.75 1 5 6 7 . 3 1  
8671 .44  1567 .4  8690.16 1567 .78  8693.94 1567.82 8714.48 1567.72 8 7 1 7 . 4 1  1567.75 
8732.58 1567 .8  8735.75 1 5 6 8 . 1 1  8754.95 1568.77 8759 .03  1568 .81  8780 .71  1568.93 

! 8785.16 1568 .8  8805.36 1568 .99  8808.32 1569.29 8826 .46  1569.87 8830.2 1569.98 
8846.35 1570 .4  8850.26 1570.04 8867.45 1 5 7 0 . 2 1  8871.64 1570.19 8891.77 1570.47 
8897.82 1570.7  8914.78 1 5 7 1 . 3 1  8921.47 1571.33 8938 .85  1571.64 8945.92 1572.19 
8953.77 1 5 7 1 . 8  8968.42 1571 .49  8975.51 1 5 7 1 . 5  8 9 8 8 . 8 1  1571.78 8996.5 1571.76 9 F U I  98-17 Delineation of Spihtay F low A-N West, Inc. 
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Manning's n Values nun= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

4349.26 .1 9192.94 .15 9 9 4 9 . 1  .04510039.47 .15 

Bank Sta: Left Right Coeff Contr. Expan. 
9949.110039.47 .1 . 3  

Downstream Deck/Roadway Coordinates 
nun= 3 6  
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

3778.9  1572 .66  3935.44 1 5 7 3 . 1 6  4002.7 1573.5 
4172 .27  1573.72 4291 .03  1573.76 4357.67 1573.7  
4390.75 1572.3  4414 .56  1568.45 4491.44 1568.4 
4526 .71  1 5 7 2 . 2 1  4562.88 1573.3 4856 .47  1573 .33  
5266 .74  1573.33 5303.49 1574.4  5398.9 1574 .5  
5460.86 1573.17 5714 .85  1572.69 5801.62 1571.53 
5824.78 1571.4  5855.78 1 5 7 2 . 4 1  6153 .43  1572 .43  
6347 .31  1572.4  6588.98 1 5 7 2 . 4 3  7286.17 1572 .43  
7403.63 1572.75 7905.82 1572.8  8097.17 1 5 7 2 . 6 1  
8300.29 1572.64 8306.43 1572 .3  8410.8 1572.32 
8508.59 1573.29 9 4 3 6 . 0 1  1573.3  9530.22 1 5 7 3 . 8 1  
9716.23 1 5 7 5 . 0 1  9730.42 1576.68 10431 .6  1576.78 

Downstream Bridge Cross Sectlon Data 
Station Elevation Data num= 492 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
3625.97 1565 .5  3632 .59  1565.55 3656.69 1565.43 3670.32 1 5 6 5 . 6 1  3685.64 1565.83 
3703.88 1565.8 3715.98 1565.84 3731.62 1569.85 3766.14 1568.83 3779.77 1565 .5  
3790.08 1 5 6 5 . 4  3803.14 1565.47 3 8 5 1 . 9 1  1565.64 3856.4 1565.67 3873 .41  1565.52 
3899.75 1565  3925 .19  1565.02 3959.9  1570.78 3965.15 1571.13 4006.22 1567.56 
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4008.3 1567 .6  4012.16 1567.58 4020.39 1567.33 4049.92 1564.77 4078.79 1 5 6 4 . 8 1  
4108.82 1564.7 4133.24 1571.32 4140.44 1571.65 4165.95 1564.07 4166.01 1564.07 
4166.38 1 5 6 4 . 1  4208.01 1569.06 4215.59 1568.67 4 2 4 1 . 7 1  1 5 7 1  4247.24 1570.97 
4253 .51  1570 .9  4267.78 1570.92 4278.31 1571.37 4292.05 1571.22 4309.15 1569.92 
4323.38 1570 .7  4325.23 1570.75 4343.13 1566 .91  4362.37 1567.88 4376.85 1567.95 
4401.99 1 5 6 8 . 1  4417.09 1567 .21  4445.07 1567.73 4469.07 1568 .11  4484.02 1567.93 
4492.99 1567 .7  4521.03 1568.78 4528.85 1568 .41  4539.23 1568.96 4570.77 1572.62 
4571.53 1 5 7 2 . 6  4573.76 1572.6 4590.5 1573.89 4613.75 1571.72 4618.83 1571.28 
4622.04 1 5 7 1 . 3  4642.73 1572.53 4643.94 1572.5 4645 .31  1572.38 4646.77 1572.43 
4663.49 1 5 7 2 . 2  4667.67 1572.12 4694.25 1570.5 4704.93 1570 .51  4719.91 1571.95 
4729.86 1571.8 4745.36 1572.39 4749.8 1572.43 4762.47 1572.52 4772.53 1572.27 
4774.87 1572.2 4786 .1  1572.18 4800.75 1570.65 4808.38 1 5 7 2 . 1  4 8 2 9 . 7 1  1571.4 
4838.11 1571 .6  4845.85 1571.56 4889.44 1570.56 4889.72 1570.55 4889 .81  1570.56 
4921.94 1572 .6  4943.64 1 5 7 1 . 2 1  4955.75 1570.45 4970.46 1571.48 4982.07 1572.68 
4988.87 1572 .9  4991.39 1572.99 4992.29 1572.97 5 0 0 5 . 1 1  1572.36 5051.7 1569.27 
5073.44 1572 .5  5101.78 1572.66 5104 .71  1572.83 5108.73 1573.09 5109.43 1573.08 
5112.37 1 5 7 3 . 1  5116 .5  1572.79 5173.45 1572 .91  5175 .9  1573.14 5202.46 1573.03 
5218.29 1573  5224.66 1572.58 5236.09 1572.53 5273.97 1572.27 5282.08 1572.4 
5303.03 1572 .3  5310 .71  1572.19 5324.72 1572.25 5 3 4 3 . 7 1  1572.33 5361.65 1 5 7 2 . 1  
5378.57 1 5 7 2 . 1  5418.95 1575.17 5433.29 1575.26 5459 .13  1 5 7 5  5493.99 1574.9 
5501.97 1574 .9  5509.68 1574.44 5523.68 1573 .5  5543.04 1572.13 5557.18 1571.95 
5584.82 1 5 7 1 . 4  5598.88 1571.52 5613.49 1571.07 5 6 2 3 . 0 1  1570.67 5626.04 1570.54 
5634.22 1569.7 5655.07 1561.31 5656.41 1560.84 5657.57 1560 .81  5660.38 1560.78 
5694.92 1 5 6 0 . 9  5702.53 1561.05 5717.56 1566.72 5723.51 1569.79 5746.38 1570.67 
5755.66 1570.8 5758 .3  1570.68 5773.84 1569.13 5780 .45  1568.87 5807.63 1569.17 

5814.4 1569  5836.64 1567 .23  5843.56 1 5 6 7 . 1  5862.89 1566.52 5870.07 1566 .31  
5884.94 1 5 6 6 . 3  5905.94 1 5 6 6 . 4  5917.29 1566.3 5968.5  1566.15 6002.79 1565.73 
6005.64 1565 .7  6038.78 1565 .71  6064.14 1565.82 6 0 8 1 . 9 1  1565.8 6092.63 1565.76 
6130.44 1565.7 6156.9 1565.45 6164 .01  1565.45 6176.36 1565.48 6185.14 1565.48 
6235.15 1565.8 6247 .71  1565.58 6261.29 1565.46 6270.76 1565.32 6298.34 1564.82 
6303.88 1564.7 6324.98 1565.32 6328.94 1 5 6 5 . 4 1  6334 .93  1565.22 6361.44 1564.96 

6384.5 1564.5  6415.25 1564.38 6422.27 1564 .4  6427.96 1564 .28  6442.94 1564.03 
6 4 7 1  1563.5 6479.55 1563.45 6500.58 1564.08 6502.58 1564.07 6533.37 1563 .82  

6536.48 1563 .9  6552.68 1563.64 6555.17 1563.63 6 5 7 3 . 9 1  1564.17 6580.08 1564.45 
6597.19 1565  6614.03 1564.92 6622.95 1565.48 6646.12 1565.42 6652.65 1565 .51  
6670.79 1565.8 6682.7 1565.75 6690 .91  1566.14 6712.08 1568.49 6727.67 1569 .04  
6742.66 1571.9 6746.55 1572.06 6749.03 1572 .01  6774.37 1571.7 6787 .31  1571.46 
6791.05 1570.2 6815.76 1566.76 6828.27 1566.11 6841.93 1565.75 6866.03 1565.49 
6878.11 1566.4 6888.09 1 5 6 6 . 8 3  6905.06 1569.94 6907 .68  1570.11 6915.25 1569.27 
6943.47 1565.8 6955.47 1562 .43  6971.77 1561 .21  6988.03 1560.62 6991.84 1560.7 
6997.15 1 5 6 0 . 9  6998.72 1560 .91  7010.69 1561.93 7016.98 1562.26 7 0 2 9 . 3 1  1561.08 
7040.96 1 5 6 2 . 1  7069.85 1561.53 7075.15 1560.97 7096 .87  1561.5 7099.56 1 5 6 1 . 5 1  
7121.49 1561 .3  7123 .41  1561.4 7152.34 1561.76 7 1 5 3 . 5 1  1562.02 7163.39 1559.56 
7178.63 1558 .6  7208.99 1561.35 7218.73 1562.58 7219 .69  1563.06 7247.59 1563.12 
7253 .13  1563.4 7266.6  1563.43 7283 .43  1562 .99  7297 .63  1562.55 7305.66 1562.46 
7314.94 1 5 6 2 . 2  7346 .94  1562 .47  7 3 7 1  1562.46 7 3 7 9 . 7 1  1562.57 7387.68 1562.13 
7402.73 1 5 6 1 . 2  7407.43 1561.03 7413.07 1561.04 7436.53 1561.34 7447.02 1561.35 
7470 .41  1561 .3  7479.49 1561.42 7488.6 1561.32 7504.13 1561.88 7508.75 1561.8 
7521 .11  1561 .2  7539.77 1560.4 7551.18 1560.04 7554 .62  1560 .11  7571.97 1560 .01  
7575.04 1560 .3  7575.86 1560.38 7601.72 1561.12 7605.75 1561.15 7621.82 1561 .44  
7625.79 1561 .6  7642.46 1561.43 7646.44 1561.4 7665.12 1568.62 7671.4 1568.6 
7696 .11  1564.3 7710.83 1563.75 7721.3 1563.32 7729.9 1563.08 7744.93 1562.45 
7764.43 1561.2 7769 .12  1560.76 7789.03 1560.12 7793.39 1560.09 7812 .32  1559.85 
7827.26 1559 .8  7830.3  1559.98 7839.84 1559.15 7 8 5 8 . 2 1  1559.19 7860.85 1559.04 

7867.2 1 5 5 9 . 1  7886.38 1559.95 7912.54 1560.36 7912 .67  1560.37 7935.49 1560.59 
7949.09 1560 .5  7 9 5 4 . 1  1560.5  7958.26 1560.57 7970.55 1560.53 7994.48 1566.17 
8012.56 1566 .2  8029 .71  1560.45 8071.64 1560.25 8088.58 1562.76 8098.6 1560.87 
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Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

3625.97 .08 9994.4 .04510040.06 .08 

' Bank Sta: Left Right Coeff Contr. Expan. 
9994.410040.06 .1 .3 

Blocked Obstructions n u =  2 
Sta L Sta R Elev Sta L Sta R Elev 

3625.97 7300 1560.5 850010348.82 1560.5 

Upstream Embankment side slope - - 2 horiz, to 1.0 vertical 
Downstream Embankment side slope = 2 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins = 
Energy head used in spillway design = 
Spillway height used in design = 
Weir crest shape = Broad Crested 
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6 Number of Culverts = 5 

i Culvert Name Shape Rise Span 
: culvert # 3  Circular 6 

FHWA Chart # 1 - Concrete Pipe Culvert 
FHWA Scale # 3 - Groove end entrance: ~ i o e  oroiectina from £111 

A -  - - - 
Solution Criteria = Highest U.S. EG 
Culvert Upstrm Dist Length n Value Entrance Loss Coef Exit Loss Coef 

1 9  1 6 2  .012 
Number of Barrels = 5 
Uostream Elevation = 1 5 6 1  
Centerline Stations 

Sta. Sta. Sta. Sta. Sta. 
4920 4928 4936  4944 4952 

Downstream Elevation = 1 5 6 0  
Centerline Stations 

Sta. sta. Sta. Sta. sta. 
4860 4868 4876  4884 4892 

Culvert Name Shape Rise Span 
6 : Culvert #2 Circular 

' FHWA Chart # 1 - Concrete Pipe Culvert 
,.., FHWA Scale # 3 - Groove end entrance; pipe projecting from fill 

Solution Criteria = Highest U.S. EG 
Culvert Upstrm Dist Length n Value Entrance Loss Coef Exit Loss Coef 

10 1 8 0  ,012  . 9  1 
Number of Barrels = 3 

4 Upstream Elevation = 1 5 6 0  
Centerline Stations 

Sta. Sta. Sta. 
5790 5798 5806  

.: Downstream Elevation = 1558 .7  
i Centerline Stations , , 

Sta. Sta. Sta. 
5680 5688 5696  

Culvert Name Shape Rise Span 
Culvert # 1  Circular 5 
FHWA Chart # 1 - Concrete Pipe Culvert 
FHWA Scale # 3 - Groove end entrance; pipe projecting from fill 
Solution Criteria = Hiahest U.S. EG 
Culvert Upstrm Dist Length n Value Entrance Loss Coef Exit Loss Coef 

5 190 .012 . 9  1 
Number of Barrels = 2 
Upstream Elevation = 1555.2 
Centerline Stations 

Sta. Sta. 
7300 7306  

Downstream Elevation = 1554 .4  
Centerline Stations 

Sta. Sta. 
7200 7206  

Culvert Name Shape Rise Span 
Culvert #4 Circular 6 

, FHWA Chart # 2 - Corrugated Metal Pipe Culvert t FCD 98-17 Delineation of Spillway Flows 
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FHWA S c a l e  # 3 - P i p e  p r o j e c t i n g  f r o m  f i l l  
S o l u t i o n  C r i t e r i a  = H i g h e s t  U.S. EG 
C u l v e r t  U p s t r m  D i s t  L e n g t h  n  V a l u e  E n t r a n c e  L o s s  Coef  E x i t  L o s s  Coef 

1 0  1 8 0  .024 . 9  1 
Number o f  B a r r e l s  = 3 
U p s t r e a m  E l e v a t i o n  = 1 5 6 7 . 8  
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  S t a .  
9990 9998  10006  

Downstream E l e v a t i o n  = 1 5 6 7  
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  S t a .  
9990 9998  10006  

C u l v e r t  Name S h a p e  R i s e  Span  
C u l v e r t  # 5  C i r c u l a r  6  
FHWA C h a r t  # 2 - C o r r u g a t e d  M e t a l  P i p e  C u l v e r t  
FHWA S c a l e  # 3 - P i p e  p r o j e c t i n g  f r o m  f i l l  
S o l u t i o n  C r i t e r i a  = H i g h e s t  U.S. EG 
C u l v e r t  U p s t r m  D i s t  L e n g t h  n V a l u e  E n t r a n c e  L o s s  Coef E x i t  L o s s  Coef  

1 0  1 8 0  .024 . 9  1 
Number o f  B a r r e l s  = 3 
U p s t r e a m  E l e v a t i o n  = 1 5 6 7 . 7  
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  S t a .  
10220  10228  10236  

Downstream E l e v a t i o n  = 1567  
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  S t a .  
10170  1 0 1 7 8  10186  

CROSS SECTION RIVER: SIQNAL BUTTE 
REACH: SPILLWAY RS: 2.223 

INPUT 
D e s c r i p t i o n :  RM. 2 .223 .  DOWNSTREAM EDGE OF CAP CANAL. 

S t a t i o n  E l e v a t i o n  Data n u =  492 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

3625.97 1 5 6 5 . 5  3 6 3 2 . 5 9  1 5 6 5 . 5 5  3656 .69  1565 .43  3670 .32  1 5 6 5 . 6 1  3685.64 1 5 6 5 . 8 3  
3703.88 1 5 6 5 . 8  3715 .98  1565 .84  3 7 3 1 . 6 2  1 5 6 9 . 8 5  3 7 6 6 . 1 4  1 5 6 8 . 8 3  3779 .77  1 5 6 5 . 5  
3 7 9 0 . 0 8  1 5 6 5 . 4  3803 .14  1 5 6 5 . 4 7  3 8 5 1 . 9 1  1565 .64  3 8 5 6 . 4  1565 .67  3 8 7 3 . 4 1  1565 .52  
3899 .75  1 5 6 5  3 9 2 5 . 1 9  1565 .02  3959 .9  1570 .78  3965 .15  1 5 7 1 . 1 3  4006.22 1 5 6 7 . 5 6  

4008 .3  1 5 6 7 . 6  4 0 1 2 . 1 6  1567 .58  4020.39 1 5 6 7 . 3 3  4049.92 1564 .77  4 0 7 8 . 7 9  1 5 6 4 . 8 1  
4108 .82  1 5 6 4 . 7  4133.24 1 5 7 1 . 3 2  4140 .44  1 5 7 1 . 6 5  4 1 6 5 . 9 5  1 5 6 4 . 0 7  4166 .01  1 5 6 4 . 0 7  
4166 .38  1 5 6 4 . 1  4208 .01  1 5 6 9 . 0 6  4215 .59  1568 .67  4 2 4 1 . 7 1  1 5 7 1  4247 .24  1 5 7 0 . 9 7  
4253 .51  1 5 7 0 . 9  4 2 6 7 . 7 8  1570 .92  4278 .31  1 5 7 1 . 3 7  4292 .05  1571 .22  4309 .15  1 5 6 9 . 9 2  
4323.38 1 5 7 0 . 7  4 3 2 5 . 2 3  1 5 7 0 . 7 5  4343 .13  1 5 6 6 . 9 1  4362.37 1567 .88  4376 .85  1 5 6 7 . 9 5  
4401 .99  1 5 6 8 . 1  4417.09 1 5 6 7 . 2 1  4 4 4 5 . 0 7  1 5 6 7 . 7 3  4 4 6 9 . 0 7  1 5 6 8 . 1 1  4484 .02  1 5 6 7 . 9 3  
4 4 9 2 . 9 9  1 5 6 7 . 7  4521 .03  1 5 6 8 . 7 8  4528 .85  1 5 6 8 . 4 1  4539 .23  1 5 6 8 . 9 6  4570.77 1572 .62  
4571 .53  1 5 7 2 . 6  4573.76 1 5 7 2 . 6  4590 .5  1573 .89  4613 .75  1571 .72  4618 .83  1571 .28  
4622.04 1 5 7 1 . 3  4 6 4 2 . 7 3  1 5 7 2 . 5 3  4643.94 1 5 7 2 . 5  4645 .31  1572 .38  4646.77 1 5 7 2 . 4 3  
4 6 6 3 . 4 9  1 5 7 2 . 2  4667.67 1 5 7 2 . 1 2  4694 .25  1 5 7 0 . 5  4704 .93  1 5 7 0 . 5 1  4 7 1 9 . 9 1  1 5 7 1 . 9 5  
4729 .86  1571 .8  4745 .36  1572 .39  4749.8  1 5 7 2 . 4 3  4762.47 1 5 7 2 . 5 2  4772 .53  1 5 7 2 . 2 7  
4774.87 1 5 7 2 . 2  4 7 8 6 . 1  1 5 7 2 . 1 8  4800 .75  1 5 7 0 . 6 5  4808 .38  1 5 7 2 . 1  4829 .71  1571.4  
4838 .11  1 5 7 1 . 6  4845 .85  1 5 7 1 . 5 6  4889.44 1 5 7 0 . 5 6  4889.72 1 5 7 0 . 5 5  4889 .81  1 5 7 0 . 5 6  
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Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

3625.97 .08 9994.4 .04510040.06 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9994 .410040 .06  400  1069.12 900  .1 . 3  

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

3625.97 7300 1560.5 850010348.82 1 5 6 0 . 5  

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (it) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (it) 
C & 'E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 

Left OB Channel 
0 . 0 8 0  

400.00 1069 .12  
2059.36 
2059.36 
3732 .00  
1139.28 

1 . 8 1  
1 . 8 1  

69432.8 
1142.89 

0.32 
0.59 

81.32 3 .66  
89.67 1 .70  

Right OB 

900.00 
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Warning: The energy loss was greater than 1.0 it ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (it) (cfs) (ss it) (it) (ft) ( £ U s )  
5218.08 6810.19 66.57 53 .61  51.87 1 .78  1.04 1.24 
6810.19 8402.29 3665.40 2005.54 1086.31  98.22 1 .85  1 .83  
8402.29 9994.40 0 .03  0 .21  4 .71  0.00 0.04 0.15 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  it ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SI- BUTTE 
REACH: SPILLWAY RS: 2.020 

INPUT 
Description: RM. 2.020 HYDRAULIC BASELINE CROSSES NEAR APACHE TRAIL. 

Station Elevation Data num= 497 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4416.03 1564.7 4419.76 1564.68 4427.4 1564.64 4478.38 1564.37 4487.59 1564.26 
4512.93 1564.1  4528.39 1564.09 4531.87 1564.42 4536.52 1564.52 4543.78 1564.77 
4551.69 1565.8 4564.13 1566.02 4580.37 1566.02 4581.22 1565.98 4582.47 1565.98 
4632.37 1565.3 4651.33 1564.52 4651.47 1564.51 4651.58 1564.51 4651.85 1564.5 
4663.64 1564.2 4668.38 1563.98 4675.87 1563.66 4696.32 1564.08 4699.99 1564.17 
4707.97 1564 4719.09 1563.86 4725.98 1563.82 4727.53 1563.83 4804.25 1563.5 
4824.99 1563 .1  4836.57 1563.21 4870.07 1562.71 4873.06 1562.62 4883.14 1561.74 
4883.67 1561.7  4883.8 1561.69 4901.53 1562.5 4908.73 1562.63 4940.66 1562.54 
4969.42 1562.5 5012.29 1562.15  5022.34 1562.06 5025.97 1562.62 5048.24 1565.68 
5054.13 1565.6 5072.06 1565.45 5080.52 1565.42 5101.59 1565.09 5113.22 1564.86 
5118.64 1564.3  5127.53 1562.98 5132.7 1562.43 5184.75 1562.05 5206.87 1562 
5228.41 1562.1  5236.62 1561.86 5237.16 1561.84 5237.94 1561.88 5242.23 1562.12 
5261.11 1563.1  5271.58 1562.89 5293.88 1562.42 5300.62 1562.4 5310.37 1562.45 
5319.79 1562.7 5332.69 1562.95 5344.87 1562.7 5366.12 1562.29 5413.64 1561.57 
5439.89 1561.1  5456.03 1561.16 5459.38 1561.1  5471.54 1561.15 5483.08 1561.19 
5517.43 1 5 6 1 . 3  5526.3 1561 .41  5569.71 1562.12 5579.31 1562.3  5582.62 1562.34 
5593.06 1562.4 5622.23 1562.39 5635.67 1561.27 5642.42 1560.86 5646.08 1560.47 
5654.72 1560.3  5659.38 1560.48 5660.17 1560.47 5669.61 1560.46 5712.05 1560.34 
5721.16 1559 5725.68 1558.12 5731.78 1559.4 5738.32 1561.07 5752.6 1561.41 
5772.83 1561.4 5789.07 1561.01 5808.36 1562.06 5834.45 1563.46 5847.45 1562.8 
5852.59 1562.6 5859.1 1562.45 5903.95 1562.01 5934.26 1561.58 5945.12 1561.4  
5962.01 1561.3 6008.96 1560.78 6019.74 1561.29 6049.6 1562.7 6052.87 1562.83 
6073.49 1563 .1  6107.82 1562.85 6145.96 1562.11 6182.97 1561.94 6184.27 1561.93 
6185.89 1561.9 6191.97 1561.94 6242.7 1562.22 6263.54 1562.06 6266.24 1562.06 
6271.41 1562.2 6287.57 1562 6301.58 1561.95 6307.39 1561.96'6340.53 1562.57 

6379.1 '1563.5 6409.55 1562.43 6429.48 1561.97 6436.61 1562.11 6481.23 1563.42 
6497.46 1563.9 6512.13 1564.17 6512.56 1564.17 6528.06 1561.99 6535.33 1560.93 
6555.96 1563.1  6556.71 1563.15 6557.11 1563.15 6597.45 1562.79 6610.75 1562.9 
6624.53 1563.1  6628.57 1563.07 6652.13 1563.18 6659.71 1563.21 6666.11 1563.17 
6695.65 1563.1  6708.51 1563.14 6728.89 1563.27 6730.52 1563.3 6751.65 1563.51 
6767.88 1563.7 6802.96 1563.97 6804.89 1563.99 6840.18 1563.18 6853.92 1562.91 
6891.71 1563.2 6897.73 1563.14 6901.62 1563.22 6904.2 1563.3 6904.99 1563.31 

@ 
6906.68 1563.3  6911.08 1563.3 6934.2 1563.38 6939.88 1562.65 6960.12 1562.41 

FCD 98-17 Delineation of Spillway Flows A-N West, Inc. 'i For Signal Butte Flood Retarding Structure Page 99 July, 1999 1 113 Discharge (Q's Modeled Separately) 
' 8  

/! 



8122.6  1558 .9  8136.87 1558.57 8145.51 1558.62 8166.35 1558.19 8169.19 1558.2  
8173.24 1558.2  8183.14 1558 .6  8189.88 1558.69 8198.4 1558.08 8209.99 1557 .9  
8228.93 1558 .2  8232.41 1558.24 8235.05 1558.27 8247.7  1558.3  8253.43 1558.32 
8254.23 1558.3  8272.17 1 5 5 8 . 6 1  8273 .58  1 5 5 8 . 6 1  8277 .31  1558 .62  8 2 9 8 . 1 1  1 5 5 9 . 0 9  
8314 .21  1558 .7  8329.54 1558.99 8340.69 1559.07 8349.78 1558.95 8359.56 1559.16 
8369.87 1 5 5 9 . 2  8403.57 1 5 6 0 . 5 3  8415.35 1 5 6 0 . 8 9  8420.7 1560 .84  8436.23 1560 .04  
8442.36 1560  8448.83 1559.65 8458.26 1559.53 8466 .34  1559.28 8514.84 1558.96 
8527.37 1 5 5 8 . 9  8540.77 1 5 5 8 . 7 1  8557.29 1559.36 8574.95 1559.38 8587.84 1558.67 
8614.95 1558.7  8619.29 1558.74 8624.34 1558.93 8 6 3 0 . 5 1  1559 .22  8642 .77  1 5 5 9 . 8 1  
8645.14 1 5 5 9 . 9  8660.68 1559.87 8668.92 1559.97 8677.86 1560.06 8735 .41  1560.04 
8744.07 1560  8754.97 1 5 5 9 . 9 1  8766 .22  1559.88 8807.9  1560.03 8815.29 1559 .85  
8826.38 1560 .2  8835.26 1559.72 8841.77 1559.79 8850.74 1559.8 8854.03 1 5 5 9 . 7 1  
8868.57 1559 .2  8878.75 1558.8  8881.32 1558.69 8888.14 1558.7  8902 1558.43 

8909.5 1558 .4  8918.97 1558.25 8921.82 1558.15 8 9 2 3 . 1  1 5 5 8 . 2 1  8931.77 1558.27 
8937.66 1558 .4  8943.98 1558 .22  8952.65 1558.27 8965.17 1 5 5 8 . 3 1  9004.26 1558.85 
9008 .41  1558.9  9008.86 1 5 5 8 . 9 1  9009.3 1558.92 9009.77 1558 .92  9010 .52  1558 .94  
9065.04 1 5 6 0 . 1  9069.96 1 5 6 0 . 2 1  9075.38 1 5 6 0 . 4  9084.27 1560 .68  9104 .21  1560.86 

9108.4 1 5 6 1  9114.67 1561 .02  9150.47 1561 .6  9160.82 1561 .77  9163.69 1561 .82  
9189.84 1562  9234.74 1562 .22  9240.3  1562.26 9245.64 1562.3  9249.02 1562.33 
9252.21 1562.3  9270 .21  1 5 6 2 . 4 1  9272 .06  1562.42 9294 .74  1562 .42  9301 .9  1 5 6 2 . 4 2  
9329.43 1562.2  9359.25 1562 .15  9372.12 1562.02 9385.27 1562.13 9396.02 1561.86 
9408.48 1561 .7  9 4 1 6 . 7 1  1 5 6 1 . 8 8  9433.04 1562.35 9442.2 1 5 6 2 . 6 1  9473.44 1 5 6 2 . 7 8  
9497.73 1562.7  9501.59 1562.65 9505.34 1562 .62  9534.3  1 5 6 2 . 5 1  9561 .11  1562.48 
9563.95 1562 .5  9568 .6  1 5 6 2 . 5 6  9577.56 1 5 6 2 . 6 1  9592.98 1562.7 9612.57 1562.83 
9624.12 1562.9  9635 .21  1563 .11  9641.9  1 5 6 2 . 9 1  9648.37 1562.67 9657.52 1562 .24  
9666.44 1 5 6 2 . 1  9669.93 1562.4  9685.73 1 5 6 3 . 1 5  9701.34 1563.26 9730.48 1563.46 

9730.6 1563 .5  9730 .67  1 5 6 3 . 4 6  9730 .99  1 5 6 3 . 4 5  9752.33 1563.06 9753.78 1 5 6 3 . 1  
9771.17 1563.5  9788.67 1563.43 9809.78 1 5 6 3 . 5  9822.43 1563.36 9829 .57  1563.55 
9831.42 1563 .6  9863.72 1564.07 9895.44 1564 .38  9904.13 1564.49 9912.86 1 5 6 4 . 4 3  
9929 .31  1564.5  9959.35 1564.47 9980.27 1563.98 9996.46 1563.0410000.98 1561.55 

10007.24 1559.310024.99 1563.7110025.45 1563.8310026.29 1563.810053.97 1562.81 
10060.39 1562.810062.63 1562.6710107.32 1563.110122.28 1563.7810129.23 1564  
10143.42 1564.510146.04 1564 .4810153 .09  1564.3810170.67 1563.4810177.98 1563.64 
10188.63 1563.710193.55 1563 .710204 .41  1563.9210215.68 1563.3410216.65 1563.32 
10224.76 1563.410242.98 1563 .4110264 .07  1563.6910268.96 1563.5410280.26 1563.55 
10293.39 156410309.12 1564.23 10310.9  1564.2410328.53 1564.4910346.01 1564.32 

10349.7 1564.310352.72 1564.0610374.27 156310376.77 1563.0310380.57 1 5 6 3 . 1  
10392  1563.410401.67 1563.7710410.54 1563.2110410.89 1563.19 10418.5 1 5 6 3 . 3 5  

10442.7 1563.910443.45 1563.9210445.29 1563.8910454.58 1563.8110457.78 1563.98 
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10471.52 1564.110482.78 1564.1310485.83 1564.1210494.29 1564.2710513.91 1564.39 
10528.86 1564.310540.81 1563.9810574.84 1563.9810590.15 1563.8810601.09 1564.11 
10624.42 1564.310634.43 1564.2910654.42 1564.3110665.38 1564.2910669.94 1564.22 
10681.93 1564.310687.01 1564.3110690.85 1564.3610699.96 1564.810711.65 1565.21 
10749.2 1565.210755.36 1565.1210767.07 1565.1210801.02 1563.1610805.77 1562.82 
10826.67 1564.210843.54 1564.9310845.62 1564.98 10846.3 1564.9510848.87 1564.9 
10853.38 1564.810895.48 1564.2610907.08 1562.710913.98 1560.3210925.13 1559.71 
10936.63 1560.910949.32 1563.1710973.86 1565.9810974.35 1566.03 10974.9 1565.96 
10986.28 1564.510995.21 1564.4311007.73 1565.3211020.06 1566;1711021.46 1566.33 
11026.1 1566.211026.78 1566.19 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

-.08 9929.31 .04510025.45 .08 

9929.3110025.45 500 646.55 

Ineffective Flow num= 1 
Sta L Sta R Elev 
8100 8400 1560 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1560.76 Element Left OB Channel Right OB 
Vel Head (ft) 0.04 Wt. n-Val. 
W.S. Elev (ft) 1560.72 Reach Len. (ft) 
Crit W.S. (ft) 1559.70 Flow Area (sq ft) 
E.G. Slope (ft/ft) 0.003362 Area (sq ft) 
Q Total (cfs) 3732.00 Flow (cfs) 
Top Width (ft) 1645.37 Top Width (ft) 

1.53 Avg. Vel. (ft/s) Vel Total (ft/s) 
Max Chl Dpth (ft) 4.99 Hydr. Depth (ft) 
Conv. Total (cfs) 64361.5 Conv. (cfs) 
Length Wtd. (ft) 501.88 Wetted Per. (ft) 
Min Ch El (ft) 1559.30 Shear (lb/sq ft) 

1.00 Stream Power (lb/ft s) 
Frctn Loss (ft) 3.16 Cum Volume (acre-ft) 
C & E Loss (it) 0.00 Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 
. Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 ml. between the current and previous 
cross section. This may indicate the need for additional cross sections. 

: Warning: The parabolic search method failed to converge on critical depth. The program will 
try the cross section slice/secant method to find critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was used. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 

8550.99 ' 2668.50 1649.77 

, 113 Discharge (Q's Modeled Separately) 



Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross.sections. 
Warning: The parabolic search method failed to converge on critical depth. The program will 
try the cross section slice/secant method to find critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was used. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 1.898 

. . 

Description: RM .1.898 

Station Elevation Data num= 492 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4844.98 1559.8 4853.05 1559.81 4868.58 1559.9 4871.63 1559.82 4881.93 1559.91 
4891.47 1559.9 4913.16 1559.71 4938.3 1559.77 4951.15 1559.75 4955.54 1559.77 
4962.12 1559.7 4963.86 1559.52 4969.01 1559.4 4991.64 1558.63 4997.02 1558.74 
5003.56 1558.9 5009.1 1558.94 5020.05 1558.87 5024.48 1558.95 5028.6 1559 
5041.07 1559 5048.47 1559.11 5077.56 1558.92 5079.15 1558.91 5086.68 1558.82 
5094.78 1558.9 5096.83 1558.9 5114.98 1559.32 5130.87 1559.51 5140.39 1559.62 
5157.29 1559.7 5162.12 1559.66 5190.51 1559.89 5191.99 1559.88 5193.84 1559.88 
5206.76 1559.9 5208.91 1559.89 5232.07 1559.77 5262.76 1559.99 5264.07 1560 
5271.31 1560.1 5273.65 1560.07 5280.87 1560.06 5292.09 1559.92 5295.51 1559.85 
5302.67 1559.5 5304.33 1559.54 5311.57 1559.38 5318.04 1559.22 5325.47 1558.97 
5342.29 1558.4 5353.02 1558.42 5404.06 1557.89 5415.79 1555.21 5422.97 1553.45 
5425.95 1553.4 5433.08 1553.52 5455.19 1557.8 5455.35 1557.83 5455.6 1557.82 
5472.63 1557.6 5478.73 1557.38 5482.9 1557.65 5492.59 1557.98 5496.46 1557.97 
5533.95 1557.9 5535.27 1557.82 5535.84 1557.8 5545.03 1557.23 5548.42 1557.04 
5548.72 1557 5550.05 1557.05 5553.38 1557.14 5572.82 1557.62 5578.03 1557.51 
5582.61 1557.4 5596.96 1557 5611.01 1556.89 5611.15 1556.9 5626.23 1557.21 
5629.93 1557.2 5630.92 1557.24 5664.04 ,1557.3 5675.75 1557.4 5685.06 1557.43 
5691.57 1557.5 5700.46 1557.57 5755.17 1556.61 5756.4 1556.59 5756.64 1556.59 
5764.6 1556.7 5806.21 1556.79 5824.09 1556.79 5827.56 1556.77 5832.65 1556.81 
5901.84 1557.2 5924.44 1557.32 5952.42 1557.07 5972.72 1556.94 6003.79 1556.69 
6062.2 1556.3 6079.37 1556.31 6080.31 1556.2 6089.66 1555.38 6091.83 1555.56 
6095.41 1555.8 6100.93 1556.1 6102.61 1556.16 6106.62 1556.3 6108.59 1556.26 
6113.93 1556.2 6186.62 1556.49 6187.15 1556.49 6187.32 1556.49 6187.34 1556.49 
6187.38 1556.5 6187.67 1556.49 6235.88 1556.87 6235.89 1556.87 6235.95 1556.87 
6236.3 1556.9 6250.68 1556.99 6255.64 1557.08 6270.87 1557.31 6290.18 1557.62 
6303.45 1557.9 6316.34 1558.1 6327.48 1557.86 6351.01 1557.43 6370.91 1557.43 
6381.94 1557.5 6395.91 1557.45 6429.42 1557.37 6475.23 1557.09 6542.35 1556.92 
6547.1 1556.8 6547.98 1556.79 6552.93 1556.35 6565.86 1557 6590.71 1558.63 

: 6601.18 1558.7 6604.87 1558.74 6610.52 1558.87 6618.52 1558.96 6627.93 1558.88 
6637.74 1559 6644.15 1558.97 6649.1 1558.96 6664.8 1559.06 6670.33 1559.07 
6674.5 1559 6678.69 1558.91 6701.21 1558.98 6715.08 1559.11 6735.16 1558.31 
6780.65 1557 6794.4 1557.15 6814.09 1557.35 6829.13 1557.55 6850.77 1557.63 

: 6869.08 1557.2 6881.15 1557.26 6888.35 1555.59 6890.31 1555.03 6893.6 1555.54 

,2 6902.7 1557.6 6908.77 1557.74 6927.7 1557.79 6940.28 1557.8 6941.88 1557.79 
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6942.79 1557.8 6947.6 1557.77 6965.31 1557.74 6979.95 1557.66 6985.96 1557.93 
7009.46 1559 .3  7026.72 1559.45 7050.52 1559.67 7074.47 1558.94 7075.42 1 5 5 8 . 9 1  
7076.77 1558.9 7155.78 1558.62 7194.82 1558.61 7252.02 1558.78 7278.03 1558.7 
7282 .61  1558 .7  7314.16 1558.35 7322.41 1558.47 7351.68 1558.93 7376.25 1559.23 
7389.08 1559.3 7394.16 1559.4 7410.62 1559 .41  7429.48 1559 .36  7518.97 1558.88 
7537.55 1558.5 7581.35 1558.13 7590.84 1558.12 7603.09 1558.45 7619.65 1 5 5 8 . 8 9  
7621.43 1558.8 7640 .02  1558.62 7709.83 1558.39 7754.63 1557.33 7766.02 1557.5 
7788.58 1558 .1  7799.39 1558.29 7810.49 1558.46 7821.18 1558.67 7836.86 1558.93 
7850.69 1558.7 7872 .21  1558.14 7882.24 1558 .39  7889.02 1558.64 7893.49 1558.73 
7900.96 1558 .9  7921 .43  1559.08 7 9 8 3 . 3 1  1558 .81  8007.16 1558.22 8046.86 1557.43 
8052.88 1557.3 8056.28 1557.27 8061 .51  1557.18 8082.85 1556.87 8091.25 1556.99 
8097.87 1556.9 8108.52 1 5 5 6 . 9  8121.9  1556.95 8122.86 1556 .94  8131.17 1557 .01  
8153.49 1557.4 8161.24 1557.43 8168.99 1557 .6  8178 1557.68 8183 1557.48 
8184.12 1557.5 8188.5 1557 .61  8197.29 1557.95 8224 .71  1558.27 8230.22 1558.34 
8233.72 1558.4 8242.54 1558.59 8248.34 1558.7 8250.42 1558.72 8268.4 1556.67 
8279.25 1 5 5 5 . 3  8290.14 1556.58 8296.86 1557.25 8301.63 1557.79 8304.49 1558.05 

8304.9 1 5 5 8 . 1  8310.74 1557.84 8317.04 1557.53 8 3 3 1 . 7 1  1555.83 8332.25 1555.77 
8332.65 1 5 5 5 . 8  8332.73 1555.77 8346.53 1555.78 8352.87 1555.73 8364.66 1555.87 
8372.54 1556.2 8378.85 1556.57 8383.16 1556.74 8387.58 1556.8 8389.29 1556.77 

8469 1556.7 8487.25 1556.69 8487.82 1556.68 8488.53 1556.69 8489.03 1556.69 
8491.63 1556.7 8492.99 1556.72 8496.61 1556.75 8537.09 1556.99 8553.04 1557.01 
8594.81 1557 8611.6 1557.04 8615.64 1557.03 8616.47 1557 8637 .31  1556.32 
8643.02 1556.2 8648.72 1556.36 8653.43 1556.44 8670.97 1556.87 8685.36 1557 .16  
8694.59 1557.4 8697.67 1557.38 8710 .11  1557.56 8712.43 1557.59 8712.78 1557.59 
8713.22 1 5 5 7 . 6  8728.75 1557.27 8740.77 1556.98 8746.59 1556.82 8807.12 1556.85 
8828.69 1 5 5 6 . 9  8841.88 1556.98 8843.52 1556.96 8845.46 1556.98 8861.98 1556.9 
8867 .01  1556 .8  8880.73 1556 .71  8964 .21  1556.74 8973.01 1556 .71  8986.68 1556.85 
9002.33 1556.9 9070.12 1557.07 9084.44 1557.12 9088.58 1557.05 9117.8 1556.76 
9126.36 1556.8 9128.85 1556.76 9189.62 1556.57 9201.39 1556.56 9212.14 1556.54 
9244.68 1 5 5 6 . 4  9249.74 1556.39 9254.13 1556.68 9257.22 1556.57 9279 .41  1 5 5 7 . 1  
9283.38 1 5 5 7 . 3  9288.05 1557.29 9358 .31  1556.89 9373.35 1556.94 9393.24 1556.84 
9408.78 1 5 5 6 . 9  9416.7 1556.6  9424.72 1556 .37  9433.76 1556.74 9449.8 1557.55 
9460.37 1 5 5 7 . 7  9492 .41  1557.77 9493.48 1557.73 9494 1557.7 9495.02 1557.65 
9509.45 1557 9509.55 1557 9512.28 1557.16 9524.08 1557.87 9524.76 1 5 5 7 . 9 1  

9546.3 1 5 5 8 . 1  9546.44 1558.12 9546.54 1558 .11  9555.93 1557.66 9563.55 1557.38 
9572.27 1 5 5 7 . 3  9623.15 1557.5 9637 .31  1557.56 9638.63 1557.6 9641 .41  1558  
9645.64 1558 9650.33 1557.48 9651.65 1557 .31  9660.17 1557.39 9669 .31  1557.73 
9669.43 1557.7 9676.77 1557.99 9685.32 1 5 5 7 . 7  9695 .71  1 5 5 7 . 6 1  9703 .71  1 5 5 7 . 4  
9718.69 1557.2 9719.49 1557.22 9720.1 1557.23 9721.74 1557.25 9733.59 1556.3 
9737.15 1556.3 9743.25 1556 .33  9747.19 1556 .85  9747.78 1556.98 9747.97 1557 
9754.68 1558  9757.07 1558 .41  9763.64 1557.8 9771.54 1556.85 9773.2 1556 .95  
9780.27 1557.3 9787.74 1557.04 9 7 9 5 . 7 1  1557.3 9808.82 1557.19 9811.22 1556.74 
9813.54 1556.3 9816.68 1557.08 9817.76 1557.38 9819.29 1557.39 9822.38 1557.35 
9832.27 1557 .3  9837.66 1557.28 9892.77 1557.69 9897.49 1557.72 9898.65 1557.74 
9902.47 1557.8 9904.66 1 5 5 7 . 8 1  9936.19 1558 .1  9952.79 1558 .17  9964.49 1558 
9972.28 1558.3 9979.87 1558 .71  9985.7 1559.84 9987 .91  1560.24 9990.07 1559.03 
9997.02 1554.610004.22 1557.5610010.42 1559.9410014.83 1559.310018.94 1558.29 

10019.99 1558.310025.38 1558.2510036.63 1558.5810061.93 1558.7110070.51 1558.78 
10074.17 1558.810088.42 1558.8510092.56 1558.6610102.88 1558.4610128.47 1558.45 
10143.52 1558.210176.79 1557.9810187.07 1557.9210200.87 1557.8410206.79 1557.84 
10213.49 1557.810227.79 1557.8610271.11 1557.8310310.06 1557.7310335.02 1557.73 
10340.76 1557.710347.95 1557.6810372.98 1557.710386.46 1557.7810410.78 1557.53 
10427.24 1557.310432.13 1557.3810440.66 1557.3710493.46 1557.43 10511.5 1557.36 
10543.31 1557.410547.37 1557.38 10555.4 1557.3510571.86 1557.4810620.33 1557.82 
10657.56 1557.410657.63 1557.3610659.03 1557.3710677.45 1557.5 10679.4 1557.45 
10681.43 1557.510683.51 1557.4610692.04 1557.2910692.41 1557.2910695.79 1557.15 
10707.26 1556.710720.37 1555.88 10724.2 1555.9510736.26 1556.6810743.48 1556.8 
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Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

4844.98 .08 9987.91 .04510010 .42  .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9987.9110010.42 500  542.03 500  .1 .3 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ftl 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Profile #PF 1 

1557.59 Element 
0.07 Wt. n-Val. 

1557.52 Reach Len. (ft) 
Flow Area (sq ft) 

0 .016140  Area (sq ft) 
3732.00 Flow (cfs) 
3151 .74  Top Width (ft) 

1 . 9 6  Avg. Vel. (ft/s) 
4 .12  Hydr. Depth (ft) 

2 9 3 7 6 . 0  Conv. (cfs) 
506 .02  WettedPer. (ft) 

1554.60 Shear (lb/sq ft) 
1.11 Stream Power (lb/ft s) 
5.22 Cum Volume (acre-ft) 
0 . 0 1  Cum SA (acres1 

Left OB 
0.080 

500.00 
1710.58 
1 7 1 0 . 5 8  
3 3 8 6 . 2 1  
2688.85 

1 .98 
0 . 6 4  

26654.2 
2691 .42  

0 . 6 4  
1 .27 

37.01 
52.34 

Channel 
0.045 

542 .03  
17.10 
17 .10  
85.53 
11 .70  

5 .00 
1 . 4 6  

673.2 
1 3 . 1 3  

1 . 3 1  
6 .57  
3 .40  
1 . 4 3  

Right OB 
0.080 

500.00 
172 .50  
172.50 
260.26 
451.19 

1 . 5 1  
0 .38 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1 . 4 .  This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1 .0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta 
(ft) 
4844.98 
6130.71 
7416.45 
8702.18 
LB 9987.91 
10010.42 

Right Sta 
(ft) 
6 1 3 0 . 7 1  
7416.45 
8702.18 
9987 .91  
RB 10010.42 
11216 .87  

Profile #PF 1 

Flow Area 
(cfs) (sq ft) 

1068.63 482.47 
424.16 2 5 1 . 6 1  
860.53 407.63 

1032.89 568.86 
85.53 17.10 

260.26 172.50 

W.P. 
(ft) 

628.56 
493.64 
570.73 
998.48 

13 .13  
451.90 

% Conv. Hydr D. Velocity 
(ft) (£Us) 

28.63 0.77 2 . 2 1  
1 1 . 3 7  0 . 5 1  1 . 6 9  
23 .06  0.71 2 . 1 1  
27.68 0 . 5 7  1 . 8 2  

2 .29  1 .46  5.00 
6.97 0 .38 1 . 5 1  

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1 .4 .  This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1 . 0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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CROSS SECTION RTVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 1.795 

$ 
j INPUT 
\ D e s c r i p t i o n :  RM 1.795 

i S t a t i o n  E l e v a t i o n  Data nun= 462 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

. , 4479.61 1554.9 4490.24 1554.7 4504.08 1554.4 4507.84 1554.34 4512.4 1554.43 
4513.34 1554.4 4515.48 1553 .5  4517.78 1552.75 4520.22 1552.48 4543.75 1552.66 
4634.43 1552.9 4659.27 1552.87 4697.2 1552.73 4729.91 1553.03 4737.15 1552.99 
4756.53 1553 4774.75 1552.85 4804.97 1552.78 4831.66 1553.12 4860.29 1553.5 

i 4862.16 1553.5 4873.86 1553.63 4875.9 1553.64 4878.62 1553.68 4979.06 1553.93 
4979.53 1553.9 4993.96 1552.74 4995.4 1552.68 4997.3 1552.66 5020.17 1552.32 

5022.7 1552.2 5030.04 1550.89 5032.64.1550.45 5035.63 1550.65 5047.99 1551.46 
5050.71 1551.9 5058.83 1552.76 5090.69 1552.26 5094.38 1552.22 5096.24 1552.28 
5110.14 1552.7 5190.37 1553.01 5197.59 1553.05 5199.79 1553.05 5209.36 1552.94 
5235.19 1552.7 5242.61 1552.71 5251.58 1552.75 5266.84 1552.79 5275.91 1552.79 
5277.07 1552.8 5278.66 1552.84 5295 1552.7 5316.69 1552.51 5321.18 1552.44 
5329.96 1552.3  5335.31 1552.34 5339.59 1552.25 5358.89 1552.34 5359.2 1552.34 

.:< >: 5359.6 1552.3 5375.38 1552.52 5376.68 1552.46 5383.3- 1552.41 5458.14 1551.5 
i 
.q 5460.89 1551.5 5461.12 1551.46 5494.91 1551i46  5496.42 1551.46 5498.68 1551.41 
:a 
$1 

5516.05 1551.1  5521.4 1551.19 5~523.27 1551.25 5547.93 1551.77 5550.6 1551.8 
5559.37 1551.9 5581.63 1552.29 5585.07 1552.37 5588.92 1552.48 5589.41 1552.42 

4 5623.19 1552.1 5634.52 1552.12 5653.74 1552.13 5695.13 1551.88 5733.25 1551.64 
2 
:i 

5742.79 1551.6 5748.32 1551.55 5754.55 1551.22 5763.35 1550.99 5767.09 1551.1  
5776.05 1551.3  5809.89 1551.17 5843.64 1551.17 5853.8 1550.84 5856.79 1550.71 
5859.96 1550.9 5866.17 1551.07 5867.65 1551.18 5917.29 1551.57 5969.13 1550.85 
5975.97 1550.7 6007.22 1551.15 6025.13 1551.12 6061.93 1551.57 6093.71 1552 

6094.9 1552 6117.03 1552.04 6118.3 1552.04 6119.12 1551.99 6130.63 1551.23 
6136.64 1551.4 6137.83 1551.46 6185.14 1551.46 6221.62 1551.53 6247.81 1551.5 
6258.64 1551.5 6272.7 1551.86 6277.52 1551.94 6327.98 1552.24 6364.64 1552.18 
6367.66 1552.2 6376.73 1552.19 6383.7 1552.02 6411.2 1551.12 6435.07 1549.89 
6440.32 1549.2 6442.98 1548.67 6450.65 1550.13 6454.45 1551.15 6456.31 1551.2  
6460.19 1551.3  6465.81  1551.16 6527.07 1551.32 6587.91 1551.54 6602.17 1551.7 
6605.56 1551.7 6609.39 1551 .71  6613.07 1551.71 6616.71 1551.74 6625.69 1551.84 
6635.77 1552 6684.81 1552.33 6706.87 1552.75 6711.56 1552.81  6715.18 1552.72 
6726.77 1552.4 6731.82 1552.36 6746.66 1552.14 6760.75 1552 6770.7 1552.17 
6779.06 1552.4 6799.63 1552.84 6809.69 1553.06 6816.58 1553.28 6821.5 1553.31 
6826.86 1553.3 6858.75 1553.48 6860.53 1553.51 6873.25 1553.61 6877.61 1553.64 
6877.88 1553.6 6880.77 1553.64 6920.15 1553.64 6927 1553.06 6940.52 1552.3 
6951.43 1552.6 6957.59 1552.84 6962.6 1552.95 6975.12 1553.27 6988.35 1553.33  
7041.64 1554.3 7076.26 1553.41  7137.42 1552.76 7152.24 1553.08 7185.55 1552.93 
7190.14 1552.4 7192.56 1552.5 7204.25 1552.76 7212.26 1552.95 7220.69 1553.14 
7238.39 1552.2 7249.97 1551.53 7253.26 1551.63 7285.13 1552.84 7311.59 1551.79 
7313.08 1551.7 7320.46 1551.73 7333.89 1551.87 7354.18 1552.39 7370.89 1550.96 
7373.64 1550.5 7384.09 1549.45 7389.61 1549.01 7395.6 1549.05 7405.97 1547.63 
7409.74 1547.9 7412.54 1548.26 7424.63 1549.52 7435.97 1550.26 7443.35 1551.31 
7448.91 1551.8 7457.79 1553.04 7457.85 1553.05 7457.98 1553.06 7480.59 1553.04 
7483.72 1553.1  7489.86 1553.06 7514.19 1553.06 7519.69 1552.99 7525.13 1553.04 
7556.53 1552.7 7561.85 1552.74 7575.11 1552.54 7583.81 1554.64 7594.76 1557.43 
7595.53 1557.4 7596.01 1557.43 7618.37 1557.31 7624.85 1557.25 7649.55 1556.5 
7652.81 1555.5 7654.5 1554.73 7661.2 1552.33 7669.22 1552.3 7676.78 1552.35 
7678.81 1552.7 7752.25 1553.4 7789.27 1553.67 7807.08 1553.19 7812.73 1553.12 
7834.61 1552.9 7917.1 1552.36 7925.67 1552.36 7944.35 1551.98 7948.8 1551.83 
7956.08 1552.1  7976.57 1551.59 8003.78 1552.53 8005.67 1552.59 8023.45 1552.08 1) 8053.01 1552 8077.13 1552.32 8097.86 1552.52 8163.97 1552.95 8170.6 1553 
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Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

4479.61 .08 9982.47 .04510054.72 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9982.4710054.72 5 2 0  524.67 5 0 0  .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1552 .36  Element Left OB Channel Right OB 
Vel Head (ft) 0.16 Wt. n-Val. 0.080 0 .045 0 .080 

t W.S. Elev (ftl 1552.20 Reach Len. (ft) 520.00 524.67 5 0 0 . 0 a  
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Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (it) 
Vel Total (ft/sY 
Max Chl Dpth (it) 
Conv. Total (cfs) 
Length Wtd. (it) 
MinChEl (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Flow Area (sq ft) 
Area (sq ft) 
Flow (cis) 
Top Width (it) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (it) 
shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta 
(ft) (ft) 
4479 .61  5855.32 
5855.32 7231.04 
7231.04 8606.75 
8606.75 9982 .47  
LB 9982.47 RB 10054.72 
10054.72 11004.65 

Flow 
(cfs) 

375.82 
9 1 9 . 9 1  
6 1 6 . 0 6  
711.28 
982.93 
1 2 6 . 0 0  

Area 
(sq ft) 
274.26 
593 .50  
361.69 
330.37 
175.44 
143.12 

W.P. 
(ft) 

449.92 
809 .36  
428.18 
2 7 5 . 2 1  

61.38 
350.08 

% Conv. Hydr D. 
(ft) 

10.07 0 . 6 1  
24.65 0 .73  
1 6 . 5 1  0.85 
1 9 . 0 6  1 .20  
26.34 2 .89 

3.38 0 . 4 1  

Velocity 
(ft/s) 

1.37 
1 .55  
1 .70  
2 .15 
5 .60 
0 .88  

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 1.696 

INPUT 
Description: RM 1 .696  . DOWNSTREAM END OF STUDY. SECTION I.D.NO.'S ARE IN RIVER MILES ALONG 
HYDRAULIC BASELINE WITH R.M. 5 . 0 0  ASSUMED AT UPSTREAM END OF PROJECT AT SPILLWAY. 
CROSS-SECTIONS ARE CODED FROM LT. TO RT., LOOKING DOWNSTREAM WITH STA. 10,000 AT THE HYDRAULIC 
BASELINE. STARTING D/S WSEL BASED ON NORMAL DEPTH (SLOPE AREA METHOD) WITH 0 . 0 1 1  FT./FT SLOPE. 

Station Elevation Data n u =  490  
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4413 1 5 5 1  4425.04 1550.94 4437.83 1550.57 4442.29 1550.52 4449.88 1550.43 
4452 .11  1550.4  4457.96 1 5 5 0 . 4 1  4460.25 1 5 5 0 . 3 3  4 4 6 5 . 9 6  1 5 5 0 . 3 1  4501.97 1550.44 

4550.8 1550 .7  4553.36 1550.58 4556.28 1550.47 4561.86 1 5 5 0 . 2 1  4567.75 1548.08 
4579.92 1549 .6  4612.64 1 5 5 0 . 0 9  4617.28 1550 .21  4626.38 1550.36 4628.82 1 5 5 0 . 4 1  
4659 .48  1551 .2  4664.15 1551 .13  4 6 7 9 . 2 6  1550 .96  4699.13 1550 .25  4699.94 1 5 5 0 . 2 1  
4701.62 1 5 5 0 . 1  4705.35 1 5 5 0 . 1  4748.3  1549 .6  4796.19 1 5 4 9 . 2 1  4828.49 1549.22 

4862.4 1 5 4 9 . 1  4873.56 1 5 4 9 . 2 1  4884.8 1549 .16  4923.57 1549.79 4968.43 1548 .96  
4989.62 1548.9 4994.46 1548 .96  5001.32 1549.04 5021.72 1549.12 5060.43 1549.19 
5096 .01  1 5 4 9  5107.84 1 5 4 9  5127 .86  1548.98 5 1 3 2 . 2 1  1549.06 5143.39 1549.09 
5 2 0 2 . 3 1  1 5 4 9  5235 .78  1 5 4 9  5269.68 1548.73 5318.34 1548.76 5343.85 1548.56 
5346.75 1548 .6  5347.97 1548 .56  5363.86 1548 .76  5370.64 1548.77 5 3 8 0 . 0 1  1548.67 
5410.62 1548 .4  5430.2  1 5 4 8 . 2 1  5440.8  1548.12 5449.46 1547.4 5456.49 1546.8 

7 5457.5  1546 .9  5458.42 1 5 4 6 . 9 1  5466 .29  1547 .31  5479 .5  1547.18 5494.13 1546.87 
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5991 .28  1 5 4 9  5992 .56  1 5 4 9 . 0 1  5 9 9 4 . 1 5  1548.98 6014 .69  1548 .39  6020.82 1 5 4 8 . 2  
6028 .31  1 5 4 7 . 9  6098 .54  1 5 4 6 . 5 5  6099 .38  1546 .52  6 0 9 9 . 7 3  1 5 4 6 . 5 2  6099 .95  1 5 4 6 . 4 5  
6103 .51  1 5 4 5 . 4  6 1 0 7 . 9 9 . 1 5 4 4 . 0 6  6109 .1  1544 .22  6124 .96  1 5 4 6 . 6  6133.04 1546 .58  
6139 .15  1 5 4 6 . 6  6148 .78  1 5 4 6 . 7  6 1 5 8 . 6  1 5 4 7 . 3 3  6170.14 1547 .82  6186 .7  1 5 4 7 . 5 3  
6196.13 1 5 4 7 . 5  6199 .03  1 5 4 7 . 5 2 6 2 1 3 . 0 6  1547 .42  6228 .15  1 5 4 7 . 1 1  6259 .46  1 5 4 6 . 8 9  
6264 .71  1 5 4 6 . 8  6267.57 1 5 4 6 . 7 9  6 2 7 3 . 5 5  1546 .7  6 3 0 6 . 9 3  1547 .09  6 3 1 6 . 4 5  1 5 4 7 . 3  
6322.04 1 5 4 7 . 3  6334.42 1547 .06  6 3 3 7 . 6 1  1546 .58  6 3 4 0 . 8  1 5 4 7 . 0 1  6341 .47  1 5 4 6 . 8 1  
6357.92 1 5 4 7 . 1  6362 .57  1 5 4 7 . 2 3  6366 .26  1 5 4 7 . 3  6397.7  1 5 4 7 . 7 1  6405 .23  1 5 4 7 . 9 3  
6427.98 1 5 4 8 . 7  6433.87 1548.7  6439 .41  1 5 4 8 . 7  6 4 5 8 . 3 1  1548 .7  6467.54 1 5 4 7 . 7 2  
6475 .65  1 5 4 6 . 9  6483 .6  1 5 4 5 . 9 4  6492.62 1 5 4 5 . 0 5  6511 .77  1543 .17  6524 .31  1544 .27  
6540.17 1 5 4 5 . 5  6558 .95  1547.34 6568 .66  1547 .52  6574 .02  1547 .57  6598 .48  1547.78 
6615.12. .  1 5 4 8  6632 .78  1 5 4 8 . 4 1  6659.94 1 5 4 8 . 6 6 . 6 6 6 4 . 6 2  L548..73 6675 .9  1 5 4 9 . 3 3  

i 6678.93 1 5 4 9 . 8  6684.45 1 5 5 0 . 4 1  6 7 0 2 . 3 1  1551 .14  6 7 1 0 . 5 1  1552 .59  6715 .56  1 5 5 2 . 4 6  
6721 .42  1 5 5 2 . 3  6732 .92  1 5 5 1 . 9 3  6734 .44  1 5 5 1 . 5 9  6744 .59  1 5 5 0  6752 .92  1 5 4 8 . 6 6  
6753 .55  1 5 4 8 . 6  6778 .93  1 5 4 8 . 9 3  6 8 1 8 . 1 1  1 5 4 8 . 4 9  6826 .68  1 5 4 8 . 4 2  6845 .23  1548 .22 ,  
6846 .62  1 5 4 8 . 2  6848.14 1548 .18  6851 .33  1548 .14  6 8 5 2 . 5 6  1 5 4 8 . 1 5  6894.04 1 5 4 8 . 1 5  
6941.92 1 5 4 8 . 2  6951 .75  1548 .12  6985 .98  1548 .22  6 9 9 3 . 9 8  1548 .18  6995 .51  1 5 4 8 . 2  
7060 .73  1 5 4 6 . 9  7062 .68  1 5 4 6 . 9  7066 .04  1 5 4 6 . 8 3  7067 .72  1546 .77  7078 .71  1 5 4 6 . 3 3  
7087.54 1 5 4 6 . 5  7099.63 1 5 4 6 . 6 9  7 1 1 0 . 5  1546 .69  7 1 2 9 . 6 1  1546 .7  7185 .65  1 5 4 6 . 8 6  
7242.88 1547  7 2 9 9 . 4 2  1 5 4 6 . 9 2  7310 .78  1 5 4 6 . 8 1  7 3 1 8 . 5 1  1546 .78  7354 .73  1 5 4 7 . 2 5  
7387.72 1 5 4 7 . 7  7396 .37  1 5 4 7 . 7 6  7418 .36  1 5 4 7 . 7 3  7424 .04  1 5 4 7 . 7 5  7425 .72  1 5 4 7 . 7 1  

7429.4  1 5 4 7 . 7  7 4 5 6 . 2 8  1547 .88  7 5 3 3  1548 .28  7 5 6 7 . 2 6  1'548.25 7568 .18  1 5 4 8 . 2 5  
7 5 6 8 . 7 1  1 5 4 8 . 3  7 6 0 0 . 9 5  1548 .32  7 6 6 4 . 8 5  1548 .36  7672 .44  1 5 4 8 . 3 1  7681.17 1548 .22  
7752.88 1 5 4 7 . 2  7769 .65  1 5 4 6 . 8 5  7 7 6 9 . 8 5  1 5 4 6 . 8 5  7776 .36  1546 .69  7 7 8 7 . 1  1 5 4 7 . 2 6  
7807.98 1 5 4 7 . 6  7 8 3 2 . 5 5  1 5 4 7 . 6 5  7836 .89  1547 .7  7858 .8  1 5 4 7 . 9  7 8 6 0 . 8 1  1 5 4 7 . 9  
7861.47 1 5 4 7 . 8  7 8 6 5 . 1 3  1 5 4 6 . 9 5  7 8 7 4 . 5 6  1 5 4 4 . 7 6  7 8 7 6 . 1  1 5 4 4 . 4  7 8 8 4 . 1  1 5 4 5 . 8 7  
7886 .66  1 5 4 6 . 4  7891.35 1 5 4 6 . 5 2  7905 .85  1546 .72  7 9 1 5 . 1 4  1 5 4 7 . 1  7 9 2 7 . 8 4  1547 .24  
7983.64 1 5 4 8  7987 .37  1 5 4 7 . 9 9  7989 .96  1 5 4 7 . 9 5  8 0 0 9 . 0 9  1 5 4 8 . 2 5  8012 .46  1548 .32  
8017 .16  1548 .4  8022.05 1 5 4 8 . 6 6  8025.58 1 5 4 8 . 7 5  8063.24 1 5 4 8 . 5 1  8076.71 1 5 4 8 . 4 9  
8 0 9 8 . 2 3  1 5 4 8  8116 .6  1 5 4 8 . 0 6  8142 .22  1547.89 8 1 4 5 . 6 9  1 5 4 7 . 9 1  8 1 5 1 . 7 1  1547 .98  

8154 , 1 5 4 8  8155 .7  1548 .04  8 1 5 6 . 5 9  1548 .04  8192.13 1547 .98  8209 .95  1547 .94  
8229.56 1 5 4 7 . 8  8247 .38  1547 .69  8 2 8 7 . 0 9  1547 .58  8288 .65  1547 .57  8290 .7  1 5 4 7 . 4 3  
8299.38 1 5 4 7 . 1  8305 .16  1 5 4 6 . 8 3  8310 .47  1 5 4 6 . 7 6  8318 .45  1546 .77  8330 .92  1546 .72  

i 8353 .37  1 5 4 6 . 9  8376 .89  1 5 4 7 . 0 8  8387.04 1 5 4 7 . 3  8392 .74  1547 .12  8399 .02  1 5 4 6 . 7 1  
8400 .29  1 5 4 6 . 8  8427 .78  1 5 4 6 . 8 9  8435 .89  1546 .87  8 4 3 7 . 1  1546 .87  8438.94 1 5 4 6 . 9 2  

8469 .6  1 5 4 7 . 7  8515 .12  1 5 4 7 . 0 7  8520 .39  1546 .98  8521.44 1546 .98  8 5 2 3 . 8 1  1 5 4 6 . 9 9  
8552 .58  1 5 4 6 . 9  8552 .79  1 5 4 6 . 9  8557 .79  1547 .14  8561 .95  1547.17 8566.68 1 5 4 7 . 0 5  
8573.38 1 5 4 6 . 6  8577 .49  1 5 4 6 . 9 4  8581 .67  1547 .29  8 5 8 5 . 1 1  1 5 4 7 . 6  8 6 4 5 . 1 3  1 5 4 7 . 4 1  
8 6 4 6 . 0 5  1 5 4 7 . 4  8648 .66  1547 .42  8663.24 1547 .49  8 6 7 6 . 3  1547 .47  8 6 8 4 . 2 6  1 5 4 7 . 3 3  
8693 .53  1 5 4 7 . 3  8 7 2 6 . 6 7  1 5 4 7 . 4 4  8 7 3 3 . 3 3  1547 .47  8734 .57  1547 .47  8760.72 1 5 4 7 . 3 6  
8778.64 1 5 4 7 . 4  8783 .22  1547 .44  8798 .75  1547 .92  8825.4  1548 .54  8837 .75  1548.4  
8847 .43  1 5 4 8 . 4  8859.37 1 5 4 8 . 4 7  8867 .12  1548 .39  8 8 7 7 . 9 3  1548 .29  8911 .89  1548 .14  
8930 .43  1 5 4 7 . 9  8953 .99  1 5 4 7 . 5 6  8 9 5 5 . 6 1  1546 .49  8 9 6 7 . 1 6  1 5 4 7 . 0 3  8996.31 1 5 4 6 . 8 6  
9 0 0 9 . 2 1  1547  9014.79 1 5 4 5 . 5 7  9023 .95  1 5 4 4 . 9 3  9027 .36  1 5 4 5 . 1  9036.12 1 5 4 6 . 5 2  
9041 .79  1 5 4 7 . 3  9065.84 1 5 4 7 . 0 3  9079.22 1 5 4 7 . 1  9121 .99  1 5 4 7 . 3  9140 .65  1 5 4 6 . 7 4  

9 1 4 1 . 1  1 5 4 6 . 7  9152 .66  1 5 4 7 . 4 1  9 1 7 6 . 3  1547 .44  9184 .8  1547 .44  9202 .51  1547 .44  
; 9252.37 1 5 4 7 . 5  9253 .83  1 5 4 7 . 5 5  9292.42 1547 .62  9355 .99  1547 .99  9367 .45  1 5 4 8 . 0 3  

; FCD 98-17 Delineation olSpillway Flows A-N West, Inc. 
. For Signal Butte Flood Retarding Structure Page 108 July, 1999 
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9600.19 
9654.02 
9676.81 
9729.95 
9782.5 
9830.72 
9880.39 
9934.85 
9977.41 
10004.83 
10069.72 
10097.26 
10165.19 

10221 1 10271.74 
10306.66 

, ; 10408.19 
104.59.31 

: 10503.51 
' 10534.29 
: 10673.24 

10694.92 
10787.29 
10904.64 

Mannlng ' s 
Sta 
4413 

n Values num= 3 
n Val Sta n Val Sta n Val 

.08 9938.42 .04510069.72 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
9938.4210069.72 0 0 0 .1 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfsl 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 

Left OB 
0.080 

1496.43 
1496.43 
2465.62 
2339.57 

1.65 
0.64 

23504.2 
2342.79 

0.44 
0.72 

Expan. 
.3 

Channel Right OB 
0.045 0.080 

7 

FCD Q8-17 Delineation of Spillway Flows 
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i 

'! FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta ~ g h t  Sta 
(ft) (ft) 
4413.00 5794.35 
5794.35 7175.71 
7175 .71  8557.06 
8557.06 9938.42 
LB 9938.42 RB 10069.72 
10069.72 10998.36 

Flow 
(cfs) 

237.29 
1231 .25  

6 7 3 . 0 1  
324.07 

1001.08 
265.30 

Area 
(sq ft) 
168.07 
621 .16  
443.02 
264.19 
1 9 0 . 3 9  
222.59 

W.P. 
(ft) 

3 1 1 . 3 5  
691.77 
735.32 
6 0 4 . 3 5  
101 .80  
544 .26  

Warning: Divided flow computed for this cross-section 

% Conv. Hydr D. 
lft) 

6 .36  0.54 
32.99 0.90 
18 .03  0.60 

8.68 0.44 
26.82 1.88 

7 . 1 1  0 . 4 1  

Velocity 
(ft/s) 

1 . 4 1  
1 .98 
1 .52 

1 FCD 98-17 Delineation of Spillway F l ow  1 For Signal Butte Flood Retarding Structure Page 110 
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SUXMARY QF MANNING'S N VALUES 

River: SIGNAL BUTTE 
Reach River Sta. 

SPILLWAY 5.000 
SPILLWAY 4.994 
SPILLWAY 4.991 
SPILLWAY 4.986 
SPILLWAY 4.968 
SPILLWAY 4.929 
SPILLWAY 4.914 
SPILLWAY 4.902 
SPILLWAY 4.852 
SPILLWAY 4.776 
SPILLWAY 4.697 
SPILLWAY 4.620 
SPILLWAY 4.575 
SPILLWAY 4.518 
SPILLWAY 4.443 
SPILLWAY 4.367 
SPILLWAY 4.311 
SPILLWAY 4.239 
SPILLWAY 4.171 
SPILLWAY 4.101 
SPILLWAY 4.026 
SPILLWAY 3.956 
SPILLWAY 3.885 
SPILLWAY 3.817 
SPILLWAY 3.747 
SPILLWAY 3.674 
SPILLWAY 3.603 
SPILLWAY 3.532 
SPILLWAY 3.462 
SPILLWAY 3.386 
SPILLWAY 3.310 
SPILLWAY 3.235 
SPILLWAY 3.161 
SPILLWAY 3.082 
SPILLWAY 3.006 

FCD 98-17 Dellneation of Sp~llway Flows 
For Signal Butte Flood Retardlng Structure 
113 D~scharge (Q's Modeled Separately) 
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SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

FCD 98-17 Delineation of Spillwav Flows 
For Signal Butte Flood ~ & r d l n ~  Structure 
113 Discharge (Q's Modeled Separately) 

.068 .15 

.068 .15 

.068 .15 

.068 .15 
.15 .068 
.15 .1 
.15 .045 
.15 .1 
.1 .15 
.1 .15 
.1 .15 

Culvert 
.08 .045 
.08 .045 
.08 .045 
.08 .045 
.08 .045 

Page 112 
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SUMMARY OF REACH LENGTHS 
R i v e r :  SIGNAL BUTTE 

;: 
.! Reach R i v e r  S t a .  L e f t  C h a n n e l  R i g h t  

SPILLWAY 5 . 0 0 0  3 3 . 7  3 3 . 7  33 .7  
SPILLWAY 4 .994  1 2 . 9 6  1 2 . 9 6  1 2 . 9 6  
SPILLWAY 4 . 9 9 1  2 7 . 8  2 7 . 8  27 .8  
SPILLWAY 4 . 9 8 6  9 2 . 6  9 2 . 6  92 .6  
SPILLWAY 4 .968  208.34 208 .34  208 .34  
SPILLWAY 4 . 9 2 9  1 2 5  7 6 . 2 3  2 5 
SPILLWAY 4 . 9 1 4  1 2 0  6 7 . 1 7  2 5 
SPILLWAY 4 . 9 0 2  280  261.94 230  
SPILLWAY 4 .852  390 4 0 2 . 5 5  425  
SPILLWAY 4 . 7 7 6  420  4 1 8 . 5 5  365 
SPILLWAY 4 . 6 9 7  4 2 5  4 0 6 . 5 6  380 
SPILLWAY 4.620 220  2 3 5 . 2 5  230  
SPILLWAY 4 . 5 7 5  2 7 5  3 0 0 . 4 1  2 90 
SPILLWAY 4 . 5 1 8  -- 3 7 0  3 9 4 . 8 1  390 
SPILLWAY 4 . 4 4 3  3 8 0  4 0 1 . 9 6  3 9 0  
SPILLWAY 4 . 3 6 7  2 8 0  2 9 4 . 8  290 
SPILLWAY 4 . 3 1 1  3 2 0  3 7 9 . 8 6  380 
SPILLWAY 4 . 2 3 9  230  3 6 3 . 9 6  440 
SPILLWAY 4 . 1 7 1  350 364 .78  370 
SPILLWAY 4 . 1 0 1  470 , 4 0 0 . 9 3  3 1 5  
SPILLWAY 4 .026  340 3 6 5 . 6  370 
SPILLWAY 3 . 9 5 6  3 1 0  3 7 7 . 6 3  300 
SPILLWAY 3 . 8 8 5  3 2 0  3 5 9 . 4 1  280 
SPILLWAY 3 . 8 1 7  400 3 7 0 . 1 7  3 6 5  
SPILLWAY 3 . 7 4 7  3 9 0  3 8 5 . 6 9  400 
SPILLWAY 3 . 6 7 4  430 3 7 2 . 1 1  425  
SPILLWAY 3 . 6 0 3  3 7 5  3 7 4 . 4 7  300 
SPILLWAY 3 . 5 3 2  260  3 7 1 . 7 4  350 
SPILLWAY 3 . 4 6 2  400 3 9 9 . 3 8  400 
SPILLWAY 3 . 3 8 6  450  4 0 4 . 6 3  380 
SPILLWAY 3 . 3 1 0  3 8 0  3 9 5 . 5 9  410 
SPILLWAY 3 . 2 3 5  3 7 5  3 8 8 . 3 9  390 
SPILLWAY 3 . 1 6 1  425  4 1 6 . 2 6  3 7 5  
SPILLWAY 3 . 0 8 2  370 4 0 3 . 3 2  390 
SPILLWAY 3 . 0 0 6  300 3 8 2 . 2 7  400 
SPILLWAY 2 . 9 3 3  3 6 0  404 .67  390 
SPILLWAY 2 . 8 5 7  3 2 0  3 3 6 . 0 6  320 
SPILLWAY 2 . 7 9 3  380 384 440 
SPILLWAY 2 . 7 2 0  380 410 .52  380 
SPILLWAY 2 . 6 4 3  400 4 6 8 . 7 2  400 
SPILLWAY 2 . 5 5 4  400 5 2 9 . 5 4  400 
SPILLWAY 2 . 4 5 4  480 3 9 9 . 7 4  360 
SPILLWAY. 2 . 3 7 8  5 2 0  402 .78  320 
SPILLWAY 2 . 3 0 2  280  1 1 8 . 3 6  1 1 8  
SPILLWAY 2 . 2 7 9  800  9 6 . 7 7  9 6 
SPILLWAY 2 . 2 6 1  200  200.58 200  
SPILLWAY 2 . 2 5 2  C u l v e r t  
SPILLWAY 2 . 2 2 3  400  1 0 6 9 . 1 2  900 
SPILLWAY 2 . 0 2 0  5 0 0  646 .55  500  
SPILLWAY 1 .898  500  5 4 2 . 0 3  500  
SPILLWAY 1 . 7 9 5  5 2 0  524 .67  5 0 0  
SPILLWAY 1 . 6 9 6  0 0 0 ' FCD 9 B I 1  Delineation of Spillway F low 

For Signal Butte Flood Retarding Strudure Page 113 
:: 113 Discharge (Q's Modeled Separately) 

,.! 
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Reach River Sta 

SPILLWAY 5.000 
SPILLWAY 4.994 
SPILLWAY 4.991 
SPILLWAY 4.986 
SPILLWAY 4.968 
SPILLWAY 4.929 
SPILLWAY 4.914 
SPILLWAY 4.902 
SPILLWAY 4.852 
SPILLWAY 4.776 
SPILLWAY 4.697 
SPILLWAY 4.620 
SPILLWAY 4.575 
SPILLWAY 4.518 
SPILLWAY 4.443 
SPILLWAY 4.367 
SPILLWAY 4.311 
SPILLWAY 4.239 
SPILLWAY 4.171 
SPILLWAY 4.101 
SPILLWAY 4.026 
SPILLWAY 3.956 
SPILLWAY 3.885 
SPILLWAY 3.817 
SPILLWAY 3.747 
SPILLWAY 3.674 
SPILLWAY 3.603 
SPILLWAY 3.532 
SPILLWAY 3.4 62 
SPILLWAY 3.386 
SPILLWAY 3.310 
SPILLWAY 3.235 
SPILLWAY 3.161 
SPILLWAY 3.082 
SPILLWAY 3.006 
SPILLWAY 2.933 

FCD 98-17 Dellneation of 

Q T o t a l  
(cfs)  

3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 
3732.00 

S~illwav Flows 

Min Ch E l  
( f t )  

1709.00 
1712.15 
1711.45 
1696.37 
1695.93 
1695.98 
1695.98 
1695.20 
1692.70 
1688.02 
1685.90 
1682.19 
1679.69 
1674.88 
1672.10 
1667.22 
1667.54 
1662.74 
1659.67 
1656.34 
1653.97 
1650.81 
1648.10 
1646.11 
1643.34 
1640.73 
1636.85 
1633.73 
1627.25 
1623.40 
1620.77 
1618.89 
1614.50 
1612.65 
1609.39 
1604.70 

For Signal Butte Flood ~e t&d!n~~t ruc ture  
In D~scharge (Q's Modeled Separately) 

P r o f i l e  Output T a b l e  - Standard T a b l e  1 

W.S. E l e v  
( f t l  

1716.78 
1715.30 
1714.70 
1698.51 
1701.87 
1701.49 
1701.44 
1700.71 
1698.73 
1694.61 
1690.81 
1685.96 
1683.67 
1681.21 
1678.03 
1674.36 
1671.12 
1668.04 
1665.55 
1662.42 
1658.53 
1654.98 
1652.18 
1649.56 
1646.18 
1642.48 
1638.44 
1634.92 
1632.04 
1628.65 
1624.81 
1621.19 
1617.54 
1613.49 
1609.88 
1607.33 

Crit W.S. 
(it) 

E.G. E lev  
( f t )  

1716.86 
1716.72 
1716.59 
1703.67 
1702.10 
1701.89 
1701.77 
1701.54 
1699.37 
1695.61 
1691.25 
1687.02 
1683.99 
1681.86 
1678.61 
1674.94 
1671.87 
1668.28 
1665.96 
1662.95 
1658.83 
1655.21 
1652.29 
1649.79 
1646.28 
1642.53 
1638.48 
1634.95 
1632.23 
1628.86 
1625.01 
1621.25 
1617.63  
1613.53 
1609.97 
1607.40 

Page 115 

E.G. S lope  Vel  Chnl 
( f t / f t )  ( f t / s )  

0.000195 2.30 
0.001844 9 .55  
0.354917 11.04 
0.594989 18.25 
0.000738 3 .92  
0.001308 5 .03  
0.001294 4.56 
0.008712 7.30 
0.007419 6 .83  
0.011838 8 .75  
0.005989 6 .03  
0.022346 8.88 
0.007307 5.64 
0.006860 6.79 
0.010070 7 .53  
0.008570 8 . 5 1  
0.013138 7.77 
0.007117 5.78 
0.007077 6 .83  
0.009962 8.47 
0.009140 6.99 
0.011497 6.55 
0.007441 4.75 
0.008405 5 .46  
0.009820 3.04 
0.009248 2.10 
0.009786 2.85 
0.009264 1 .95  
0.009969 5.92 
0.007164 6 . 4 1  
0.011001 6 .59  
0.008700 4.57 
0.010648 5.00 
0.008801 2.49 
0.010561 1 .72  
0.007001 4.08 

Flow Area 'I 
(5s f t )  

1624.36 
390.87 
338.00 
204.55 
952.93 
742.41 
817.72 
511.06 
674.42 
624.84 
975.52 
498.81 
931.52 
664.99 
761.13 
967.12 
672.34 

1307.52 
978.98 
990.75 

1432.76 
1185.85 
1546.80 
1535.59 
1596.86 
2182.39 
2590.38 
3217.10 
2638.59 
2856.33 
2410.69 
2250.53 
1786.24 
2302.93 
1605.09 
1998.77 

:op Width Froude# Chl 
f t )  

266.04 0.16 
139.33  1 .00  
129.94 1 . 2 1  
117.49 2.44 
190.16 0 .31  
155.97 0 .41  
352.08 0.40 
139.17 0.67 
271.18 0.62 
376.65 0 .79  
596.27 0.56 
300.34 1 . 0 1  
429.46 0 .59  
275.96 0.60 
343.41 0 .71  
581.69 0.69 
431.51 0.80 
962.84 0.59 
868.66 0.61 
807.11 0.73 

1501.09 0.67 
921.24 0.72 

1381.08 0.57 
1790.92 0 .62  
1655.66 0.49 

A-N West. Inc. 
July, 1999 



SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

3732.00 
3732 .00  
3732.00 
3732.00 
3732 .00  
3732 .00  
3732 .00  
3732 .00  
3732.00 
3732.00 
Culvert 
3732 .00  
3732 .00  
3732.00 
3732 .00  
3732.00 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood ~ e t a r d ~ n ~  ~bucture  
113 Dlxharge (Q's Modeled Separately) 
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P r o f i l e  O u t p u t  T a b l e  - Standard T a b l e  2 

Reach .. . River Sta E.G. E l e v  W.S. Elev  Vel Head Frctn Loss C & E Loss Q Left Q Channel 
'., (ft) (ft) (it) (ft) (ft) (cfs) (cfs) 
,-. , .. 

SPILLWAY 5.000 1716.86 
SPILLWAY 4.994 1716.72 
SPILLWAY 4.991 1716.59 
SPILLWAY 4.986 1703.67 
SPILLWAY 4.968 1702.10 
SPILLWAY 4.929 1701.89 
SPILLWAY 4.914 1701.77 
SPILLWAY 4.902 1701.54 
SPILLWAY 4.852 1699.37 
SPILLWAY 4.776 1695.61 
SPILLWAY 4.697 1691.25 
SPILLWAY 4.620 1687.02 
SPILLWAY 4.575 1683.99 
SPILLWAY 4.518 1681.86 
SPILLWAY 4.443 1678.61 
SPILLWAY 4.367 1674.94 
SPILLWAY 4.311 1671.87 
SPILLWAY 4.239 1668.28 
SPILLWAY 4.171 1665.96 
SPILLWAY 4.101 1662.95 
SPILLWAY 4.026 1658.83 
SPILLWAY 3.956 1655 .21  
SPILLWAY 3.885 1652.29 
SPILLWAY 3.817 1649.79 
SPILLWAY 3.747 1646.28 
SPILLWAY 3.674 1642.53 
SPILLWAY 3.603 1638.48 
SPILLWAY 3.532 1634.95 
SPILLWAY 3.462 1632.23 
SPILLWAY 3.386 1628.86 
SPILLWAY 3.310 1625.01 
SPILLWAY 3.235 1621.25 
SPILLWAY 3.161 1617.63 
SPILLWAY 3.082 1613.53 
SPILLWAY 3.006 1609.97 
SPILLWAY 2.933 1607.40 

FCD 98-17 Del~neat~on of Splllway Flows 
For Slgnal Butte Flood Retarding Structure 
113 Discharge (Q's Modeled Separately) 

'age 117 

Q Right 
(~£5) 

Top Width 
(ft) 

266.04 
139.33 
129.94 
117.49 
190.16 
155.97 
352.08 
139.17 
271.18 
376.65 
596.27 
300.34 
429.46 
275.96 
343.41 
581.69 
431.51 
962.84 
868.66 
807.11 

1501.09 
921.24 

1381.08 
1790.92 
1655.66 
2373.13 
2410.73 
2626.96 
2754.21 
2434.45 
2709.38 
2154.48 
2019.59 
1825.09 
1428.62 
1596.83 

A-N West. Inc 
July, 1999 



: SPILLWAY 
SPILLWAY 

: SPILLWAY 
: SPILLWAY - SPILLWAY 
I SPILLWAY 
i SPILLWAY 

SPILLWAY 
SPILLWAY 
SPILLWAY 

. SPILLWAY 
2 SPILLWAY 
. SPILLWAY 
'..: SPILLWAY ~- 
. SPILLWAY 

SPILLWAY 

1604.18 
1601.34 
1597.40 
1593.57 
1589.86 
1585.66 
1581.39 
1576.93 
1573.01 
1570.37 
C u l v e r t  
1562.01 
1560.76 
1557.59 
1552.36 
1547.83 

: FCD 98-17 Delineation of Spillway Flows .'. 
?:: For Signal Butte Flood Retarding Structure 
. . 113 Discharge (Q's Modeled Separately) 
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SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (113) imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1580- 

1575- 

1570- 

- 
P 
e 

1565- 
$ 
i3 

1560- 

1555 - 

1550, 

RM 2 223 DOWNSTREAM EDGE OF CAP CA - 08 #k  0S.i 
0 
4 
5 EG PF 1 

WS PF 1 

Ground 

- 
3000 4WO 5000 6030 7000 6WO 9000 10000 110M) 

station (R) 



SIGNAL BUnE FRS STUDY (113) Imported Plan 01 7/6/99 
CULVERTS ACROSS CAP CANAL 

1580- k .MI 4.k.os4 
0 
4 ------ 
5 EG PF 1 

WS PF 1 
..... ~ ~ ~ . . + ~ ~ ~ ~ . ~  ~~ 

Crit PF 1 

1575- 

Bank Sta 

1570- 

.-.. 
5 
c 

15657 
2 
E 

1560- 

1555- 

1550, 
3WO 4WO 50M) WOO 7W0 8MX) 9WO 1WW 1 t o w  

station (n) 



- 
SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

CULVERTS ACROSS CAP CANAL 

15801 k .I 0 Legend .Is-+. l t . 1 5 4  

J 4 ------ 
5 EG PF 1 

WS PF 1 ~~~~~~~~~*~~~ ~~ ~~~ 

Crit PF 1 

i575- 
Bank Sta 

i570- 

;e 

+ 

AF5- 
v .  

P. 

1560 - 

c. 
v 
Ill 

g mo m MXX) 7000 8WO 90M) 1 m  1 1 m  

cu Station (fl) 
/P 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 2 261 HORZ N VALUES USED UPSTREA 

1580- 
k 1 15- 1 5 4  

0 
4 ------ 

EG PF I 

WS PF 1 

cm PF 1 

Ground 
1575- 

Bank Sta 

-p----------pppppppp-p----- 

1570 

52 
C 
0 - - 
B m 
iii 

1565 

15558 " " < .I 

4MX) 5000 6MM 7WO 80W 9330 IWOO llOM1 

Statlon (fl) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1580- 

1578- 

1576- 

1574- 

- 1572- 
E 
C 
0 
I m 

5 
1570- 

1568- 

1566- 

1564- 

1562, 

RM.2.279. BLOCKED OUT INEFF. AREA BELO 

, , - - - -  , . , , , , 
4WO 5WO 60W 7W0 80W 9WO 1 W .  11WO 

Station (fl) 



SIGNAL BUlTE FRS STUDY (113) Imported Plan 01 7/6/99 

1580- 

1578- 

1576- 

- 
P 
C 
0 - - 
111 

5 
fi 

1574- 

1572- 

RM.2.302. HORZ. N VALUES USED. AREA 
.15-.-.IS+ 

------ 
EG PF 1 

WS PF 1 
.~~~.~~...+~..~~~~... 

Crit PF 1 1 Ground 

Bank Sta 

1 5 7 0 , . , ,  ~ ~ ~ ~ ' ~ ~ ~ " ~ ' ~ ~ ' ~ ' ' ~ ' ~ ' ~ ~ ' ~ ' ~ ~ ~ '  
4MX) 5WO 6OMl 7 m  8x0 9000 IWOO 1 1 m  

Station (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1586- 

1 m -  

1582- 

- 
P 
c 
8 1580- 
# 
iii 

1578- 

1576 - 

15747 

RM 2 378 HORZ N VALUES USED AREA BL . a 15 I - + 1 5 d  I h 1 5 +  
0 0 
6 4 ----- 
8 5 EG PF 1 

WS PF 1 

Ground 

Bank Sta 

4WO 5WO 60W 7000 8000 9000 1 m  I1000 12000 

statlon (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 2 454 HORZ N VALUES USED A 

15 4-15- 
0 Legend 
4 ------ 
5 EG PF 1 

WS PF 1 

Cnt PF 1 

Bank Sta 
1588- 

1586 - 

e 
c 
0 z 
P - 
W 

1m- 

1582- 

1580- 

1 5 7 8 7 7 '  
40M) 50M) 6WO 7MM 80W 90W 10000 1 1 m  1m 

Stahon (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1592 - 

1591 - 

1590 - 

1589- 

E 
c 
P ... s 
ii 

1588- 

1587- 

1586- 

RM 2 554 HORZ N VALUES USED AREA 
15 1- IS-+ IS+ 

----- 
EG PF 1 

WS PF 1 

Ground 

Bank Sta 

1 5 8 5 ~ ~ ~ ~ ~ ~ ~ ~ ~  
4 0 ~ )  5000 MXM 7 m  8000 9 0 ~ )  I om llm 

Station (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1598 - 

15961 

159'- 

- 
P 
C 
0 

z 

1592- 

1590 

1588, 

RM 2 643 HORZ N VALUES USED AR 
krs* 068- 15- 1-4 15* I /t 0 6 8 4  

0 0 
6 4 
8 5 EG PF 1 

WS PF 1 

Ground 

. 
4WO 5WO 60M) 7000 8WO 9WO 10000 11000 

StaIlon (fl) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1602- 

fi 
1 m  

1598 

s 
C 
0 I 

9 
(U 

3 

1596 

1594- 

4000 

RM 2 720 HORZ N VALUES USED AREA . . -068 . 15 L- I -068- OW--+ 
0 Legend 
4 ----- 
5 EG PF 1 

WS PF 1 + Ground [ ~ a n k  sta 

i 

1 5 9 2 7 ,  ~ , , , , . 8 

5WO 60M) 7WO 8000 90W IMXWI 11000 

Statlon (fl) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6\99 
RM 2793 HORZ N VALUES USED AREA 
15 

1604-* "' 0 Legend 
1 - - - - +  ie 0 6 8 4  

4 
5 EG PF 1 

WS PF 1 

Ground 

1603- D 
............................ 

E 
c ; 1601- 
B 
3 

1600- 

1599- 

15987 . , , 
3x0 m 7W0 m 9MXl 1 m  l l W O  

smon (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1608- 

1607 - 

1606- 

1605- 

E. 
c + 1604- 
z 
iii 

1603- 

1602- 

1601 - 

1m7 
m 

RM.2.857. HORZ. N VALUES USED. AR 
' 0 6 8  * . I5 ~ . l ~ . C H - - " / . k . 0 6 8 7 +  

0 Legend 
4 ----- 
5 EG PF 1 

WS PF 1 

Ground 

Bank Sta 

' , , , ._1 

MXX) 7000 8WO 9000 1 m  11000 

Station (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 2 933 HORZ N VALUES USED ARE 

1608- - 
P 
c 
P 
s 
i5 
W 

1607- 

1 m -  

1605- 

16041 , , 
5WO 6000 7 m  8MX) 90W IOODD 1 1 m  

station (fl) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1614- 

1613- 

1612- 

1611 

- 
E. 
c ' 1610 z 

1609- 

~ 
1608- 

1607- 

16061 
5000 

RM 3 h16 HORZ N VALUES USED HYDRA 
i"088-15---"/t--068 .I. i e 1 4  

0 Legend 
4 ----- 

EG PF I 

WS PF 1 1;1 Bank Sta 

\ 

MXU) 7030 8WO 9WO 1W00 1 tMX) 

statlon (R) 



SIGNAL BUUE FRS STUDY (113) Imported Plan 01 716199 

1618- 

1 

1616- 

1614- 

- 
P 
C 
0 = 
E - 
W 

1612- 

1610- 

16081 

RM 3 082 HORZ N VALUES USED AREA 
15- 068 :;: 12. 1 k 0 6 8 4  

0 0 Legend 
6 4 ------ 
6 5 EG PF 1 

WS PF 1 

Cnt PF 1 

Bank Sta 

+ 

, , , , 

5000 6wO 7WO 8WO WM) 1WM) 11OOO 

Station (fl) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1624- 

1622- 

1620- 

- 
5 
C 
P 

3 
E 

1618- 

1616- 

1614, 
5WO 

RM 3 161 HORZ N VALUES USED 
15 068 .L om* iC 068+ 

o Legend 
4 ----- 
5 EG PF 1 

WS PF 1 

Ground 

Bank Sta 

, , . 
MXXl 7000 8WO 90M) 1 m  11WO 

Stat~on (17) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM. 3.235. HORZ. N VALUES USED. 

i e - - - - - l 5 . . O M ) ~ . 1 2 ~ . 0 6 8 - - - - - +  +.OM)+ 
0 
4 ------ 

EG PF I 

WS PF 1 
1625 ~~~~~~~~~~*~~~~~~~~~~ 

Crit PF 1 

Bank Sta 
1624- 

1623 - 

- 
E 
c 
B 1 m -  z z 

1621 - 

1620- 

1619- 

1618- 
5MX) 6WO 7000 sooo 9MX) 1 m  1 1 m  

Stdtim (R) - 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01  7/6/99 

1630- 

$628- 

1626- 

P 
C 
0 .- z 
i3 

1624- 

1622 - 

1620, 
6WO 

RM. 3.310. HORZ. N VALUES USED. AREA 
-.I5 

4 
5 

------ 
EG PF I 

WS PF 1 
~~ ........ +. . .~. .~~~~ 

Crit PF 1 

Bank Sta 

7000 8WO 9WO 1 m  llwo 
Station (ft) - 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 3 386 BLOCKED INEFF FLOW AREA USE 

1632- k 15 : 0 6 8 4 1  1 
0 0 
4 6 ------ 
5 8 EG PF 1 

WS PF 1 

Cnt PF 1 

Bank Sta 

1628- 

2 - 
C 
0 = 
b 
E 

1626- 

1624- 

1622 7 

Boo0 7000 8WO 9000 1WW llrn 
Statlon (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1640- 

1638- 

1638- 

- 1634- 

E. 
C 

L i  
1632- 

1630- 

1628- 

1626, 
6WO 

RM 3 462 HORZ N VALUES USED HYDRA 
la 15 # I  I 1  

0 0 0  
6 4 6  ----- 
8 5 8  EG PF 1 

WS PF 1 

Ground 

Bank Sta 

7000 8WO 90W 10003 11000 

station (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 3 532 HORZ N VALUES USED 

16427 ' 15 *::4 I I 

1840- 

0 0 
4 6 
5 8 EG PF I 

WS PF 1 

Ground 

1638- 

?... 
P 
C 

a 1636- 2 
rl 

1m7 
65W 7000 7500 8MX) 8500 9WO 9500 lwoo 10500 

Staton (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1644- 

1642- 

1640- 

E 
C g 1638 
B 
ii 

1636 

1634 

1632, 

RM 3 603 HORZ N VALUES USED AREA 
k 15 o s S ~ b 0 6 8 ~  

0 
4 ----- 
5 EG PF 1 

WS PF 1 

Ground 

Bank Sta a 
tc 

E 0 9  7000 I_ 7503 8c€nl e5oa Station (ft) 5wl 9500 1wM) ?Owl 11wo 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1646 - 

1645- 

1644- 

1643- - 
E 
r 
0 - - 
9 m - 
W 

1642- 

1641 - 

IW- 

1639, 

RM 3 674 HORZ N VALUES USED AREA . , 15 0 6 8 A - 0 6 8 - - - - - - - - - - 5 /  
0 
4 ----- 
5 EG PF 1 

WS PF 1 

Bank Sta 

. 
7000 7500 8000 85W 9000 9500 1m la5W 1 1 m  

stahon (t?) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM. 3.747. HORZ. N VALUES USED. AREA 

1649- -.IS- :!: .068 -.068-----------------31 # o  
4 
5 EG PF 1 

WS PF 1 

Ground 
1648- 

1647- 

- 
E 
C 

- 
W 

1645 - 

1644- 

1 6 4 3 7 7 ,  
7500 8WO 85W 9WO 95W 1WW 10500 1 lOM) 

Station (R) - 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1652 - 

1651 - 

1650- 

- 
P 
c = 1649- 3 z 

1648- 

1647- 

16481 

RM 3 817 HORZ N VALUES USED HYDRAU 
oss--oss- 

----- 
EG PF 1 

WS PF 1 

Ground 

Bank SIa 

. 
75W BMK) 8500 9000 9500 lwoo 10500 1 1 m  

Stat~on (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM. 3.885. HORZ. N VALUES USED. AREA L 

1655- 

1654- 

1653- 

1652- 

- 
E 
C 

-.I5 .I. .068,6..m. 
Legend 

4 ----- 
5 EG PF 1 

WS PF 1 

Bank Sta 

Ci 

1 6 3 -  

1649 - 

1648- 

1847 
7500 8000 8500 9WO 95W 10000 10500 11000 11500 

Station (ft) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1658- 

1 m -  

1656- 

1655- 

1654- 
P 
c 
0 L 

B 
ii 1653- 

1652- 

1651- 

1650- 

164, 

RM. 3.956. HORZ. N VALUES USED. AREA B 
..IS 

4 
5 

7000 7500 m 85W 9000 9500 1WMl 10500 11000 

StatiMl (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1664- 

I *  

l o  

s 
C 

i Issa 
Ei 

1656 

1654- 

1652 

RM 40% HORZ N VALUES USED AREA B 
l5 .I, 068, ie--- 068 -------"/ 

0 
4 ----- 
5 EG PF 1 

WS PF 1 

Ground 

P Bank Sta I 

;Ilk * 

7000 7500 8000 8500 9MXI 95W IMXX) 10503 11000 

Statlon (R) 



SIGNAL BUTTE FRS STUDY (In) Imported Plan 01 7/6/99 
RM.4.101 AREA BLOCKED OUT TO LT. OF ST. 

1666- 

1664- 

1662- 

- s 
C 
0 - - z 
i3 

16W- 

16581 

1656-1 

k .068 *.-.m- 
0 Legend 
4 ------ 
5 EG PF 1 

i WS PF 1 
.......... + ..... ~.. 

Crit PF 1 

Ground 

-------------- 

_I_ 

70M) 7500 8000 8503 9000 95W 1WW 105W 11003 

Station (R) - 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 4 171 AREA BLOCKED OUT TO LEFT 0 

1668- 068 

1667- 

1666- 

1665- 

1664- E 
C 
B - 
$ 
iii 1663- . 

1662- 

1661 - 

166i- 

1=9+ . . . . , , . . . , . . . I . . . , . . , . . . . ,  
7WO 7500 80M) 85M) 9000 9500 IWXX) 105W 

Station (ft) 



- 

SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1671- 

1 670 - 

1669- 

1668- 

1667- E 
c 
0 - - m z m 

1666- 

1665- 

1664- 

1663- 

16621 

RM 4239 AREA BLOCKED OUTTO LEFT 0 ' 068 
0 

i t a s s 4  
4 ----- 
5 EG PF 1 

WS PF 1 

Ground 

Bank Sta 

! 
7 m  7500 8000 85W 9MX) 9500 low0 10SW 

SWIM (n) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1684- 

1882- 

1680- 

1678- 

- 1676- 
E 
C 

ii 
1674- 

1672- 

1670 - 

1668- 

1688, 

RM 4 31 1 HYDRAULIC BASELINE CROSSES ' 068 4 +ma+ 
Legend 

EG PF 1 

WS PF 1 

Ground 

Bank Sta 

7 m  7500 8M)O 85W 9000 9500 loo00 105M) 11000 

Stat~on (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1678- 

1676- 

1674- 

- 
P 
C 

2 1672- 
9 m - 
W 

1670- 

1668- 

1666 

RM 4 367 AREA BLOCKED OUT TO LT OF STA 
k 068 d +Oa+ 

0 
4 ------ 
5 EG PF 1 

W S  PF 1 

Cnt PF 1 

Bank Sta 

7 m  7 m  8000 85W 9000 9500 1m 1m 

Stabon (17) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM.4.443. AREA BLOCKED OUT TO LT. OF STA 

1582- ,068 

4 
5 

- 
k 
C 
0 .- ?s 
5 
E 

7500 8500 1W00 10500 11MX) 

Station (R) 



SIGNAL BUTTE FRS STUDY ($13) Imported Plan 01 7/6/99 
RM4518 AREA BLOCKED OUT TO LT OF ST 

1684- k 068 ** 0 6 - 4  
Legend 
----- 
EG PF 1 

WS PF 1 

Ground 

Bank Sta 
1882- 1 
1680- 

- s 
c 
0 - - 
E 
ii 

1678- 

1676- 

1674-1 
7500 8000 85M) 9000 9500 10MX) 105M) 

Stabon (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1687- 

1686- 

1685- 

1684- 

P 
c 

1683- z 
iG 

1682- 

1681 - 

1680- 

RM. 4.575. HYDRAULIC BASELINE CROSSES 
k ,068 +?- ,068--"/ 

Legend 
------ 

EG PF 1 

WS PF 1 . . ~ ~ ~ ~ ~ . ~ ~ * . . ~ ~  ...... 

Crit PF 1 

Bank Sta 

1 6 7 9 - 1 . 1 , , 1 , , ,  
75W 8000 8500 9ooo 95W 1W00 10500 

Station (ft) 



SIGNAL BUlTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 4620 AREA BLOCKED OUTTO LT OF 

1688 - 

1687- 

1686 - 

?z 
c 

k 068 .$ 045* 0 6 8 4  

+ -~ 

! - 
W 

1684- 

1683- 

16821 
m 8500 9WO 95W 10MX) 10500 

S m n  (fi) 

. 

I 

I 

a 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1693- 

1692- 

1691 - 

1690- 

E 
c 
2 1689- : 
fi 

1688- 

1687- 

1686- 

16857 

RM. 4.697. AREA BLOCKED OUT TO LT. 
k .OMI *.045"/t------ . Z E N  

Legend 
------ 

EG PF 1 

WS PF 1 
....... ~ . ~ & . ~ . . ~ ~ ~ ~ . .  

Crit PF 1 

Ground 

Bank Sta 

I 

i 

8500 90W 9500 1MXX) 10500 11033 

Station (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 4776 FLOW BLOCKED OUT TO RT OF 

1698- -068 *045-068- 

1 ------ 
EG PF I 

i 1% 1 ws cnt PF PF 1 1 
4- 

Ground 
1896- 

............................ ': \/wp\r\f Bank Sta 

1694- 

P 
c 
0 E 

\ + 
z 
iii 

1692- 

1690- 

1 

I.!,, 
\I ri ', 

-r \p 
1688 7 

8803 9WO 9MO 9400 96W 9800 IWOO 1 m  104M) 10600 

Stat~on (fl) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1702- 

1700 - 

1698 - 

- 
5 
s 
s. : 
E 

1696 - 

1694- 

1692, 

RM 4 852 AREA BLOCKED OUT TO LT OF 
k 068 *- 045- 068- 

Legend 

/ I  ----t 

't Bank Sta 

--------------- 

f 

. I . , , I , , \ . I "  

9WO 9200 9400 m 9800 1ww 1 om 104W 

Statlon (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 4 902 BEGIN TRAPEZOIDAL CHANNEL D/S 

.f. 

1708- k 068 . 045 > 
'O Legend 

b ri 
WS PF 1 

1706- Ground 

Bank Sta 

1704- 

- 1702- 
P = c 0 

s \ ---------------- 
B 
0 
ii 

17W- 

1698- 

1696- 

1694- 
95M) 9600 9700 98W 99W low0 10100 

Stat~on (fl) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM. 4.914 INEFF. FLOW OPTION USED TO - ,068 L- 

1710- .03, 
Legend 

------ 
EG PF 1 

WS PF I 
..... ~ . .  *~...~.~..~ 

1706- 
Crii PF 1 

Ground 

1706 - Bank Sta 

1704- 

,.. 
E 
z 1702- 
$ 
ii 

17W- 

1698- 

1696 - 

16947 
9500 9600 97W 98W 99W 10000 101W 

Station (ft) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM 4929 

1710- 

1708- 

1706- 

1704- 

P 
C 

k 03 4 
----- 
EG PF I 

f WS PF 1 

Bank Sta 

t 
\ 

iii 

17W- 

1698- 

1696 - 

16943 

\ 

- - - * 

9900 9950 1W00 10050 10100 10150 

SWlm (R) - 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM. 4.968. 

k .03 1710- 
# 

EG PF 1 

WS PF 1 
~~~ ~ ~ ~ ~ ~ ~ * ~ . ~ ~ ~ . ~ . . ~  

1708- Crit PF 1 

Ground 

Bank Sta 

1706- 

1704 

... 
E. 
C 

2 1702- : 
E 

1700- 

1698- 

1696- 

1 6 9 4 1 ~ ~ 8 ~ ~  , -  
9850 9- 9950 10000 IWSO 10100 101 50 

Station (fl) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM. 4.986. BEGIN CONCRETE BAFFLED CHUTE 

1714- k .03 '1: .09 

~ ..... ~...+.~ ..... ~~. 

1712- 
Crit PF 1 

WS PF 1 - 
1710 Bank Sta 

1708 

1706 e 
c 
0 - - m 
& 
E 

1704- 

1702- 

17M)- 

1698- 

16963 
9900 99M 9940 99W 9980 low0 10020 1 m  1060 1W80 

Station (ft) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 

1724- 

1722- 

1720- 

1718- - 
k 
6 s 
5 

1716- 

1714- 

1712- 

1710, 

RM.4.991. TOP OF CONCRETE SPILLWAY. D/S/ 
k .I5 

/---_ -)-----c-/ 

9900 9920 9940 9960 9980 1 m  1W20 10040 10060 1W80 

station (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM. 4.994. TOP OF SPILLWAY UPSTREAM EDGE 

k ,013 4: 
1 
3 EG PF 1 

WS PF 1 
~ ........ +... ~~~.~~ 

Crit PF 1 
1 722 

Ground 

Bank Sta 

1720 

- 
P 
c 
0 

1718 
P z 

1716 

1714 

1712 
9900 99M 9940 9980 1 m  10020 10080 

Station (R) 



SIGNAL BUTTE FRS STUDY (113) Imported Plan 01 7/6/99 
RM.5.000. UPSTREAM END OF STUDY. 33.7 

1722- .03 

1720- 

1718- 

- 1716- 

E 
C 
0 
I m 

B 
i2 

1714 

1712 

1710 

1 7 0 8 ~ . . , , ,  
9800 9853 99W 9950 IOWO 1W50 101W 10150 

Station (R) 



SHEET INDEX 
1 COVER SHEET 

2-9 1/3 SPILLWAY FLOW 
10-17 2/3 SPILLWAY FLOW 
18-25 FULL SPILLWAI FLOW 



FLOOD CONTROL DISTRICT 
OF MARICOPA COUNlY 

DELINEATION OF SPILLWAY FLOWS 
FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

213 SFILLWAY R O W  

LEGEND 

INUNDATION LIMITS 

HYDRAULIC BASE LINE 4.0 3 ; 9  
WITH RIVER MILE 

CROSS SLOION 

ELLVATION REFERENCE MARK ERMA X 
ZONE OESIGNATIONS ZONE A 
CORPORATE LIMITS 
COUNN OR STATE 
JURISDICTIONAL BOUNDARY 

E-EVATIOh REFERENCE MARKS .. - 
<-.- #.. c.r, . -: \% ..: :*::. .. < --... 

i : c x i <  :*,:.. c:. .. :- a:, 

1.0. NUMBER ILEYATION (m DESCRlpilON/LOCATlON 

106' 1675.83 
FOUND 0.62' BELOW BRASS RIM CAP AT IN THE HANDHOLE NTER- 
SECTION SIGNAL BUTTE OF BROWN RO. RD, d 

NOTES 
i. CROSS-SECTION ST*. 10,00000 18 HIOR&VLlC U S I I I N L  

I R M  NOT SHOWN ON THIS P X l l h  Sii IHiii 1 

I I 
200 0 '  2 0 0  4 0 0  

SCALE: 1 "  = 2 0 0 '  
CONTOUR INTERVAL = 2' 

7 6 0 0  N. 15th Street, Sulie 200 

C o n r u l f i n g  Engsneeis (602)861-2200 I 
FLOOD CONTROL DISTRICT 

O F  U A R I W P A  COUNT? 



FLOOD CONTFiOL DISTRICT 
OF MARICOPA COUNTY 

DELINEATION OF SPILLWAY FLOWS I FROM SIGNAL BUTTE F.R.S. 1 
I F.C.D. CONTRACT NO. 98-17 

213 SFILLWAY FLOW I 
LEGEND 

NUNOATION LtMITS 

HYDRAULIC U S E  LINE 4.0 

WITH RIVER MILE 3 i l )  
CROSS SECTION RIVCR UiLi ID. 

ELEVATION REFERENCE MARK ERM3 X 
ZONE DESIGNATIONS ZONE A 
CORPORATE LlMlTS 
COUNTY OR STATE 
JURISDICTIONAL BOUNOARY I 

I E L E V A T I O N  R E F E R E N C E  M A R K S  
..:Ti X,LCI_ . L . ! . P - : < <  . L .  5'. as:  :.i. c.::? :. :< a*.  ,...?h\. 

- I 
I I.o. ELEVATION (Fll OESCRIPTION/LOCATION I 

1651.61 FOUND C I N  0 7  MESA BRASS CAP 
IN HANDHOLE 0.47' BELOW RIM AT 
THE INTERSLCTION OF CLANCY d 
DECATOR 

106. 1 6 7 5 8 3  FOUND BRASS CAP IN HANDHOLE 
0.62' BELOW RIM AT THE INTER- 
SECTION OF BROWN RD. & 
SIGNAL BUTTE RO. 

I NOTES I ~- 

2 .  POTSNTiAi WALLOW (1 ii. AYE.) ilOODlNC IN -RE 
' iRU NOT %MOWN ON THIS SHE[,; ILC IHrn 

I 

Q - -  2 0 0  0' 2 0 0  - 4 0 0  

SCALE: 7 ' '  = 2 0 0 '  
C O N T O U R  I N T E R V A L  = 2' 

7 6 0 0  N. 15th Siresf .  Su i t e  2 0 0  
WEST~NC. Phoenix,  ~ r i z o n o  8 5 0 2 0  

Coosuiting Engineerr ( 602 )861 -2200  I 
FLOOD CONTROL DISTRICT 

OF MARICOPA C O U N N  

PUNS CHK. 

m#Er mews&e AMB CsREma "AkAOSR 







OF MARICOPA COUNlY 
DELINEATION OF SPILLWAY FLOW: 

FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

213 SPeLWAY FLOW 

LEGEND 

INUNDATION L w m  

IP(C7AUUC BASE LINE 
WITH RIVER MILE 

CFS5S SECTION llHR UlLE (B 

E W A n O N  REFERENCE MARK ERUJ X 
ZWE DESIGNATIONS ZONE 1 

I COUNT7 OR STATE 
JURIWICTIOWL BOUNOAW 
CULVERT FLOW ACRoSS CAP C.f.- 
OVnSLOW LOCATIONS ACROSS CAP 0.f.- I 

I ELEVATION REFERENCE MARKS 
IOii: A i l  W I T I D M I  Mi W E 9  OH Y A I I O M L  

CCOOF-IC YIili iCAL b * N Y  OF 19zs I 
10,. ISS0.70 

FOUND UANDHOK MCOOT 0.55' B U S S  BELOW CAP RIM IN AT 
THE RO. & INTERiECTlON BROAOWAY RO. OF CRISMON 

19 ' - -  
2 0 0  

S C A L E  1" = 2 0 0 '  
CONTOUR INTERVAL = 2 '  

7600 N. 15th S tne i .  Sui ts 2 0 0  
WEST#wc. Phoene. At ixono 85020 

Consulting Enginoars (602)861-2200 I 
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I FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

IELINEATION OF SPILLWAY FLOWS 
FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

213 SPltLWAY ROW 

LEGEND 

INUNOATiON LIMITS 

HYDRAULIC BASE LINE 3.9 I;O-+ 
WITH RlVLR MILE 

CROSS SECTION 

ELEVATION REFERENCE MARK ERM3 X 
ZONE DESIGNATIONS ZONE A 
CORPORATE LIMITS 
COUNTY OR STATE 
JURISOICIIONAL BOUNDARY 
CULVERT FLOW ACROSS CAP c.c- 
OVERFLOW LOCATIONS ACROSS CAP 0.f.- 

ELEVATION REFERENCE MARKS 
NOT- ALL TIEVATlONI AeE BASED ON NATIONIL 

CiODi i lC VERTICAL U T Y M  Or 1919 

1.0. NUMBER ELEVATION (f71 OESCRIPTION/LOCATION 

102  1581.30 FOUND MCDOT BRASS CAP IN 
HANOHOLE 0.25' BELOW RIM AT 
THE BUTTE INTERSECTION RD. Br BROADWAY OF SIGNAL 

NOTES 

2. P07INTlAl SHALLOW (I  FI. AYE.) 110001NC IN 
I. APPIIOX. PONOINC CAST TO SIGNAL BUTiF RO 

FOR ALL (3) FLOW EVENTS 10 PONDINC 
it. NOTiD. PONDlNG COMlNUii I S 7  
i O R  ?/A AND FULL FiO\V i Y C N S  FOR 
3100; >WJ.S, itn RESPCCTCTYLLI. AT rr.,iio.o y o  

INDEX MAP - 

2 0 0  0 '  2 0 0  t--i 400 

SCALE:  1 "  = 206' 
C O N T O U R  I N T E R V A L  = 2' 

7 6 0 0  N. 15th Street, Sui te  2 0 0  

consuitin0 Enoinesr* ( 6021861 -2200  I - " 

DCSIGN ;L5 u* 

DESIGN CHK LU 

P U N S  CMS 

P U N I  CHI(. ' CAE 

SUBMITTED BI: 
- 

DnU 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

D.m 
.??rnCD 8". 

w,r 
L*#t/  >*OI*//I/ *MY EENIUL 1UlOii 

SVCC, 

15 or 25 

I DimVULNDii  B" 



213 SPILLWAY DISCHARGE - - 7.577 cfs 

Rii i i  S b  LS E(or Ve! C h i  Mar Ch) DDM Tnl  ime 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

DELINEATION OF SPILLWAY FLOWS 
FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

213 SPBLWAY ROW 

LEGEND 

INUNOATION LIMITS 

HYDRAULIC BASE LINE 3.9 (iO-- 
WITH RIVER MILE 

CROSS SECTION 

ELEVATION REFERENCE MARK ERMJ X 
ZONE OE61GNAllONS ZONE A 
CORPORATE LIMITS 
COUNTY OR STATE 
JURISDICTIONAL BOUNDARY 
CULVERT FLOW ACROSS CAP GF- 
OVERFLOW LOCATIONS ACROSS CAP 0.F.- 

ELEVATION REFEREhCE MARIS .- .. \. .r . -2 : ..,~ 's: c.?:: ? .., ..,. ..... ;:. :, . . L l  ^ 'A,  J. .:_s 
1.0. NUMBER ELEVATION (fl) DESCRIPTION/LOCATION 

101 1550.70 FOUND MCOOT BRASS CAP IN 
HANDHOLE 0.55' BELOW RIM AT 
THE INTERSECTION OF CRBMON 
RD. k BROADWAY RD. 

100' 1527.21 FOUND A007 BRASS CAP IN 
HANDHOLE 0.62' BELOW RIM AT 
THE RD. & lNlERSECTlON APACHE T R I L  OF ELLSWORTH 

NOTES 
1. - I N 5 1. 10. OD00 is H"OR*"UC BA 
' IRU NOT SHOWN ON THIS IHCtP I E  SHEET 

INDEX MAP 6 

I 
200 0' 200 4 0 0  

)__i 

SCALE: 1 "  = 2 0 0 '  
CONTOUR INTERVAL = 2' 

7 6 0 0  N. 1 5 t h  Street. Sui te 2 0 0  
WEST#wc. Phoenix, A r i i on i r  8 5 0 2 0  

Consulting Engineers (602)861-2200 I 



HEC-RAS September 1998 Version 2.2 
U.S. Army Corp of Engineers 
Hydrologic Engineering Center 
609 Second Street, Suite D 

Davis, California 95616-4687 
(916) 756-1104 

X X XXXXXX XXXX XXXX XX XXXX 
X X X X X X X X X  X 
X X X X X X  X X X  
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX 
X X X X X X X X X 
X X X X X X X  X X X 
X X XXXXXX XXXX X X X X XXXXX 

PROJECT DATA 
Project Title: SIGNAL BUTTE FRS STUDY (2/3) 
Project File : SIGBUT5.prj 
Run Date and Time: 7/6/99 7:30:08 AM 

Project in English units 

Project Description: 
DELINEATE SPILLWAY FLOWS FROM SIGNAL BUTTE FRS DOWNSTREAM TO CAP CANAL 

@ FCD NO. 
98-17 
PREPARED BY A-N WEST, INC. JOB. NO. 7158-05 

EXISTING CONDITIONS . 
2/3 SPILLWAY FLOW= 7577 CFS. PROFILE 2 
TOPOGRAPHIC MAPPING PREPARED BY COOPER AERIAL MAPPING OF PHOENIX. 
PHOTO 
DATE:10/15/98 
FIELD SURVEY BY AZTEC ENGINEERING , PHX. AZ. 
STARTING D/S WATER 
SURFACE ELEV. BASED ON NORMAL DEPTH (S=0.011 FT/FT.) 
STARTING U/S WSEL BASED 
ON CRITICAL DEPTH. 
COMPUTATIONAL FLOW REGIME: MIXED FLOW 
MANNIN'GS (N) VALUE 
RANGE; 0.013 (CONCRETE SPILLWAY), .030 (TRAP. CHANN. D/S SPILLWAY), .045 (MAIN 
CHANN. ) ,  .068 (LT.DEV. OVERBANK), 0.10( MOD. DEV. O.B., 0.15 (HVY. DEV.) 
FOR 
THE 1/3 SPILLWAY FLOW DELINEATION, A NARROWER BAND OF EFFECTIVE FLOW WAS 
USED THAN FOR FULL SPILLWAY FLOWS . 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Page 1 
A-N West, Inc. 

July, 1999 



PLAN DATA 

Plan Title: Imported Plan 01 
Plan File : C:\HEC\RAS\SIGBUT5.pOl 

Geometry Title: Imported Geom 02 
Geometry File : C:\HEC\RAS\SIGBUT5.g02 

Flow Title : Imported Flow 01 
Flow File : C:\HEC\RAS\SIGBUT5.f01 

Plan Summary Information: 
Number of: Cross Sections = 51 Mulitple Openings = 0 

Culverts = 1 Inline Weirs = 0 
Bridges = 0 

Computational Information 
Water surface calculation tolerance = 0.01 
Critical depth calculaton tolerance = 0.01 
Maximum number of interations = 20 
Maximum difference tolerance = 0.3 
Flow tolerance factor = 0.001 

Computation Options 
Critical depth computed only where necessary 
Conveyance Calculation Method: At breaks in n values only 
Friction Slope Method: Average Conveyance 
Computational Flow Regime: Mixed Flow 

FCD 98-17 Delineation of SDillwav Flows 
For Slgnal Butte Flood ~etaroin~$r~cture  
7.13 Discharge (Q's Mooeled Separately) 

Page 2 
A-N West, Inc. a 

July, 1999 



FLOW DATA 

Flow File : C:\HEC\RAS\SIGBUTS.f03 

Flow Data (cfs) 

River Reach RS 
SIGNAL BUTTE SPILLWAY 5.000 

Boundary Conditions 

River Reach Profile 

SIGNAL BUTTE SPILLWAY PF 1 

FCD 98-17 Delineation of Spillway Flows 
For Signal Bute Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Page 3 

Upstream Downstream 

Critical Normal S = .011 

A-N West. Inc. 
July, 1999 



GEOMETRY DATA 

Geometry Title: Imported Geom 02 
Geometry File : C:\HEC\RAS\SIGBUTS,g02 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 5.000 

INPUT 
Description: RM.5.000. UPSTREAM END OF STUDY. 33.7 FT. UPSTREAM OF UPSTREAM EDGE OF CONCRETE 
SPILLWAY OF SIGNAL BUTTE F.R.S. STARTING WSEL BASED ON CRITICAL DEPTH FOR SUPERCRITICAL PROFILE 
OF MIXED FLOW COMPUTATIONS. 

Station Elevation Data nun= 3 3 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9843.98 1720.6 9854.85 1718.12 9869.02 1715.08 9878.36 1713.22 9886.06 1710.36 
9886.09 1710.4 9895.58 1710.17 9900.94 1710.04 9907.81 1710.17 9923.66 1710.11 
9939.71 1710.1 9952.09 1709.99 9962.03 1710.08 9965.76 1709.93 9976.08 1710.13 
9986.97 1710.110005.07 1709.7810022.06 1709.5910035.71 1709.3810040.68 1709.3 
10045.28 170910065.44 1709.3910070.11 1710.310072.32 1710.2310073.01 1710.22 
10073.67 1710.2 10075.2 1710.9210084.32 1710.7310097.23 1711.2510101.65 1711.24 
10107.98 1711.310110.12 1711.3710142.51 1721.68 

Manning's n Values nun= 3 
Sta n Val Sta nVal Sta n Val 

9843.98 .03 9843.98 .0310142.51 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9843.9810142.51 33.7 33.7 33.7 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/sl 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it1 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq it) 
Area (sq ftl 
Flow (cfs) 
Top Width (ftl 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ftl 
Cum SA (acres) 

Left OB Channel Right OB 
0.030 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

FCD 98-17 Delineation of Spillway Flows 
For Signal Bulte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Page 4 
A-N West, Inc. 

July, 1999 • 



FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Right Sta Flow Area W.P. 8 CO~V. Hydr D. Velocity 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.994 

INPUT 
Description: RM. 4.994. TOP OF SPILLWAY UPSTREAM EDGE. DECREASE N VALUE TO 0.013 FOR TOP OF 
CONC. SPILLWAY. 

Station Elevation Data num= 17 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9917.72 1721.7 9918.28 1721.71 9919.94 1721.57 9921.53 1715.89 9922.08 1712.15 
9922.98 1712.2 9923.3 1712.21 9923.63 1712.2110058.64 1712.7610059.41 1712.75 
10060.03 1712.710060.35 1712.7510061.14 1716.1410062.05 1721.1810062.48 1722.14 
10062.99 1722.210064.47 1721.58 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

9917.72 .013 9917.72 .01310062.48 .013 

B a n  a :  Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9917.7210062.48 12.96 12.96 12.96 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (it) 
Crit W.S. (it) 
E.G. Slope [ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cis) 
Length Wtd. (ft) 
Min Ch El [it) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width ift) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB Channel Right OB 
0.013 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and 
assumed values. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

FCD 98-17 Delineation of Spillway Flows @ For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Page 5 
A-N West, Inc. 

July, 1999 



Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. * 
FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
LB 9917.72 RB 10062.48 7577.00 629.53 147.59 100.00 4.49 12.04 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and 
assumed values. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWJLY RS: 4 .991  

INPUT 
Description: RM.4.991. TOP OF CONCRETE SPILLWAY. D/S/ EDGE. MANNING'S N VALUE INCREASED FOR 
THIS REACH TO 0.15 TO ACCOUNT FOR BAFFLED BLOCK ENERGY DISSIPATOR BLOCKS. 

Station Elevation Data num= 2 0 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9915.58 1721.9 9918.01 1721.2 9920.69 1720.98 9921.31 1718.78 9924.8 1715.45 
9942.18 1712.6 9944.25 1711.45 9944.71 1711.45 9959.07 1711.6 9959.23 1711.6 
9976.87 1711.5 9977.34 1711.4710000.77 1711.6710001.66 1711.6910034.46 1711.52 
10035.44 1711.510039.72 1713.7610058.59 1713.0210062.68 1722.1310064.47 1722.16 

Manning's n Values nun= 3 
sta n Val Sta n Val Sta n Val 

9915.58 .013 9915.58 .1510064.47 .013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9915.5810064.47 27.8 27.8 27.8 .1 .3 

CROSS SECTION OUTPUT Profile #PF 

E.G. Elev (ft) 1719.15 
Vel Head (ft) 2.67 
W.S. Elev (ft) 1716.48 
Crit W.S. (ft) 1716.81 
E.G. Slope (ft/ft) 0.264593 
Q Total (cfs) 7577.00 
Top Width (ft) 136.43 
Vel Total (ft/s) 13.10 
Max Chl Dpth (ft) 5.03 
Conv. Total (cfs) 14730.2 
Length Wtd. (ft) 27.80 
Min Ch El (ft) 1711.45 
Alpha 1.00 
Frctn Loss (ft) 0.07 
C & E Loss (ft) 0.04 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 
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Left OB Channel Right OB 
0.150 

27.80 27.80 27.80 
578.20 
578.20 
7577.00 
136.43 
13.10 
4.24 

14730.2 
140.20 
68.13 
892.76 

1372.26 95.78 144.66 
898.77 32.25 109.01 

A-N West, Inc. 
July, 1999 



Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less a than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Program found supercritical flow starting at this cross section. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
LB 9915.58 RB 10064.47 7577.00 578.20 140.20 100.00 4.24 13.10 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Program found supercritical flow starting at this cross section. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.986 

INPUT 
Description: RM. 4.986. BEGIN CONCRETE BAFFLED CHUTE SPILLWAY. INCREASE N VALUE TO 0.09 TO 
PROVIDE AVE. N VALUE BETWEEN EVLL BAFFLED BLOCK SEGMENT AND TRAP. CHANN. SEGMENT. 

Station Elevation Data num= 2 1 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9911.12 1711.2 9918.76 1711.48 9920.17 1711.46 9921.79 1711.04 9924.61 1696.66 
9928.91 1696.4 9929.02 1696.37 9957 1696.48 9957.18 1696.48 9970.7 1696.64 
9971.09 1696.6 9985.17 1696.44 9985.42 1696.4510013.17 1697.0510014.95 1697.04 
10037.37 1697.410039.25 1698.3910058.26 1699.2710061.28 1698.6910063.52 1712.95 
10066.66 1712.6 

Sta n Val Sta n Val Sta n Val 
9911.12 .03 9921.79 .0910063.52 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9921.7910063.52 92.6 92.6 92.6 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB Channel Right OB 
0.090 

92.60 92.60 92.60 
328.28 
328.28 
7577.00 
137.34 
23.08 
2.39 

9536.4 
140.65 
91.98 

2123.08 
1372.26 95.49 144.66 
898.77 32.16 109.01 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Rood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Page 7 
A-N West, Inc. 

July, 1999 



Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (it) (ft) (ft/S) 
LB 9921.79 RB 10063.52 7577.00 328.28 140.65 100.00 2.39 23.08 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m), between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CRC:..S SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.968 

INPUT 
Description: FN. 4.968. 

Station Elevation Data num= 18 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9888.2 1706.9 9909.13 1699.23 9911.27 1698.48 9922.54 1697.93 9925.09 1696.5 
9930.97 1696.1 9946.22 1695.93 9988.32 1696.32 9996.02 1696.310027.28 1696.26 
10045.55 1696.210068.23 1696.4510074.45 1697.9510081.83 1698.8310087.66 1699.76 
10101.66 1706.410105.26 1708.1710108.82 1708.18 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

9888.2 .03 9888.2 .0310108.82 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9888.210108.82 208.34 208.34 208.34 .1 .3 

CROSS SECTION OUTPUT 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (it/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Profile #PF 1 

1704.69 Element 
0.44 Wt. n-Val. 

1704.25 Reach Len. (it) 
1700.44 Flow Area (sq it) 
0.000874 Area (sq it) 
7577.00 Flow (cfs) 
201.71 Top Width (it) 
5.33 Avg. Vel. (ft/s) 
8.32 Hydr. Depth (ft) 

256229.2 Conv. (cfs) 
208.34 Wetted Per. (it) 
1695.93 Shear (lb/sq ft) 

1.00 Stream Power (lb/ft s) 
0.24 Cum Volume (acre-ft) 
0.03 CumSA (acres) 

Left OB Channel Right OB 
0.030 

208.34 208.34 208.34 
1420.64 
1420.64 
7577.00 
201.71 
5.33 
7.04 

256229.2 
204.45 
0.38 
2.02 

1372.26 93.63 144.66 
898.77 31.80 109.01 
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Note: Hydraulic jump has occurred between this cross section and the previous upstream 
section. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
LB 9888.20 RB 10108.82 7577.00 1420.64 204.45 100.00 7.04 5.33 

Note: Hydraulic jump has occurred between this cross section and the previous upstream 
section. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.929 

INPUT 
Description: FN. 4.929. 

Station Elevation Data num= 12 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9911.26 1705.3 9926.18 1699.6 9933.33 1696.42 9941.32 1696.42 9954.96 1696.34 

Manning's n Values nun= 3 
Sta nVal Sta n Val Sta n Val 

9911.26 .03 9911.26 .0310105.48 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9911.2610105.48 120 76.23 2 5 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1704.42 Element 
Vel Head (ft) 0.74 Wt. n-Val. 
W.S. Elev (ft) 1703.68 Reach Len. (ft) 
Crit W.S. (ft) Flow Area (sq ft) 
E.G. Slope (ft/ft) 0.001632 Area (sq ft) 
Q Total (cfs) 7577.00 Flow (cfs) 
Top Width (ft) 168.02 Top Width (ft) 
Vel Total (ft/s) 6.91 Avg. Vel. (ft/s) 
Max Chl Dpth (it) 7.70 Hydr. Depth (ft) 
Conv. Total (cfs) 187545.6 Conv. (cis) 
Length Wtd. (ft) 76.32 Wetted Per. (ft) 
Min Ch El (ft) 1695.98 Shear (lb/sq ft) 
Alpha 1.00 Stream Power (lb/ft s) 
Frctn Loss (ft) 0.11 Cum Volume (acre-it) 
C & E Loss (ft) 0.06 Cum SA (acres) 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left OB Channel Right OB 
0.030 

120.00 76.23 25.00 
1096.18 
1096.18 
7577.00 
168.02 
6.91 
6.52 

187545.6 
170.75 
0.65 
4.52 

1372.26 87.61 144.66 
898.77 30.91 109.01 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) icfs) (sq ft) (ft) (it) (ft/s) 
LB 9911.26 RB 10105.48 7577.00 1096.18 170.75 100.00 6.52 6.91 
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CROSS SECTION RIVER: SIONAL BUT'I'E 
REACH: SPILLWAY RS: 4.914 

INPUT 
Description: RM. 4.914 INEFFECTIVE FLOW OPTION USED TO BLOCK OUT FLOW TO LEFT OF STA. 9860. 

Station Elevation Data num= 4 3 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9599.38 1703.6 9605.27 1703.57 9613.73 1703.21 9628.26 1702.74 9640.01 1702.4 
9659.34 1702.1 9689.85 1701.75 9709.87 1701.47 9716.11 1701.37 9720.11 1701.34 
9733.65 1699.9 9747.41 1698.56 9755.78 1697.4 9770.71 1698.13 9804.49 1699.6 
9812.95 1699.8 9814.27 1699.83 9816.7 1699.69 9818.67 1699.73 9829.2 1699.73 
9830.45 1699.8 9835.71 1699.72 9841.92 1699.66 9843.24 1699.65 9858.76 1700.1 
9865.1 1700.3 9873.59 1699.65 9881.28 1699.58 9890.9 1698.86 9894.92 1698.82 
9896.1 1698.8 9921.75 1697.32 9931.45 1696.61 9934.31 1696.62 9961.9 1696.57 

10034.86 1696.210039.04 1696.1210046.37 1695.9810052.89 1697.9710061.87 1700.92 
10085.54 1708.210085.62 1708.1910087.97 1708.33 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

9599.38 .068 9865.1 .0310087.97 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9865.110087.97 120 67.17 2 5 .1 .3 

Ineffective Flow num= 1 
Sta L Sta R Elev 

9599.38 9860 1705 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1704.25 Element Left OB Channel Right OB 
Vel Head (it) 0.54 Wt. n-Val. 0.068 0.030 
W.S. Elev (it) 1703.71 Reach Len. (it) 120.00 67.17 25.00 
Crit W.S. (it) 1700.88 Flow Area (sq ft) 17.80 1275.78 
E.G. Slope (ft/ft) 0.001263 Area (sq ft) 816.16 1275.78 
Q Total (cis) 7577.00 Flow (cfs) 31.80 7545.20 
Top Width (it) 471.56 Top Width (ft) 265.72 205.84 
Vel Total (ft/s) 5.86 Avg. Vel. (ft/s) 1.79 5.91 
Max Chl Dpth (it) 7.73 Hydr. Depth (it) 3.49 6.20 
Conv. Total (cfs) 213203.3 Conv. (cfs) 894.8 212308.4 
Length Wtd. (ft) 67.41 WettedPer. (it) 5.10 207.16 
Min Ch El (ft) 1695.98 Shear (lb/sq it) 0.28 0.49 
Alpha 1.02 Stream Power (lb/ft s) 0.49 2.87 
Frctn Loss (ft) 0.19 Cum Volume (acre-ft) 1371.13 85.53 144.66 
C & E Loss (ft) 0.10 Cum SA (acres) 898.41 30.59 109.01 

Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
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FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ftl (ft) (ft) (ft/s) 
9798.67 9865.10 31.80 17.80 5 .10 0.42 3.49 1 .79 

Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The velocity head has changed by more than 0.5 ft (0 .15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) isless 
than 0.7  or greater than 1.4 .  This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.902 

INPUT 
Description: RM. 4.902. BEGIN TRAPEZOIDAL CHANNEL D/S/ OF SPILLWAY. 

Station Elevation Data num= 5 5 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9569.3 1703.6  9570.24 1703.63 9582.02 1703.52 9587.21 1703.65 9594.87 1703.72 
9600.67 1703.8 9611.08 1704.08 9613.59 1704.14 9656.3 1704.32 9698 .56  1703 .91  

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

9569.3 .068 9906.82 .04510086.97 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9906.8210086.97 2 8 0  261.94 230 .1 . 3  

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1703.97 
Vel Head (it) 1 .52  
W.S. Elev (ft) 1702.45 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 0.010158 
Q Total (cfs) 7577.00 
Top Width (it) 1 7 4 . 3 0  
Vel Total (ft/s) 9.69 
Max Chl Dpth (ft) 7.25 
Conv. Total (cfs) 75177.2 
Length Wtd. (ft) 262.88 
Min Ch El (ft) 1695.20 
Alpha 1.04 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
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Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfsl 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power ilb/ft sl 

Page I I 

Left OB 
0.068 

280 .00  
20.59 
20 .59  
3 7 . 9 1  
27.18 

1.84 
0.76 

376.2 
27.23 

0.48 
0.88 

Channel Right OB 
0.045 

261.94 230.00 
761 .29  
761.29 

7539 .09  
147.12 

9.90 
5.17 

74801.0  
148 .32  

3 .26 
32.24 
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Frctn Loss (ft) 
C & E Loss (ft) 

2.76 Cum Volume (acre-ft) 1369.98 83.96 144.66 
0.07 Cum SA (acres) 898.00 30.32 109.01 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
9822.44 9906.82 37.91 20.59 26.95 0.50 0.77 1.84 
LB 9906.82 RB 10086.97 7539.09 761.29 148.32 99.50 5.17 9.90 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SI(3NAG B m  
REACH: SPILLWAY RS: 4.852 

INPUT 
Description: FN. 4.852. AREA BLOCKED OUT TO LT. OF STA.9790.13. 

Station Elevation Data num= 80 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9176.68 1700.2 9216.75 1700.39 9216.84 1700.39 9216.88 1700.39 9216.93 1700.38 
9223.8 1698.7 9231.22 1698.72 9238.57 1698.73 9239.83 1698.72 9243.73 1698.83 
9271.54 1698.7 9273.68 1698.71 9276.37 1698.68 9278.04 1698.65 9282.14 1698.64 
9301.81 1698.8 9305.89 1698.34 9314.94 1698.4 9316.21 1698.52 9330.57 1700.06 
9339.65 1699.8 9353.73 1700.26 9355.44 1700.25 9357.73 1700.25 9361.39 1700.27 
9368.81 1700.4 9401.21 1701.02 9410.55 1700.94 9424.54 1700.83 9426.6 1700.82 
9429.18 1700.7 9433.95 1700.52 9446.91 1700.1 9481.8 1698.93 9523.95 1699.49 
9549.43 1700.1 9603.66 1700.33 9685.19 1700.08 9697.82 1700.06 9699.23 1700.07 
9736.8 1700.4 9786.05 1700.49 9790.13 1700.6 9807.56 1700.41 9811.08 1700.25 
9817.32 1699.8 9821.17 1699.28 9823.8 1698.97 9844.24 1697.92 9862.69 1697.21 
9922.92 1695.9 9925.6 1695.82 9928.41 1695.78 9929.54 1695.77 9936.64 1695.75 
9983.39 1695.8 9998.01 1694.310010.25 1692.710022.77 1693.3110033.68 1693.91 
10036.17 1694.410051.93 1697.35 10052.2 1697.3410071.29 1697.9510071.49 1697.94 
10071.83 169810087.16 1698.1610095.74 1698.4810109.44 1699.35 10114.9 1699.58 
10125.72 1699.710163.22 1700.2610196.01 1700.3910205.48 1700.5810221.91 1700.89 
10232.4 1701.110240.12 1701.2710268.65 1701.21 10306.9 1701.6210318.47 1701.91 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

9176.68 .068 9925.6 .04510051.93 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9925.610051.93 380 402.55 425 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

9176.68 9790.13 1700.6 
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CROSS SECTION OUTPUT 

@ E., .lev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Profile #PF 1 

1701.13 Element 
1.27 Wt. n-Val. 

1699.86 Reach Len. (ft) 
Flow Area (sq ft) 

0.010886 Area (sq ft) 
7577.00 Flow (cfs) 
320.22 Top Width (it) 
7.55 Avg. Vel. (ft/s) 
7.16 Hydr. Depth (ft) 

72622.7 Conv. (cis) 
405.02 Wetted Per. (ft) 
1692.70 Shear (Lb/sq ft) 

1.43 stream Power (lb/ft s) 
4.47 Cum Volume (acre-ft) 
0.09 Cum SA (acres) 

Left 08 
0.068 
380.00 
284.60 
284.60 
1228.33 
109.16 
4.32 
2.61 

11773.1 
109.27 
1.71 
7.64 

Channel 
0.045 
402.55 
615.73 
615.73 
6080.80 

Right OB 
0.068 
425.00 
103.12 
103.12 
267.87 
84.73 
2.60 
1.22 

2567.5 
84.79 
0.83 
2.15 

144.39 
108.79 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
9738.37 9925.60 1228.33 284.60 109.27 16.21 2.61 4.32 
LB 9925.60 RE 10051.93 6080.80 615.73 126.86 80.25 4.87 9.88 
10051.93 10318.41 267.87 103.12 84.79 3.54 1.22 2.60 

Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.776 

INPUT 
Description: RM. 4.776. FLOW BLOCKED OUT TO LT. OF STA.9731.73 DUE TO RIDGE. 

Station Elevation Data num= 114 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

8935.41 1698 8940.48 1697.99 8945.99 1698 8960.41 1697.63 8969.15 1697.36 
8978.82 1697.2 9013.48 1696.67 9018.78 1696.39 9024.13 1696.23 9039.09 1696.43 
9074.04 1697.1 9089.48 1696.99 9102.18 1697 9114.78 1696.64 9117.41 1696.54 
9125.2 1696.3 9139.09 1696.32 9140.5 1696.43 9143.78 1696.28 9189.59 1696.03 
9210.18 1695.9 9244.85 1695.96 9294.39 1695.81 9359.47 1695.58 9382.81 1695.54 
9429.66 1695.8 9437.31 1695.76 9442.33 1695.74 9446.46 1695.71 9449.71 1695.66 
9509.16 1696.3 9513.47 1696.34 9573.45 1696.39 9586.58 1696.4 9587.04 1696.4 
9587.41 1696.4 9587.7 1696.4 9588.72 1696.4 9639.28 1695.49 9661.72 1695.55 
9664.15 1695.6 9686.93 1695.74 9699.19 1695.89 9702 1695.91 9115.09 1696 
9721.28 1696 9731.73 1696.07 9734.45 1696.06 9791.49 1695.5 9793.31 1695.48 
9813.49 1695.3 9815.93 1695.87 9823.49 1695.48 9831.94 1695.4 9850.43 1695.27 
9858.68 1695.2 9863.38 1695.2 9865.41 1695.15 9874.84 1695.02 9817.74 1694.96 
9885.97 1694.8 9910.84 1694.22 9912.71 1694.14 9914.29 1694.11 9919.29 1693.94 
9923.48 1693.6 9933.65 1693.02 9939.13 1692.74 9942.88 1692.39 9951.71 1691.58 
9954.46 1691.4 9963.23 1690.86 9967.34 1691.1 9976.35 1691.51 9980.62 1689.91 
9986.34 1689.5 9988.05 1689.61 9996.11 1688.46 9999.98 1688.0210006.86 1689.3 
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Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

8935.41 .068 9939.13 .04510031.84 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9939.1310031.84 420 418.55 365 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

8935.14 9731.73 1696.07 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1696.56 Element Left OB Channel Right OB 
Vel Head (ft) 0.96 Wt. n-Val. 0.068 0.045 0.068 
W.S. Elev (ft) 1695.60 Reach Len. (ft) 420.00 418.55 365.00 
Crit W.S. (ft) 1695.60 Flow Area (sq ftl 115.77 448.06 872.22 
E.G. slope (ft/ft) 0.011214 Area (sq ft) 115.77 448.06 872.22 
Q Total (cis1 7577.00 Flow (cfsl 248.53 4446.22 2882.25 
Top Width (it) 755.06 Top Width (ftl 151.52 92.71 510.83 
Vel Total (ft/s) 5.28 Avg. Vel. (ft/s) 2.15 9.92 3.30 
Max Chl Dpth (ft) 7.58 Hydr. Depth (ft) 0.76 4.83 1.71 
Conv. Total (cfs) 71552.7 Conv. (cfs) 2347.0 41987.5 27218.2 
Length Wtd. (ft) 396.09 Wetted Per. (ftl 151.62 93.72 511.09 

a 
Min Ch El (ft) 1688.02 Shear (lb/sq ft) 0.53 3.35 1.19 
Alpha 2.23 Stream Power (lb/ft sl 1.15 33.21 3.95 
Frctn Loss (it) 3.06 Cum Volume (acre-ft) 1367.25 74.91 139.63 
C & E Loss (ft) 0.16 Cum SA (acres) 896.43 28.48 105.88 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program used critical depth for the water surface and continued on with the calculations. 
Warning: Divided flow computed for this cross-section. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ftl (ft) (cis) (sq ft) (it) (ft) (it/s) 
9688.20 9939.13 248.53 115.77 151.62 3.28 0.76 2.15 
LB 9939.13 RB 10031.84 4446.22 448.06 93.72 58.68 4.83 9.92 
10031.84 10580.38 2882.25 872.22 511.09 38.04 1.71 3.30 
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Warning: The energy equation could not be balanced within the specified number of iterations. 

@ The program used critical depth for the water surface and continued on with the calculations. 
Warning: Divided flow computed for this cross-section. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The energy loss was greater than 3.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.697 

INPUT 
Description: RM. 4.697. AREA BLOCKED OUT TO LT. OF STA. 9797.52 AND BELOW EL.1691.52 DUE TO 
RIDGE , AND ALSO TO LT. OF 9267 DUE TO RIDGE. SOME SHALLOW FOLW OCCURS TO LT. OF STA.9797.52. 

Station El 
Sta 

8615.35 

.evation Data num= 133 
Elev Sta Elev Sta Elev Sta Elev Sta Elev 

1691.7 8621.19 1691.78 8628.32 1691.89 8647.84 1691.45 8681.66 1690.65 
1690.7 8711.81 1690.71 8713.45 1690.66 8742.34 1690.04 8747.69 1689.95 
1689.5 8785.04 1689.85 8822.44 1689.74 8835.79 1689.79 8849.3 1690.18 
1690.3 8900.66 1690.06 8902.91 1690.08 8903.54 1690.07 8904.13 1690.06 
1690.1 8906.72 1690.07 8935.66 1690.55 8968.19 1691.08 9007.95 1690.98 
1691.6 9045.3 1691.68 9084.5 1691.15 9109.44 1690.8 9130.16 1690.73 
1690.6 9181.66 1690.38 9188.41 1690.37 9210.31 1690.54 9213.33 1690.82 
1690.7 9245.88 1690.77 9269.01 1692.21 9276.84 1692.22 9298.69 1692.14 
1692.1 9323.7 1690.92 9324.25 1690.89 9350.46 1689.83 9368.99 1689.87 
1689.9 9436.31 1689.86 9453.1 1689.98 9473.97 1690.13 9488.68 1690.11 
1690.1 9513.87 1689.93 9519.01 1689.84 9527.01 1689.96 9536.07 1690 
1689.6 9625.31 1689.63 9646.29 1689.66 9647.75 1689.68 9690.82 1690.91 
1690.9 9716.92 1691.15 9797.52 1691.52 9835.95 1691.4 9847.69 1691.41 
1690.9 9951.62 1690.65 9955.39 1689.85 9965.75 1687.96 9974.68 1686.96 
1687.4 9997.15 1687.310003.25 1686.8410007.88 1686.4810010.81 1686.27 
1687.110030.84 1687.5210039.46 1686.6110044.28 1686.2110057.73 1685.92 
1685.910061.45 1686.0710074.94 1688.0110079.14 1688.2310083.15 1688.16 
168810097.71 1688.0110104.94 1688.0110117.41 1688.7710144.83 1689.93 

1689.410159.88 1689.4110160.08 1689.410160.12 1689.4110171.33 1690.25 
1690.410191.19 1690.3410220.07 1687.6110228.82 1687.0410235.53 1687.63 
1687.710237.85 1687.7610253.54 1688.9510273.02 1690.210283.18 1690.19 
1690.210298.19 1690.13 10326.9 1690.110352.34 1689.910368.46 1689.44 
1688.810390.43 1685.37 10402.6 1687.1410408.58 1687.54 10422.6 1689.22 
1689.210424.95 1689.2510453.45 1689.5810463.49 1689.6910466.12 1689.39 
1689.410472.04 1689.2410482.12 1688.67 10486.1 1688.44 10489.9 1688.83 
1689.610504.93 1689.8810520.08 1690.3710521.74 1690.4110522.63 1690.44 
169110562.52 1691.1610586.08 1691.47 

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

8615.35 .068 9951.62 .04510079.14 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9951.6210079.14 425 406.56 380 .1 .3 
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Blocked Obstructions n u =  2 
Sta L Sta R Elev Sta L Sta R Elev 

8615.35 9276.84 1692.22 9276.84 9797.52 1691.52 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ftl 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width' (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (it) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (aore-ft) 
Cum SA (acres) 

Left OB 
0.068 
425.00 
188.68 
188.68 
137.80 
635.14 
0.73 
0.30 

1835.5 
635.15 
0.10 
0.08 

1365.78 
892.63 

Channel 
0.045 
406.56 
581.74 
581.74 
3953.86 
127.52 
6.80 
4.56 

52667.4 
128.14 
1.60 
10.86 
69.96 
27.42 

Right OB 
0.068 
380.00 
1199.02 
1199.02 
3485.34 
506.94 
2.91 
2.37 

46426.4 
508.33 
0.83 
2.41 

130.95 
101.62 

Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (it) (ft/s) 
9283.48 9617.55 37.01 65.03 301.08 0.49 0.22 0.57 
9617.55 9951.62 100.78 123.65 334.07 1.33 0.37 0.82 
LB 9951.62 RB 10079.14 3953.86 581.74 128.14 52.18 4.56 6.80 
10079.14 10586.08 3485.34 1199.02 508.33 46.00 2.37 2.91 

Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.620 

INPUT 
Description: RM. 4.620. AREA BLOCKED OUT TO LT. OF STA. 9720.21 DUE TO RIDGE. 
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Station Elevation Data num= 138 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

8183 54 1687.4 8184.89 1687.38 8186.81 1687.38 8189.78 1687.38 8190.4 1687.39 
8191.61 1687.4 8192.65 1687.33 8193.42 1687.29 8247.72 1686.25 8252.69 1685.9 
8276.3 1685.7 8282.47 1685.64 8286.78 1685.66 8297.37 1685.93 8298.63 1685.97 
8298.72 1686 8299.28 1685.95 8313.34 1686.05 8316.75 1686.05 8325.87 1686.06 
8333.25 1686.2 8338.01 1686.07 8342.44 1686.06 8347.31 1685.9 8381.53 1686.4 
8402.32 1686.4 8418.07 1686.44 8418.12 1686.44 8487.43 1686.52 8523.15 1687.04 
8527.12 1687 8544.28 1686.39 8548.4 1686.26 8563.44 1687 8572.28 1687.42 
8619.36 1687.5 8629.86 1687.56 8631.08 1687.54 8646.85 1687.24 8683.07 1686.1 
8693.85 1686.6 8697.03 1686.86 8713.67 1686.94 8736.22 1686.92 8743.7 1686.74 
8753.78 1686.3 8764.15 1685.96 8796.52 1684.77 8806.21 1685.17 8832.47 1686.21 
8885.89 1686.3 8893.28 1686.23 8915.42 1686.3 8944.62 1686.07 8997.14 1685.73 
8999.1 1685.7 9012.34 1684.96 9018.78 1685.59 9025.58 1685.96 9035.59 1685.68 
9040.14 1685.6 9041.36 1685.62 9071.61 1685.7 9156.97 1686.1 9229.09 1686.29 
9238.36 1686.2 9240.57 1685.73 9246.15 1684.98 9250.97 1685.33 9254.36 1685.51 
9259.12 1685.6 9275.26 1686.34 9281.03 1686.5 9293.86 1685.82 9301.28 1685.29 
9308.97 1685.3 9319.63 1685.36 9327.79 1685.61 9331.55 1685.76 9346.55 1685.71 
9373.18 1685.6 9390.49 1685.57 9398.52 1685.33 9410.53 1685.39 9428.27 1685.12 
9482.54 1684.5 9519.3 1684.51 9551.85 1685 9552.27 1685.02 9552.65 1684.98 
9563.28 1684 9573.01 1685.04 9575.03 1685.27 9610.37 1685.38 9623.76 1685.28 
9628.21 1685.3 9646.82 1685.91 9664.39 1686.72 9691.62 1686.21 9691.93 1686.22 
9720.21 1687.7 9725.38 1687.61 9747.48 1687.26 9762.48 1687.02 9771.94 1686.13 
9778.52 1685.8 9782.17 1685.72 9787.44 1685.7 9817.59 1685.49 9907.42 1686.28 
9918.29 1686.2 9919.18 1686.16 9933.7 1685.33 9942.43 1684.3 9962.7 1682.19 
9974.77 1683.1 9981.07 1683.5710031.53 1682.6210038.88 1682.4510056.07 1685.36 
10065.59 1687.110066.81 1687.0210080.47 1687.0510150.42 1687.1310154.68 1687.35 
10162.53 1687.910187.11 1687.0510213.74 1686.2810220.07 1685.7510223.62 1685.27 
10239.74 168310247.89 1682.5410251.65 1682.0910261.52 1682.9110287.46 1686.29 
10291.34 1686.810301.97 1687.1210322.59 1687.44 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

8183.54 .068 9907.42 .04510065.59 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
9907.4210065.59 160 235.25 230 .1 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

8183.54 9720.21 1687.7 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1688.59 
Vel Head (ft) 1.11 
W.S. Elev (ft) 1687.48 
Crit W.S. (ft) 1687.35 
E.G. Slope (ft/ft) 0.015831 
Q Total (cfs) 7577.00 
Top Width (ft) 570.88 
Vel Total (ft/s) 6.71 
Max Chl Dpth (ft) 5.39 
Conv. Total (cfs) 60220.9 
Length Wtd. (ft) 226.94 
Min Ch El (ft) 1682.19 
Alpha 1.59 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
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Left OB 
0.068 
160.00 
240.91 
240.91 
823.12 
173.85 
3.42 
1.39 

6542.1 
173.90 
1.37 
4.68 

Expan. 
.3 

Channel 
0.045 
235.25 
564.42 
564.42 
5460.62 
158.17 
9.67 
3.57 

43400.3 
158.83 
3.51 
33.98 

Right OB 
0.068 

230.00 
324.57 
324.57 

A-N West, Inc. 
July, 1999 



Frctn Loss (it) 
C & E Loss (it) 

3.32 Cum Volume (acre-it) 1363.69 64.61 124.31 
0.1 Cum SA (acres) 888.69 26.09 98.36 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(it) (it) (cis) (ss  ft) (ft) (ft) (ft/s) 
9476.45 9907.42 823.12 240.91 173.90 10.86 1.39 3.42 
LB 9907.42 RB 10065.59 5460.62 564.42 158.83 72.07 3.57 9.67 
10065.59 10322.59 1293.25 324.57 239.49 17.07 1.36 3.98 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.575 

INPUT 
Description: RM. 4.575. HYDRAULIC BASELINE CROSSES NEAR BROWN RD. AREA BLOCKED OUT TO LT. OF 
STA. 9641.09 DUE TO RIDGE. 

Station Elevation Data num= 171 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7923.93 1686.1 7960.09 1685.85 8002 1685.62 8008.75 1685.59 8016.89 1685.2 
8050.52 1685.7 8106.94 1685.43 8119.67 1685.33 8123.23 1685.35 8137.89 1684.25 
8138.41 1684.3 8138.47 1684.26 8139.96 1684.21 8156.81 1684.63 8172.24 1683.92 
8217.4 1684 8225.67 1683.96 8227.17 1683.93 8227.87 1683.89 8228.9 1683.83 
8240.8 1683.4 8249.59 1683.63 8256.19 1683.88 8283.98 1685.07 8289.58 1685.1 
8303.89 1685.2 8308.58 1685.25 8313.54 1685.27 8323.14 1685.43 8331.75 1685.45 
8339.52 1685.5 8349.44 1685.32 8364.12 1685.2 8370.51 1684.97 8398.85 1684.74 
8403.21 1684.8 8406.19 1684.7 8413.43 1684.63 8429.31 1684.69 8466.64 1684.76 
8483.97 1684.8 8489.46 1684.58 8497.76 1684.28 8508.08 1684.09 8518.73 1683.9 
8524.11 1684.1 8539.21 1684.48 8541.98 1684.52 8565.21 1684.89 8584.77 1685.17 
8586.76 1685.1 8614.69 1684.2 8619.02 1684.28 8636.13 1684.69 8660.9 1684.88 
8673.38 1684.8 8698 1683.95 8731.34 1683.69 8744.69 1683.94 8748.3 1683.73 
8771.66 1682.3 8785.39 1682.96 8799.62 1683.95 8834.03 1683.79 8852.1 1683.76 
8855.18 1683.7 8860.54 1683.74 8868.72 1683.71 8938.05 1683.77 8992.59 1683.05 
8993.65 1683.1 8995.46 1683.19 9010.69 1684.54 9077.51 1684.04 9077.55 1684.04 
9077.56 1684 9077.56 1684.04 9094.76 1683.72 9180.42 1683.98 9214.52 1684.13 
9234.85 1684.3 9258.67 1684.78 9264.52 1684.87 9265.9 1684.64 9275.25 1682.96 
9286.73 1683.6 9288.55 1683.71 9289.19 1683.69 9295.86 1683.68 9310.73 1683.43 
9333.12 1683.7 9337.56 1683.73 9413.89 1683.23 9442.38 1683.04 9444.41 1683.4 
9448.35 1683 9453.93 1682.49 9455.79 1682.63 9465.08 1683.44 9511.99 1683.13 
9549.89 1682.8 9567.04 1683.14 9583.58 1683.35 9604.27 1684.13 9616.12 1684.53 
9641.09 1684.8 9661.78 1684.45 9706.1 1683.97 9712.25 1683.92 9755.92 1683.69 
9762.95 1683.6 9763.73 1683.64 9765.05 1683.63 9773.66 1683.91 9794.63 1684.57 
9796.09 1684.5 9814.63 1684.65 9824.21 1684.48 9835.53 1684.51 9842.2 1684.45 
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Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

7923.93 .068 9929.97 .04510038.51 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9929.9710038.51 275 300.41 290 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

7923.93 9641.09 1684.8 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (it) 

@ E.G. slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
MinChEl (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq it) 
Area (sq ft) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfsl 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Leit 0B 
0.068 
275.00 
184.40 
184.40 
511.69 
211.08 
2.77 
0.87 

4388.5 
211.15 
0.74 
2.06 

1362.91 
887.98 

Channel Right OB 
0.045 0.068 
300.41 290.00 
388.32 769.56 
388.32 769.56 
3490.61 3574.70 
108.54 311.92 
8.99 4.65 
3.58 2.47 

29937.2 30658.3 
108.85 312.61 
3.03 2.09 
27.22 9.71 
62.04 121.42 
25.37 96.91 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 mi. between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
iftl (ftl icfs) (sq ft) (ft) (ftl (ft/sl 
9428.46 9929.97 511.69 184.40 211.15 6.75 0.87 2.77 
LB 9929.97 RB 10038.51 3490.61 388.32 108.85 46.07 3.58 8.99 
10038.51 10397.97 3574.70 769.56 312.61 47.18 2.47 4.65 

Warning: Divided flow computed for this cross-section. 
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Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 ml. between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SI- BUTTE 
REACH: SPILLWAY RS: 4.518 

INPUT 
Description: RM.4.518. AREA BLOCKED OUT TO LT OF STA. 8640.67 DUE TO RIDGE. 

Station Elevation Data nun= 172 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7858.44 1682.4 7875.51 1682.05 7893.45 1682.55 7898.24 1682.13 7900.03 1682.09 
7901.6 1682 7907.08 1682.38 7907.23 1682.38 7909.91 1682.43 7911.42 1682.5 
7918.29 1682.3 7945.58 1682.3 7949.33 1682.28 7954.62 1682.27 7966.73 1682.29 
7971.32 1682.3 8012.96 1682.42 8015.09 1682.07 8035.62 1682.08 8088.3 1681.84 
8089.65 1681.8 8091.37 1681.83 8095.28 1681.82 8103.15 1681.8 8119.04 1681.83 
8153.28 1681.9 8215.31 1682.89 8215.64 1682.89 8215.81 1682.89 8216.06 1682.89 
8274.73 1682.3 8287.52 1681.99 8291.98 1681.91 8304.85 1681.49 8322.25 1680.86 
8360.21 1682 8372.12 1682.39 8377.87 1682.4 8388.86 1681.97 8406.36 1681.6 
8447.34 1681.2 8465.27 1681.07 8490.5 1681.1 8507.46 1681.08 8508.64 1681.09 
8540.61 1681.2 8575.54 1681.35 8628.96 1682.36 8635.15 1682.39 8640.67 1682.57 
8667.21 1681.5 8683.6 1680.54 8690.59 1680.66 8699.54 1680.8 8705.15 1680.89 
8722.62 1680.8 8723.24 1680.81 8747.23 1679.4 8782.16 1680.24 8800.96 1681 
8802.56 1681.4 8815.18 1681.33 8920.79 1680.58 8976.21 1680.62 9038.37 1680.66 
9080.02 1681 9089.93 1681.08 9150.75 1681.08 9154.6 1681.07 9157.56 1681.06 
9159.01 1681.1 9166.33 1681 9245.87 1680.82 9252.91 1680.44 9273.53 1680.39 
9356.44 1680.4 9372.13 1680.59 9374.35 1680.38 9378.99 1680.58 9445.8 1679.34 
9454.33 1679.2 9460.22 1679.24 9477 1679.49 9481.25 1679.53 9485.24 1679.66 
9508.69 1680.6 9546.55 1680.93 9597.4 1681.41 9615.96 1681.71 9626.23 1681.84 
9730.41 1682.7 9734.76 1682.77 9737.36 1682.8 9739.66 1682.82 9740.3 1682.83 
9743.85 1682.8 9745.9 1682.85 9749.95 1682.85 9766.31 1682.85 9836.83 1682.89 
9844.88 1682.9 9849.9 1682.93 9854.11 1682.86 9861.3 1682.7 9870.34 1682.51 
9895.22 1681.8 9901.77 1681.58 9909.64 1681.1 9924.21 1680.31 9930.51 1679.92 
9942.25 1679.4 9960.98 1677.95 9973.63 1679.13 9974.99 1679.26 9976.43 1679.25 
9981.76 1679.3 9986.79 1679.21 9992.36 1677.7 9996.21 1676.47 9998.9 1675.71 
10005.98 1676.410012.73 1676.9510017.17 1676.6410025.01 1675.7510025.37 1674.88 

Manning's n Values nun= 3 
Sta n Val Sta nVal Sta n Val 

7858.44 .068 9974.99 .04510098.79 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9974.9910098.79 370 394.81 390 .1 .3 
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Blocked Obstructions num= 1 
Sta L Sta R Elev 

7858.44 8640.67 1682.57 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 
Vel Head (it) 
W.S. Elev (it) 
Crit W.S. (it) 
E.G. Slope (ft/ftl 
Q Total (cfs) 
Top Width (it1 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cis) 
Length Wtd. (it1 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ftl 

1682.44 Element 
0.51 Wt. n-Val. 

1681.93 Reach Len. (it) 
Flow Area (sq it) 

0.006461 Area (sq it) 
7577.00 Flow (cfs) 
1306.12 Top Width (it1 

3.57 Avg. Vel. (ft/s) 
7.05 Hydr. Depth (ft) 

94266.7 Conv. (cfs) 
384.35 Wetted Per. (ft) 
1674.88 Shear (lb/sq it) 

2.57 Stream Power (lb/it s) 
3.65 Cum Volume (acre-it) 
0.01 Cum SA (acres) 

Left OB 
0.068 
370.00 
1411.38 
1411.38 
3026.17 
1065.46 

2.14 
1.32 

37649.1 
1065.87 

0.53 
1.15 

Channel 
0.045 
394.81 
583.03 
583.03 
4296.06 
123.80 
7.37 
4.71 

53447.9 
126.04 
1.87 
13.75 
58.69 
24.57 

Right OB 
0.068 
390.00 
125.80 
125.80 
254.77 
116.87 
2.03 
1.08 

3169.7 
117.28 
0.43 
0.88 

118.44 
95.48 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(it) (ft) (cis1 (sq it) (it) (ft) (ft/s) 
8387.58 8916.71 622.95 311.70 260.40 8.22 1.20 2.00 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGN& BUTTE 
REACH: SPILLWAY RS: 4.443 

INPUT 
Description: RM.4.443. AREA BLOCKED OUT TO LT. OF STA. 8222.23 DUE TO RIDGE. 

Station Elevation Data num= 191 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7526.67 1680 7545.06 1679.91 7568.71 1679.82 7572.74 1679.82 7577.15 1679.83 
7603.68 1680 7619.7 1679.72 7633.68 1679.57 7744.86 1679.23 7746.82 1679.23 
7746.97 1679.2 7747.58 1679.21 7747.95 1679.21 7748.38 1679.21 7748.65 1679.21 
7749.35 1679.2 7753.99 1679.21 7787.77 1679.2 7791.96 1678 7797.46 1675.19 
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Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

7526.67 .068 9964.4 .04510044.95 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9964.410044.95 380  401.96 390  .1 .3  

Blocked Obstructions nun= 1 
Sta L Sta R Elev 

7526.67 8222.23 1678.3  

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 

1678.78 Element 
0.62 Wt. n-Val. 

1678.16 Reach Len. (ft) 
Flow Area (sq ft) 

0.015368 Area (sq ft) 
7577.00 Flow (cfs) 
1551 .01  Top Width (ft) 

4.17 Avg. Vel. (ft/s) 
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Left OB Channel Right OB 
0.068 0.045 0.068 

380.00 401.96 390.00 
1090 .78  287.64 440.52 
1090.78 287.64 440.52 
2945.53 2738.35 1893.12 
1237.72 80.55 232.74 

2 .70 9.52 4 . 3 0  

A-N West, Inc. 
July, 1999 



Max Chl Dpth (ft) 6 .06  Hydr.Depth(ft1 0 .88  3 .57  1 . 8 9  
Con". Total (cfs) 61121 .3  Conv. (cfsl 23760.7  22089.4 15271 .2  
Length Wtd. (ft) 388.34 Wetted Per. (ft) 1238 .39  81 .10  2 3 3 . 5 8  
Min Ch E l  (ft) 1 6 7 2 . 1 0  Shear (lb/sq ft) 0 . 8 5  3 . 4 0  1 . 8 1  
Alpha 2 . 3 2  Stream Power (lb/ft sl 2 . 2 8  32 .39  7 .78  
Frctn Loss (ft) 4 . 0 8  Cum Volume (acre-ft) 1347 .24  54 .74  1 1 5 . 9 0  
C & E LOSS (ft) 0 . 1 1  Cum SA (acres) 874.17 23.64 93 .92  

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ftl (ftl (cfs) (sq ftl (ftl (ftl (ft/sl 
8136.10 8745.54 830 .66  360.72 500.35 1 0 . 9 6  0 .72 2 . 3 0  
8745.54 9354.97 1 8 6 7 . 7 1  616.57 566.87 2 4 . 6 5  1 . 0 9  3 . 0 3  
9354.97 9964.40 247.17 113 .49  1 7 1 . 1 6  3 . 2 6  0 . 6 6  2 . 1 8  
LB 9964.40 RB 10044 .95  2738 .35  287.64 81 .10  36.14 3 .57  9 .52  
10044 .95  10564 .34  1893.12 440.52 233 .58  2 4 . 9 9  1 . 8 9  4.30 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIYER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.367 

Description: RM.4.367. 

Station Elevation Data num= 1 9 5  
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7222.98 1 6 7 6  7240.22 1 6 7 6  7 2 6 4 . 1 1  1 6 7 5 . 8 1  7274.4  1675 .74  7276.63 1 6 7 5 . 7 3  
7291.99 1 6 7 5 . 8  7340 .6  1675 .66  7387 .23  1 6 7 5 . 4 3  7433.77 1 6 7 5 . 3  7441.29 1674 .88  
7442.63 1 6 7 4 . 9  7 4 4 3 . 1 3  1674 .94  7450.4 1 6 7 4 . 9 9  7454 .44  1 6 7 5 . 1 1  7496 .11  1675 .97  
7502.18 1676  7577 .58  1676 .13  7580 .59  1676.14 7588 .15  1676 .14  7589.52 1676 .12  
7604 .22  1676 .1  7701.39 1675 .57  7811.64 1 6 7 4 . 0 1  7814.64 1673 .98  7815.92 1674 
7816 .36  1674 7824 1 6 7 4 . 2 5  7828.7  1 6 7 2 . 4 6  7831.59 1671 .49  7842 .06  1 6 7 3 . 9 3  
7845 .87  1 6 7 4 . 8  7850.77 1674 .77  7852 .33  1 6 7 4 . 7 6  7918.48 1673 .95  7922.02 1 6 7 3 . 9 8  
7934 .44  1673 .9  7937.73 1673 .89  7944 .65  1 6 7 3 . 7 3  7964.02 1 6 7 3 . 7 1  7972.4  1 6 7 3 . 7 9  
7973.17 1673 .8  8026 .98  1 6 7 3 . 1 4  8034 .06  1673 .17  8035.17 1673.14 8040.43 1 6 7 3 . 0 5  

8040.8  1 6 7 3  8 0 4 1 . 2 6  1 6 7 3 . 0 3  8042 .37  1 6 7 3  8109 .51  1671.39 8115 .51  1 6 7 1 . 4 6  
8156.54 1671 .7  8171 .99  1672 .18  8225.95 1672 .83  8228.48 1672.88 8229.62 1672 .92  
8247.78 1 6 7 3 . 1  8252 .21  1673 .15  8260.07 1673 .53  8261.68 1673.52 8267 .63  1 6 7 3 . 4  
8 2 9 2 . 6 6  1673 .4  8324.74 1673 .64  8361.56 1 6 7 3 . 5 5  8380.88 1673 .58  8456.49 1673 .18  
8480.27 1 6 7 3  8486 .09  1672 .92  8491 .39  1672 .89  8499.02 1672 .79  8517 .81  1 6 7 2 . 7 6  
8558.79 1 6 7 2 . 5  8575.57 1 6 7 2 . 5 1  8583.57 1 6 7 2 . 5 5  8590 .06  1672 .46  8595 .51  1672 .39  
8 6 1 3 . 1 6  1 6 7 2 . 1  8628 .57  1672  8630 .35  1671 .98  8633 .59  1671 .97  8640.39 1672 .12  
8644.87 1672.2  8655 .57  1672 .37  8658 .01  1672.37 8660.29 1672.34 8666.64 1672 .28  

8667 .7  1 6 7 2 . 3  8669 .98  1 6 7 2 . 2 3  8681 .23  1672 .16  8696.74 1671.9  8702.12 1671 .98  
8713.08 1 6 7 2 . 1  8732.95 1672 .68  8733.3  1672 .66  8742.15 1671 .82  8750.56 1673.07 
8 7 5 0 . 8 1  1 6 7 3 . 1  8751 .38  1 6 7 3 . 1 1  8753.07 1 6 7 3 . 1 1  8846 .43  1 6 7 2 . 9  8855 .89  1 6 7 3 . 1 3  
8857.82 1673 .2  8867.55 1672 .66  8871 .32  1672 .47  8888.7  1673 .16  8889.87 1673 .19  
8893 .54  1673 .2  8899 .29  1673 .14  8939 .82  1672 .87  8943.3  1672 .08  8964 .31  1673 .07  
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Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

7222.98 .068 9961.3 ,045 10004.3 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9961.3 10004.3 2 7 5  294.8 2 9 0  .1 . 3  

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (it) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cis) 
Length Wtd. (it) 
Min Ch El (it) 
Alpha 
Frctn Loss (it) 
C & E Loss (it) 

Element 
W t .  n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq it) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/it s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.068 

275.00 
2244.68 
2244.68 
4798.80 
1894.79 

2 .14 

Channel 
0.045 

294 .80  
2 0 3 . 3 1  

Right OB 
0.068 

290.00 
425 .71  (II 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4.  This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1 .0  it ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 
I 

Left Sta Right Sta Flow Area W.P. R Conv. Hydr D. Velocity 
(it) (it) (cis) (sq it) (ft) (ft) (ft/s) 
7222.98 7907.56 44.59 37.89 75 .60  0 .59  0 . 5 1  1 . 1 8  
7907.56 8592.14 2138.85 933.00 684.64 28.23 1 .36 2.29 
8592.14 9276.72 1960.04 885.54 684.95 25 .87  1 .29  2 . 2 1  
9276 .72  9961.30 655.33 388.25 450.94 8 .65 0 .86  1.69 
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Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0 .7  or greater than 1 . 4 .  This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1 . 0  ft ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.311 

INPUT 
Description: P.M. 4 .311.  HYDRAULIC BASELINE CROSSES NEAR 112TH STR. AREA BLOCKED OUT TO LEFT 
OF STA. 7488 AND TO RIGHT OF STA. 10230  DUE TO RIDGES. 

Station Elevation Data num= 232  
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7118.23 1672 7150 .91  1 6 7 1 . 9 1  7 1 8 2 . 2 5  1 6 7 1 . 4 6  7191 .26  1671.42 7195 .81  1670 .57  
7199.34 1670 7200 .25  1669 .87  7206 .14  1 6 6 9 . 8 1  7210 .43  1669.7  7220.54 1669 .63  
7230 .71  1 6 6 9 . 6  7237.19 1669 .58  7243 .62  1 6 6 9 . 4 5  7245 .81  1669 .39  7248.07 1669 .62  
7259.42 1670 .8  7262 .1  1671 .14  7291 .58  1671 .17  7357.92 1671 .15  7384 .06  1671.12 
7428.69 1 6 7 0 . 9  7439.37 1671.62 7 4 5 7 . 8 1  1671 .74  7 4 6 0 . 3 8  1671 .76  7460.53 1 6 7 1 . 7 6  
7467.92 1671 .7  7 4 8 8 . 0 5  1671 .87  7494.52 1 6 7 1 . 8 3  7 5 0 0 . 6 3  1671 .84  7518.16 1 6 7 1 . 8 3  
7617 .21  1671 .7  7683.48 1 6 7 1 . 5 6  7714 .93  1671 .32  7733.78 1671 .38  7808.95 1671.02 
7850 .35  1670 .8  7878 .05  1670 .64  7 9 2 0 . 9 1  1 6 7 0 . 5 1  7931 .1  1 6 7 0 . 4 1  7948.08 1670.22 
7956 .13  1669 .8  7960.76 1669 .49  7 9 7 6 . 1 3  1668 .58  7983.82 1 6 6 7 . 8 7  7988.37 1668 .22  
8003.74 1669 .8  8005.47 1 6 6 9 . 8 1  8005 .67  1669 .81  8006 .33  1669 .77  8006.49 1 6 6 9 . 7 5  
8021.59 1 6 6 9 . 3 8 0 4 8 . 4 3 1 6 6 9 . 2 3 8 0 8 1 . 9 2 1 6 6 8 . 7 2 8 0 8 3 . 9 2 1 6 6 9 . 1 3 8 1 1 6 . 4 4 1 6 6 9 . 5 2  

8126.8  1669 .7  8134 .39  1669 .68  8200 .08  1 6 6 9 . 9  8267.2  1670 .27  8298.12 1 6 7 0 . 4 5  
8316.65 1 6 7 0 . 6  8390 .54  1 6 7 0 . 1  8433.2 1669 .89  8461 .75  1669.82 8510.02 1669.87 
8515 .06  1669 .7  8 5 2 4 . 0 6  1669.68 8526 .52  1 6 6 9 . 6 6  8 5 3 3 . 2 4  1669.19 8536.24 1 6 6 8 . 9  
8540.52 1 6 6 8 . 3  8549 .14  1668 .94  8554 .1  1 6 6 9 . 6 6  8 5 7 1 . 1 1  1669 .73  8588.27 1669 .67  
8589.46 1669 .5  8599.39 1 6 6 8 . 7 1  8599 .67  1 6 6 8 . 7 1  8601.54 1 6 6 8 . 6  8611 .29  1669 .07  
8611.74 1 6 6 9 . 1  8 6 1 2 . 1  1 6 6 9 . 1 1  8616 .02  1 6 6 9 . 1 3  8648.77 1 6 6 9 . 3 5  8657 .75  1 6 6 9 . 4 4  
8660.28 1669 .5  8666.38 1 6 6 9 . 5  8676 .35  1 6 6 9 . 5  8682.67 1669.52 8705.42 1669 .58  
8707.32 1 6 6 9 . 3  8713 .56  1 6 6 8 . 5  8715 .62  1 6 6 8 . 8 5  8721 .63  1669 .69  8731.05 1 6 6 9 . 7 1  
8738.45 1669 .8  8746.72 1669 .79  8758 .52  1669 .84  8760 .08  1669 .84  8792.35 1670 .18  
8795 .25  1670 .2  8819 .78  1 6 6 9 . 6 3  8821 .49  1669 .62  8 8 3 3 . 7 1  1670 .25  8835 .85  1 6 7 0 . 3 5  
8840.95 1 6 7 0 . 1  8844 .56  1 6 6 9 . 9 1  8 8 5 2 . 6 8  1669 .99  8 8 6 0 . 9 1  1 6 7 0 . 1 1  8868 .86  1 6 7 0 . 1 6  
8 8 6 9 . 5 9  1670.2  8871.08 1670 .2  8880 .85  1670.27 8902 .93  1670 .53  8934.59 1670 .86  
8939.68 1670 .9  8952 .3  1670 .98  8969 .55  1 6 7 0 . 9 2  8983 .69  1670.6  9001 .33  1670 .41  
9007.29 1 6 6 9 . 8  9011.4  1669 .48  9018 .06  1 6 7 0 . 4  9024.58 1671 .57  9032.85 1 6 7 1 . 6 3  
9045 .06  1 6 7 1 . 5  9074.16 1670 .68  9103 .36  1 6 7 0 . 6 3  9132.67 1 6 7 0 . 5 1  9169.29 1671.02 
9176.19 1 6 7 1  9183.93 1670 .97  9187 .4 .1670 .93  9199.18 1671 .03  9236.64 1 6 7 1 . 8  
9244 .69  1671 .9  9246.37 1671 .97  9248.97 1672  9249 .25  1672  9262.96 1 6 7 2 . 1  
9365.82 1672 .7  9449.83 1672.39 9450 .76  1 6 7 2 . 3 8  9451.2  1672 .39  9451.37 1672 .38  
9522.37 1 6 7 1 . 1  9533.27 1670 .8  9536.47 1670 .92  9539.68 1671.08 9547.08 1671 .38  
9563.88 1671.4 9587.16 1 6 7 1  9615.37 1670.68 9620 .61  1670.76 9630.03 1 6 7 0 . 9 1  
9647.92 1671 .2  9657.32 1671 .29  9699.72 1 6 7 1 . 7 5  9705.04 1671 .82  9707.72 1 6 7 1 . 8  
9752.39 1670 .9  9798.88 1 6 7 0 . 3 1  9819.47 1669 .79  9871 .93  1669 .49  9881.28 1 6 6 9 . 1 1  
9886.65 1669 9917.67 1669.18 9935 .43  1 6 6 8 . 9 6  9959.76 1 6 6 8 . 1 1  9962 .55  1 6 6 8 . 0 5  
9965 .05  1667 .9  9989.41 1667.54 9994 .89  1667 .6910007 .36  1667 .86  10030 .1  1668 .12  

10035 .78  1668.210040.26 1668 .410061 .18  1669.4110082.13 1670 .1610086 .51  1 6 7 0 . 7 3  
10090 .99  1671.2 1 0 0 9 1 . 3  1671.1710093.86 1671.2910105.85 1671 .49  10110 .6  1671 .54  
10121 .45  167210140.94 1672.3510146.27 1672.34 1 0 1 4 9 . 1  1672.3510175.24 1672 .59  

FCD 98-17 Delineatfon of Spillway Flows A-N West, Inc. 
For Signal Butte Flood Retarding Structure Page 25 July, 1999 
213 Discharge (Q's Modeled Separately) 



Manning's n Values num= 3 
Sta n Val Eta n Val Sta n Val 

7118.23 .068 9935.43 .04510061.18 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9935.4310061.18 325 379.86 380 .1 .3 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

7118.23 7488.05 1671.8710229.1810565.27 1672.92 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 1671.49 Element Left OB Channel Right OB 
Vel Head (ft) 0.53 Wt. n-Val. 0.068 0.045 0.068 
W.S. Elev (ft) 1670.96 Reach Len. (it) 325.00 379.86 380.00 
Crit W.S. (it) 1670.96 FlowArea (sq it) 1509.52 349.79 27.12 
E.G. Slope (it/ft) 0.017222 Area (sq it) 1509.52 349.79 27.12 
Q Total (cis) 7577.00 Flow (cfs) 4503.10 2997.02 76.88 
Top Width (ft) 1690.10 Top Width (ft) 1536.83 125.75 27.52 
Vel Total (ft/s) 4.02 Avg. Vel. (ft/s) 2.98 8.57 2.84 
Max Chl Dpth (ft) 3.42 Hydr. Depth (it) 0.98 2.78 0.99 

a 
Conv. Total (cis) 57737.5 Conv. (cfs) 34314.1 22837.6 585.8 
Length Wtd. (it) 342.55 WettedPer. (ft) 1537.69 125.81 27.58 
Min Ch El (it) 1667.54 Shear (lb/sq ft) 1.06 2.99 1.06 
Alpha 2.13 Stream Power (lb/ft s) 3.15 25.61 3.00 
Frctn Loss (it) 3.54 Cum Volume (acre-ft) 1320.85 50.61 110.52 
C & E Loss (it) 0.12 Cum SA (acres) 849.67 22.50 90.85 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and 
assumed values. 
Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(it) (ft) (cfs) (sq ft) (ft) (it) (ftls) 
7118.23 7822.53 0.00 0.01 2.23 0.00 0.01 0.10 
7822.53 8526.83 2209.49 721.42 704.55 29.16 1.02 3.06 
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Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and 
assumed values. 
Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4.  This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1 .0  ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.239 

INPUT 
Description: RM. 4.239. AREA BLOCKED OUT TO LEFT OF STA. 7387 DUE TO RIDGE. 

Station Elevation Data num= 165  
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7075.61 1668 7119 .41  1667.82 7177.14 1667.45 7189.35 1667.15 7210.08 1667.45 
7221.45 1667.5  7224.37 1 6 6 7 . 4 1  7237.86 1667.17 7315.02 1667.95 7356.3 1668.24 
7377.59 1668.4 7387.38 1668.44 7431.74 1668.19 7444.43 1668.03 7474.75 1667.76 
7537.56 1 6 6 7 . 1  7566.64 1667 .14  7593.2  1667.03 7 6 0 4 . 4 1  1666.99 7616.17 1666.97 @ 7680.56 1666.9  7682.13 1666.95 7711.65 1 6 6 6 . 9 1  7753.22 1666 .65  7830.1  1665.88 
7867.17 1665.8  7873.44 1665 .74  7879.45 1664 .09  7882.83 1663.13 7885.6 1663.87 
7891.87 1665.2  7895.1  1665.92 7910.8 1665.68 7916.32 1665.53 7 9 2 9 . 8 1  1664.82 
7934.74 1664.7  7945.75 1665.54 7954 .61  1665.64 7973.63 1665.83 7986.08 1665.9  
8066.99 1665.8  8126.39 1665 .44  8 1 6 2 . 5 1  1665.35 8185.44 1665.32 8288.1  1665.83 
8303.89 1665.9  8312.97 1665.9 8422.34 1 6 6 5 . 1  8499.56 1665.32 8524 1665.52 
8540 .79  1665.6  8597.23 1665 .85  8652 .46  1666.39 8667.79 1666.44 8668.83 1666.44 
8705.75 1666.4 8777.68 1666.42 8810.33 1666.82 8826.07 1 6 6 6 . 9 1  8829.82 1666.99 
8842.87 1667.3  8846.6 1667 .24  8857.2 1 6 6 6 . 9 1  8880.23 1666.26 8885.34 1666.12 
8904 .41  1666.2  8928.74 1666 .52  8931.29 1666.45 8934.94 1666.22 8939.31 1666.8  
8942.88 1667.5  8944.35 1667.7  8945.7 1667.78 8946.82 1667 .71  8947.55 1667.63 
8956.94 1667.4  8959.97 1667 .49  8970.99 1667 .58  8977.32 1 6 6 7 . 6 1  8985.31 1667.75 
9023.01 1667.9  9024.64 1668.29 9035.64 1668.57 9050.43 1668.85 9070.29 1668.53 

9102.4 1667.8  9109.99 1667 .93  9118.32 1 6 6 8 . 1  9147.36 1668.16 9165.72 1668.27 
9172.28 1668.3  9175.79 1668.33 9189.78 1668.06 9213.21 1667 .83  9213.83 1668.14 
9215.02 1668 9215.66 1667.84 9247.77 1667 .84  9250.97 1667.89 9256.36 1668.23 
9257.79 1668.2  9258.47 1669.77 9263.49 1669.49 9270.01 1668.77 9271.75 1668.37 
9274 .21  1667.8 9277.14 1 6 6 7 . 9 1  9280.65 1667.95 9369.93 1667 .55  9432.48 1667.58 
9488.37 1667.5  9546.29 1667.27 9573.59 1667.94 9576.31 1667.95 9580.91 1 6 6 7 . 9 1  
9611.83 1667.2  9625.17 1667.33 9636.6  1667.33 9663.75 1667.26 9743.58 1665.57 
9744.87 1665.6  9746.8 1665.52 9758.68 1666.75 9766.66 1667.55 9767.99 1667.64 
9770.01 1667.6  9772.43 1667.64 9786.03 1667 .43  9814.78 1667.24 9823.53 1667.06 
9840.46 1666.7 9844.15 1666.64 9849 .21  1 6 6 6 . 6 1  9850.12 1666.6 9871.06 1666.38 
9882 .61  1 6 6 6 . 1  9897.87 1664.77 9907 .13  1664 .65  9923.83 1665.25 9954.67 1666.06 
9980.06 1665 .9  9986.91 1665.88 9988.64 1665.88 9990.94 1665.5410009.96 1662.74 

10020.47 1664.210031.52 1665.9610042.69 1665.910062.27 1665 .28  10077.9 1664.95 
10096.65 1665.310114.99 1665.6710131.91 1664.5410137.15 1664.2310140.52 1664.53 

FCD 98-17 Delineation of Spillway Flows A-N West, Inc 
For Signal Butte Flood Retarding Structure Page 27 July, 1999 
2.13 Discharge (Q's Modeled Separately) 





INPUT 
D e s c r i p t i o n :  RM. 4 . 1 7 1  AREA BLOCKED OUT TO LEFT OF STA.7447 DUE TO CONTAINMENT BY RIDGE. AND 
ALSO BETWEEN STA 10187.48 AND 10480 .19  DUE TO CONTAINMT. BY RIDGE. 

S t a t i o n  E l e v a t i o n  D a t a  num= 1 4 5  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

7230.69 1663.4  7231 .21  1 6 6 3 . 3  7233.09 1 6 6 3 . 1  7235.4  1662 .86  7258 .65  1664 .47  
7262.05 1664 .7  7270.15 1664 .86  7309 .93  1665 .57  7330.14 1665 .76  7363.27 1665 .92  
7447.86 1666 .2  7499.45 1666  7549.7  1 6 6 5 . 7 3  7561 .99  1665 .86  7577.77 1 6 6 5 . 5 9  
7591.74 1 6 6 5 . 3  7610 .41  1665 .06  7 6 3 2 . 7 1  1 6 6 4 . 6 5  7680 .26  1 6 6 4 . 4 3  7682.94 1 6 6 4 . 4  
7684.23 1664.4  7688.96 1664.37 7801.03 1 6 6 4 . 2 6  7878.48 1664 .22  7903.97 1664 .87  
7909.32 1 6 6 4 . 9  7918.34 1662.15 7920.27 1661 .86  7924.3  1662 .72  7936 .25  1664 .79  
7936.38 1664 .8  7937 .3  1 6 6 4 . 8 1  7 9 7 7 . 7 1  1664 .53  7998.2 1664 .39  8036.48 1 6 6 4 . 0 5  
8067.99 1663 .7  8154.2  1663 .09  8202.07 1 6 6 3 . 4 6  8219 .59  1 6 6 3 . 9 3  8249.15 1663 .78  

8263 .3  1663 .7  8271.92 1 6 6 3 . 7  8339.01 1663 .97  8389.64 1 6 6 3 . 6 5  8411 .63  1 6 6 3 . 7 1  
8447.02 1663 .9  8507 .36  1664.16 8 6 0 6 . 3 1  1663 .68  8625 .09  1663 .56  8628 .07  1663 .58  
8628.89 1 6 6 3 . 6  8630.32 1663.57 8 6 4 2 . 6 1  1663.64 8672 .89  1663 .76  8685.66 1663 .94  
8686.75 1664 8691.19 1664 .03  8 7 0 8 . 6 7  1 6 6 4 . 2 6  8714.87 1 6 6 4 . 6 1  8 7 2 3 . 9 1  1 6 6 5 . 0 8  
8740.32 1665.2  8759.38 1665 .45  8786.64 1664 .88  8796.77 1664 .65  8809.27 1664 .64  
8830 .29  1664 .6  8850.26 1664 .59  8855 .02  1 6 6 4 . 6 3  8855 .56  1664.42 8860.54 1663 .14  

8869.2  1 6 6 4 . 3  8873.39 1664.77 8895.34 1664 .58  8945 .23  1664 .28  8954.7  1 6 6 5  
8960 .76  1 6 6 5 . 5  8971.08 1665.27 8979.44 1665 .17  8980 .6  1 6 6 5 . 4 3  8 9 9 1 . 4 2  1665 .32  
8991.48 1 6 6 5 . 3  8991.79 1665.32 9025.37 1 6 6 5 . 6 6  9049.92 1 6 6 6 . 0 6  9095.98 1666 .34  
9205.08 1 6 6 5 . 6  9208.26 1 6 6 5 . 5 3  9213 .7  1 6 6 5 . 5  9227.83 1 6 6 5 . 5 1  9331.42 1665 .44  
9365.48 1665.4  9384.66 1665 .42  9417.04 1 6 6 5 . 2  9417.17 1665 .2  9459 .46  1665 .17  
9462 .16  1 6 6 5 . 2  9465.83 1665 .16  9484.99 1 6 6 5 . 0 3  9566.87 1665 .23  9584 .11  1665.27 
9646.09 1 6 6 5 . 5  9684.59 1665.47 9711 .86  1 6 6 6 . 1 3  9719.68 1 6 6 6 . 3 3  9724.38 1666 .32  
9780.37 1 6 6 3 . 6  9798.24 1662.94 9801 .53  1662 .67  9801 .91  1662 .64  9805 .56  1662 .68  

9817.2  1662 .8  9818.59 1662 .8  9826.97 1662 .58  9842.88 1662 .66  9872.4  1 6 6 3  
9897.74 1 6 6 3 . 1  9966.5  1663 .04  9969.64 1663 .04  9991 .53  1660 .49  9997.3  1659 .67  
9998.69 1659.910017.15 1661.7610038.55 1663.8910062.83 1664.2610078.73 1 6 6 4 . 5 5  

10107 .97  166510117.15 1665.2610123.68 1665 .410128 .13  1665.5210148.43 1666 .34  
10163 .68  1 6 6 6 . 7  10183.2 1667.0410187.48 1 6 6 7 . 0 6  10221 .7  1666 .710224 .49  1666 .67  
10277 .57  1666.210295.65 1666.0710304.54 1665.3310313.37 1664 .5910336 .94  1665.78 
10340 .66  1665.910393.34 1666.4110424.52 1666.7810435.88 1666 .6910480 .19  1666 .04  

Manning ' s  n V a l u e s  num= 3 
~ t a  n V a l  S t a  n V a l  S t a  n V a l  

7230.69 .068  9969.64 .04510038.55 .068  

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  C h a n n e l  R i g h t  Coeff  C o n t r .  Expan. 
9969.6410038.55 290  364.78 370 .1 . 3  

B l o c k e d  O b s t r u c t i o n s  nun= 2 
S t a  L S t a  R E l e v  S t a  L S t a  R E l e v  

7230.69 7447.86 1666.210187.4810480.19 1667 .06  

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. E l e v  ( f t )  1 6 6 5 . 6 3  
V e l  Head ( f t )  0 .28  
W.S. E l e v  ( f t )  1 6 6 5 . 3 5  
C r i t  W.S. ( f t )  
E.G. S l o p e  ( f t / f t )  0 .008647 
Q T o t a l  ( c f s )  7577.00 
Top Wid th  ( f t )  1963 .93  
V e l  T o t a l  ( f t / s )  3 . 0 2  

FCD 98-17 Delineat.on of Spl lway Flows * For Sianal Butte Flooa Retaram Structure 

E l e m e n t  
W t .  n-Val.  
Reach Len. ( f t l  
Flow A r e a  (sq f t l  
A r e a  ( sq  f t )  
Flow ( c f s )  
Top Wid th  ( f t )  
Avg. V e l .  ( f t / s )  

L e f t  OB 
0 . 0 6 8  

290 .00  
2 1 9 0 . 7 3  
2 1 9 0 . 7 3  
5 6 1 0 . 1 1  
1 8 1 2 . 2 2  

2 . 5 6  

C h a n n e l  
0 .045  

364 .78  
254 .09  
254 .09  

1854 .50  
6 8 . 9 1  

7 .30 

R i g h t  OB 
0.068 

370.00 
65.00 
65.00 

112 .39  
8 2 . 8 0  

1 . 7 3  

A-N West, Inc. 
July, 1999 

213 Discharge (Q's Modeled separately) 
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Max Chl Dpth (ft) 5.68 Hydr. Depth (ft) 1.21 3.69 0.79 
Conv. Total (cfs) 81484.1 Conv. (cfs) 60332.0 19943.5 1208.6 
Length Wtd. (ft) 310.89 Wetted Per. (ft) 1813.44 69.33 82.81 
Min Ch El (ft) 1659.67 Shear (lb/sq ft) 0.65 1.98 0.42 
Alpha 1.97 Streampower (lb/fts) 1.67 14.44 0.73 
Frctn LOSS (ft) 2.52 Cum Volume (acre-ft) 1293.55 46.37 107.16 
C & E Loss (ft) 0.01 CumSA (acres) 827.08 21.01 88.58 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta Right Sta 
(ft) (ft) 
7230.69 7915.43 
7915.43 8600.17 
8600.17 9284.90 
9284.90 9969.64 
LB 9969.64 RB 10038.55 
10038.55 10480.19 

Profile #PF 1 

Flow Area 
(cfs) (sq ft) 

604.39 294.48 
3028.65 1041.93 
693.97 334.87 
1283.11 519.45 
1854.50 254.09 
112.39 65.00 

W.P. 
(ft) 

326.39 
685.18 
365.82 
436.06 
69.33 
82.81 

8 Conv. Hydr D. Velocity 
(ft) (ft/s) 

7.98 0.90 2.05 
39.97 1.52 2.91 
9.16 0.92 2.07 
16.93 1.19 2.47 
24.48 3.69 7.30 
1.48 0.79 1.73 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIOWAL BUTTE 
RERCH: SPILLWAY RS: 4.101 

INPUT 
Description: RM.4.101 AREA BLOCKED OUT TO RT. OF STA. 10207.91 DUE TO RIDGE. 

Station Elevation Data num= 197 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7362.74 1665.2 7391.29 1664.77 7425.1 1664.4 7431.92 1664.35 7441.38 1664.32 
7451.45 1664.2 7467.65 1664.06 7521.78 1663.72 7541.24 1663.61 7576.1 1663.42 
7578.82 1663.4 7580.64 1663.39 7584.98 1663.35 7602.25 1663.21 7625.04 1663.01 
7626.66 1662.7 7629.62 1661.81 7635.05 1661.83 7641.41 1661.86 7654.04 1661.91 
7670.7 1662 7675.45 1662.23 7690.41 1662.96 7700.72 1661.91 7719.18 1660.22 
7723.11 1660.6 7726.05 1660.87 7736.84 1662 7746.98 1662.99 7773.26 1662.84 
7785.13 1662.8 7792.41 1662.77 7805.33 1662.61 7894.96 1662.12 8005.26 1662.04 
8009.17 1662 8011.46 1662.06 8016.32 1662.16 8040.99 1662.66 8053.39 1660.26 
8053.46 1660.2 8053.54 1660.26 8065.81 1662.63 8067.85 1662.62 8123.38 1661.93 
8219.36 1661.3 8237.58 1661.16 8245.59 1661.22 8270.81 1661.04 8299.85 1660.93 
8310.01 1661.1 8370.7 1661.99 8373.7 1660.92 8376.55 1660.05 8382.97 1660.87 
8386.76 1661.3 8415.12 1661.48 8434.87 1661.58 8445.99 1661.63 8466 1661.71 
8471.07 1661.7 8472.16 1661.72 8539.87 1661.28 8546.24 1661.29 8554.37 1661.35 
8576.18 1661.5 8576.37 1661.51 8577.73 1661.51 8577.99 1661.5 8585.91 1660.99 
8588.17 1660.8 8589.26 1660.89 8615.95 1662.47 8627.29 1662.38 8696.45 1662.04 
8702.52 1661.9 8705.06 1661.88 8757.9 1661.09 8787.79 1661.28 8809.72 1661.32 
8813.63 1661.2 8829.22 1661.01 8845.59 1661.01 8879.61 1660.83 8881.95 1660.84 
8886.12 1661 8894.66 1661.21 8898.99 1661.32 8904.57 1661.36 8921.16 1661.58 
8930.67 1661.7 8936.22 1661.33 8943.31 1661.02 8964.39 1661.29 9008.98 1662.34 
9015.63 1661.9 9017.14 1661.78 9028.08 1662.14 9030.05 1662.21 9036.97 1661.99 
9046.08 1662 9047.44 1661.98 9151.25 1662.58 9162.2 1662.5 9172.23 1662.82 

FCD 98-17 Delineation of Spillway Flows A-N West, inc. 
For Signal Bulte Flood Retarding Structure Page 30 July, 1999 
213 Discharge (Q's Modeled Separately) 



Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

7362.74 .068 9976.5 .04510019.79 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9976.510019.79 450 400.93 315 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

10207.9910758.02 1663.01 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (it1 
Conv. Total (cis) 
Length Wtd. (ft) 
MinChEl (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.068 
450.00 
2560.96 
2560.96 
5364.07 
2230.23 

2.09 
1.15 

61649.4 
2231.87 

0.54 
1.14 

1277.74 
813.62 

Channel 
0.045 
400.93 
199.68 
199.68 
1572.59 
43.29 
7.88 
4.61 

18073.9 
44.00 
2.15 
16.89 
44.47 
20.54 

Right OB 
0.068 
315.00 
255.89 
255.89 
640.34 
169.40 
2.50 
1.51 

7359.4 
169.47 
0.71 
1.79 

105.80 
87.51 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 
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FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hvdr D. Velocitv 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIQNAL BUTTE 
REACH: SPILLWAY RS: 4.026 

I 
! INPUT - - - -  

Description: RM. 4.026. HORZ. N VALUES USED. AREA BLOCKED OUT TO LEFT OF STA.7801 DUE TO 
RIDGE. 

Station Elevation Data nun= 266 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7068.44 1661.9 7081.6 1661.47 7088.09 1661.39 7099.17 1661.83 7123.5 1661.31 
7139.3 1661.2 7158.22 1661.18 7174.23 1661.13 7184.9 1660.93 7198.81 1660.8 
7204.09 1660.9 7217.93 1660.72 7229.3 1660.65 7256.75 1660.58 7261.92 1660.46 
7290.96 1660.4 7291.79 1660.37 7294.84 1660.36 7301.12 1660.31 7311.85 1659.52 
7320.01 1658.7 7320.54 1658.76 7328.52 1658.59 7333.33 1658.59 7343.04 1658.35 
7345.14 1658.2 7349.53 1658.69 7350.89 1658.84 7353.65 1659.45 7357.06 1659.65 
7372.01 1658.8 7374.34 1658.49 7395.73 1657.05 7397.49 1657.03 7397.9 1657.03 
7410.38 1657.1 7417.47 1657.08 7426.06 1657.02 7436.22 1656.82 7438.19 1656.8 
7446.97 1656.7 7451.42 1656.81 7452.47 1656.85 7454.15 1656.93 7469.66 1657.75 

7765.39 1658.9 7778.41 1660.4 7801.55 1662.89 7808.31 1662.77 7837.14 1662.15 
7850.6 1661.9 7886.72 1661.4 7930.84 1661.01 7937.56 1660.94 7945.93 1660.92 
7957.29 1660.9 8021.68 1660.64 8039.9 1660.54 8062.19 1660.49 8093.85 1660.31 
8107.26 1660.2 8132.94 1659.88 8138.09 1659.8 8143.38 1659.7 8161.11 1659.36 
8169.33 1659.1 8185.42 1658.71 8186.26 1658.69 8189.49 1658.56 8190.67 1658.55 
8204.15 1657.8 8208.31 1657.69 8211.08 1657.25 8219.72 1656.93 8228.09 1656.68 
8233.36 1656.6 8236.79 1656.55 8245.15 1656.72 8262.62 1657.3 8270 1658.24 
8293.08 1658.8 8296.13 1658.93 8298.34 1658.97 8325.15 1656.81 8327.98 1656.76 
8332.62 1656.9 8368.38 1658.24 8372 1658.24 8375.28 1658.41 8376.3 1658.47 
8377.23 1658.5 8378.18 1658.39 8379.54 1658.5 8385.21 1658.44 8389.13 1658.47 
8391.75 1658.6 8405.28 1658.76 8435.94 1658.62 8471.08 1658.6 8481.04 1658.84 
8505.91 1659.2 8527 1659.15 8550.4 1659.16 8600.46 1659.12 8604.37 1659.11 
8604.9 1659.1 8611.12 1659.06 8618.39 1659 8619.42 1659 8688.38 1659 
8721.21 1659 8752.37 1658.79 8763.16 1658.47 8805.23 1657.8 8843.95 1657.39 
8853.35 1657.3 8855.31 1656.96 8864.99 1655.86 8869.45 1656.45 8874.07 1657.14 
8884.22 1657.2 8892.9 1657.41 8923.51 1657.64 8941.66 1657.8 8951.65 1658 
8997.23 1657.3 9000.92 1657.24 9002.35 1657.24 9007.13 1657.22 9011.75 1657.2 
9011.9 1657.2 9013.57 1657.21 9015.79 1657.22 9048.52 1657.44 9059.01 1657.48 
9061.81 1657.5 9072.06 1657.62 9075.61 1657.68 9079.83 1657.68 9080.54 1657.67 
9081.46 1657.7 9082.65 1657.63 9094.26 1657.32 9094.63 1657.33 9095.02 1657.33 

FCD 9&17 Delineation of Spillway Flows A-N West, inc. 
For Signal Butte Flood Retarding Structure Page 32 July, 1999 
213 Discharge (Q's Modeled Separately) 



Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7068.44 .15 8270 .068 9960.94 .04510016.93 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9960.9410016.93 340 365.6 370 .1 .3 

Blocked Obstructions nun= 1 
Sta L Sta R Elev 

7068.44 7801.55 1662.89 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
MinChEl (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (it) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. icfs) 
wetted Per. (ft) 
shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Left OB 
0.072 
340.00 
1915.74 
1915.74 
4560.39 
1668.17 

2.38 
1.15 

44278.4 
1669.19 

0.76 
1.81 

1254.61 
793.49 

Channel 
0.045 
365.60 
214.57 
214.57 
1772.40 
55.99 
8.26 
3.83 

17208.8 
56.68 
2.51 
20.71 
42.56 
20.08 

Right OB 
0.068 
370.00 
579.48 
579.48 
1244.21 
621.60 
2.15 
0.93 

12080.5 
621.88 
0.62 
1.32 

102.78 
84.65 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
7.13 Discharge (Q's Modeled Separately) 

Page 33 
A-N West, Inc. 

July, 1999 



FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 3.956 

INPUT 
Description: RM. 3.956. HORZ. N VALUES USED. 

Station El 
Sta 

7493.42 
7568.56 
7629.82 
7686.14 
7752.15 
7780.23 
7822.46 
7853.85 
7956.12 
8004 .41  
8069.28 
8149.85 
8235.45 
8303.08 
8365.22 
8431.95 

8484.1  
8545.17 
8655.02 
8760.26 
8830.77 
8898.85 
8936.32 
8981.84 
9045.59 
9086.49 
9119.58 
9174.98 
9331.41 
9498.65 
9557.67 
9688.94 
9816.42 
9925.33 

Levation Data nun= 2 4 5  
Elev Sta Elev Sta Elev Sta Elev Sta Elev 

1656.4 7504.43 1656.32 7509 .71  1656.26 7526.4  1656.09 7548.6  1655.99 
1655.9  7575.56 1 6 5 5 . 7 6  7581.54 1655.64 7592.25 1655.54 7598.62 1655.54 
1655 .3  7651.88 1655.28 7653.28 1655.29 7654.2 1655.28 7665.94 1655.22 
1654.4 7705 .61  1653.95 7714.07 1653.7 7729.29 1653.32 7739 .01  1653.24 
1653 .2  7768 .01  1653.09 7771.6  1653.08 7773.76 1653.09 7776.42 1653.07 

1653  7783.19 1652.9  7790.75 1652.91 7807.06 1 6 5 2 . 9 1  7811.43 1652.93 
1653  7836.24 1652 .84  7836.98 1652 .83  7838.32 1653.12 7847.93 1655.07 

1654.9 7862.33 1 6 5 4 . 6 1  7888.82 1654.3 7920.16 1653.97 7951.23 1653.69 
1652.6 7968.32 1649 .85  7979.65 1649 .81  7985.56 1649.8  7999.27 1653 .69  
1655.2 8023.45 1 6 5 5 . 2 1  8030.56 1655.02 8064.03 1654.59 8066.49 1654.57 
1654.6 8089.89 1 6 5 6 . 1 6  8094.93 1656.61 8101.49 1656.42 8123.66 1656.57 
1656.5 8160.78 1656.5  8184.95 1655.82 8201.57 1655.74 8224.63 1655 .6  
1655.9  8246.5 1655.77 8275.89 1655.33 8279.92 1655.22 8297.29 1655.08 
1654.5 8306.64 1654.06 8317.18 1654.27 8333.95 1654.03 8361.7 1653.75 
1653 .6  8371.53 1653.52 8397.97 1652.97 8419.49 1652.54 8425.83 1 6 5 2 . 6 1  
1652.7 8445.55 1653  8462.25 1653 .27  8469.5  1653.75 8472.9 1654.09 
1654.2 8485.6 1654.15 8537.8 1653.9 8538.9  1 6 5 3 . 9 1  8540.92 1653.93 

1654 8597.86 1654.58 8616.34 1654.63 8626 .95  1654.48 8641.04 1654.37 
1654.3 8670.28 1655.57 8679.01 1656.31 8688.96 1656 .21  8747.17 1655.67 
1655.7 8762.69 1655 .66  8765.8 1655.66 8787.55 1655.58 8826.3  1655.45 
1654.3 8836.99 1653.02 8844 .51  1653.11 8847.75 1653.24 8859.68 1 6 5 3 . 1  
1652.8 8911.66 1653.14 8923 .61  1653.47 8930.14 1653 .61  8933.62 1653.69 
1653.8 8939.6 1 6 5 3 . 7 6  8950.99 1653.45 8969.85 1652.76 8974.27 1652.79 
1652.7 8985.45 1652.8 8999.96 1652.98 9002.95 1653.03 9003.7 1653.05 
1653.9 9053.02 1654.03 9059 .81  1654.15 9065 .91  1654.17 9076.78 1654.38 
1654.5 9099.82 1654.59 9101.32 1654.61 9104.5  1654.64 9108.51 1654.7 
1654.9 9131.31 1655.04 9132.68 1655.05 9141.68 1655.05 9158.54 1655.28 
1655.6  9192.27 1655.86 9206.28 1655.82 9218.28 1655.24 9267.03 1655.21 
1655.2  9388.72 1 6 5 5 . 3 1  9444.54 1655.4 9497.12 1654.89 9497.75 1654.89 
1654 .9  9515.86 1654.52 9523.68 1654.87 9533 .61  1655.24 9545.74 1655.17 
1655 .2  9602.57 1655.39 9664.08 1655.65 9683 .41  1655.58 9685.95 1655.58 
1655.7 9697.24 1656.08 9723.76 1655.88 9763.18 1655.57 9783.93 1655.38 
1655.5 9866.39 1655.75 9877.97 1655.65 9887 .44  1655.5 9909.16 1654.92 
1654.6  9930.08 1653.93 9932.66 1653.52 9938.22 1652.56 9944.59 1651.22 
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Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7493.42 .15 8836.99 .068 9994.75 .04510037.46 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9994.7510037.46 310 377.63 300 .1 .3 

CROSS SECTION OUTPUT Profile #PF I 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq it) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (it) 
Shear (lb/sq ft) 
stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.101 
310.00 
2272.93 
2272.93 
4539.15 
1784.36 

2.00 

Channel Right OB 
0.045 0.068 
377.63 300.00 
129.98 825.60 
129.98 825.60 
905.81 2132.04 
42.71 683.91 
6.97 2.58 
3.04 1.21 

8952.9 21072.8 
43.14 684.49 
1.93 0.77 
13.42 1.99 
41.11 96.81 
19.67 79.11 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
7493.42 
8118.75 
8744.08 
9369.42 
LB 9994.75 
10037.46 

Right Sta Flow 
(ft) (cfs) 
8118.75 1200.18 
8744.08 891.57 
9369.42 1847.83 
9994.75 599.58 
RB 10037.46 905.81 
10854.37 2132.04 

FCD 98-17 Delineation of Spillway Flows @ For Signal Butte Flood Retarding Structure 
2l3 Discharge (Q's Modeled Separately) 

Area 
(sq ft) 
758.96 
594.39 
629.34 
290.24 
129.98 
825.60 
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W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (ft/s) 

475.98 15.84 1.60 1.58 
403.50 11.77 1.47 1.50 
507.91 24.39 1.24 2.94 
399.38 7.91 0.73 2.07 
43.14 11.95 3.04 6.97 
684.49 28.14 1.21 2.58 
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Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 3.885 

INPUT 
Description: RM. 3.885. HORZ. N VALUES USED. AREA BLOCKED OUT TO RT. OF STA. 10881.9. 

Station El 
Sta 

7650.82 
7701.42 
7763.22 
7832.36 
7887.74 
7935.24 
7963.87 
8081.42 
8115.69 
8154.63 
8222.41 
8296.4 
8355.36 
8416.04 
8493.41 
8528.48 
8579.7 
8613.97 
8630.73 
8669.58 
8751.59 
8833.08 
8975.42 
9063.96 
9107.14 
9159.33 
9286.08 
9510.42 
9639.27 
9658.54 
9696.71 
9795.26 
9856.84 
9908.29 
9948.66 
9990.87 
10081.08 
10267.67 
10318.39 
10359.68 
10429.95 
10484.87 
10541.46 
10623.83 

.evation Data num= 248 
Elev Sta Elev Sta Elev Sta Elev Sta Elev 

1653.2 7653.74 1653.19 7667.17 1653.14 7678.49 1653.1 7690.69 1653.03 
1652.9 7725.19 1652.69 7729.9 1652.57 7757.63 1652.33 7760.65 1652.28 
1652.3 7793.94 1651.75 7795.32 1651.74 7808.63 1651.67 7827.81 1651.63 
1651.6 7862.74 1651.48 7877.13 1651.3 7881.39 1651.29 7884.24 1651.25 
1651.2 7890.56 1651.08 7894.44 1650.97 7897.39 1650.84 7900.75 1650.87 
1651.1 7943.41 1651.33 7949.82 1651.47 7953.22 1651.55 7955.94 1651.99 
1653.2 7973 1653.11 8021.72 1652.52 8064.33 1651.89 8081.12 1647.69 
1647.6 8081.54 1647.58 8082.39 1647.6 8099.75 1648.03 8114.4 1653.39 
1653.9 8117.1 1653.84 8117.5 1653.84 8118.1 1653.84 8119.39 1653.83 
1653.6 8173 1653.38 8184.3 1653.39 8191.97 1653.43 8217.96 1653.41 
1653.4 8251.82 1653.41 8255.55 1653.42 8284.94 1652.85 8290.38 1652.88 
1652.8 8311.1 1652.68 8322.26 1652.62 8333.8 1651.39 8340.01 1650.9 
1650.8 8364.93 1650.67 8378.63 1650.53 8390.75 1650.42 8406.35 1650.32 
1650.3 8435.07 1650.15 8461 1649.85 8462.61 1649.83 8465.54 1649.81 
1650.4 8510.45 1650.7 8520.17 1651.16 8523.74 1651.66 8525.16 1651.72 
1651.5 8548.18 1651.41 8561.78 1651.18 8579.03 1651.97 8579.4 1652.11 
1652.1 8598.16 1653.55 8607.74 1653.98 8611.88 1654.08 8613.36 1653.74 
1653.5 8618.94 1651.23 8625.29 1650.96 8627.02 1650.85 8628.64 1650.34 
1649.9 8634.09 1649.75 8636.61 1649.58 8642.76 1649.32 8668.32 1648.36 
1648.4 8688.69 1649.05 8694.39 1650.7 8697 1651.56 8709.35 1651.71 
1652.1 8760.19 1652.03 8799.74 1651.95 8809.73 1651.17 8817.79 1650.83 
1650.9 8866.81 1650.97 8869.12 1650.95 8874.71 1650.92 8933.14 1651.53 
1651.4 8998.8 1651.36 9010.54 1651.09 9044.9 1650.39 9059.86 1650.04 
1649.7 9082.86 1648.64 9086.19 1648.99 9092.38 1649.74 9095.48 1650.14 
1650.4 9122.35 1650.69 9134.51 1650.61 9142.59 1650.6 9155.78 1650.44 
1650.6 9212.88 1651.46 9232.59 1651.82 9269.23 1652.47 9282.12 1652.58 
1652.6 9332.57 1652.39 9396.84 1652.31 9493.73 1652.02 9506.01 1651.98 
1652 9510.86 1651.96 9521.78 1651.92 9631.9 1651.85 9634.5 1651.9 

1651.9 9641.22 1651.9 9651.83 1651.95 9652.75 1651.95 9656.71 1651.91 
1651.9 9660.07 1651.86 9664.38 1651.81 9674.29 1651.79 9680.96 1651.85 
1652.1 9724.35 1652.52 9740.86 1652.5 9746.58 1652.58 9763.9 1652.6 
1652.6 9805.18 1652.72 9826.11 1652.85 9833.45 1653.02 9847.46 1653 
1653 9862.61 1653.07 9866.22 1653.1 9879.58 1653.13 9893.79 1653.29 

1653.5 9925.91 1653.78 9941.93 1653.38 9944.86 1653.22 9946.02 1653.31 
1653.1 9963.68 1652.72 9970.61 1652.52 9973.59 1651.83 9983.3 1649.72 
1648.1 9999.98 1649.3210014.84 1651.2810018.65 1651.3310067.18 1651.4 
1651.2 10092.4 1651.2910127.86 1651.3610163.66 1650.8510197.84 1650.39 
1650.410278.71 1650.3810287.99 1650.3410295.41 1649.8210315.86 1648.48 
1648.610319.99 1648.6410320.99 1648.6510333.32 1648.7810343.52 1649.63 
1650.910378.43 1652.710388.98 1652.5610410.39 1652.4810419.49 1652.23 
1651.910436.73 1651.7410442.86 1651.5410449.34 1651.710463.86 1652.02 
1652.5 10530.6 1650.7610530.89 1650.75 10531.1 1650.71 10537.4 1649.69 
1649 10551 1650.7510552.02 1650.9510563.06 1650.9810618.28 1651.14 

1650.710632.81 165010638.59 1649.5410641.61 1649.8810652.24 1650.77 
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Manning's n Values nun= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7650.82 .15 8809.73 .068 9948.66 .04510018.65 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9948.6610018.65 320 359.41 280 .1 .3 

Blocked Obstructions nun= 1 
Sta L Sta R Elev 

10881.9411038.59 1653.46 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft ) 
W.S. Elev (it) 
Crit W.S. (ftl 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (it1 
Conv. Total (cfs) 

Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ft) 

Profile #PF 1 

1652.78 Element 
0.10 Wt. n-Val. 

1652.68 Reach Len. (ft) 
Flow Area (sq ft) 

0.008065 Area (sq ft) 
7577.00 Flow (cfs) 
2639.63 Top Width (ftl 

2.08 Avg. Vel. (ft/s) 
5.10 Hydr. Depth (ft) 

84370.2 Conv. (cfs) 
316.04 Wetted Per. (it) 
1648.10 Shear (lb/sq ft) 

1.54 Stream Power (lb/ft sl 
2.51 Cum Volume (acre-ft) 
0.01 CumSA (acres) 

Left OB 
0.103 
320.00 
2333.45 
2333.45 
3726.18 
1799.93 

1.60 
1.30 

41491.2 
1802.72 

0.65 
1.04 

1221.87 
767.26 

Channel Right OB 
0.045 0.068 
359.41 280.00 
125.63 1175.38 
125.63 1175.38 
652.58 3198.24 
53.50 786.20 
5.19 2.72 
2.35 1.50 

7266.5 35612.5 
54.19 787.03 
1.17 0.75 
6.06 2.05 
40.01 89.92 
19.25 74.04 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow 
(ftl (ftl (cfs) 
7650.82 8225.28 432.20 
8225.28 8799.74 1069.71 
8799.74 9374.20 1933.72 
9374.20 9948.66 290.55 
LB 9948.66 RB 10018.65 652.58 
10018.65 11038.59 3198.24 

Area 
(sq ftl 
434.19 
844.41 
821.59 
233.26 
125.63 
1175.38 

W.P. 
(ft) 

340.00 
460.56 
574.68 
427.49 
54.19 
787.03 

% Conv. Hydr D. 
(ftl 

5.70 1.28 
14.12 1.84 
25.52 1.43 
3.83 0.55 
8.61 2.35 
42.21 1.50 

Velocity 
(ft/s) 
1.00 
1.27 
2.35 
1.25 
5.19 
2.72 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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CROSS SECTION RIVER: SIGWAL BUTTE 
RF,?.CH: SPILLWAY RS: 3.817 

INPUT 
D e s c r i p t i o n :  RM. 3 .817 .  HORZ. N VALUES USED. HYDRAULIC BASELINE CROSSES NEAR ADOBE RD. ALIGN. 
AREA BLOCKED OUT TO RT. OF STA. 10673 .07  DUE TO RIDGE. 

S t a t i o n  E l e v a t i o n  Da ta  num= 2 5 1  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

7682.24 1 6 5 0 . 9  7684.74 1 6 5 0 . 8 8  7686.56 1650 .84  7688.54 1650 .84  7691.14 1 6 5 0 . 8 6  
7693.03 1650 .9  7695.72 1 6 5 0 . 9 8  7710 .05  1 6 5 0 . 9 5  7712.7  1 6 5 0 . 9 6  7716.44 1650 .97  

FCD 08-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
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Manninq's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7682.24 .15 8429.19 .068 9934.06 .04510060.88 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9934.0610060.88 400  370.17 365  .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

10673.0710987.53 1650.8 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (it) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (it) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ft) 
shear (lb/sq ft) 
Stream Power (lb/it s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.089 

400.00 
2323.18 
2323.18 
4226.86 
1773.00 

1 .82 
1 . 3 1  

47799.1  
1775 .32  

0.64 
1 .16 

1204.77 
754.13 

Channel 
0.045 

370.17 
371.36 
371.36 

2218 .56  
126.82 

5 .97  
2.93 

25088.5 
1 2 6 . 9 0  

1 .43 
8 .54  

37.96 
1 8 . 5 1  

Right OB 
0.068 

365.00 
568.86 
568.86 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 .0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 .0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
RERCH: SPILLWAY RS: 3.747 

@ 
FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
2 3  Discharge (Q's Modeled Separately) 

Page 39 
A-N West, Inc. 

July, 1999 



INPUT 
D e s c r i p t i o n :  Pa. 3 .747 .  HORZ. N VALUES USED. AREA BLOCKED OUT TO RIGHT OF 10594 .83  DUE TO 
RIDGE 

S t a t i o n  E l e v a t i o n  D a t a  n u =  290 
S t a  E l e v  S t a  E l e v  5 t a  E l e v  S t a  E l e v  S t a  E l e v  

7545.9  1647.4  7 5 7 4 . 9 3  1 6 4 7 . 0 1  7613 .05  1645 .95  7622 .49  1646.29 7633.4  1 6 4 6 . 5 3  
7640.58 1 6 4 4 . 3  7643.04 1643.44 7644 .6  1643 .55  7 6 4 7 . 7 1  1643 .69  7650.74 1644 .26  
7653.17 1 6 4 4 . 7  7661 .31  1 6 4 6 . 2 5  7662 ,38  1646.45 7662.8  1646 .53  7677.94 1 6 4 6 . 8 1  
7689.54 1646 .7  7697 .36  1 6 4 7 . 0 3  7725 .07  1647 .09  7743 .98  1647 .26  7763 .21  1 6 4 7 . 0 3  
7791.34 1647 .2  7793.77 1647 .17  7 8 0 7 , 2 8  1647 .26  7831.13 1646.8 7858.09 1647 .48  
7867.31 1647 .4  7884.4  1647 .53  7884 .62  1 6 4 7 . 5 1  7884 .66  1 6 4 7 . 5 1  7891 .05  1 6 4 7 . 3 6  
7903.22 1647 .4  7904 .88  1647 .48  7908 .86  1 6 4 7 . 3 1  7935 .61  1646 .46  7935 .93  1 6 4 6 . 4 8  
7945 .86  1646 .4  7966 .59  1646 .23  7 9 7 1 , 2 9  1646 .2  7975 .03  1646.34 7998 .03  1647 .59  
8002.15 1647 .8  8 0 4 2 . 0 1  1647.77 8071 .95  1647.72 8094 .78  1648 .13  8095.18 1648 .05  
8106.64 1 6 4 6  8108 .16  1645 .86  8114 .38  1644.93 8144.87 1644.94 8150.49 1644 .97  
8164.08 1 6 4 5 . 1  8174 .11  1645 .12  8179 .67  1645 .27  8192.14 1645.57 8192.25 1 6 4 5 . 5 5  
8198.42 1 6 4 5  8199.52 1644 .86  8 2 0 3 . 9 1  1644 .55  8210 .83  1644 .34  8212.85 1 6 4 4 . 2 6  

8226 1644 .7  8227.8 1644 .79  8230 .82  1644 .98  8240 .49  1645 .37  8255.95 1 6 4 5 . 2 3  
8264 .51  1 6 4 5 . 1  8298 .71  1644 .86  8314 .29  1 6 4 5 . 2 1  8349 .65  1646 .35  8360.74 1646 .58  
8390 .81  1 6 4 7 . 1  8408.27 1647 .55  8416 .28  1646 .23  8421 .2  1646  8423.08 1645 .94  
8447.72 1646 .4  8454 .47  1645 .87  8466.69 1644 .99  8468 .26  1 6 4 4 . 9 1  8475.12 1644 .72  
8479.22 1 6 4 4 . 6  8486 .16  1644.64 8489 .92  1644 .8  8492 .4  1645.06 8497.74 1 6 4 6 . 3 6  
8502.98 1 6 4 6 . 5  8507 .76  1646 .53  8514 .26  1 6 4 6 . 5 1  8530 .87  1646.72 8538.89 1646 .74  
8573.55 1 6 4 6 . 9  8644.68 1 6 4 6 . 8 3  8657 .09  1 6 4 6 . 9 1  8659 .89  1646 .48  8664.84 1645 .52  
8693 .41  1 6 4 5 . 9  8709.07 1646 .06  8 7 2 7 . 2 1  1 6 4 3 . 3 5  8727 .35  1643.34 8729 .03  1643 .49  
8747.14 1 6 4 5 . 3  8767 .83  1 6 4 5 . 3  8774 .08  1645 .24  8777 1 6 4 5 . 2 1  8785 .67  1645 .17  
8808 .01  1644 .8  8815.22 1 6 4 4 . 6 1  8845 .55  1644 .08  8851 .98  1644.05 8853.38 1 6 4 4 . 0 1  
8858.62 1643.9  8861 .43  1643 .89  8874 .95  1643 .76  8878 .46  1643.77 8880.05 1643 .87  
8881.57 1 6 4 3 . 9  8889 .33  1643.84 8904 .97  1 6 4 4 . 3  8912 .76  1644 .49  8918.08 1644 .68  
8933 .61  1 6 4 5  8936 .96  1644 .95  8 9 4 1 . 0 1  1645.2  8943.19 1645 .23  8961.27 1 6 4 5 . 5 9  
8988.77 1645 .4  9014 .31  1 6 4 5 . 6  9030.2 1645.57 9034.98 1645 .79  9042 1645 .62  

9045.7  1645 .7  9055.66 1646 .04  9086 .89  1645.44 9098 .55  1645 .4  9113.72 1645 .42  
9113.77 1 6 4 5 . 4  9128 1645 .2  9129.85 1645 .16  9133 .8  1645 .34  9147 .31  1 6 4 5 . 7  
9153.82 1 6 4 5 . 9  9156.95 1 6 4 5 . 9 3  9162.4 1646 .04  9167 .25  1646 .03  9176.52 1 6 4 6  
9184.87 1 6 4 6  9196.46 1645 .96  9200 .5  1645.94 9233.35 1646 .22  9241 .25  1 6 4 6 . 2 6  
9278.64 1 6 4 6 . 5  9280.62 1646 .54  9283 .37  1646 .55  9287.45 1646.6  9289.14 1 6 4 6 . 6 1  
9299.03 1 6 4 6 . 8  9311.58 1647 .02  9331.89 1647 .2  9 3 4 1 . 5 5  1646 .9  9344.43 1 6 4 6 . 7 5  
9344.52 1646 .7  9 3 5 3 . 2 8  1646.75 9365 .36  1 6 4 7 . 1 1  9373 .31  1646 .99  9411.37 1646 .79  

9440.7 1 6 4 6 . 9  9484 .63  1646.34 9487.36 1646.3  9545.87 1645 .05  9551.9  1 6 4 4 . 9 3  
9552.29 1 6 4 4 . 9  9558.52 1645 .09  9579 .03  1645.47 9587 .63  1645 .65  9590.94 1645 .68  
9629.81 1 6 4 5 . 9  9644 .33  1 6 4 6 . 0 1  9666.9  1 6 4 6 . 0 1  9671.58 1646 .02  9697 .26  1 6 4 5 . 7 1  
9708.76 1 6 4 5 . 1  9710 .05  1644 .99  9713.27 1645 .52  9716 .86  1 6 4 6 . 1 1  9717.22 1646 .17  
9720.55 1 6 4 6 . 1  9764 .21  1646 .02  9775 .15  1646 .57  9775 .35  1646 .59  9776.68 1646 .57  
9786.79 1646 .4  9792.14 1645 .74  9810.55 1 6 4 3 . 3 4  9815.75 1643.44 9 8 2 7 . 8 3  1 6 4 3 . 7 5  
9827.99 1 6 4 4 . 1  9834.89 1644 .62  9858.49 1 6 4 5 . 7 1  9864.92 1 6 4 5 . 5 1  9876.69 1 6 4 5 . 0 6  
9896.62 1 6 4 4 . 8  9907.62 1 6 4 5  9966.94 1 6 4 5 . 0 1  9969.96 1645.04 9971.36 1645 .19  
9978.88 1 6 4 5 . 9  9988.14 1645 .23  9992.09 1644 .94  9994.17 1 6 4 4 . 8 3  9998.98 1 6 4 5 . 0 6  
10006 .1  1645.4  10016 .2  1645 .1410060 .91  1645 .0910064 .55  1645.2710076.54 1646 .14  

1 0 0 8 6 . 6 9  1646.910097.57 1647 .2110144 .33  1647 .910159 .29  1648.1410169.33 1 6 4 7 . 9 5  
10205.58 1647  10221 .6  1646.6310230.88 1646.3810237.31 1646.3610239.11 1 6 4 6 . 3 6  
10282 .35  1644.710282.72 1644 .66  1 0 2 8 3  1644.6510283.14 1644.6510302.14 1645.22 
10314.54 1644.710322.86 1644 .910332 .37  1644.8910344.08 1644 .72  10368 .5  1 6 4 4 . 4 9  
10369.08 1644.510369.52 1644 .3910375 .31  1643.4510378.17 1643.0510382.99 1643 .96  
10385 .95  1644 .510404 .15  1644 .1410409 .63  1644 .1310422 .26  1644 .79  10433 .9  1645 .38  
10447.54 1645.810453.24 1645.8710458.95 1646 .0910462 .71  1646.1510468.59 1 6 4 6 . 3 3  
10472 .46  1646.410486.29 1646.910486.45 1646.9310487.49 1647.0510487.81 1647.08 

FCD 98-17 Delineation of Spillway Flows A-N West, Inc. 
For Signal Butte Flood Retarding Structure Page 40 July, 1999 
213 Discharge (Q's Modeled Separately) 



Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7545.9 .15 8108.16 .068 9775.35 .04510060.91 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9775.3510060.91 390 385.69 400 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

10594.8310942.18 1647.3  

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ft) 

Profile #PF 1 

1646.87 Element 
0.17 Wt. n-Val. 

1646.70 Reach Len. (it) 
Flow Area (sq ft) 

0.009950 Area (sq it) 
7577.00 Flow (cfs) 
2045.69 Top Width (it) 

2.91 Avg. Vel. (ft/s) 
3.65 Hydr. Depth (it) 

75960.6  Conv. (cfs) 
391.09 Wetted Per. (it) 

1643.34 Shear (lb/sq ft) 
1.27 Stream Power (lb/ft s) 
3.77 Cum Volume (acre-it) 
0.03 Cum SA (acres) 

Left OB Channel Right OB 
0.045 0.068 

385 .69  400.00 
473.19 424 .91  
473.19 424 .91  

2179 .54  1218.27 
285.56 285 .31  

4 .61  2.87 
1 . 6 6  1 .49 

21850.3 12213.4 
286.14 285.74 

1 . 0 3  0.92 
4 .73  2.65 

34.37 80.15 
16 .75  66.24 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 .0  ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
7545.90 
8103.26 
8660.63 
9217.99 
LB 9775.35 
10060.91 

Right Sta 
(ft) 
8103.26 
8660.63 
9217.99 
9775.35 
RB 10060 .91  
10942.18 

Flow 
(cfs) 
6 6 . 6 1  

1220.76 
2348.13 

543.68 
2179.54 
1218.27 

Area 
(5s ft) 

91.06 
483.54 
832.77 
301.54 
473.19 
424 .91  

W.P. 
(ft) 

1 4 0 . 9 1  
383.03 
557.83 
395.03 
286.14 
285.74 

8 Conv. Hydr D. 
(it) 

0.88 0.65 
1 6 . 1 1  1.26 
30.99 1 .49 

7.18 0 .76 
28.77 1 .66 
16.08 1.49 

Velocity 
(ft/s) 

0.73 
2 .52 
2 .82 
1 .80 
4 . 6 1  
2.87 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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CROSS SECTION RIVER: SIGNAL BUTPE 
REACH: SPILLWAY RS: 3.674 

INPUT 
D e s c r i p t i o n :  RM. 3 .674 .  HORZ. N VALUES USED. 

S t a t i o n  E 
s t a  

7200 .95  
7288 .35  
7353 .15  

7408.7  
7425 .15  
7584.48 
7636 .43  

7729.2  
7794 .09  
7839 .99  
7894.43 
7922 .82  
8145 .75  
8235 .63  
8246 .33  
8348 .82  
8398 .31  
8495 .56  
8564 .28  
8586 .82  
8 6 2 7 . 1 1  
8696 .12  
8736.02 

8860.6  
8925.82 

8967.2 
9043 .95  
9091.86 
9200.15 
9271 .16  

9 3 2 1 . 3  
9360.74 
9420 .73  

9 4 9 5 . 1  
9557.36 
9614.59 
9648 .03  
9662.68 
9718.37 
9739.12 
9774.69 
9816.29 

9963 .5  
10010.89 
10128 .88  
1 0 2 4 6 . 3 9  
10268.86 
1 0 3 1 0 . 7 1  
10345.88 

: l e v a t i o n  Da ta  nun= 279  
E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  s t a  E l e v  

1 6 4 5 . 1  7211.54 1645 .19  7 2 1 9 . 6 1  1645 .19  7260.08 1644.48 7279 .15  1644 .19  
1 6 4 4 . 1  7297 .92  1644 .02  7316.08 1643 .86  7321 .27  1 6 4 3 . 9 3  7353.04 1 6 4 3 . 9 2  
1643 .9  7353.19 1 6 4 3 . 9  7361 .78  1640 .66  7363.34 1641.04 7372.98 1 6 4 3 . 7 5  
1643 .5  7412 .99  1643 .42  7415 .02  1643 .39  7416 .03  1643.38 7416.24 1643 .38  
1643.4  7499.77 1644 .11  7509.93 1644 .13  7521 .83  1644.22 7538 .53  1 6 4 4 . 3  
1 6 4 3 . 6  7604.7  1643 .56  7607 .01  1 6 4 3 . 4 5  7614.4  1642.44 7 6 3 0 . 9  1 6 4 2 . 4 6  
1642 .6  7648.39 1642.49 7664 .91  1643 .7  7670.78 1644 .23  7705 .96  1643 .92  
1643 .7  7736.07 1 6 4 3 . 6 1  7742.72 1643 .57  7776 .43  1 6 4 3 . 1 3  7787 .33  1 6 4 1 . 7 3  
1640 .9  7797 .5  1641 .33  7798 .06  1641 .42  7798 .28  1641.43 7800 .99  1641 .48  
1 6 4 1 . 9  7846 .9  1641 .85  7854.88 1643 .02  7860 .26  1643 .63  7878 .75  1 6 4 3 . 6 6  
1643 .7  7903 .51  1643 .36  7908 .51  1643 .26  7917 .13  1643.18 7 9 2 0 . 3  1 6 4 3 . 1  
1 6 4 3 . 1  7938 .39  1642 .95  8 0 4 3 . 2 1  1642 .02  8 1 0 2 . 4 1  1641 .51  8141.02 1 6 4 1 . 2 6  
1641.2  8152.14 1641.2  8160 .16  1641 .19  8235 .28  1641 .29  8235 .49  1 6 4 1 . 2 9  
1 6 4 1 . 3  8 2 3 5 . 8 1  1641 .25  8236 .53  1640 .94  8239 .63  1639 .72  8240.59 1 6 3 9 . 9 3  
1640 .9  8296 .29  1640 .5  8325.73 1640 .58  8332.34 1 6 4 1 . 1 5  8337 .05  1 6 4 1 . 6 6  
1641.2  8 3 6 6 . 1  1640 .88  8368 .86  1640 .74  8381.74 1639 .96  8389.42 1639 .74  
1 6 3 9 . 3  8401 .93  1 6 3 9 . 3  8438.27 1 6 3 9 . 8 1  8455 .2  1640 .09  8481.07 1640 .34  
1640.4  8514.78 1640 .69  8533.24 1640 .84  8540 .73  1 6 4 1 . 1  8549.92 1 6 4 1 . 3 8  
1 6 4 1 . 3  8572 .39  1641.24 8574.85 1 6 4 1 . 1 5  8576 .46  1 6 4 1 . 1 3  8579 .65  1641 .06  
1640 .9  8595.78 1640.77 8604 .56  1 6 4 0 . 7 5  8615 .97  1640 .88  8623 .73  1 6 4 0 . 9 5  

1 6 4 1  8636 .05  1641.17 8672.32 1 6 4 1 . 8 6  8672 .58  1641.86 8672 .79  1641 .86  
1641 .8  8706.82 1641.74 8717 .09  1641 .77  8723 .15  1641 .92  8733 .09  1 6 4 2 . 1 3  
1642 .2  8774.54 1641.92 8776.05 1641.92 8 7 7 6 . 6 1  1641 .92  8843 .88  1641 .97  
1641 .8  8864.64 1641.82 8886 .75  1 6 4 1 . 1 6  8909 .19  1640 .94  8913 .39  1 6 4 0 . 8 6  
1640 .8  8929 .16  1640 .91  8935.25 1 6 4 1  8950 .89  1641 .39  8957.4  1 6 4 1 . 4 3  
1 6 4 1 . 6  8976 .69  1641.74 8981 .82  1641 .79  8996 .76  1641 .86  9030 .15  1642.4  
1 6 4 2 . 6  9047 1642.64 9047.84 1642 .65  9082 .39  1642 .34  9 0 9 0 . 1  1 6 4 2 . 3 8  
1642.4  9118.29 1642.34 9185.68 1642 .34  9190.98 1642 .34  9195 .01  1 6 4 2 . 3 2  
1 6 4 2 . 3  9212.28 1642.09 9215.05 1642 .08  9258.42 1642 .18  9262.34 1642 .18  
1642 .2  9283 .31  1641.24 9286 .46  1641 .02  9294.34 1641 .34  9303.36 1641 .65  
1641.5  9321.8  1641.49 9322.43 1641.47 9332.21 1 6 4 0 . 9  9336.26 1640 .89  
1640 .7  9381.89 1641 .08  9392.94 1641.27 9408.74 1641 .94  9419 .61  1 6 4 2 . 3  
1 6 4 2 . 3  9456.15 1642 .33  9457.21 1642 .32  9457.67 1642 .32  9481 .42  1642 .22  
1 6 4 2 . 3  9501.74 1642.24 9523.77 1 6 4 1 . 7 1  9526.63 1641 .7  9 5 3 3 . 0 3  1 6 4 1 . 8 2  
1642 .2  9561.39 1642.24 9590 .96  1 6 4 2 . 2 5  9605.38 1642 .39  9609.42 1 6 4 2 . 3 6  
1642.4  9623.2  1642 .33  9623 .65  1 6 4 2 . 3  9627.17 1 6 4 2 . 3 3  9 6 3 1 . 9 1  1 6 4 2 . 2 1  
1 6 4 2 . 6  9651.84 1 6 4 2 . 6 1  9651 .96  1 6 4 2 . 6 1  9661.95 1 6 4 2 . 5 6  9662.28 1 6 4 2 . 5 6  
1642 .5  9667.82 1642.42 9691 .93  1641 .62  9693.89 1 6 4 1 . 7 5  9706.54 1642 .52  
1642 .7  9719.73 1642 .66  9719 .86  1 6 4 2 . 6 6  9724.18 1642 .69  9737.54 1 6 4 2 . 8 5  
1642 .9  9740.58 1 6 4 2 . 7 6  9747 .41  1 6 4 2 . 7 6  9769.8  1642 .79  9774.62 1 6 4 2 . 8  
1641.4  9778.6  1641 .03  9782 .95  1640 .96  9790.92 1641 .31  9798.17 1 6 4 0 . 7 3  
1641 .4  9844.6  1642 .36  9856.09 1 6 4 2 . 2 1  9868.37 1642.09 9927 .35  1 6 4 2 . 1  
1 6 4 2 . 1  9978.34 1 6 4 2 . 0 1  9979.37 1641 .98  9980 .55  1642 .02  9981.8  1 6 4 2 . 0 1  

164310027.78 1643.510028.34 1643.5610059.89 1643.3610072.58 1643.28 
1643.110195.84 1643.2210208.75 1643 .2510220 .61  1643.2410235.16 1 6 4 3 . 1  
1642.510249.89 1642.210251.56 1641 .5810266 .45  1641.2810267.72 1641 .34  
1 6 4 1 . 3  1 0 2 7 2 . 1  1641.1710291.03 1641 .55  10310.4  1641 .2710310 .54  1641 .26  
1641 .310311 .14  1641 .2510334 .08  1640.5110339.72 1639.7210343.64 1639 .17  
1639.510355.55 1640 .710357 .51  1640 .7310367 .73  1640 .8810381 .69  1 6 4 1 . 0 9  
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Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7200.95 . 1 5  8455.2 .068 9790.92 .04510010.89 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9790.9210010.89 430 372 .11  425 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Lenoth Wtd. Ift) 

Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0 .091  

430.00 
2641 .81  
2641 .81  
5230.02 
1993.32 

1.98 
1 .33  

53634.9 
1996.50 

0.79 
1 .56 

1166.78 
723.70 

Channel 
0.045 

3 7 2 . 1 1  
215 .31  
2 1 5 . 3 1  
683 .91  
219.67 

3.18 
0.98 

7013.6 
219.74 

0.58 
1 .85 

31.32 
14.52 

Right OB 
0.068 

425.00 
646.45 
646.45 

1663.06 
486.34 

2.57 
1 .33 

17055.0 
487.29 

0.79 
2.03 

75 .23  
62.70 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 .0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 
(ft) (ft) (cfs) (sq ft) (ft) 
7200.95 7848.44 115.57 126.15 1 3 1 . 4 1  
7848.44 8495.94 1722.60 1039.63 568.50 
8495.94 9143.43 2150.13 858.16 647.56 
9143.43 9790.92 1241.72 617.87 649.03 
LB 9790.92 RB 10010.89 683.91 215.31 219.74 
10010.89 10877.77 1663.06 646.45 487.29 

% Conv. Hydr D. Velocity 
(ft) (ft/s) 

1 . 5 3  0.97 0.92 
22 .73  1.83 1 .66 
28.38 1 .33 2 . 5 1  
16.39 0.95 2.01 

9 .03  0 .98 3.18 
21.95 1.33 2.57 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 3.603 

INPUT 
Description: RM. 3.603. HORZ. N VALUES USED. AREA BLOCKED OUT TO RT. OF STA. 10414.43.  
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Station Elevation Data n u =  263 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

6861.52 1640.1 6901.54 1639.9 6918.66 1639.7 6924.99 1639.64 6945.38 1639.76 
6964.26 1639.7 6972.39 1638.97 6982.46 1638.23 6986.7 1638.01 6992.08 1637.97 
7020.87 1637.5 7040.23 1638.88 7049.92 1639.57 7080.83 1639.55 7151.28 1639.44 
7155.26 1639.4 7163.61 1637.22 7176.7 1633.93 7211.21 1633.92 7243.5 1634.1 
7254.81 1636.7 7267.71 1639.12 7275.68 1639.16 7287.8 1638.82 7288.53 1638.52 
7296.3 1638.7 7296.77 1638.76 7299.65 1638.75 7303.11 1638.74 7339.26 1638.58 
7343.5 1637.5 7350.75 1635.84 7358.66 1635.7 7365.4 1635.63 7369.87 1635.59 
7379.89 1637.1 7389.19 1638.89 7402.65 1638.45 7427.37 1638.12 7460.96 1638.75 
7475.8 1638.7 7477.15 1638.7 7477.36 1638.69 7477.91 1638.73 7478.79 1638.77 
7496.87 1639.7 7519.93 1639.57 7577.49 1639.11 7609.75 1638.82 7634.15 1638.61 
7662.34 1638.4 7667.65 1638.37 7669.95 1638.42 7685.93 1638.59 7700.97 1638.73 
7702.66 1638.7 7711.72 1638.45 7717.11 1638.13 7719.7 1638.14 7751.74 1639.05 
7793.58 1639.6 7816.04 1639.55 7828.8 1639.53 7846.25 1638.03 7853.88 1637.9 
7875.49 1637.54 7875.5 1637.54 7875.53 1637.54 7891.72 1637.97 7971.17 1636.7 
7995.1 1636.37 8003.09 1636.27 8008.46 1636.34 8028.24 1636.41 8044.65 1636.4 
8108.91 1636.24 8120.91 1636.41 8138.65 1636.65 8140.16 1636.61 8150.6 1636.1 
8167.71 1636 8180.97 1636.05 8200.69 1637.74 8205.42 1638.09 8231.78 1637.9 
8271.22 1637.82 8308.37 1637.63 8309.76 1637.8 8366.14 1638.32 8414.89 1638.3 
8425.12 1637.86 8431.56 1637.61 8451.64 1637.58 8459.77 1637.6 8471.29 1637.5 
8472.42 1637.52 8479.83 1637.71 8480.25 1637.71 8484.55 1637.71 8485.09 1637.7 
8491.96 1637.56 8503.41 1637.56 8536.42 1637.77 8539.99 1637.81 8540.1 1637.8 
8540.33 1637.81 8551.04 1637.89 8554.25 1637.87 8563.91 1637.88 8567.32 1637.8 
8579.6 1637.99 8585.84 1637.98 8599.08 1638.13 8600.19 1638.13 8603.31 1638.1 
8606.45 1638.19 8610.64 1638.21 8611.27 1638.24 8612.53 1638.26 8619.01 1638.5 
8625.37 1638.77 8627.32 1638.85 8646.21 1638.46 8728.15 1637.17 8745.05 1637.1 
8781.22 1637.26 8792.82 1637.34 8839.98 1637.58 8842.1 1637.45 8846.64 1637.5 
8855.18 1636.89 8860.99 1636.6 8877.28 1636.72 8893.71 1636.95 8901.88 1637.1 
8908.32 1637.38 8918.41 1637.7 8923.49 1637.79 8926.29 1637.85 8959.38 1637.9 
9002.63 1637.87 9014.05 1637.91 9033.63 1638.12 9048.76 1638 9055.01 1637.8 
9057.14 1637.81 9058.65 1637.82 9060.44 1637.79 9078.33 1637.59 9080.09 1637.6 
9126.43 1637.85 9163.23 1637.31 9170.85 1637.26 9186.12 1637.18 9211.86 1637.1 
9230.09 1637.2 9244.22 1636.99 9271.35 1636.67 9294.25 1636.66 9295.03 1636.6 
9296.94 1636.63 9322.51 1636.39 9332.81 1636.31 9347.65 1636.24 9363.32 1636.2 
9369.57 1636.18 9377.64 1636.15 9378.03 1636.15 9378.44 1636.15 9389.17 1638.8 
9391.8 1639.37 9400.41 1637.75 9405.47 1636.68 9431.66 1637.15 9452.49 1637.5 
9487.08 1637.94 9505.28 1637.64 9559 1638.2 9578.1 1638.37 9580.82 1638.4 
9581.81 1638.31 9593.35 1637.58 9603.08 1637.88 9637.2 1638.03 9655.84 1638.3 
9672.14 1638.8 9719.2 1639.35 9734 1639.48 9752.16 1639.83 9758.36 1640.1 
9762.22 1640.22 9767.8 1640.5 9769.87 1640.59 9771.67 1640.24 9776.52 1639.3 
9784.24 1637.71 9791.91 1638.19 9801.54 1638.67 9812.39 1639.22 9843.18 1640.1 
9859.25 1640.33 9864.07 1639.38 9871.47 1637.89 9884.39 1637.9 9885.31 1637.9 
9888.64 1637.99 9913.29 1638.69 9938.22 1639.23 9954.79 1638.02 9955.6 1638 
9960.87 1638.01 9972.7 1638.16 9976.41 1638.06 9979.55 1637.88 9986.21 1637.5 
9992.78 1636.96 9993.74 1636.88 9994.27 1636.8510007.58 1637.8710012.22 1638.1 
10020.33 1638.1710022.16 1638.110036.98 1639.5210043.62 1640.4810055.28 1640.3 
10068.42 1640.0310089.93 1639.8510090.08 1639.8410106.37 1639.1210112.53 1638.8 
10117.08 1638.6810120.53 1638.5410151.76 1637.1110153.41 1637.1110154.24 1637.1 
10169.4 1637.4310179.39 1637.5810182.39 1637.6710185.38 1637.6110199.71 1636.5 
10206.93 1637.6710209.52 1638.0610236.19 1637.8110246.88 1637.7110255.19 1637.5 
10304.59 1637.6110359.23 1637.610379.67 1637.6910386.83 1637.7310401.85 1638.8 
10411.54 1639.510414.43 1639.7410434.12 1638.8210443.35 1638.410443.78 1638.4 
10449.6 1638.1610450.36 1638.1110462.38 1637.510464.09 1637.3610465.25 1637.4 
10480.9 1637.9310487.76 1638.1710508.76 1642.1 
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For Signal Butte Flood Retarding Structure 
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Manning's n Values num= 4 
Sta n Val 

6861.52 
Sta nVal Sta n Val Sta n Val 

.15 9347.65 .068 9976.41 .04510020.33 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9976.4110020.33 375  374.47 300 .1 . 3  

Blocked Obstructions num= 1 
Sta L Sta R Elev 

10414.4310508.76 1639.74 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1639.18 Element Left OB Channel Right OB 
Vel Head (it) 0.05 Wt. n-Val. 0.131 0.045 0.068 
W.S. Elev (it) 1639.13 Reach Len. (ft) 375.00 374.47 300.00 
Crit W.S. (ft) Flow Area (sq it) 3987.26 65.82 432.48 
E.G. Slope (ft/ft) 0.008722 Area (sq ft) 3987.26 65.82 432.48 
Q Total (cis) 7577.00 Flow (cfs) 6207.43 265.48 1104.09 
Top Width (ft) 2935.54 Top Width (it) 2578.93 43.92 312.69 
Vel Total (ft/s) 1.69 Avg. Vel. (ft/s) 1.56 4.03 2.55 
Max Chl Dpth (ft) 5 . 2 1  Hydr. Depth (it) 1 . 5 5  1.50 1.38 
Conv. Total (cfs) 81132.0 Conv. (cfs) 66467.0 2842.7 11822.2 
Length Wtd. (ft) 368.45 WettedPer. (ft) 2582.28 44.01 313 .01  
Min Ch El (ft) 1636.85 Shear (lb/sq it) 0.84 0 . 8 1  0.75 
Alpha 1 .23  Stream Power (lb/ft s )  1 . 3 1  3 .28 1 .92 
Frctn Loss (ft) 3.59 CumVolume (acre-ft) 1134.06 30.12 69.97 
C & E Loss (ft) 0 . 0 1  Cum SA (acres) 701.13 13.39 58.80 

Warning: Divided flow computed for this cross-section. * warning: The energy loss was greater than 1 .0  ft (0 .3  m,. between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
6861.52 
7640.24 
8418.96 
9197.69 
LB 9976.41 
10020.33 

Right Sta 
(it) 
7640.24 
8418.96 
9197.69 
9976.41 
RB 10020.33 
10508 .76  

Area 
(sq it) 
759.46 

1150.02 
1 1 4 4 . 9 1  

932.87 
65.82 

432.48 

W.P. 
(ft) 

461.38 
703.00 
778.83 
639.07 

4 4 . 0 1  
313 .01  

% Conv. Hydr D. 
(ft) 

1 4 . 0 1  1 .65 
21.13 1.64 
19.59 1.47 
27.18 1.46 

3.50 1.50 
14.57 1.38 

Velocity 
(ft/s) 

1.40 
1 .39 
1.30 
2 .21 
4.03 
2.55 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACR: SPILLWAY RS: 3.532 

INPUT 
Description: RM. 3.532. HORZ. N VALUES USED. 

@ 
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S t a t i o n  E l e v a t i o n  D a t a  nun= 2 8 1  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

6596 .9  1635 .6  6605.07 1 6 3 5 . 2 1  6644.47 1635 .08  6668.86 1 6 3 4 . 9 5  6695.67 1 6 3 4 . 6 5  
6725 .09  1633 .8  6728.54 1 6 3 3 . 7 6  6 7 2 9 . 6 6  1633 .73  6773.42 1633 .87  6774.39 1 6 3 3 . 8 6  
6774 .76  1633 .9  6835 .11  1632 .74  6851.67 1632 .86  6906.54 1632 .39  6915.68 1632 .44  
6918 .01  1632 .5  6926.76 1632 .69  6931 .88  1632 .73  6981.27 1 6 3 3 . 6 5  7006 .17  1 6 3 3 . 7 1  
7010 .35  1633 .8  7015 .83  1633 .69  7018.74 1633 .81  7 0 2 1 . 1 1  1 6 3 3 . 9  7024.87 1 6 3 3 . 8 6  

7 0 2 9 . 1  1633 .8  7037.5 1633 .55  7040 .83  1633.49 7042 .18  1 6 3 3 . 4 5  7045.22 1 6 3 3 . 3 5  
7048.96 1633.2 7066.22 1633 .58  7089.25 1 6 3 3 . 9 5  7097.23 1633 .55  7115.28 1634 .89  
7120 .78  1635 .2  7162.52 1634.84 7172 .83  1634 .77  7191 .45  1 6 3 4 . 8  7239.87 1635 .15  
7263 .79  1635 .3  7298.02 1635.58 7303 .33  1635 .69  7364.58 1 6 3 5 . 0 3  7392.2  1634 .58  
7412.24 1634 .7  7418.88 1634 .8  7423.21 1634 .43  7432 .31  1633 .52  7461 .41  1633 .56  
7462.29 1633 .6  7462 .5  1633.58 7462.79 1633.6  7479.92 1 6 3 4 . 8 1  7481.99 1634 .78  
7526.14 1634 .7  7558.69 1634 .68  7580 .31  1634 .37  7630.72 1634 .34  7632.37 1 6 3 4 . 3 3  
7632 .53  1634 .3  7633 .63  1634 .32  7697 .16  1634 .01  7702.8  1 6 3 3 . 1 5  7709 .09  1632 .29  
7714.87 1632 .3  7738.92 1 6 3 2 . 4 1  7750.9  1634 .28  7751 .96  1634 .36  7753.27 1 6 3 4 . 3 3  
7811 .97  1634 7846.9  1 6 3 4 . 3  7867.36 1634.24 7924.03 1634 .19  7954 .67  1634 .17  
7969 .13  1 6 3 4 . 1  7971.43 1 6 3 4 . 1 6  7974 .46  1 6 3 3 . 5  7984.36 1631 .53  7990.27 1 6 3 2 . 3  
7994.03 1 6 3 2 . 8  7994 .06  1632 .79  8018 .6  1632 .77  8080.89 1 6 3 2 . 4 6  8087 .09  1632.74 
8097 .25  1 6 3 2 . 3  8102.82 1 6 3 2 . 1 5  8111.13 1 6 3 2 . 2 1  8112.69 1 6 3 2 . 2 1  8115 .57  1 6 3 2 . 2 3  
8140.33 1 6 3 2 . 2  8142.04 1 6 3 2 . 2 3  8146 .19  1632 .18  8149 .01  1632 .15  8150.82 1 6 3 2 . 1 5  
8155.94 1632.2  8 1 6 2 . 1  1 6 3 2 . 2 6  8196.76 1632 .74  8198.49 1632 .76  8 2 0 1 . 9 3  1632 .83  
8211 .62  1 6 3 3  8232 .35  1633 .59  8244.54 1633 .84  8255.56 1 6 3 4 . 1 1  8273 .49  1 6 3 4 . 5 6  
8274.85 1634 .6  8276.54 1634 .64  8293 .58  1634 .72  8304 .49  1 6 3 4 . 8 3  8311 .37  1634 .97  
8362 .48  1635.2  8372 .76  1 6 3 5 . 3  8381 .95  1635 .4  8405.04 1635 .12  8433 .15  1634 .59  
8438 .83  1634 .5  8439.8  1634 .47  8442 .33  1634 .43  8507.68 1 6 3 3 . 9 6  8520 .08  1633 .87  
8520 .95  1633 .9  8521 .23  1 6 3 3 . 8 5  8540 .28  1632 .96  8544.04 1 6 3 3  8565.14 1632 .69  
8572 .28  1632 .7  8583 .25  1 6 3 2 . 5 1  8599 .27  1633 .44  8609.42 1 6 3 3 . 9 5  8 6 1 4 . 2 1  1 6 3 4 . 8 3  
8615 .39  1 6 3 5  8654 .77  1634 .65  8659 .3  1634.58 8680 .73  1634 .55  8721.04 1634 .59  
8725 .15  1633.2  8725.54 1633 .05  8756 .13  1 6 3 3 . 1  8783  1633 .2  8802 .63  1633 .26  
8821.78 1 6 3 3 . 3  8837.2 1 6 3 2 . 2 9  8845 .95  1631 .92  8857.39 1632 .05  8879.22 1632 .03  
8886 .46  1 6 3 2 . 1  8889.27 1632.04 8 8 9 2 . 9 1  1633 .4  8893.58 1 6 3 3 . 7 5  8 8 9 4 . 6 6  1 6 3 3 . 7 5  
8896 .58  1 6 3 3 . 8  8903.91 1633.8  8913 .63  1 6 3 3 . 8 3  8923.88 1633 .77  8939.84 1 6 3 4 . 0 1  
8987 .35  1634.2  9005 .28  1 6 3 4 . 2 7  9014.14 1634 .27  9042.42 1633 .97  9075 .3  1633 .92  
9080.22 1 6 3 3 . 9  9094.32 1 6 3 3 . 7 5  9101.12 1633 .84  9107.95 1633 .39  9116.55 1632.32 
9122.12 1 6 3 2 . 2  9127.44 1632 .18  9164.54 1632.2  9167.88 1632 .29  9173.94 1632 .56  
9181.02 1 6 3 2 . 8  9186.29 1 6 3 3 . 1 3  9211.66 1633 .25  9230 .93  1 6 3 3 . 3 8  9240.88 1633.47 
9257 .59  1 6 3 3 . 6  9269 .65  1633 .02  9271 .91  1633 .06  9283.23 1632 .27  9286.56 1 6 3 3 . 3 3  

9291 .8  1 6 3 4 . 3  9297.86 1634 .17  9311.27 1633.66 9322.66 1 6 3 3 . 0 5  9328.69 1633 .32  
9331.42 1 6 3 3 . 3  9361 .95  1633 .99  9366 .65  1634 .25  9374 .71  1 6 3 4 . 6 5  9379.44 1634 .87  
9382.85 1 6 3 5 . 1  9389 .15  1635 .19  9393 .83  1 6 3 5 . 2 1  9435.85 1 6 3 5 . 4 6  9454.62 1 6 3 5 . 4 6  
9458.47 1 6 3 5 . 5  9480.68 1635 .36  9480 .81  1635 .37  9481 1635.38 9483.47 1635.36 
9490.94 1635 .9  9493 .5  1 6 3 5 . 9 3  9494.64 1635.94 9496 .41  1635 .82  9497.85 1635 .67  

9501.4  1635.4  9503 .73  1635 .46  9506.08 1635 .44  9518.12 1635 .58  9532.19 1635 .57  
9572.97 1635 .6  9577.39 1635 .66  9586 .36  1 6 3 5 . 6 2  9593.54 1 6 3 5 . 5 6  9599 .16  1635 .96  
9605 .16  1635 .7  9606 .85  1635 .08  9613.56 1 6 3 5  9651 .71  1634 .64  9655.15 1634 .61  
9660 .51  1634 .6  9662.19 1634 .52  9680 .36  1633 .21  9681.25 1633 .17  9686.52 1633 .23  
9693 .08  1633.4  9694 .81  1633 .37  9705.17 1 6 3 3 . 1 1  9719.19 1636 .77  9719.89 1636.96 

9720 .5  1636 .9  9727 .11  1 6 3 6  9733 .3  1 6 3 5 . 0 1  9754.18 1635 .62  9776 .15  1 6 3 6 . 4 1  
9 7 7 6 . 3 8  1636.4  9783.04 1635 .59  9784.85 1 6 3 5 . 3 7  9835.89 1636 .29  9839.85 1636 .34  
9851.14 1634 .7  9855.79 1634 .06  9856.34 1 6 3 4 . 1 3  9858.51 1634.38 9871.02 1635 .79  
9877.79 1636 .5  9888.4  1636 .44  9906 .83  1 6 3 6 . 3  9916 .41  1636 .27  9925.37 1636 .12  
9938.02 1635 .8  9938.48 1635 .79  9938.58 1635 .78  9938.79 1635 .76  9947.15 1 6 3 5 . 0 5  
9951 .96  1634 .5  9963.14 1634 .39  9973 .21  1 6 3 4 . 5 6  9983.27 1 6 3 5 . 2 3  9996.84 1635 .42  

10014 .05  1635.410019.88 1634 .7710033 .01  1633 .7310046 .05  1634.8210051.24 1635.04 
10057 .73  1635.710057.87 1635 .7210058 .73  1635.7210078.09 1635.6510091.32 1 6 3 5 . 6 6  
10095 .68  1635.610095.96 1635.5610101.99 1634.3110108.59 1634 .5310122 .33  1634 .86  
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Manning's n Values nun= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

6596.9 .15 9694.81 .068 9938.79 .04510057.73 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9938.7910057.73 260 371.74 350 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (it) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear. (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.148 

260.00 
4896.79 
4896.79 
7138.03 
3049.13 

1.46 
1.61 

68171.8 
3052.09 

1.10 
1.60 

1095.82 
676.90 

Channel 
0.045 
371.74 
81.56 
81.56 

223.93 
115.04 
2.75 
0.71 

2138.6 
115.27 
0.48 
1.33 

29.49 
12.71 

Right OB 
0.068 
350.00 
84.74 
84.74 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
6596.90 
7432.37 
8267.84 
9103.32 
LB 9938.79 
10057.73 

Right Sta 
(ft) 
7432.37 
8267.84 
9103.32 
9938.79 
RB 10057.73 
10179.06 

Flow 
(cfs) 

1435.43 
2591.11 
1889.51 
1221.98 
223.93 
215.04 

Area 
(sq ftl 
1116.63 
1609.40 
1331.69 
839.07 
81.56 
84.74 

W.P. 
(ft) 

813.15 
836.19 
836.30 
566.45 
115.27 
72.54 

% Conv. Hydr D. Velocity 
(ft) (ft/s) 

18.94 1.37 1.29 
34.20 1.93 1.61 
24.94 1.59 1.42 
16.13 1.48 1.46 
2.96 0.71 2.75 
2.84 1.18 2.54 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 3.462 

INPUT 
Description: RM.3.462. HORZ. N VALUES USED. HYDRAULIC BASELINE CROSSES NEAR SIGNAL BUTTE RD. 
AREA BLOCKED OUT TO LT. OF STA.7150. 
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S t a t i o n  E l e v a t i o n  D a t a  num= 2 6 8  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

6 4 0 4 . 2 1  1633 .9  6418.29 1 6 3 4 . 0 5  6426.22 1633 .99  6435 .65  1633 .85  6456.77 1633 .66  
6466.46 1633 .6  6483.24 1 6 3 3 . 1  6489.29 1633 .06  6493.32 1 6 3 3 . 3 7  6496 .1  1632 .72  
6501.79 1 6 3 2 . 6  6511.26 1 6 3 2 . 7 7  6518 .61  1632.99 6522.99 1 6 3 3 . 0 1  6538.14 1 6 3 2 . 9 1  
6544.98 1632.8  6572.22 1 6 3 2 . 3 1  6576.07 1632 .29  6626.13 1632.44 6632 .21  1 6 3 2 . 5  
6642.48 1 6 3 2 . 3  6700.68 1631.44 6711 .26  1631 .4  6729 1 6 3 1 . 3 1  6737.54 1631 .66  
6780.36 1632 6800.54 1631 .66  6807.39 1 6 3 2 . 2 1  6815 .99  1 6 3 0 . 2 3  6819 .01  1629 .57  
6819.59 1629.6  6822.95 1629.94 6 8 2 5 . 1  1 6 3 0 . 1 3  6844.59 1629 .89  6846 .73  1 6 2 9 . 8 5  
6847 .41  1629 .8  6849.82 1630 .08  6863.59 1631 .94  6895 .68  1 6 3 1 . 5 3  6912 .25  1631 .34  
6925.63 1631 .3  6948.21 1 6 3 1 . 3 1  6983 .31  1 6 3 1 . 3 3  7053.54 1 6 3 1 . 5  7110.79 1631 .78  
7115.27 1631 .8  7163 .13  1631 .88  7163.34 1631 .88  7163 .45  1631 .88  7163.58 1631 .88  

FCD 96-17 Delineation of Spillway Flows 
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Manning's n Values num= 4 
Sta nVal * 6404.21 

Sta n Val Sta n Val Sta n Val 
.15 9822.61 .068 9941.71 .045 10073.3 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9941.71 10073.3 400 399.38 400 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 
Vel Head (it) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (it/?,) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (it) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C & E Loss (it) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq it) 
Area (sq it) 
Flow (cis) 
Top Width (it) 
Avg. Vel. (ft/s) 
Hydr. Depth (it) 
Conv. (cis) 
Wetted Per. (it) 
Shear (lb/sq it) 
Stream Power (lb/ft s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Left OB 
0.150 
400.00 
4906.13 
4906.13 
5925.13 
3220.26 

1.21 
1.52 

65722.5 
3222.58 

0.77 
0.93 

1066.57 
658.19 

Channel Right OB 
0.045 
399.38 400.00 
304.01 
304.01 
1651.87 
122.31 
5.43 
2.49 

18322.8 
123.29 
1.25 
6.80 
27.84 67.85 
11.70 57.19 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(it1 (it) (cis) (sq ft) (it) (it) (ft/s) 
6404.21 7288.58 925.12 924.61 766.94 12.21 1.21 1.00 
7288.58 8172.96 2059.71 1582.50 884.73 27.18 1.79 1.30 
8172.96 9057.33 2287.36 1685.63 885.26 30.19 1.91 1.36 
9057.33 9941.71 652.93 713.39 685.65 8.62 1.04 0.92 
LB 9941.71 RB 10073.30 1651.87 304.01 123.29 21.80 2.49 5.43 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 3 . 3 8 6  

INPUT 
Description: RM. 3.386. BLOCKED INEFF. FLOW AREA USED BELOW EL1626 AND BETWEEN STA.8450 AND 
8670 TO BLOCK OUT RET.BASIN. HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA.6911.28. 

Station Elevation Data num= 296 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

6177.65 1630.6 6204.47 1630.4 6260.31 1630.17 6315.77 1629.94 6331.51 1629.98 
6340.18 1629.9 6363.04 1629.74 6384.72 1629.57 6386.61 1629.44 6396.67 1628.86 
6398.19 1629 6405.25 1629.35 6418.88 1629.36 6424.03 1629.49 6439.84 1629.48 
6444.11 1629.3 6445.73 1629.35 6466.06 1629.33 6469.69 1629.33 6472.94 1629.32 
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Manning's n Values num= 4 
Sta nVal 

6177.65 
Sta n Val Sta n Val Sta n Val 

.15 9480.83 .068 9967.41 .04510076.89 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9967.4110076.89 450 404.63 380 .1 .3 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

6177.65 6911.28 1628.71 8450 8670 1626 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.150 
450.00 
4734.17 
4734.17 
6095.89 
2846.88 

1.29 
1.66 

66868.9 
2851.75 

0.86 
1.11 

1022.30 
630.34 

Channel Right OB 
0.045 
404.63 380.00 
219.89 
219.89 
1481.11 
63.64 
6.74 
3.46 

16247.0 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta Right Sta 
(ft) (ft) 
6177.65 7125.09 
7125.09 8072.53 
8072.53 9019.97 
9019.97 9967.41 
LB 9967.41 RB 10076.89 

Profile #PF 1 

Flow Area W.P. % Conv. Hydr D. Velocity 
(cfs) (sq ft) (ft) (ft) (ft/S) 

449.32 606.72 739.82 5.93 0.82 0.74 
2472.74 1863.80 947.80 32.63 1.97 1.33 
3074.05 2127.27 951.65 40.57 2.25 1.45 
99.79 136.38 212.47 1.32 0.64 0.73 

1481.11 219.89 65.69 19.55 3.46 6.74 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 3.310 

INPUT 
Description: RM. 3.310. HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA. 6577.1. 
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Station Elevation Data num= 254 
Elev Sta Elev Sta Elev sta Elev Sta Elev 

1625.1 6163.39 1625.02 6222.58 1624.92 6254.16 1624.83 6273.71 1624.88 
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Manning's n Values num= 6 
Sta n Val 

6115.85 
Sta n Val Sta n Val Sta n Val Sta n Val 

.15 7303.1 .1 8571.07 .15 9070.01 .068 9973.23 .045 
10046.39 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9973.2310046.39 380 395.59 410 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

6115.85 6577.1 1625.22 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (it) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq it) 
Area (sq ft) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 

Left OB 
0.118 

380.00 
3960.26 
3960.26 
6231.47 
3022.55 

1.57 
1.31 

61690.3 
3023.64 

0.83 
1.31 

Channel Right OB 
0.045 
395.59 410.00 
193.44 
193.44 
1345.53 
63.14 
6.96 
3.06 

13320.5 
64.24 
1.92 
13.34 

Frctn Loss (ft) 3.81 Cum Volume (acre-ft) 977.39 23.52 67.85 
C & E Loss (it) 0.02 Cum SA (acres) 600.02 10.25 57.19 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(it) (it) (cis) (ss ft) (it) (ft) (ft/s) 
6115.85 7080.20 751.04 826.43 935.92 9.91 0.88 0.91 
7080.20 8044.54 2711.66 1518.49 964.53 35.79 1.57 1.79 
8044.54 9008.89 2543.22 1455.38 952.79 33.56 1.53 1.75 
9008.89 9973.23 225.56 159.96 170.39 2.98 0.94 1.41 
LB 9973.23 RB 10046.39 1345.53 193.44 64.24 17.76 3.06 6.96 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SI- BUTTE 
REACH: SPILLWAY RS: 3.235 

FCD 98-17 Delineation of Spillway. Flows 
For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Page 53 
A-N West, Inc. 

July, 1999 



INPUT 
D e s c r i p t i o n :  RM. 3 .235 .  HORZ. N VALUES USED. AREA BLOCKED OUT, TO RT. OF STA. 10048.52.  

S t a t i o n  El 
S t a  

5901.57 
6029 .98  
6065.64 
6160.44 
6240.13 
6284.14 
6418.67 
6514.73 
6704.02 
6766.65 
6787.78 
6825.23 
6835.39 
6913 .53  
6998.21 

7081 .5  
7155.13 
7236.17 
7395.82 
7454 .96  
7704.32 
7728 .05  
7794 .36  
7886.72 
8005.24 
8086.67 
8190 .21  
8302.42 
8433.92 
8645.27 
8735.19 
8841 .23  
8997.92 
9051.59 
9137 .11  
9325.02 
9373.53 
9516 .32  

9727 .9  
9867.18 
9965 .45  

10003 .15  
10035.08 
10059 .06  
10123.62 
10151 .93  
10180 .06  

10233 .9  
10276.2  

10328 .48  
10351 .22  
10402 .36  

. e v a t i o n  Da ta  n u =  270  
E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

1621 .9  5921 .29  1 6 2 1 . 9 6  5997.74 1621 .34  6015 .78  1621 .24  6023.78 1 6 2 1 . 4 3  
1 6 2 1 . 6  6033 .72  1621.62 6036 .81  1 6 2 1 . 4 3  6057 .18  1 6 2 1 . 2 5  6064.42 1621.14 
1621 .2  6072.28 1 6 2 1 . 6  6084.26 1 6 2 2 . 3 1  6105 .56  1 6 2 1 . 9 3  6118.31 1621 .72  
1 6 2 1 . 3  6198 .56  1620 .86  6205 .85  1 6 2 0 . 8  6229 1620 .58  6232.43 1620 .55  
1620 .7  6250 .7  1620 .99  6253.67 1621.08 6258.59 1621 .04  6264.34 1 6 2 1 . 0 4  

1 6 2 1  6284 .57  1621 .03  6324.09 1 6 2 0 . 9 1  6372.44 1620 .72  6406.78 1620 .8  
1 6 2 1  6423.44 1620 .86  6434.87 1 6 2 1 . 0 7  6451 .63  1621 .52  6460.2  1 6 2 1 . 4 8  

1 6 2 1 . 6  6598 .11  1621 .6  6621.62 1621 .16  6674 .16  1620 .54  6690.71 1 6 2 0 . 3  
1620 .2  6704.17 1 6 2 0 . 2 1  6728 .51  1 6 2 0 . 3 5  6754 .71  1620 .49  6765.55 1620 .32  
1620 .4  6775 .01  1621 .18  6775.09 1621 .18  6775 .15  1621 .18  6776.51 1 6 2 1 . 2 1  
1621 .4  6788.33 1 6 2 1 . 4 1  6788.84 1621 .39  6792 .08  1 6 2 1  6798.28 1 6 1 9 . 7 3  
1619 .8  6825.66 1619 .95  6826.9 1619.92 6830.64 1619 .64  6831.94 1620 .05  
1620.2  6848.24 1 6 2 0 . 6  6871.98 1620 .37  6893 .6  1 6 2 0 . 1 3  6907.02 1 6 2 0 . 1 1  
1 6 2 0 . 1  6940 .25  1619 .53  6959.27 1619 .19  6975 .35  1619 .67  6996.51 1620 .49  
1 6 2 0 . 5  7004 .36  1620 .65  7013.88 1620 .69  7045 .23  1621 .09  7049.32 1621 .14  
1 6 2 0 . 3  7091 .26  1620 .07  7102 .15  1619 .89  7132 .2  1 6 1 9 . 5  7153.56 1619.39 
1619.4  7181.14 1 6 1 9 . 1 1  7191.84 1 6 1 9 . 2  7231 .53  1 6 1 9 . 4 3  7235.48 1 6 1 9 . 4 5  
1619 .5  7339.52 1620 .48  7356 .16  1 6 2 0 . 5  7387.54 1619 .78  7394.55 1 6 1 9 . 6 3  
1 6 1 9 . 6  7402 .51  1620  7406.73 1 6 1 9 . 9 5  7 4 1 2 . 6 1  1619 .93  7454.31 1620 .07  

1620 7461.58 1620.02 7467.4  1620 .16  7521.92 1 6 2 0 . 5 1  7595.3  1620 .38  
1 6 2 1 . 3  7709.22 1621 .28  7710.35 1621 .26  7712 .46  1621.22 7713.94 1621 .19  
1 6 2 0 . 9  7755.04 1620.94 7769 .15  1 6 2 0 . 1 1  7775.52 1620.18 7784.6  1620 .26  
1 6 2 0 . 3  7811.08 1620 .27  7821 .71  1 6 2 0 . 2 3  7845.33 1 6 2 0 . 1 1  7857.06 1 6 2 0 . 1 5  
1620 .2  7927.37 1620.26 7954.02 1 6 2 0 . 5 1  7980.24 1620 .87  7986.96 1620 .84  
1 6 2 0 . 9  8066 .49  1 6 2 1 . 0 1  8070 .12  1 6 2 1 . 0 1  8071.27 1621 .01  8073 .59  1621 .02  
1 6 2 0 . 7  8138.22 1 6 1 9 . 4 8  8150.44 1619 .49  8154.64 1619 .5  8182.27 1 6 1 9 . 5 5  
1 6 1 9 . 5  8212.48 1619 .32  8217 .96  1 6 1 9 . 1 5  8251.52 1 6 1 9 . 4 5  8276.13 1619 .38  
1619 .5  8309 .23  1 6 1 9 . 5 9  8429 .25  1619 .42  8 4 3 2 . 3 1  1619.42 8432 .81  1619 .42  
1619 .4  8438.74 1619 .43  8562.74 1 6 1 9 . 8 3  8590 .46  1 6 2 0 . 3  8639.91 1 6 2 0 . 7 5  
1620 .8  8 6 5 6 . 6 1  1620 .95  8673.22 1 6 2 1 . 6 1  8685.62 1 6 2 1 . 6 5  8731.18 1621 .9  
1621 .9  8757 .56  1 6 2 1 . 2 1  8793 .05  1620 .62  8796 .13  1620 .59  8801.72 1 6 2 0 . 5 6  
1620.4  8876.4  1621 .37  8936 .13  1 6 2 1 . 3 5  8993 .97  1621 .37  8996 .93  1621 .35  
1621 .4  8998.54 1621 .38  9000.21 1621 .38  9002 .11  1621 .38  9049.22 1621 .59  
1 6 2 1 . 6  9057 .13  1621 .72  9061.02 1621 .8  9091.89 1 6 2 2 . 7 5  9109.55 1622 .88  

1623  9147.52 1622 .89  9155.03 1622 .98  9163 .51  1623 .09  9269.31 1624 .08  
1 6 2 4 . 6  9349.84 1625 .07  9349.87 1625 .07  9349.97 1625 .07  9372.56 1 6 2 3 . 9 1  
1623 .9  9384 .46  1624 .48  9387.57 1 6 2 4 . 7 5  9393.22 1624 .74  9508.46 1623 .97  
1 6 2 3 . 9  9528 .31  1623.74 9628.03 1 6 2 2 . 7 9  9661.68 1 6 2 2 . 6  9710.7 1622 .75  
1622 .7  9728.74 1622 .72  9729 .35  1622 .72  9747 .6  1622 .77  9817.83 1622 .73  
1 6 2 2 . 7  9882.34 1622 .75  9887.34 1 6 2 2 . 8 3  9903.85 1623 .12  9951 .2  1624 .19  
1 6 2 4 . 4  9972.67 1624.77 9982.97 1 6 2 1 . 3 6  9990.18 1618 .9910000 .25  1618 .92  
1618 .910005 .35  1618 .8910014 .71  1619.1610017.03 1619.0710030.43 1 6 2 3 . 8 1  
1625 .310038 .45  1625.4110045.59 1625.5310048.52 1625.6210055.12 1624 .38  
1623 .210071 .94  1623.310092.29 1623.3410102.73 1623.3110115.51 1623 .37  

162210129.22 1620.9510142.89 1622.2510143.04 1622.2610143.09 1622 .26  
1622.610157.18 1622.1610159.34 1621.610160.55 1621.410173.88 1622 .03  
1622 .410183 .55  1622.4510185.94 1622.4610215.89 1622 .2210231 .71  1622 .28  
1622.310234.65 1622.2910240.37 1622.3610256.79 1622.5910267.32 1622 .5  
1622.310283.62 1622.5510296.17 1622.710303.18 1622 .8710314 .95  1 6 2 3 . 1 3  
1620 .810329 .96  1620 .56  1 0 3 3 1  1620.710336.97 1621.7510348.87 1 6 2 3 . 1 1  
1623.510359.37 1623.610368.35 1623.5310383.22 1623.4710390.48 1623 .33  
1623 .4  10413 .7  1623.5910419.26 1623 .6410422 .95  1623.710448.87 1624 .46  
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Manning's n Values num= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5901.57 .15 6913.53 .068 7794.36 .12 8685.62 .068 9972.67 .045 
10035.08 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9972.6710035.08 375 388.39 390 .1 .3 

Blocked Obstructions nun= 1 
Sta L Sta R Elev 

10314.9510573.22 1623.13 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (it1 
Crit W.S. (ftl 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB Channel Right OB 
0.068 
390.00 
5.64 
5.64 
5.69 
19.77 
1.01 
0.29 
57.6 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta 
(ft) 
5901.57 
6919.34 
7937.12 
8954.89 
LB 9972.67 
10035.08 

Right Sta 
(it) 
6919.34 
7937.12 
8954.89 
9972.67 
RB 10035.08 
10573.22 

Profile #PF 1 

Flow Area 
(cfs) isq ft) 

559.22 676.95 
4033.16 1520.24 
2443.85 1413.70 
23.12 26.29 
511.96 93.83 
5.69 5.64 

W.P. % Conv. Hydr D. 
(ft) (ft) 

919.69 7.38 0.74 
1017.90 53.23 1.49 
970.60 32.25 1.46 
101.25 0.31 0.26 
43.41 6.76 2.21 
19.91 0.08 0.29 

Velocity 
(ft/s) 
0.83 
2.65 
1.73 
0.88 
5.46 
1.01 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BDTTE 
REACH: SPILLWAY RS: 3.161 
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INPUT 
Description: RM. 3.161. HORZ. N VALUES USED. ARE?+ BLOCKED OUT, AND TO RT. OF STA. 10319.66 

Station Elevation Data nun= 328 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

5468.62 1619.6 5499.49 1618.41 5544.71 1618.19 5577.7 1618.19 5589.85 1618.12 
5626.7 1617.9 5640.03 1617.88 5651.59 1617.98 5654.66 1618.05 5657.05 1618.09 
5657.95 1618.1 5680.26 1618.26 5687.96 1618.32 5706.25 1618.92 5708.7 1618.99 
5712.17 1619 5784.92 1619.05 5788.44 1619.05 5790.06 1619.04 5792.5 1619.03 
5821.05 1618.8 5860.47 1618.55 5862.81 1618.54 5877.55 1618.54 5893.38 1618.49 
5906.76 1618.3 5908.45 1618.37 5961.35 1618.04 5977.01 1617.88 6002.36 1617.75 
6002.78 1617.7 6024.09 1617.41 6024.51 1617.56 6040.49 1617.31 6043.46 1617.29 
6045.89 1617.3 6063.18 1617.73 6066.59 1617.84 6072.44 1618.05 6072.48 1618.05 
6072.5 1618.1 6072.74 1618.05 6118.98 1617.93 6143.42 1618.01 6149.07 1618.03 
6180.18 1618.2 6187.01 1618.29 6198.77 1618.36 6210.74 1618.39 6238.23 1618.51 
6257.53 1618.3 6260.78 1618.29 6264.34 1618.35 6283.67 1618.82 6284.11 1618.8 
6284.81 1618.8 6295.33 1618.24 6302.3 1618.04 6345.19 1618.05 6352.88 1618.05 
6381.78 1618 6396.45 1618 6401.6 1617.63 6406.63 1617.31 6408.51 1617.25 
6411.28 1617.3 6441.23 1617.92 6441.94 1617.98 6442.81 1618.05 6450.49 1618.6 
6490.21 1618.3 6504.34 1618.15 6507.11 1618.11 6510.7 1618.09 6512.7 1618.08 
6605.53 1617.3 6617.99 1617.3 6620.69 1617.38 6626.77 1617.46 6627.94 1617.54 
6645.75 1617.3 6660.73 1617.11 6665.59 1617.43 6668.43 1617.56 6684.6 1617.61 
6698.64 1617.6 6701.61 1617.48 6721.16 1617.38 6722.75 1617.36 6723.1 1617.36 
6724.88 1617.3 6766.64 1617.09 6772.99 1617.03 6806.37 1617.02 6841.54 1616.61 
6844.54 1616.6 6857.21 1616.63 6867.34 1616.77 6875.58 1616.77 6920.64 1616.58 
6946.3 1616.3 6983.79 1616.34 6996.9 1616.11 7002.22 1615.86 7017.2 1616.77 
7022.24 1616.9 7027.82 1616.25 7044.8 1617.37 7057.3 1617.97 7067.11 1617.6 
7106.03 1617.2 7143 1616.88 7199.4 1616.43 7221.37 1616.34 7232.38 1616.34 
7251.34 1616.6 7260.55 1616.5 7307.88 1616.27 7310.6 1616.39 7346.24 1616.9 
7374.77 1617 7417.67 1616.94 7466.34 1616.87 7476.95 1616.6 7570.15 1617.03 
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Manning's n Values nun= 5 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5468.62 .15 6996.9 .068 9297.12 .068 9965.69 .04510044.99 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9965.6910044.99 425 416.26 375 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

10319.6610640.61 1 6 2 0 . 1  

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 

z. n;;2v ( :::, . . 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.074 

425.00 
3120.53 
3120.53 
7015.46 
2731.58 

2.25 
1.14 

73618 .1  
2732 .41  

0.65 
1 .46 

915.17 
549.00 

Channel 
0.045 

416.26 
99.14 
99.14 

508 .71  
46.80 

5 .13 
2 .12 

5338.3  
47.60 

1 .18 
6 . 0 6  

2 1 . 3 5  
9 .38 

Right OB 
0.068 

375.00 
33 .03  
33 .03  
52 .83  
55 .40  

1 . 6 0  
0.60 

554.3  
55.93 

0.33 
0.54 

67.65 
56.76 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 
Left Sta Right Sta 

(ft) (ft) 
5468.62 6592.89 
6592.89 7717.16 
7717.16 8841.42 
8841.42 9965.69 
LB 9965.69 RB 10044 .99  
10044.99 10640 .61  

Profile #PF 1 
Flow Area W.P. B Conv. Hydr D. Velocity 
(cfs) (ss ft) (ft) (ft) (ft/s) 
57.98 146.44 5 3 5 . 5 1  0.77 0.27 0.40 

2881.92 1431.37 1124.45 38.04 1.27 2 . 0 1  
4075.57 1542.72 1072.45 53.79 1.44 2 .64 
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Warning:  D i v i d e d  f l o w  computed f o r  t h i s  c r o s s - s e c t i o n .  
Warning:  The e n e r g y  l o s s  was g r e a t e r  t h a n  1 . 0  f t  ( 0 . 3  m ) .  b e t w e e n  t h e  c u r r e n t  a n d  p r e v i o u s  
c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 3.082 

INPUT 
D e s c r i p t i o n :  RM. 3 .082 .  HORZ. N VALUES USED. AREA BLOCKED OUT TO RT. OF STA.10406.06 

S t a t i o n  E 
S t a  

5881.19 
5940.22 
6028.58 
6157.97 
6215.87 

6286.5  
6397.03 

6453.4 
6551 .73  
6626.49 
6755.87 
6852.85 
6989.08 
7096.05 
7156.54 
7266 .18  
7344 .99  
7379.87 
7472 .83  
7710.64 
7828.17 

7877.2  
7950.57 
7981 .85  
8071.48 

8134.2 
8203.38 
8296.77 
8425 .66  

8511.8  
8607.58 
8626.09 
8673 .09  
8728.07 
8 7 8 3 . 9 1  
8867 .12  
9083.82 
9257 .91  
9407.12 
9496 .83  
9576.93 
9712.04 
9739.47 
9772.32 

: l e v a t i o n  D a t a  num= 300 
E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

1 6 1 5 . 1  5901.68 1615.27 5925 .45  1614 .84  5933 .13  1 6 1 4 . 8 1  5938 .15  1 6 1 4 . 7 9  
1614 .7  5947 .18  1614 .72  5973 .27  1 6 1 4 . 4  5992.34 1 6 1 4 . 6 5  6007.68 1 6 1 4 . 5 5  
1614 .7  6051.16 1614 .47  6067.04 1 6 1 4 . 8 1  6083.52 1 6 1 4 . 6  6111  1 6 1 4 . 2 5  
1613 .4  6158.47 1 6 1 3 . 5 3  6158 .93  1613 .78  6182.26 1613 .77  6190 .95  1 6 1 3 . 7 1  
1613 .8  6224 .05  1613 .88  6235.3  1 6 1 3 . 9 3  6251 .26  1 6 1 3 . 5 6  6281.68 1613 .98  
1614 .4  6302.82 1614 .45  6322.74 1614 .32  6375.44 1 6 1 4 . 1 1  6392.62 1613 .52  
1613 .4  6405.8  1613.57 6409 1 6 1 3 . 6  6431 .23  1613 .87  6440.74 1613 .94  
1 6 1 4 . 1  6462.58 1614 .29  6484 .49  1613.89 6513.99 1 6 1 3 . 6 5  6535.74 1 6 1 3 . 4 5  
1'613.6 6562.46 1613 .52  6571 .21  1613 .54  6593 .96  1 6 1 3 . 4  6616.47 1 6 1 3 . 3 3  
1 6 1 3 . 5  6627.66 1 6 1 3 . 3 1  6635 .15  1613 .27  6636.02 1 6 1 3 . 2 6  6755.64 1612 .44  
1612 .4  6762.74 1612.56 6786.4 1 6 1 3 . 1 5  6844 .15  1 6 1 3 . 0 1  6847.94 1613 .07  
1 6 1 3 . 3  6881.8  1613 .15  6891 .45  1 6 1 3 . 1 5  6898 .36  1612 .88  6980 .5  1 6 1 2 . 1 1  
1 6 1 2 . 1  6994.7  1612.03 7056  1611 .89  7075.62 1611 .82  7092.2  1612 .38  
1 6 1 2 . 6  7097.77 1612.46 7106 .66  1 6 1 2 . 5 5  7140 .79  1612 .38  7149 .86  1 6 1 2 . 4  
1612 .4  7217.22 1612.52 7219.04 1612 .46  7234.77 1612 .29  7254 .76  1 6 1 2 . 1 2  

1612 7282.14 1611.74 7295 .65  1611 .68  7308.84 1 6 1 2 . 0 1  7319.52 1 6 1 2 . 3 1  
1 6 1 2 . 1  7350.28 1612 .08  7358 .15  1612 .18  7370.58 1 6 1 2 . 2 5  7375 .49  1610 .67  
1 6 0 8 . 3  7391.26 1612.07 7393.2  1 6 1 2 . 8 3  7396 .27  1612 .79  7407.64 1612 .68  
1612 .2  7494 .71  1612 .35  7528 .1  1612 .47  7592.37 1612 .34  7639.17 1 6 1 1 . 9 6  

1612 7711 .83  1612 .03  7728.34 1612 .12  7814 .83  1 6 1 3 . 5 6  7822 .01  1 6 1 3 . 6 9  
1613 .7  7 8 3 5 . 1  1611 .9  7835.37 1611 .77  7844 .45  1612 .22  7 8 5 3 . 0 1  1612 .18  
1 6 1 1 . 8  7883.97 1611 .86  7907.07 1 6 1 2 . 1 5  7919.92 1611 .78  7936 .05  1611 .28  
1 6 1 1 . 1  7957.4  1610 .86  7966 .92  1610 .04  7 9 8 1 . 3  1610 .7  7981 .65  1 6 1 0 . 7 1  
1610 .7  7983 .63  1610.73 8017 .25  1 6 1 1 . 0 1  8023.64 1610 .99  8046 .19  1 6 1 0 . 8 6  
1610 .7  8079.67 1610 .69  8094 .18  1 6 1 0 . 6 6  8101 .63  1610 .58  8109 .36  1610 .62  
1 6 1 1 . 3  8161 .29  1611 .8  8 1 6 6 . 6 1  1611 .38  8179.87 1 6 1 0 . 2 6  8192 .19  1 6 1 0 . 7 5  
1 6 1 1 . 5  8203 .61  1611 .55  8203 .87  1 6 1 1 . 5 5  8246 .32  1611 .98  8268.64 1 6 1 2 . 3 9  
1 6 1 2 . 9  8305 .39  1 6 1 3 . 1  8310 .52  1613 .12  8348 .83  1 6 1 3 . 1 3  8380 .06  1 6 1 3 . 5  

1614 8429.27 1 6 1 3 . 9 8  8434 .67  1 6 1 3 . 9 9  8492.88 1 6 1 3 . 8 3  8507.27 1613 .79  
1613 .8  8 5 1 1 . 9 1  1613 .75  8515.59 1613 .69  8525 .36  1 6 1 3 . 8 1  8586 .75  1614 .39  
1 6 1 4 . 3  8614.4  1614.34 8619 .06  1614 .35  8624.18 1614 .39  8625 .85  1 6 1 4 . 4  
1614 .4  8626.78 1614.4  8629 .05  1614 .4  8 6 3 1 . 6 1  1 6 1 4 . 4 1  8660 .33  1 6 1 4 . 6 3  
1614 .7  8679.77 1614 .85  8 6 8 1 . 5  1 6 1 4 . 8 1  8 6 9 4 . 2 1  1 6 1 4 . 6 6  8710 .45  1 6 1 5 . 1 5  
1615 .4  8731.26 1615 .46  8731 .77  1615 .47  8732 .52  1615 .48  8733 .76  1615 .52  
1 6 1 5 . 5  8787 .85  1615.54 8 7 9 1 . 3 1  1 6 1 5 . 5  8796 .16  1615 .47  8805 .86  1 6 1 5 . 5  
1615 .7  8907 .23  1615 .7  8988 .4  1615 .86  9011.58 1615 .96  9026 .77  1 6 1 6 . 0 4  
1616 .2  9146 .3  1 6 1 6 . 6 8  9152.27 1616 .67  9170 .93  1616 .7  9196.92 1 6 1 6 . 6 7  
1616 .4  9264.83 1 6 1 6 . 3  9353.47 1 6 1 4 . 7 5  9379 .01  1 6 1 4 . 6  9391.58 1614 .54  
1614 .4  9422.2 1 6 1 4 . 4 6  9436.54 1614 .57  9442.84 1 6 1 4 . 4 3  9445.34 1 6 1 4 . 6 1  
1614.9  9519.83 1614 .97  9534 .35  1 6 1 5 . 0 1  9554.28 1615.22 9562.94 1 6 1 5 . 2 2  
1615 .5  9618.22 1616.07 9 6 2 5 . 7 9  1616 .08  9634.9  1 6 1 6 . 1 6  9647.47 1 6 1 6 . 0 8  

1 6 1 6  9720.67 1615 .96  9736 .26  1615 .97  9737.28 1615.97 9738.48 1615 .98  
1 6 1 6  9744 .42  1616.02 9748.04 1 6 1 6 . 0 5  9759.13 1616 .13  9765.97 1616 .14  

1616 .2  9774.03 1616.24 9782.42 1 6 1 6 . 1 3  9783.57 1616 .11  9785.29 1616 .07  
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Manning's n Values num= 6 
Sta n Val Sta n Val Sta nVal Sta n Val Sta n Val 

5881.19 .15 7396.27 .068 7907.07 .12 9791.08 .068 9945.94 .045 
10050.71 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9945.9410050.71 370  403.32 390 .1 . 3  

Blocked Obstructions num= 1 
Sta L Sta R Elev 

10406.0610503.52 1615.7 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (it) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (it) 
vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (it) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C 6 E Loss (ft) 

Profile #PF 1 

1614.27 Element 
0.06 Wt. n-Val. 

1614.20 Reach Len. (ft) 
1612 .91  Flow Area (sq ft) 

0.009597 Area (sq ft) 
7577.00 Flow (cfs) 
2433.76 TopWidth (ft) 

1.97 Avg. Vel. (ft/s) 
5.90 Hydr. Depth (ft) 

77342.8 Conv. (cfs) 
371.08 Wetted Per. (ft) 

1612.65 Shear (lb/sq ft) 
1.03 Stream Power (lb/ft s) 
3 . 5 1  Cum Volume (acre-it) 
0.00 Cum SA (acres) 

Left OB 
0.107 

370.00 
3787.15 
3787.15 
7405.58 
2376.73 

1 .96  
1 .59 

75593.0  
2379.06 

0.95 
1.87 

881.47 
524.08 

Channel Right OB 
0.045 0.068 

403.32 390.00 
38.73 16.79 
38.73 16.79 

145.16 26.27 
30 .31  26.73 

3.75 1 .56 
1 .28 0.63 

1481 .7  268 .1  
31.07 26.86 

0.75 0.37 
2.80 0.59 

20.70 67.43 
9.01 56 .41  

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
5881.19 6897.38 429.33 537.03 707.28 5.67 0 .76 0.80 
6897.38 7913.57 4564.93 1968.29 1018 .13  60.25 1 .94 2.32 
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Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTT= 
XACX: SPILLliY ; 3 . O G 6  

INPUT 
Description: RM. 3.006. HORZ. N VALUES USED. HYDRAULIC BASELINE CROSSES NEAR UNIVERSITY DR. 
AREA BLOCKED OUT TO LT. OF STA.6706.65 

Station Elevation Data nun= 307 
Sta Elev Sta Elev Sta Elev Sta Elev Sta 

5622.28 1612.1 5624.12 1612.11 5626.1 1612.08 5639.1 1612.09 5669.38 
5669.44 1611.9 5669.47 1611.87 5669.48 1611.87 5700.86 1611.88 5706.36 
5710.94 1611.87 5722.79 1611.76 5779.55 1611.1 5795.49 1611.04 5806.25 
5850.72 1610.83 5909.28 1610.66 5943.75 1610.65 5990.95 1610.49 6029.17 
6031.99 1610.18 6032.07 1610.19 6036.82 1610.62 6079.15 1610.53 6086.59 
6089.95 1610.54 6101.05 1610.61 6103.22 1610.6 6105.51 1610.62 6134.3 
6137.74 1610.66 6140.71 1610.68 6184.39 1611.25 6205 1611.66 6226.06 
6245.17 1611.36 6252.91 1611.23 6266.24 1611.09 6266.82 1610.94 6295.76 
6299.4 1610.86 6300.53 1610.97 6307.64 1611.03 6310.82 1611.14 6319.22 
6325.65 1611.5 6328.51 1611.46 6331.06 1611.28 6332.74 1611.26 6381.81 
6388.86 1610.48 6392.29 1610.47 6394.04 1610.45 6398.81 1610.41 6415.8 
6494.6 1609.85 6505.59 1609.93 6516.4 1609.45 6516.47 1609.45 6521.03 
6521.55 1611.45 6546.46 1611.02 6589.03 1610.03 6594.25 1610.06 6610.78 
6624.58 1610.51 6628.65 1610.47 6686.38 1610.82 6706.65 1610.85 6741.37 
6753.92 1610.08 6813.69 1609.27 6827.19 1609.31 6840.89 1609.54 6854.56 
6868.45 1609.77 6938.31 1608.79 6977.61 1607.52 6980.39 1607.43 6999.4 
6999.95 1606.86 7001.28 1607.12 7007.97 1608.42 7080.62 1608.29 7097.49 
7105.84 1608.17 7112.88 1608.26 7114.32 1608.27 7118.83 1608.4 7128.82 
7160.15 1609.49 7163.89 1609.61 7184.2 1609.61 7207.35 1609.74 7240.85 
7277.44 1609.28 7307.06 1608.6 7338.01 1608.35 7354.7 1609.83 7358.4 
7360.15 1610.32 7365.62 1610.37 7400.16 1610.69 7417.47 1609.97 7422.23 
7438.37 1609.3 7445.47 1608.84 7457.97 1608.57 7474.98 1608.15 7476.81 
7495.34 1608.31 7525.74 1608.65 7570.3 1609.09 7576.56 1609.13 7580.13 
7589.78 1609.11 7605.87 1609.02 7606.48 1609.08 7663.37 1608.48 7690.06 
7705.49 1607.57 7761.27 1607.14 7815.71 1607.24 7828.55 1607.34 7850.86 
7947.51 1608.49 7978.72 1608.77 8025.9 1609.29 8067.4 1609.72 8115.53 
8119.41 1610.12 8148.29 1609.67 8153.79 1609.57 8160.4 1609.54 8174.56 
8189.21 1609.6 8193.98 1609.94 8209.76 1610.38 8212.25 1610.47 8218.03 
8220.32 1610.4 8254.84 1610.27 8289.88 1610.39 8320.06 1610.36 8326.94 
8333.24 1610.28 8335 1610.2 8354.75 1609.84 8368.18 1609.94 8398.42 
8402.07 1610.81 8409.36 1610.76 8414.03 1610.74 8430.86 1610.56 8434.84 
8468.41 1610.79 8527.66 1611.34 8542.04 1611.46 8549.07 1611.52 8553.33 
8573.02 1611.81 8603.1 1611.98 8623.14 1612.14 8630.1 1612.12 8666.88 
8702.31 1611.72 8742.92 1611.48 8775.64 1611.3 8790.61 1611.33 8807.61 
8832.38 1611.48 8878.32 1611.71 8908.87 1611.83 8915.93 1611.81 8931.4 
8945.7 1610.76 8960.9 1610.76 8968.55 1610.78 8985.3 1610.76 8998.21 
9007.25 1610.81 9022.16 1610.88 9044.48 1610.96 9051.69 1611.31 9065.93 
9116.69 1611.37 9119.88 1611.28 9122.11 1611.23 9124.18 1611.18 9149.01 
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Elev 
1611.87 
1611.9 
1611 

1610.2 
1610.5 
1610.7 
1611.5 
1610.8 
1611.6 
1610.5 
1610.3 
1611.2 
1610.4 
1610.3 
1609.5 
1606.8 
1608.2 
1608.6 
1609.6 
1610.2 
1609.8 
1608.1 
1609.1 
1607.9 
1607.5 
1610.1 
1609.5 
1610.4 
1610.4 
1610.7 
1610.6 
1611.5 
1612 

1611.4 
1611.2 
1610.8 
1611.5 
1611 
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Manning's n Values nun= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5622.28 .068 6101.05 .15 6854.56 .068 7761.27 .1 9930.46 .045 
10067.73 .1 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9930.4610067.73 300 382.27 400 .1 .3 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (it) 
Min Ch El lft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Profile #PF 

1610.75 
0.10 

1610.65 

0.009240 
7577.00 
2283.61 

2.55 
3.85 

78826.2 
304.72 
1609.39 

1.01 
2.61 
0.00 

Element 
Wt. n-Val. 
Reach Len. (ft) 
 low Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.077 
300.00 
2865.27 
2865.27 
7247.14 
2181.66 

2.53 
1.31 

75394.5 
2182.55 

0.76 
1.92 

853.22 
504.72 

Channel Right OB 
0.045 
382.27 400.00 
103.18 
103.18 
329.86 
101.96 
3.20 
1.01 

3431.6 
102.07 
0.58 
1.86 
20.04 67.36 
8.40 56.29 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. B Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
5622.28 6699.32 64.31 123.43 420.78 0.85 0.29 0.52 
6699.32 7776.37 5610.08 1845.08 1052.44 74.04 1.75 3.04 
7776.37 8853.42 1565.42 882.41 641.69 20.66 1.38 1.77 
8853.42 9930.46 7.33 14.35 67.64 0.10 0.21 0.51 
LB 9930.46 RB 10067.73 329.86 103.18 102.07 4.35 1.01 3.20 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUlWZ 
REACH: SPILLWAY RS: 2.933 

INPUT 
Description: RM. 2.933. HORZ. N VALUES USED. AREA TO LT. OF STA. 6631.42 BLOCKED OUT DUE TO 
RIDGE . 
Station Elevation Data nun= 328 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
5354.28 1609 5361.54 1609.19 5365.08 1609.25 5366.6 1609.34 5370.2 1609.45 

A-N West. Inc. 
JuIv, 1999 
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Mannina's n Values nun= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5354.28 .068 7409.14 .15 8061.9 .1 9611.07 .068 9979.04 ,045 
10027.77 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9979.0410027.77 360 404.67 390 .1 .3 

CROSS SECTION OUTPUT Profile #PF I 

E.G. Elev (ft) 1608.14 
Vel Head (ft) 0.09 
W.S. Elev (ft) 1608.05 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 0.008076 
Q Total (cfs) 7577.00 
Top Width (ft) 2493.36 
Vel Total (ft/s) 2.14 
Max Chl Dpth (ft) 3.95 
Conv. Total (cfs) 84314.0 
Length Wtd. (ft) 363.37 
Min Ch El (ft) 1604.70 
Alpha 1.25 

FCD 98-17 Delineation of Spillway Flows 
For Sign. Bule Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
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Left OB 
0.090 
360.00 
3441.69 
3441.69 
7037.68 
2445.48 

2.04 
1.41 

78312.6 
2447.43 

0.71 
1.45 

Channel Riqht OB 

A-N West, Inc. 
July, 1999 



Frctn Loss (ft) 
C & E Loss (ft) 

3.38 Cum Volume (acre-ft) 831.50 19.12 67.36 
0.01 CumSA (acres) 488.79 7.74 56.29 0 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
5354.28 6510.47 257.92 188.08 297.75 3.40 0.63 1.37 
6510.47 7666.66 5885.96 2380.58 1156.88 77.68 2.06 2.47 
7666.66 8822.85 726.20 691.67 587.38 9.58 1.18 1.05 
8822.85 9979.04 167.60 181.36 405.42 2.21 0.45 0.92 
LB 9979.04 RB 10027.77 539.32 107.23 48.59 7.12 2.24 5.03 

Warning: Divided flow computed for this, cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
RERCH: SPILLWAY RS: 2.857 

INPUT 
Description: RM.2.857. HORZ. N VALUES USED. AREA TO LT. OF STA. 5571.95. 

Station Elevation Data n m =  329 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

5248.42 1604.1 5269.19 1604.52 5274.82 1604.54 5303.67 1604.59 5346.54 1604.71 
5403.29 1604.8 5442.77 1604.85 5467.1 1604.97 5581.95 1605.15 5591.59 1605.11 
5711.63 1604.5 5725.14 1604.27 5726.98 1604.41 5738.68 1603.43 5744.58 1602.88 
5754.99 1604.2 5757.68 1604.58 5781.74 1604.4 5833.2 1604.23 5858.05 1605.06 
5868.22 1605.3 5875.77 1605.3 5899.6 1604.86 5907.68 1604.74 5910.38 1604.63 
5924.23 1604.3 5926.35 1604.28 5948.87 1604.86 5952.25 1604.97 5953.59 1605.04 
5974.99 1605.1 6013.21 1604.91 6026.28 1604.85 6029.33 1604.86 6035.25 1604.86 
6056.1 1604.1 6060.22 1604.13 6071.93 1604.2 6108.27 1604.71 6138.69 1604.61 
6153.45 1605.6 6176.67 1606.65 6188.6 1606.7 6206.82 1606.62 6240.47 1606.47 
6261.24 1606.3 6272.76 1605.46 6282.36 1604.75 6305.86 1606.08 6306.34 1606.11 
6306.93 1606.1 6307.74 1606.18 6325.35 1607.14 6342.38 1606.72 6350.28 1606.73 
6379.68 1606.1 6401.88 1605.86 6437.98 1605.49 6451.92 1605.5 6470.86 1605.55 
6558.03 1605.2 6613.39 1603.97 6672.57 1602.93 6676.6 1603.15 6705.97 1602.91 
6729.66 1603 6753.91 1603.17 6766.61 1603.74 6768.51 1603.86 6776.76 1603.28 
6780.7 1603 6781.76 1602.96 6794.1 1602.99 6833.87 1604.07 6864.88 1604.79 
6869.08 1604.8 6888.22 1604.27 6911.22 1603.16 6911.36 1603.16 6931.64 1603.08 
6939.76 1603 6946.99 1603.03 6951.02 1603.07 6980.16 1603.09 6987.12 1603.11 
6995.15 1603 7026.82 1602.92 7031.96 1603.38 7042.03 1603.4 7047.56 1602.38 
7055.65 1600.7 7069.43 1603.37 7069.45 1603.37 7069.46 1603.37 7069.46 1603.4 
7094.86 1603.2 7100.03 1603.23 7101.18 1602.97 7106.2 1602.3 7118.56 1602.1 
7122.13 1602.16 7125.29 1602.07 7129.08 1602.03 7133.45 1602.09 7169.72 1602.8 
7195.67 1602.72 7200.93 1602.6 7231.17 1602.36 7234.38 1602.36 7240.04 1602.4 
7315.25 1602.61 7316.48 1602.6 7338.11 1602.42 7389.24 1601.97 7392.3 1602 
7395.9 1601.93 7430.36 1601.45 7430.99 1601.44 7431.08 1601.44 7431.14 1601.4 
7431.16 1601.44 7431.23 1601.44 7431.64 1601.44 7501.1 1602.12 7509.95 1602.1 
7517.62 1601.85 7538.8 1601.74 7560.18 1602.32 7595.16 1602.64 7612.54 1602.7 
7628.25 1602.75 7633.5 1602.75 7665.31 1602.58 7679.69 1602.24 7701.61 1602.1 

FCD 9817 Delineation of Spillway Flows 
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Manning's n Values nun= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5248.42 .068 7122.13 .15 8544.26 .1 9303.81 .068 9946.06 .045 
10046.72 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9946.0610046.72 320 336.06 320 .1 .3 

Blocked Obstructions nun= 1 
Sta L Sta R Elev 

5248.42 5571.95 1605.15 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1604.75 Element Left OB Channel Right OB 
Vel Head (ft) 0.06 Wt. n-Val. 0.113 0.045 0.068 
W.S. Elev (ft) 1604.69 Reach Len. (ft) 320.00 336.06 320.00 

FCD 98-17 Delineation of Spillway Flows * For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 
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C r i t  W.S. ( f t )  
E.G. S l o p e  ( f t / f t )  
Q T o t a l  ( c i s )  
Top W i d t h  ( f t )  
V e l  T o t a l  ( f t / s )  
Max C h l  Dpth (it) 
Conv. T o t a l  ( c f s )  
L e n g t h  W t d .  ( f t )  
Min Ch E l  (it) 
A l p h a  
F r c t n  Loss  ( f t )  
C & E LOSS ( f t )  

Flow A r e a  (sq f t )  
A r e a  (sq f t )  
Flow (c i s )  
Top Wid th  ( f t )  
Avg. V e l .  ( f t / s )  
Hydr.  Dep th  ( f t )  
Conv. ( c f s )  
W e t t e d  P e r .  ( f t )  
S h e a r  ( lb/sq f t )  
S t r e a m  Power ( l b / f t  s )  
Cum Volume ( a c r e - f t )  
Cum SA ( a c r e s )  

Warning: D i v i d e d  f l o w  computed f o r  t h i s  c r o s s - s e c t i o n .  
Warning: The e n e r g y  l o s s  was g r e a t e r  t h a n  1 . 0  f t  ( 0 . 3  m ) .  b e t w e e n  t h e  c u r r e n t  a n d  p r e v i o u s  
c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  for  a d d i t i o n a l  c r o s s  s e c t i o n s .  

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  
( f t )  
5248.42 
6422 .83  
7597.24 
8771 .65  
LB 9946.06 
10046 .72  

R i g h t  S t a  
( f t )  
6422 .83  
7597.24 
8771 .65  
9946.06 
RB 10046 .72  
1 0 4 6 7 . 7 5  

Flow 
(cis)  

101.09 
4199.74 
1558 .42  
1082 .06  

537 .75  
97.94 

A r e a  W.P. 
(84 f t )  ( f t )  

9 6 . 2 0  2 9 7 . 8 8  
1905 .04  1004 .47  
1 3 1 0 . 6 3  1 1 1 2 . 5 5  

770.30 1 1 4 3 . 3 3  
131 .00  1 0 1 . 1 3  

79 .69  202 .17  

% Conv. Hydr D. 
( f t )  

1 . 3 3  0 .32 
5 5 . 4 3  1 .90  
2 0 . 5 7  1 .18  
1 4 . 2 8  0 .67 

7 . 1 0  1 . 3 0  
1 . 2 9  0 .39  

V e l o c i t y  
( f t / S )  

1 . 0 5  
2 . 2 0  
1 . 1 9  
1 . 4 0  
4 . 1 0  
1 . 2 3  

Warning:  Divided f l o w  computed f o r  t h i s  c r o s s - s e c t i o n .  
Warning:  The e n e r g y  l o s s  was  g r e a t e r  t h a n  1 . 0  f t  ( 0 . 3  m ) .  b e t w e e n  t h e  c u r r e n t  a n d  p r e v i o u s  
cross s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

CROSS SECTION RIVER: SIONAL BUTTE 
REACH: SPILLWAY RS: 2.793 

INPUT 
D e s c r i p t i o n :  RM.2.793. HORZ. N VALUES USED. AREA TO LT. OF STA. 5 3 5 0 . 4 1  BLOCKED OUT DUE TO 
RIDGE . 
S t a t i o n  E l e v a t i o n  D a t a  num= 374 

S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  
5011.3  1 6 0 1  5109 .26  1601 .42  5127.7  1601 .4  5163.69 1601.18 5231 .86  1601 .14  

5245.82 1 6 0 1 . 3  5 2 7 2 . 6 5  1601 .06  5287 .85  1 6 0 0 . 9 1  5 2 9 8 . 8 6  1601.18 5327 .97  1602 .21  
5336.56 1602 .4  5346 .48  1602 .67  5347.89 1602.68 5350.41 1602 .69  5419 .33  1602 .19  
5470 .98  1 6 0 2 . 1  5490 .08  1602 .07  5508 .23  1601 .56  5554.34 1601 .26  5 5 5 6 . 8 3  1 6 0 1 . 3 3  
5570 .91  1 6 0 1 . 6  5591 .56  1601 .89  5635.46 1602 .02  5712 .13  1 6 0 1 . 9 8  5808 .89  1601 .54  
5842.62 1601 .7  5 8 5 5 . 4 9  1 6 0 1 . 7 6  5879.6  1601 .82  5923 .63  1602 .17  5953 .29  1602 .07  
5995.67 1601 .9  6058 .58  1601 .48  6067.29 1601 .46  6072 .69  1601 .52  6093.55 1 6 0 1 . 6 9  
6113.32 1 6 0 1 . 6  6117 .78  1 6 0 1 . 6  6121.35 1 6 0 1 . 6 5  6149 .35  1601 .84  6153 .77  1601 .87  
6177 .05  1 6 0 2 . 1  6196.42 1602 .27  6209.12 1602 .28  6228.94 1602 .56  6279 .99  1 6 0 2 . 5 6  
6288.86 1 6 0 2 . 6  6290.82 1602.56 6292.03 1602.56 6308 .41  1602 .85  6311.57 1602 .92  
6348.87 1 6 0 3 . 1  6390 .69  1603 .07  6395.99 1603 .07  6409 .3  1603 .07  6410 .45  1 6 0 3 . 0 1  
6412.56 1 6 0 3  6418 .43  1603  6423.77 1602 .96  6 4 3 0 . 3  1602.96 6 4 3 4 . 1  1602 .96  
6436 .83  1 6 0 3  6441 .26  1 6 0 2 . 9 3  6442.26 1 6 0 2 . 9 3  6445 .16  1 6 0 3  6470 .5  1 6 0 3 . 1  
6540.65 1603.4  6553.14 1603.34 6564.23 1603.2  6571.99 1603.24 6588.24 1603 .09  
6589 .61  1 6 0 3 . 1  6600 .9  1602 .58  6610.16 1 6 0 2 . 3 3  6615 .01  1602 .48  6638 .25  1602.98 
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9072.16 1600.5 9085.66 1600.53 9100.28 1600.66 9100.33 1600.66 9100.39 1600.66 
9100.41 1600.7 9109.37 1600.85 9130.24 1601.01 9141.47 1601.07 9153.11 1600.9 
9156.91 1600.9 9208 1601.63 9230.24 1601.65 9236.15 1602.32 9238.4 1602.37 
9242.93 1602.3 9245.1 1602.14 9248.5 1602.19 9259.21 1602.2 9286.46 1602.18 
9304.14 1602.2 9312.93 1602.29 9315.41 1602.31 9345.64 1601.99 9348.15 1601.96 
9350.27 1601.9 9351.33 1601.77 9356.33 1601.33 9365.17 1601.09 9372.91 1600.88 
9378.66 1600.9 9388.71 1600.88 9394.6 1600.94 9403.61 1600.7 9406.3 1600.32 
9414.85 1600.4 9426.7 1600.55 9449.92 1600.63 9458.15 1600.66 9463.5 1600.61 
9475.15 1600.5 9481.36 1600.99 9486.88 1601.18 9493.87 1601.37 9505.53 1601.21 
9529.94 1600.5 9542.97 1600.48 9546.3 1600.54 9548.5 1600.54 9567.45 1600.69 
9583.14 1600.7 9608.39 1600.87 9635.88 1600.68 9651 1600.63 9657.1 1600.67 
9680.27 1600.6 9690.41 1600.57 9700.73 1600.54 9714.58 1600.35 9723.52 1600.29 
9726.03 1600.3 9733.8 1600.27 9775.6 1600.45 9795.55 1600.62 9808.4 1600.91 
9814.53 1601 9817.04 1601.16 9824.29 1601.06 9828.4 1601.02 9835.T6 1601.01 

9853 1601.2 9869.04 1601.23 9883.28 1601.46 9887.33 1601.51 9889.69 1601.5 
9897.28 1601.5 9906.04 1601.36 9921.81 1601.15 9925.03 1600.85 9929.83 1600.01 
9940.3 1599.8 9948.53 1599.55 9956.16 1599.35 9963.23 1599.15 9965.88 1599.11 
9967.54 1599.1 9969.18 1599.06 9971.62 1599.27 9988.94 1599.0510009.57 1598.87 
10023.77 1598.910024.51 1598.8710024.74 1598.8710025.15 1598.9110025.81 1598.92 
10037.29 159910039.61 1599.1710041.91 1599.4710062.81 1601.0310070.68 1601.59 
10078.93 1601.4 10101.3 1600.8610105.49 1600.7210110.42 1600.6510116.13 1600.91 
10124.34 1601.310147.02 1601.2910153.71 1601.3 10155.7 1601.9210157.84 1602.46 
10159.07 1600.810162.38 1598.1110165.15 1598.1110166.51 1598.8110171.03 1601.56 
10173.2 1601.210175.01 1601.410178.13 1601.310179.08 1601.510184.09 1601.05 
10185 1600.710235.54 1601.1310241.41 1601.1710307.41 1600.9710310.49 1600.96 

10315.77 160110315.98 1601.02 10316.2 1601.0110316.53 1601.0210317.75 1601.04 
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Manning's n Values num= 5 
sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5011.3 .068 5591.56 .15 8882.19 .1 9948.53 .04510041.91 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9948.5310041.91 380  384 440 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

5011.3  5350 .41  1602.69 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. ( ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.139 

380.00 
4715.19 
4715.19 
5756.26 
3430.24 

Channel 
0.045 

384.00 
253.72 
253.72 

1396.15 
93.38 

Right OB 
0.068 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4.  This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1 .0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta 
(ft) 
5011.30 
6245.61 
7479.92 
8714.22 
LB 9948.53 
10041.91 

Right Sta 
(ft) 
6245.61 
7479.92 
8714.22 
9948.53 
RB 10041.91 
10464.22 

Profile #PF 1 

Flow Area 
(cfs) (sq ft) 
29.42 60.38 

2093.49 1542.67 
2093.46 1879.45 
1539.90 1232.68 
1396.15 253.72 

424.59 283 .31  

W.P. % Conv. 
(ft) 

328.05 0 .39 
753.41 27.63 

1234.34 27.63 
1114.92 20.32 

93.43 18.43 
3 9 6 . 4 1  5.60 

Hydr D. Velocity 
(ft) (ft/s) 
0.18 0.49 
2 .05 1 .36 
1 .52 1.11 
1.11 1.25 
2.72 5.50 
0.72 1 .50 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4.  This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1 .0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.720 

INPUT 
D e s c r i p t i o n :  RM.2.720. HORZ. N VALUES USED. AREA BLOCKED OUT TO RT. OF STA. 10434.6 DUE TO 
RIDGE. 

S t a t i o n  El 
S t a  

Levation Data num= 457 
E l e v  S t a  E l e v  S t a  E lev  S t a  E lev  S t a  Elev  
1598 4948.42 1598.54 4955.14 1598.61 5036.32 1598.18 5068.25 1597.96 
1598 5126.14 1597.38 5189.65 1597.04 5223.8 1596.74 5231.69 1596.86 

1597.3 5254.34 1597.31 5254.86 1597.36 5264.23 1598.05 5274.24 1596.78 
1596.3 5288.21 1599.11 5293.83 1600.64 5299.08 1599.98 5307.48 1599.33 
1598.5 5327.64 1598.53 5419.86 1598.16 5435.59 1598.13 5443.07 1598.16 

1598 5453.73 1597.98 5477.47 1598.21 5497.73 1598.51 5534.46 1598.66 
1598.5 5547.78 1597.6 5552.96 1597.56 5555.86 1597.51 5596.66 1597.33 
1597.2 5653.42 1597.33 5674.09 1597.48 5732.1 1597.78 5765.17 1597.68 
1597.4 5876.03 1597.57 5878.6 1597.6 5879.37 1597.6 5880.71 1597.62 
1597.7 5942.58 1598.32 5949.82 1597.74 5957.21 1597.45 5975.37 1597.09 
1597.6 5979.75 1597.57 5989.3 1598.17 5989.63 1598.22 5992.96 1598.49 
1598.5 6027.71 1598.5 6042.23 1598.19 6053.66 1598.35 6088.55 1598.28 
1598.5 6115.62 1598.81 6150.65 1597.78 6170.19 1597.33 6174.07 1597.24 
1597.3 6204.98 1597.84 6208.63 1597.89 6221.83 1597.66 6240.3 1597.71 
1597.7 6252.91 1597.46 6257.1 1597.53 6280.84 1597.56 6338.27 1598.04 
1597.9 6362.83 1597.71 6372.62 1597.7 6418.88 1597.07 6457.82 1596.9 
1596.6 6500.83 1596.5 6512.79 1596.55 6521.28 1596.49 6571.1 1595.91 
1595.7 6594.34 1595.74 6596.61 1595.72 6610.97 1595.68 6632.54 1595.87 

1596 6682.45 1595.97 6701.75 1595.97 6724.33 1596.12 6725 1596.12 
1596.1 6726.67 1596.12 6773.39 1596.88 6787.57 1597.24 6822.48 1597.76 
1597.8 6839.29 1597.77 6858.72 1597.9 6865.4 1597 6869.01 1596.9 
1596.7 6875.12 1596.8 6886.18 1596.9 6896.89 1596.96 6924.18 1597.3 
1597.8 6942.63 1598.16 6943.33 1598.13 6949.54 1598.07 6964.66 1597.69 
1597.6 6997.68 1597.69 7023.16 1597.87 7024.81 1597.86 7074.13 1597.9 
1597.9 7075.85 1597.92 7081.31 1597.9 7086.55 1597.6 7091.17 1597.29 
1596.6 7102.32 1596.56 7110.54 1596.08 7115.65 1595.74 7126.71 1596.1 
1596.3 7143.87 1596.3 7149.93 1596.3 7165.09 1596.51 7218.21 1596.54 
1596.2 7236.15 1596.43 7240.47 1596.28 7248.36 1594.92 7251.79 1595.22 
1595.2 7252.59 1595.15 7256.65 1595.2 7261.92 1595.15 7266.99 1595.17 
1595.2 7286.7 1595.29 7316.36 1595.82 7327.04 1595.97 7333.53 1595.74 
1595.7 7370.95 1595.82 7388.58 1595.87 7411.6 1595.91 7430.82 1595.9 
1596.3 7499.52 1595.9 7520.46 1595.93 7545.41 1595.84 7546.86 1595.85 
1595.8 7574.22 1595.97 7600.6 1596.01 7610.8 1596.04 7630.57 1595.91 
1595.8 7673.95 1595.66 7687.16 1595.61 7706.05 1595.62 7728.35 1595.4 
1595.5 7760.23 1595.88 7765.9 1596 7781.44 1596.03 7810.73 1596.02 
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Manning's n Values n u =  6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4895.17 .068 6150.65 .15 8668.69 .1 9655.59 .068 9981.01 .045 
10056.67 .068 

Bank Sta: Left Right Lengths: Left Channel Right Cceff Contr. Expan. 
9981.0110056.67 380 410.52 380 .1 .3 
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Blocked Obstructions num= 1 
Sta L Sta R Elev 

10434.610956.68 1599.N 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Profile #PF 1 

1597.86 Element 
0.35 Wt. n-Val. 

1597.51 Reach Len. (ft) 
Flow Area (sq ft) 

0.015349 Area (sq ft) 
7577.00 Flow (cfs) 
3780.08 Top Width (ft) 

2.09 Avg. Vel. lft/s) 
4.69 Hydr. Depth (it) 

61159.2 Conv. (cfs) 
385.93 Wetted Per. (ft) 
1592.82 Shear (lb/sq it) 

5.12 Stream Power (lb/ft s) 
3.97 Cum Volume (acre-ft) 
0.07 Cum SA (acres) 

Left OB 
0.140 
380.00 
2909.95 
2909.95 
3985.73 
3352.60 

1.37 
0.87 

32171.5 
3353.71 

0.83 
1.14 

734.84 
408.74 

Channel 
0.045 

Right OB 
0.068 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
4895.17 6166.63 101.11 91.42 364.57 1.33 0.25 1.11 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLmY RS: 2.643 

INPUT 
Description: RM. 2.643. HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA.4941.83 

Station Elevation Data num= 442 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4784.71 1593.6 4786.79 1593.45 4797.34 1594.52 4818.03 1595.14 4821.33 1595.26 
4844.11 1595.2 4847.46 1595.22 4852.12 1595.23 4872.45 1595.28 4887.13 1595.23 
4895.74 1595.2 4908.09 1595.25 4931.32 1595.41 4937.95 1595.43 4939.43 1595.43 
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4940.35 1595.4 4941.83 1595.43 4951.45 1595.37 4955.79 1593.64 4958.76 1 5 9 2 . 0 5  
4970.47 1592 .1  4975.05 1592.17 4982.33 1592.2 4996.02 1594 .11  4996.59 1594.23 

4996.6 1594.2 4996.97 1594.22 5019.52 1593.82 5037.37 1593.59 5043.7  1593.44 
5057.34 1593.7 5058.32 1593.67 5058.68 1593.66 5058.97 1593.65 5059.38 1593.62 
5060.19 1593.6  5072.64 1593 5084.54 1593.84 5087.92 1594.13 5095.34 1594.84 
5101 .01  1594.6  5108.47 1594.39 5118.94 1594.37 5142.87 1594.25 5158.14 1594.18 
5205.67 1594 .1  5244.07 1594.27 5289.53 1594.29 5357.82 1594.39 5415.48 1594.14 
5451.85 1594 5471.56 1593.93 5517.98 1593.42 5573.86 1593.06 5578 .11  1593.07 
5585.79 1593  5591.68 1593 .51  5593.84 1593.67 5594.17 1593.69 5644 .61  1593.81 
5668.07 1593.8 5678.94 1592.46 5679.49 1592.41 5689.18 1593.04 5690.57 1 5 9 3 . 1 1  
5691 .29  1593.2 5692.43 1593.3  5693.2 1593.27 5740.74 1593.49 5779.39 1593.68 
5780.45 1593.7 5781 .21  1593.7 5781.49 1 5 9 3 . 7 1  5781.63 1 5 9 3 . 7 1  5 7 8 2 . 1  1593.72 
5785.93 1593.9 5801.55 1594.45 5806.06 1594.41 5817.42 1593.76 5818.31 1594.3  
5819.24 1594.2  5833.68 1593.52 5835.95 1593.56 5836 .77  1593.56 5840.16 1593.55 
5871.75 1593.6  5893.55 1593.68 5901.3 1593.69 5949.29 1593 .5  5953.52 1593 .6  

5 9 5 7 . 1  1593.7 5960.58 1593.7 5963.82 1593.69 5984.98 1593.99 6002.13 1593.94 
6017 .51  1593.9  6043.54 1593.9  6056.2 1594.12 6059.92 1593.94 6 0 6 1 . 1 1  1593.83 
6089.97 1593.7 6092.03 1593.72 6094.02 1593.76 6106.33 1593.89 6110.69 1593.87 
6114.23 1594 6114.76 1593.97 6178.71 1593.46 6179.45 1593.47 6179.83 1593.47 
6180.42 1593.5  6181.75 1593.5  6181.86 1593.49 6231.53 1593.73 6232.02 1593 .7  
6256.43 1592.9 6258 .41  1592.92 6265 .31  1592.83 6301.74 1593.05 6322.42 1593.19 
6352 .71  1593 .6  6422.81 1594.86 6479 .21  1596.03 6484.8 1596 .01  6530.08 1595.43 
6540.34 1595.3  6541.94 1595.32 6543.89 1595.26 6545.4 1595.22 6546.88 1595.18 
6559.54 1594.9  6642.91 1593.25 6670 .31  1592.54 6696.92 1592.2  6697.4 1592.24 
6699.51 1592.2 6700.41 1592.14 6724.83 1591.7 6741.09 1591.33 6772.29 1590.65 
6782.98 1590.4 6802.95 1590.03 6811.66 1589.89 6835.08 1590.16 6862.16 1 5 9 0 . 4 1  
6883.15 1590 .6  6897.08 1590.94 6899 .21  1590.7 6918.19 1590.88 6978.5  1591.37 
7 0 2 8 . 1 7 '  1591.9 7035.7 1591 .96  7062.25 1591.97 7113.95 1592.19 7149.24 1592.36 
7185.92 1592.7 7239.66 1592.82 7262.58 1592.93 7265.13 1592.96 7273.52 1593.04 

7289.6  1 5 9 3 . 1  7339.02 1593.23 7361.29 1593.65 7372 .51  1593.85 7373.14 1593.86 
7375.99 1 5 9 3 . 1  7390.3  1589.28 7391.23 1589.27 7392.97 1589.25 7 4 0 1  1589.15 
7402.18 1589.2  7402.88 1589.08 7404.48 1589 .27  7411.09 1593.79 7451 .31  1593.69 
7460.34 1593.5  7460 .81  1593.53 7461.25 1593.52 7461.63 1593.53 7463.33 1593.52 
7524 .81  1593.5  7531.24 1593.52 7552.34 1592.13 7561.15 1591.48 7577.82 1593 .5  
7579.21 1593.7 7579.95 1593.73 7581.38 1593.87 7581.4 1593.87 7581.8  1593.85 
7585.34 1593.8 7602.56 1593.59 7605.5 1593.67 7625.25 1593.78 7642 1593 .9  
7657.25 1593.8 7659.26 1593.64 7660 .21  1593.6  7678.86 1593.3  7707.83 1593.24 
7715.25 1 5 9 2 . 1  7716.14 1591.98 7720.38 1591.58 7722.62 1591.42 7723.7  1591.38 
7730.03 1590.9  7734.12 1590 .61  7737.48 1590.35 7745.88 1591.09 7755.08 1591.92 
7759.97 1591.9  7765.52 1591 .95  7767.25 1591.96 7795.97 1592.19 7805.54 1592.24 
7833.54 1592.4 7882.4 1592.43 7974 .1  1592.34 7978.23 1592.33 7998.74 1592 .36  
8054.54 1592  8063.46 1591.95 8075.56 1591.86 8101.18 1591.7 8105.03 1591.73 
8105.99 1591.7 8108.99 1591.75 8117.93 1591.98 8123.49 1591.99 8128.49 1591.84 
8135.14 1591.8 8141.93 1591.76 8165.1 1591.74 8218.49 1591.96 8221.99 1 5 9 2 . 0 1  
8255.87 1591.9 8256.68 1591.87 8257.14 1591.87 8259.46 1591.88 8409.22 1592 .5  
8440.58 1592.4 8 4 5 1  1592.68 8456.81 1592.88 8461.34 1592.97 8506.44 1592.88 
8525.58 1593 .1  8553.14 1593.47 8616.39 1593.14 8626.56 1593.14 8628.75 1593.39 
8632.52 1593.3 8638.49 1593 .31  8654.54 1592.55 8660.25 1592.39 8677.92 1592.77 
8692.19 1592.9 8699.69 1592 .99  8727.76 1593 .1  8752.54 1592.99 8785 .61  1593.04 
8822.09 1593.1  8832.57 1 5 9 3 . 1  8836.66 1593.07 8 8 4 3 . 1  1593.09 8844 .61  1593.08 
8874.85 1592.6  8882.54 1592.5 8891.16 1592.53 8894.49 1592.55 8908.69 1592.56 
8919 .51  1592.6  8924.47 1592.63 8931.73 1592.48 8932 .41  1592 .5  8932.58 1 5 9 2 . 5 1  
8932.93 1592.5  8942.14 1 5 9 3 . 0 1  8944.55 1592.93 8951.15 1592.64 8960.09 1592.55 
8971.66 1592.4 8981.65 1592.36 8990 .91  1592.38 8991.19 1592 .5  8 9 9 2 . 4 1  1592.49 
8997.76 1592.6  9001.68 1592 .51  9019.66 1592.46 9058.05 1592.52 9061.34 1592.57 
9076.99 1592.8 9079.55 1592 .83  9109.36 1593.09 9124.16 1593.03 9128.19 1592.98 
9137.29 1592.8 9144.36 1592.74 9154.69 1592.83 9167.04 1592.49 9168.59 1592.46 
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1593 .9  9321.42 1 5 9 4 . 2 5  9329 .25  1594.28 9347.7  1594 .26  9363.57 1594.24 
1595 .8  9379.37 1596.64 9390.92 1594.94 9391.3 1594 .88  9395.73 1 5 9 4 . 6 1  
1 5 9 4 . 3  9405.64 1594 .29  9417.27 1594.44 9431.74 1594 .36  9436.97 1594 .18  

1594 9458.88 1 5 9 3 . 9 5  9467.34 1593.94 9493.05 1593 .74  9519.26 1 5 9 3 . 6 3  
1593 .6  9533.78 1593 .49  9539.68 1593 .51  9539.99 1593 .57  9540.26 1 5 9 3 . 7  
1593 .7  9542.72 1593 .82  9546.59 1 5 9 3 . 9 5  9554.94 1593.83 9565.44 1 5 9 4 . 0 9  
1 5 9 4 . 1  9585.82 1593 .93  9594 .41  1593.82 9607.71 1593 .84  9619.56 1 5 9 3 . 9  
1593 .8  9634.09 1593 .77  9641.14 1593 .78  9659.74 1594.07 9661.94 1 5 9 4 . 0 1  
1593 .9  9681 .11  1593 .8  9701.82 1593 .38  9705 .21  1593.28 9706.35 1593 .26  

1 5 9 3  9720 .13  1592 .86  9721.94 1592 .79  9721.97 1592 .78  9722.98 1592 .75  
1592 .6  9729.77 1592 .58  9739.14 1592 .72  9768.94 1592.82 9775.58 1592 .64  
1592 .7  9783.16 1592 .72  9784 .8  1592 .7  9789.84 1592 .62  9807.9  1592.38 
1592.4  9834.62 1592 .79  9855.52 1592 .96  9857.58 1592 .81  9862.46 1592 .42  
1592.2  9870 .31  1592 .33  9890.52 1 5 9 3 . 0 1  9901.98 1592.98 9906.02 1592 .95  
1592 .7  9938 .31  1592.68 9938.69 1592 .68  9938.99 1 5 9 2 . 7 3  9939 .63  1592 .68  
1592 .7  9950.96 1592.72 9978.16 1592 .84  9978.84 1592 .82  9985.02 1593 .39  
1593.4  9985.6 1 5 9 3 . 4 1  9997.7 1 5 8 9 . 8 1  10001.9  1589.7810008.41 1589 .64  

159010029.51 1590.1610038.85 1593.3610039.74 1593 .5110041 .45  1593 .54  
1593.710061.26 1592 .1910062 .31  1592.0610079.72 1593.5310082.39 1593.89 
1592 .210103 .81  1591 .610138 .73  1591.9110140.27 1591 .9610140 .43  1 5 9 1 . 9 6  
1592.310188.38 1592.2810211.21 1592.3310218.97 1592.4510238.67 1592 .49  
1592.410271.67 1592.4610275.64 1591.9110281.75 1591 .0410294 .01  1 5 9 1 . 6 6  
1591 .710297 .21  1591.7110301.98 1591.7210354.91 1591.8710368.39 1591 .88  
1591.810443.32 1592.1810455.44 1592.38 10479.6  1592.5910488.98 1592 .69  
1592.910552.79 1592.910553.78 1592.9  10554.2  1592.9110554.79 1 5 9 2 . 9 1  
1592 .9  10596.3  1592 .89  

n V a l u e s  num= 8 
~ t a  n V a l  S t a  n V a l  S t a  n V a l  S t a  n V a l  S t a  n V a l  

4784 .71  . 1 5  5037.37 .068 5871 .75  .15  8259 .46  .1 9329.25 . 1 5  
9789.84 .068 9985.51 .04510041.45 .068  

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  C h a n n e l  R i g h t  C o e f f  C o n t r .  Expan. 
9985.5110041.45 400 468 .72  400 .1 . 3  

B l o c k e d  O b s t r u c t i o n s  num= 1 
S t a  L S t a  R E l e v  

4784 .71  4941.83 1 5 9 5 . 4 3  

CROSS SECTION OUTPUT P r o f i l e  #PF 

E.G. E l e v  ( f t )  1593 .81  
V e l  Head ( f t )  0 .10 
W.S. E l e v  ( f t )  1 5 9 3 . 7 1  
C r i t  W . S .  ( f t )  
E.G. S l o p e  ( f t / f t )  0 .007473 
Q T o t a l  ( c f s )  7577.00 
Top Wid th  ( f t )  4122.63 
V e l  T o t a l  ( f t / s )  1 . 5 7  
Max C h l  Dpth ( f t )  4 . 6 3  
Conv. T o t a l  ( c f s )  87650.4  
L e n g t h  Wtd. ( f t )  407 .06  
M i n C h E l  ( f t )  1589.64 
A l p h a  2 . 7 5  
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E lement  
W t .  n-Val.  
Reach Len. ( f t )  
Flow A r e a  (sq f t )  
A r e a  (sq f t )  
Flow ( c f s )  
Top Width  ( f t )  
Avg. V e l .  ( f t / s )  
Hydr.  Dep th  ( f t )  
Conv. ( c f s l  
Wetted P e r .  ( f t )  
S h e a r  ( lb /sq  f t )  
S t r e a m  Power ( l b / f t  s )  
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L e f t  OB 
0 .130  

400 .00  
3890.97 
3890 .97  
4745.75 
3515 .01  

1 . 2 2  
1.11 

54898 .6  
3518 .66  

0 .52 
0 . 6 3  

C h a n n e l  
0 . 0 4 5  

468.72 
1 6 7 . 3 0  
1 6 7 . 3 0  
978.80 

55 .94  
5 . 8 5  
2 . 9 9  

11322 .7  
57 .02  

1 . 3 7  
8 . 0 1  

R i g h t  OB 
0 . 0 6 8  

400 .00  
775 .08  
775 .08  

1852 .46  
551 .68  

2 . 3 9  
1 . 4 0  

2 1 4 2 9 . 1  
552.90 

0 .65  
1 . 5 6  
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Frctn Loss (ft) 
C & E Loss (ft) 

3.30 Cum Volume (acre-ft) 705.17 12.51 56.38 
0.01 Cum SA (acres) 378.78 4.93 45.49 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
4784.71 
6084.91 
7385.11 
8685.31 
LB 9985.51 
10041.45 

Right Sta 
(ft) 
6084.91 
7385.11 
8685.31 
9985.51 
RB 10041.45 
10596.30 

Flow 
(cfs) 

137.09 
1689.34 
1849.98 
1069.34 
978.80 
1852.46 

Area 
(sq ft) 
154.30 
1429.60 
1532.45 
774.62 
167.30 
775.08 

W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (ft/s) 

451.07 1.81 0.34 0.89 
965.91 22.30 1.48 1.18 
1209.99 24.42 1.27 1.21 
891.70 14.11 0.87 1.38 
57.02 12.92 2.99 5.85 
552.90 24.45 1.40 2.39 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BU!FTE 
REACH: SPILLWAY RS: 2.554 

INPUT 
Description: RM. 2.554. HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA.5045.46. 

Station Elevation Data num= 487 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4444.79 1591.7 4454.3 1591.65 4478.65 1591.63 4489.69 1591.11 4492.88 1591.01 
4504.26 1590.4 4509.49 1590.46 4532.72 1590.58 4535.85 1590.65 4541.63 1590.8 
4547.67 1590.9 4556.23 1591.03 4561.4 1591.03 4631.71 1591.21 4649.85 1591.26 
4651.02 1591.3 4652.06 1591.27 4653.53 1591.27 4656.27 1591.25 4696.01 1590.89 
4697.24 1590.8 4705.55 1590.44 4708.14 1590.4 4715 1590.11 4721.5 1590.22 
4743.17 1590.5 4759.88 1591.14 4762.35 1591.18 4766.23 1591.15 4769.2 1591.14 
4823.71 1590.9 4870.64 1590.7 4872.8 1590.7 4873.67 1590.7 4874.97 1590.7 
4879.09 1590.7 4897.77 1590.57 4904.11 1590.33 4925.76 1589.86 4948.36 1589.89 
4953.84 1589.9 4958.95 1590.01 4960.32 1590.07 4967.18 1590.23 4977.86 1590.48 
5000.99 1590.5 5021.62 1590.67 5030.41 1590.68 5044.65 1590.72 5045.46 1590.72 
5046.79 1590.7 5047.02 1590.4 5048.39 1589.04 5056.07 1588.61 5060.73 1588.18 
5061.72 1588.4 5071.8 1590.72 5075.38 1590.4 5094.28 1589.46 5101.12 1589.91 
5101.31 1589.9 5140.44 1589.77 5142.44 1589.77 5185.09 1589.83 5197.16 1590.89 
5202.03 1591.2 5203.84 1591.27 5221.67 1591.47 5224.59 1591.04 5235.1 1589.84 
5242.62 1589.9 5248.13 1589.89 5269.01 1590.02 5288.26 1590.1 5312.98 1590.18 
5327.8 1590.2 5354.24 1590.32 5362.24 1589.94 5379.11 1589.14 5379.97 1589.08 
5380.61 1589 5381 1589.02 5382.29 1588.98 5386.64 1589.04 5421.71 1589.36 
5435.49 1589.9 5445.04 1590.19 5455.55 1590.08 5459.12 1590.16 5467.63 1590.61 
5477.32 1590.9 5489.7 1590.97 5494.03 1591.01 5497.95 1590.94 5507.27 1591.01 
5532.07 1591 5544.07 1591.01 5558.68 1590.72 5577.94 1590.47 5583.9 1590.44 
5593.3 1590.4 5615.19 1590.35 5621.23 1590.31 5651.25 1589.97 5653.5 1589.91 
5665.21 1589.7 5686.25 1589 5708 1588.88 5740.14 1588.98 5749.61 1589.31 
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5753.77 1589.4 5756 .31  1589.43 5762.88 1589.67 5772.43 1590.18 5782.2 1590 .21  
5782.9  1590.2  5824.22 1 5 8 9 . 9 1  5826.73 1589.93 5831.06 1590 .01  5839.41 1 5 9 0 . 1  

5865.55 1589 .9  5893.29 1589.94 5910 .26  1589.85 5914.46 1589.83 5923.41 1589.92 
5931.07 1590.2  5953 .71  1 5 9 0 . 3 1  5958.23 1590.36 5961.58 1590.4 5964.06 1590.42 
5970.79 1590.4 6053.16 1590.16 6070.28 1590 .21  6074.52 1 5 9 0 . 0 1  6076.58 1589.87 
6089.23 1589 .1  6089.58 1 5 8 9 . 1  6092.42 1 5 8 9  6095.03 1588.74 6100.1 1588.34 
6132.67 1588 .2  6142.16 1588 .28  6148 .31  1588.49 6168.56 1588.77 6174.47 1588.51 
6190.95 1588.4 6 2 1 2 . 3 1  1 5 8 8 . 5 1  6229.27 1588.5 6316.9 1589.82 6320.42 1589.89 
6322.38 1589.9 6322.48 1589.87 6332.62 1589.87 6335.91 1589.87 6343.49 1589.95 
6349.57 1590  6 3 6 2 . 3 1  1590.02 6433.15 1 5 9 0 . 1 1  6445.39 1590.05 6449.45 1 5 9 0 . 1 1  
6475.94 1590.5 6481.58 1590.55 6525 .41  1591.07 6530.35 1591.06 6544.25 1590.96 
6567.91 1590.6 6663 1591.72 6690.45 1591.86 6750.81 1591.13 6812.98 1590.37 
6822.55 1590.3 6836.08 1590.07 6906.24 1589.54 6923.29 1589.62 6951.82 1589.59 
6960.69 1589.6 6966.75 1589.59 6982.17 1589.45 6996.12 1589.05 6998.33 1589 
6999.51 1589  7014.07 1589.54 7023.45 1589.89 7024.03 1589.9 7024.2 1589.9 
7037 .33  1589.9 7074.64 1590.05 7078 .81  1590.05 7080.5 1589.98 7090.45 1589.49 
7095.62 1589.8 7103.19 1590.35 7109.42 1589.92 7115.34 1589.73 7128.69 1588 .91  
7168.54 1589 .1  7177.93 1 5 8 9 . 2 1  7177.97 1589.08 7180.44 1588 .91  7181.23 1588.93 
7181.84 1589  7201.76 1 5 8 9 . 8 1  7210.72 1589.35 7234.76 1588.42 7236.65 1588.4 
7303 .07  1588 7355.25 1587.92 7384.73 1588.82 7403.43 1 5 8 9 . 5 1  7462.06 1587.87 
7496 .81  1588 7516.35 1588.16 7531.15 1588 .31  7542.7 1590.57 7545.56 1591.14 
7 5 4 6 . 4 1  1591.3  7561 .51  1590.45 7574.05 1 5 9 0 . 7 1  7581.49 1590.6 7656.27 1590.13 
7664.72 1590  7669.96 1589.97 7682.45 1589.65 7687.82 1589.94 7701.74 1591.07 
7717.46 1591 .1  7732.65 1590 .92  7740.43 1590.45 7752.86 1590.37 7807.54 1590.07 
7808.74 1590  7809.3 1590  7810.6  1589.94 7819.96 1589.58 7835.64 1589.03 
7842.03 1589  7863.94 1588.54 7868 1588.69 7891.51 1589.49 7893.71 1589.57 
7893 .94  1589.6 7894.18 1589.59 7894.35 1589.59 7917.51 1590.41 7944.21 1590  
7981.39 1589.4 7986.28 1588 .96  7989.03 1589.13 8000.25 1589.15 8003.3 1 5 8 9 . 1  
8021.28 1588 .9  8032.97 1589.29 8043.35 1589.4 8046.22 1589.29 8084.89 1588.34 
8131.88 1588.8 8160.75 1589.43 8172.03 1589.38 8220.56 1589.44 8257.28 1589.45 @ 8283.27 1589.5 8327.02 1589.45 8393.1 1589.66 8400.14 1589.67 8406.04 1589.67 
8410.23 1589.7 8468.57 1589.56 8473.95 1 5 8 9 . 7 1  8484.97 1589.7 8488.77 1589.87 
8530.64 1589.8 8542.86 1589.62 8544.77 1589.59 8549.42 1589 .57  8551.94 1589.53 

8573.8 1589.2 8621.83 1588.86 8631.27 1588.88 8657.13 1 5 8 8 . 8 1  8665.84 1588.83 
8685.88 1588.9  8710.18 1588.63 8721.65 1588.56 8727 .01  1588.6  8736.68 1589 .01  
8741.59 1589 .1  8749.01 1589  8763 .71  1589.4 8767.65 1589.46 8776.5 1589.4 
8809.14 1589.3  8817.33 1588.94 8824 .45  1589.36 8828.91 1588.92 8833.34 1589.44 
8835.77 1589.8 8837.63 1589.72 8838.13 1589.62 8845.77 1589.67 8863.53 1589.82 
8876.26 1589.9 8879.69 1589.97 8885 .71  1590.06 8896.17 1590.37 8897.87 1590.39 
8913.88 1590.8 8916.44 1590.79 8927.03 1590.82 8940.52 1 5 9 0 . 7 1  8945.92 1590 .84  
8959.15 1590.9 8966.83 1590.95 8970.76 1590.97 8991.5 1590.99 9001.27 1590.92 
9010.68 1 5 9 1  9028.92 1590.97 9031.02 1590.94 9038.46 1590.7 9044.18 1590.46 
9051.19 1590.3 9051.35 1590.38 9059.35 1590.26 9067.63 1 5 9 0 . 6 1  9096.52 1590.62 
9096.82 1590.4 9096.84 1590.38 9105.78 1590.57 9110.78 1 5 9 0 . 5 1  9126.7 1590 .64  
9140.66 1590.7 9148.32 1 5 9 0 . 6 1  9154.42 1590.65 9168.33 1590.67 9173.78 1590.7 
9174.41 1590.7 9177.22 1590.7 9203.53 1590.69 9214.96 1 5 9 0 . 7 1  9224.8 1590.42 
9232.19 1590.3 9252.92 1589.55 9257.74 1589.5 9276.29 1589.14 9304.43 1589.12 

9309.5 1589.3 9321 .21  1589.48 9333.44 1589.42 9341.77 1589.29 9345.42 1589.36 
9356.22 1589.4 9366.41 1589.34 9381.28 1589.25 9389.87 1589 .21  9406.52 1588.58 
9409.36 1588.5 9409.88 1588.5  9440.79 1588.86 9441.12 1588.85 9447.85 1589 .01  
9451.68 1589 .1  9466.26 1589.52 9493.85 1589.3 9495.95 1589.27 9502.15 1589.27 
9516.44 1589.4 9520.56 1589.39 9530.86 1586.92 9535.75 1585.78 9541.41 1587.03 
9549.17 1588.8 9556.56 1588.73 9565.45 1588.35 9571.46 1588.39 9573.29 1588.4 
9590.37 1589 9624.12 1588.88 9626.5 1588.87 9632.37 1588.96 9643.39 1588 .71  
9646.56 1588.7 9647.47 1588.66 9651.6 1588.67 9671.95 1 5 8 8 . 2 1  9684.04 1588.22 

9690.7 1588.3 9697.15 1588.27 9709.04 1588.42 9712.09 1588.54 9730.01 1588.66 
9764.6 1589  9766.65 1589  9780.2 1588.76 9783.4 1 5 8 8 . 7 1  9784.14 1588.7 

FCD 98-37 Delineat~on of Spillway Flows A-N West, Inc @ For Signal i3Me Flood Retarding Structure Page 75 July, 1999 
213 Discharge (Q's Modeled Separately) 



Manning's n Values num= 5 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4444.79 .15 7863.94 .1 8809.14 .15 9997.96 .045 10032.8 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9997.96 10032.8 400 529.54 400 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

4444.79 5045.46 1590.72 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (it) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq it) 
Area (sq it) 
Flow (cis) 
Top Width (it) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (it) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.135 
400.00 
4432.36 
4432.36 
5191.88 
4034.03 

1.17 
1.10 

55353.7 
4037.01 

0.60 
0.71 

666.96 
344.12 

Channel 
0.045 
529.54 
92.68 
92.68 
577.24 
31.20 
6.23 
2.97 

6154.3 
32.50 
1.57 
9.76 
11.11 
4.47 

Right OB 
0.150 
400.00 
1223.64 
1223.64 
1807.89 
608.60 
1.48 
2.01 

19275.0 
610.24 
1.10 
1.63 
47.20 
40.16 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

A-N West, Inc. 
July, 1909 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood ~ e t a r d i n ~  structure 
213 D scharge (a's Modeled Separately) 

Page 76 



Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 

::::.79 
(ft) (cfs) (sq ft) (ft) (ft) (ft/S) 
5833.08 292.55 411.50 624.28 3.86 0.66 0.71 

5833.08 7221.38 716.63 868.12 1052.62 9.46 0.83 0.83 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water - 

surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.454 

INPUT 
Description: RM. 2.454. HORZ. N VALUES USED. INEFFECTIVE AREA USED TO RIGHT OF STA. 10500 TO 
IMPROVE THE FLOW DISTRIBUTION BY FORCING SOME FLOW TO LEFT. AND TO LT. OF STA.7066.08. 

Station Elevation Data num= 485 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4639.26 1588.7 4642.64 1588.71 4681.32 1587.61 4701.19 1587.45 4711.47 1587.43 
4732.19 1588 4742.15 1588.22 4746.23 1588.28 4774.34 1588.72 4778.44 1588.74 

- 

4961.43 1588.3 5009.37 1588.05 5027.56 1588.5 5037.36 1589.04 5041.08 1588.95 
5043.19 1585.9 5044.96 1584.85 5057.03 1585.57 5061.61 1585.29 5072.91 1588.46 
5094.2 1587.5 5097.03 1587.26 5103.5 1587.24 5134.62 1587.42 5165.01 1587.7 
5174.42 1587.6 5181.58 1587.66 5192.54 1588.2 5200.65 1588.65 5223.88 1589.9 
5230.73 1590.3 5233.33 1590.2 5234.2 1590.19 5257.15 1589.67 5267.07 1589.47 
5286.1 1589.1 5308.64 1588.59 5317.11 1588.41 5326.05 1587.83 5343.53 1587.82 
5345.4 1587.7 5347.55 1587.65 5364.64 1587.21 5372.79 1587.01 5382.62 1586.97 
5387.29 1587 5397.41 1587.12 5412.47 1587.23 5413.18 1587.22 5414.07 1587.29 
5429.13 1588.5 5433.38 1588.48 5456.52 1588.46 5462.34 1588.46 5464.51 1588.49 
5517.86 1588.5 5532.96 1588.38 5548.03 1588.32 5559.41 1588.44 5588.12 1588.55 
5597.7 1588 5622.85 1586.03 5626.89 1586.02 5652.37 1585.9 5666.74 1585.78 
5682.36 1585.7 5696.55 1585.73 5716.68 1586.85 5734.99 1587.83 5744.53 1587.55 
5752.12 1587.5 5799.9 1587.14 5817.7 1586.99 5821.61 1586.95 5823.44 1586.94 
5828.85 1586.9 5885.72 1586.36 5899.75 1586.15 5904.22 1585.97 5921.78 1585.16 
5925.28 1585.1 5929.24 1585.09 5950.06 1584.87 5964.74 1584.78 5973.15 1585.37 
5979.25 1585.9 5992.44 1586.71 6004.16 1586.55 6024.7 1586.64 6050.52 1586.85 
6054.38 1586.6 6064 1586.68 6070.47 1586.62 6104.13 1587.37 6111.76 1587.52 
6112.58 1587.5 6142.85 1587.32 6179.35 1587.09 6182.48 1587.09 6183.81 1587.08 
6184.24 1587.1 6185.08 1587.08 6187.15 1587.05 6250.99 1586.85 6268.55 1587.02 
6270.05 1587 6293.06 1586.04 6300.27 1585.77 6305.28 1585.54 6327.31 1585.57 

6341 1585.6 6351.99 1586.02 6374.41 1586.15 6383.02 1586.49 6388.77 1586.76 
6398.04 1587.2 6407.9 1587.1 6439.17 1586.89 6448.82 1586.77 6467.18 1587.12 
6478.83 1587 6492.07 1587.02 6529.62 1586.9 6535.86 1586.89 6540.99 1586.9 
6547.18 1586.7 6548.87 1586.73 6555.98 1586.44 6566.33 1586.1 6568.4 1586.01 
6571.94 1585.9 6579.63 1585.75 6610.81 1585.29 6624.83 1586.01 6636.04 1586.58 
6645.88 1586.6 6702.8 1586.9 6742.49 1587.04 6745.19 1586.95 6768.35 1586.15 
6776.09 1586 6778.22 1585.89 6785.81 1585.59 6796.89 1585.55 6841.75 1585.6 
6865.65 1586.7 6869.61 1586.81 6874.25 1586.84 6898.75 1586.68 6905.32 1586.63 
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Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

4639.26 .15 9966.38 .04510024.19 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9966.3810024.19 480 399.74 360  .1 . 3  

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1586.19 Element Left 08 Channel Right OB 
Vel Head (ft) 0.12 Wt. n-Val. 0.150 0.045 0 .150 
W.S. Elev (ft) 1586.07 Reach Len. (it) 480.00 399.74 360.00 
Crit W.S. (ft) Flow Area (sq ft) 2750.57 144.84 1924.25 
E.G. Slope (ft/ft) 0.012326 Area (sq ft) 2750.57 144.84 1924.25 
Q Total (cfs) 7577.00 Flow (cfs) 3274.28 986.94 3315.79 
Top Width (ft) 3 8 5 9 . 8 1  Top Width (ft) 2823.10 55.84 980.87 
Vel Total (ft/s) 1.57 Avg. Vel. (ft/s) 1.19 6.81 1 .72 
Max Chl Dpth (ft) 7 .76  Hydr. Depth (ft) 0.97 2.59 1.96 
Conv. Total (cfs) 68247.7 Conv. (cfs) 29492 .1  8889.5 29866.0 
Length Wtd. (ft) 430.40 Wetted Per. (ft) 2831.70 57.15 981.17 
Min Ch El (ft) 
apha 

1580.99 Shear (lb/sq ft) 0.75 1.95 1 . 5 1  
3 .22 Stream Power (lb/ft s) 0.89 13.29 2.60 

Frctn Loss (ft) 4.27 Cum Volume (acre-ft) 633.98 9.67 32.75 
C & E Loss (ft) 0.00 Cum SA (acres) 312.64 3.94 32.86 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
4639.26 
5971.04 
7302.82 
8634.60 
LB 9966.38 
10024.19 

Right Sta 
(ft) 
5971.04 
7302.82 
8634.60 
9966.38 
RB 10024.19 
11109.96 

Flow 
(cfs) 
76.52 
67.02 

2013.94 
1116.80 

986.94 
3315.79 

Area W.P. 
(sq ft) (ft) 

97.19 171.57 
113.53 308.69 

1 4 8 7 . 2 1  1163.72 
1052.64 1187.72 

144.84 57.15 
1924.25 981.17 

8 Conv. Hydr D. 
(ft) 

1 . 0 1  0 .57 
0.88 0.37 

26.58 1 .28 
14 .74  0.89 
13.03 2.59 
43.76 1.96 

Velocity 
(ft/S) 

0.79 
0.59 
1.35 
1 .06 
6 .81  
1 .72 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAX RS: 2.378 
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INPUT 
Desc r ip t ion :  FW. 2.378. HORZ. N VALUES USED. 

S t a t i o n  El 
S t a  

4470.09 
4545.73 
4656.83 
4728.45 
4750.24 
4899.74 

4963.8 
5068.47 
5113.32 
5209.81 
5323.45 
5418.68 
5476.75 
5558.48 
5571.28 
5660.09 

5743.8 
5821.06 
5908.35 
5972.99 
6052.14 
6120.13 
6208.02 
6289.78 
6359.69 
6399.51 
6460.47 
6545.26 
6661.65 
6686.49 
6789.15 
6827.25 

6882.9 
6976.05 
7020.45 
7121.45 
7204.18 
7289.38 
7369.31 
7430.74 
7515.93 
7592.31 
7620.83 
7667.26 
7801.45 
7823.24 
7875.48 
7904.84 
8019.35 
8104 5 
8156. 5 
8209.63 

. eva t ion  Data nun= 478 
E lev  S t a  E lev  S t a  E lev  S t a  E lev  S t a  E lev  

1582.3 4470.98 1582.29 4480.23 1582.54 4485.95 1582.28 4504.07 1582.37 
1581.9 4568.5 1582.32 4576.85 1582.32 4585.52 1582.29 4643.63 1582.03 
1582.1 4670.74 1582.21 4693.67 1582.26 4706.35 1583.11 4723.05 1582.85 
1583.1 4730.89 1582.88 4739.71 1582.7 4745.73 1581.58 4747.22 1581.7 
1582.5 4834.72 1581.89 4875.69 1581.88 4876.7 1581.87 4877.89 1581.77 
1580.3 4906.92 1580.23 4923.37 1580.01 4933.35 1579.79 4942.04 1579.75 
1579.7 4984.65 1580.96 4988.22 1581.25 5004.48 1581.15 5047.36 1580.95 
1580.9 5072.85 1580.83 5076.04 1580.83 5081.63 1580.8 5095.23 1580.71 
1580.6 5165.08 1580.33 5191.45 1580.07 5192.14 1580.19 5193.75 1580.42 
1583.2 5216.35 1583.13 5242.88 1582.92 5284.87 1582.38 5300.55 1582.26 
1581.6  5359.24 1581.54 5401.76 1581.23 5409.36 1580.65 5416.48 1580.17 

1580 5422.31 1579.71 5439.83 1579.73 5465.02 1579.77 5473.43 1580.14 
1580.4 5485.74 1581.01 5495.73 1581.46 5503.33 1581.36 5506.55 1581.35 
1581.2 5566.97 1581.19 5567.61 1581.19 5568.08 1581.19 5568.31 1581.19 
1581.2 5610.74 1581.47 5619.17 1582.53 5628.74 1583.13 5646.88 1582.79 
1582.6 5683.91 1582.26 5697.4 1582.1  5703.24 1581.97 5734.94 1581.9f  
1581.8 5766.27 1581.49 5780.5 1581.45 5782.8 1581.46 5805.84 1580.06 
1579.2 5830.95 1579.13 5876.95 1579.28 5896.27 1580.25 5903.05 1580.48 
1580.8 5917.86 1581.47 5927.97 1581.5 5931.15 1581.49 5945.51 1581.25 
1581.2 5986.44 1581.13 5994.29 1581.15 6015.29 1581.05 6042.84 1581.17 
1581.2 6072.15 1581.27 6074.12 1581.28 6082.44 1581.28 6089.72 1580.9 
1579.4 6141.9 1579.71 6185.76 1579.85 6197.25 1580.49 6201.44 1580.69 
1581.1 6214.55 1581.47 6218.48 1581.69 6228.72 1581.67 6241.32 1581.73 
1581.5 6293.1 1581.52 6301.7 1581.56 6317.78 1581.64 6336.54 1581.75 
1581.9 6374.84 1581.98 6376.49 1581.99 6378.18 1581.98 6382.5 1582 
1581.4 6411.02 1581.09 6425.29 1580.8 6436.58 1580.76 6448.47 1580.88 
1581.5 6462.2 1581.61 6464.16 1581.69 6483.09 1581.85 6490.5 1581.76 
1581.9 6578.24 1581.47 6598.8 1581.49 6619.41 1581.49 6659.78 1581.96 

1582 6663.23 1582.03 6664.16 1582.17 6670.53 1583.09 6680.41 1583.38 
1583.6 6728.82 1583.35 6785.84 1582.74 6787.81 1582.72 6788.57 1582.71 
1582.7 6790.11 1582.7 6807.71 1582.64 6810.05 1582.52 6823.45 1581.87 
1581.9 6831.66 1581.53 6845.35 1581.62 6871.12 1581.13 6881.61 1582.19 
1582.3 6889.93 1582.22 6892.37 1582.19 6937.22 1581.46 6960.07 1581.25 
1581.2 6988.48 1582.38 6995.92 1583.09 7002.58 1583.24 7007.06 1583.17 
1583.3 7054.25 1583.11 7082.59 1582.65 7093.17 1582.55 7119.58 1582.39 
1582.4 7122.09 1582.35 7131.58 1582.28 7140.26 1582.11 7172.29 1580.47 
1580.5 7218.76 1580.45 7226.98 1580.53 7251.27 1581.28 7270.84 1581.96 
1581.8 7294.94 1581.78 7325.5 1581.27 7341.18 1580.95 7348.52 1580.94 
1580.8 7378.59 1580.78 7397.47 1580.66 7411.51 1580.48 7422.39 1581.19 
1581.7 7439.29 1582.25 7447.79 1582.2 7459.61 1582.08 7510.21 1581.44 
1581.4 7527.37 1581.32 7571.11 1581.1 7579.54 1581.1 7586.73 1581.1  
1581.1 7612.69 1579.77 7614.89 1579.59 7617.86 1579.33 7618.62 1579.34 
1579.3 7625.36 1579.31 7648.44 1579.52 7653.61 1579.23 7665.56 1579.75 
1579.8 7670.43 1579.93 7715.8 1580.31 7767.08 1580.6 7791.47 1581.01 
1581.3 7802.39 1577.24 7804.2 1574.82 7817.3 1578.3 7821.44 1578.97 
1579.9 7838.61 1579.75 7842.91 1579.7 7847.7 1579.81 7872.3 1580 

1580 7885.8 1579.94 7898.22 1580.28 7902.66 1580.54 7903.28 1580.58 
1580.6 7988.43 1580.11 7991.2 1580.12 7996.39 1580.34 8008.2 1580.73 
1580.7 8038.29 1580.83 8042 1580.89 8052.85 1580.92 8080.17 1581 
1581.2 8113.4 1581.03 8135.38 1581.16 8137.54 1581.16 8147.04 1580.63 
1580.3 8162.1 1580.33 8167.68 1580.48 8180.25 1580.55 8191.4 1580.75 
1580.8 8212.4 1580.83 8218.73 1580.89 8241.06 1581.09 8243.86 1581.12 
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Manning's n Values nun= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4470.09 .15 7823.24 .1 8589.32 .15 9802.58 .068 9985.72 .045 
10059.07 .15 

Bank Sta: Left Right Lengths: Left Channel Right ~oeff Contr. Expan. 
9985.7210059.07 520 402.78 320 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1581.92 Element 
Vel Head (ft) 0.11 Wt. n-Val. 
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W.S. Elev (it) 
Crit W.S. (ft) 
E.G. Slope (it/it) 
Q Total (cis) 
Top Width (it) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd,. (it) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Reach Len. (it) 
Flow Area (sq it) 
Area (sq it) 
Flow (cis) 
Top Width (it) 
Avg. Vel. (ft/s) 
Hydr. Depth (it) 
conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq it1 
Stream Power (lb/ft s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Warning: Divided ilow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(it) (it1 (cis) (sq ft) (ft) (it) (it/sl 
4470.09 5849.00 752.81 785.72 732.01 9.94 1.07 0.96 
5849.00 7227.90 532.01 695.74 909.15 7.02 0.77 0.76 
7227.90 8606.81 1684.78 1385.85 1270.62 22.24 1.10 1.22 
8606.81 9985.72 1907.32 1412.62 1128.20 25.17 1.25 1.35 
LB 9985.72 RB 10059.07 1247.32 209.59 74.24 16.46 2.86 5.95 
10059.07 11054.67 1452.76 1268.06 908.32 19.17 1.40 1.15 

Warning: Divided ilow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SI- BUTTE 
REACH: SPILLWAY RS: 2.302 

INPUT 
Description: RM.2.302 . HORZ. N VALUES USED. 

Station Elevation Data num= 482 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4327.1 1576.6 4330.78 1576.65 4338.25 1576.69 4344.63 1576.7 4358.84 1576.79 
4368.5 1576.9 4375.49 1576.79 4402.45 1576.7 4469.44 1576.27 4482.03 1576.24 
4485.85 1576.3 4494.3 1576.2 4498.01 1576.2 4501.43 1576.17 4515.57 1575.63 
4517.44 1575.7 4548.31 1576.08 4563.65 1576.09 4576.09 1576.11 4595.55 1576.07 
4612.07 1576.2 4650.01 1575.86 4666.93 1575.67 4675.99 1575.74 4687.8 1575.9 
4695.5 1574.6 4697.8 1574.2 4713.25 1574.92 4725.98 1575.45 4740.71 1575.83 
4743.45 1575.9 4761.5 1576.9 4763.56 1576.97 4770.06 1577.13 4786.09 1577.46 
4795.54 1577.3 4822.33 1577 4829.67 1576.93 4854.93 1576.14 4859.48 1576.01 
4862.1 1576 4867.05 1575.98 4872.71 1575.94 4888.42 1575.83 4913.44 1575.84 
4918.04 1575.6 4922.42 1575.65 4929.44 1575.52 4942.86 1575.39 4967.7 1575.15 
4979.7 1575.2 4982.52 1575.28 5000.56 1575.57 5024.64 1576.28 5065.37 1575.82 
5076.38 1575.9 5085.76 1575.92 5094.96 1575.86 5102.52 1575.83 5116.8 1575.82 
5132.29 1575.8 5140.69 1574.15 5152.65 1574.34 5153.65 1574.97 5166.97 1574.75 
5182.33 1573.2 5184.58 1573.85 5186.99 1574.41 5189.93 1574.49 5226.15 1574.97 
5230.88 1575 5235.01 1574.96 5247.68 1574.98 5277.33 1574.72 5288.5 1574.79 
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7356.73 1576.3 7363.29 1576.26 7381.2 1576.22 7478.56 1575.91 7508.44 1575.74 
7548.52 1575.5 7603.28 1575 .51  7715.85 1575.51 7723.42 1575.52 7727.27 1575.54 
7733.93 1575.5 7739.24 1575.48 7810.09 1575.42 7827.58 1575.54 7850.23 1575.69 
7859.09 1575.4 7869.48 1574.57 7882.49 1574.9 7902.1 1575.04 7908.38 1 5 7 5 . 3 1  
7921.93 1574.9 7929.06 1575.44 7956.26 1575.82 8004.84 1576.04 8034.53 1575 .9  
8048.39 1 5 7 6 . 1  8073.28 1575.91 8078.35 1575.87 8095.24 1576.05 8125.91 1576.35 
8126.93 1576.4 8136.37 1576.36 8169.15 1576.17 8173.63 1576.17 8175.51 1576.17 
8236.55 1576 .2  8271.7 1576.23 8271.92 1576.24 8285 .1  1576.24 8293.25 1576.26 
8294.19 1576.3 8318.22 1576.34 8335.4 1576.45 8340.48 1576.46 8370.82 1576.85 
8379.23 1576 .8  8393.68 1576 .61  8408.63 1576.47 8424.16 1576.35 8432.76 1576.35 
8434.45 1576.3 8445.61 1576.37 8471.48 1576.38 8512.34 1576.48 8550.68 1577.11 
8554 .31  1577 .1  8558.94 1577.08 8563.37 1577.08 8599.83 1577.12 8605.66 1577.18 
8612.06 1577.2 8649.6 1576.98 8652.07 1576.93 8663.76 1576.8 8671.98 1576.78 
8700.76 1576.6 8714.55 1576.48 8728.26 1576.42 8733.35 1576.4 8734.57 1576.4 

8754.4 1576.2  8754.92 1576.19 8769.78 1575.79 8782.84 1575.88 8788.09 1575.87 
8811.59 1575.4 8814.02 1575 .41  8817.99 1575.42 8831.64 1575.27 8873.08 1575.03 
8874.09 1575 8875.16 1575.03 8881.21 1575.04 8890.21 1575.17 8902.38 1575.58 
8909.67 1575.8 8917.56 1575.74 8923.45 1576.12 8944.52 1576.67 8957.51 1577.05 

8978.4 1577.5 9005.36 1578.24 9018.54 1577.87 9024.37 1578.35 9054.86 1579.88 
9056.16 1579.9 9059.84 1579.93 9072.42 1579.23 9100 .01  1575.85 9157.8 1576.49 
9166.49 1576.8 9201.08 1576 .51  9224.74 1576.53 9230.59 1576.42 9238.35 1576.75 
9245.21 1577 9248.28 1576.97 9319.38 1576.68 9330.45 1576.73 9338.42 1576.81 
9350.11 1576.8 9365.87 1576.93 9379.29 1576.76 9384.69 1576.79 9419.53 1577.54 
9422.57 1577.6  9423.07 1577 .61  9426.89 1577.59 9485.8 1577.36 9514.83 1575.91 
9524.19 1575.7 9537.45 1575.2 9545.74 1574.83 9551.85 1575.34 9563.69 1576.87 
9574.14 1577.5 9575.34 1577.35 9575.82 1577.32 9594.73 1577.09 9601.58 1 5 7 7 . 0 1  
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Manning's n Values num= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4327.1 .1 5226.15 .15 7160.89 .1 8004.84 .15 9928.84 .045 
10016.18 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9928.8410016.18 280 118.36 118 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn LOSS (ft) 
C 6 E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s )  
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.129 
280.00 
3289.25 
3289.25 
4916.67 
3627.81 

1.49 
0.91 

40739.1 
3638.17 

0.82 
1.23 

550.06 
229.14 

Channel 
0.045 
118.36 
286.56 
286.56 
2544.26 
85.69 
8.88 
3.34 

21081.5 
86.17 
3.02 
26.85 
5.75 
2.61 

Right OB 
0.150 
118.00 
90.40 
90.40 
116.07 
108.82 
1.28 
0.83 
961.7 
110.07 
0.75 
0.96 
14.57 
21.32 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and 
assumed values. 
Warning: Divided flow computed for this cross-section. 

A-N West, Inc. 
July, 1999 
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* Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Riqht Sta Flow Area W.P. % Conv. Hydr D. Velocitv 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and 
assumed values. 
Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaulted to critical depth. 

CROSS SECTION RIVER: SIGNAt BUTTE 
REACH: SPILLWAY RS: 2.279 

INPUT 
Description: RM.2.279. BLOCKED OUT INEFF. ARE?+ BELOW EL.1570 AND BETWEEN STA. 5994 AND 6170 AT 
RET. BASIN. HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA. 5891.39. 

Station Elevation Data num= 482 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4265.03 1573.9 4268.87 1573.75 4287.66 1573.56 4288.69 1573.53 4289.44 1573.51 ~ 

4298.34 1573.6 4303.69 1573.83 4315.59 1573.8 4330.1 1573.63 4334.29 1573.69 
4338.84 1573.9 4340.61 1573.93 4348.57 1574.18 4351.65 1574.27 4356.66 1574.3 
4373.5 1574.3 4380.22 1574.36 4434.76 1573.96 4474.83 1573.61 4481.99 1573.55 
4492.63 1573 4493.55 1572.99 4495.54 1573.03 4540.04 1573.72 4553.5 1573.69 
4554.34 1573.7 4557.8 1573.66 4586.72 1573.58 4590.46 1573.53 4602.05 1573.54 
4615.83 1573.6 4631.18 1573.63 4636.53 1572.81 4641.11 1572.14 4660.56 1573.06 
4671.07 1573.5 4680.03 1573.62 4729.16 1573.83 4729.26 1573.83 4729.45 1573.83 
4740.7 1573.6 4743.97 1573.63 4756.63 1573.58 4765.51 1573.42 4784.85 1573.42 
4796.97 1573.5 4805.73 1573.53 4808.3 1573.46 4818.19 1573.16 4868.53 1572.42 
4901.2 1572.2 4913.37 1572.19 4920.65 1571.89 4927.91 1571.79 4933.85 1571.89 
4938.87 1571.9 4947.91 1571.52 4952.96 1571.51 4959.59 1571.67 4961.55 1571.75 
4990.49 1572.2 4993.97 1572.2 5002.56 1572.24 5012.22 1572.25 5020.96 1572.35 
5025.28 1572.4 5038.05 1572.52 5044.34 1572.61 5051.27 1572.66 5112.34 1572.87 
5118.72 1572.9 5135.47 1572.67 5145.9 1572.64 5146.41 1572.63 5149.16 1572.55 
5163.33 1572.1 5164.32 1572.07 5165.75 1571.98 5166.87 1571.99 5169.33 1571.98 
5170.94 1572 5186.12 1572.24 5192.75 1572.45 5197.35 1572.5 5212.96 1572.22 
5230.28 1572.4 5236.67 1572.53 5243.14 1572.67 5250.71 1572.88 5270.89 1573.09 
5317.04 1572.9 5353.24 1572.44 5356.54 1572.6 5360.6 1572.93 5365.06 1572.75 
5371.62 1572.2 5374.91 1571.96 5385.22 1569.08 5390.98 1567.31 5392.38 1567.44 
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8342.31 1573.4 8343.79 1573.7 8357.82 1573.55 8373.55 1573.47 8392.89 1573.35 
8469.05 1572.6 8477.22 1572 .71  8481.59 1572.67 8513.79 1572.86 8513.88 1572 .6  
8529.93 1573.2 8536.85 1573.4 8582.51 1573.02 8602.19 1572.85 8606.52 1572.8  

8608.3 1572.8 8613.27 1572.67 8621.99 1572 .71  8653.24 1572.73 8663.28 1572.7  
8665 .51  1572.7 8692.2 1572.09 8694.38 1572.14 8717.8 1572.02 8732.13 1571.95 
8734.45 1571.9  8752.5 1571.84 8769.24 1572.02 8780.44 1572.17 8802.42 1572.4  
8804.67 1572.4 8829.9 1572.43 8835.06 1572.45 8850.35 1 5 7 2 . 5 1  8862.3 1572.62 
8872.24 1572.6  8880.55 1572.59 8900.72 1572.66 8904.58 1572.67 8925.04 1572.83 
8926.06 1572.8 8929.64 1572.86 8944.83 1572.82 8950.58 1572.87 8971.27 1573.12 
8977.73 1573.2  8981.52 1573.24 9013.99 1573.43 9019.84 1573.26 9045.96 1573.24 
9052.53 1573.2 9065.07 1573.39 9067.45 1573 .35  9069.56 1573.56 9071 .41  1573.58 
9088.51 1573.6  9101.67 1573.29 9105.57 1573.48 9115.81 1573.73 9118.95 1573.78 
9120.62 1573.8 9138.79 1573.74 9146.48 1573.68 9167.6  1573.65 9199 .91  1573 .3  
9211.23 1573.2  9217.39 1573.22 9220.23 1573 .21  9230.09 1573.86 9233.44 1573.74 
9278.65 1573.5 9280.44 1573.52 9288.44 1573.5 9290.76 1573.59 9317.87 1573.99 
9321 .61  1574 9322.06 1574.03 9329.75 1574.02 9416.34 1573.53 9422.19 1573.53 
9429.27 1573.5  9438.03 1573.42 9490.03 1573.45 9509 .41  1574.34 9521.03 1575.17 
9534.66 1575.2  9561.3 1575.24 9578.83 1574.2  9586 .7  1573.96 9594.02 1573.65 
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8 Manning's n Values num= 
S t a  n V a l  S t a  n Val S t a  n Val S t a  n Val S t a  n Val 

4265.03 .1 5410.85 .15 6800 .61  .1 8055.81 .15 8481.59 .1 
9101.67 .15 9911.99 .04510039.39 .15 

Bank Sta :  L e f t  Right 
9911.9910039.39 

CROSS SECTION OUTPUT 

E.G. Elev ( f t )  
Vel Head ( f t )  
W.S. Elev ( f t )  
C r i t  W.S. ( f t )  
E.G. Slope ( f t / f t )  
Q To ta l  ( c f s )  
Top Width ( f t )  
Vel T o t a l  ( f t / s )  
Max Chl Dpth ( f t )  
Conv. T o t a l  ( c f s )  
Length Wtd. ( f t )  
Min Ch E l  ( f t l  
Alpha 
Frc tn  Loss ( f t )  
C & E Loss (it) 

Lengths: L e f t  Channel Right Coeff Contr. 
800  96.77 9 6  .1 

P r o f i l e  #PF 1 

1573.14 Element 
0.08 W t .  n-Val. 

1573.06 Reach Len. ( f t )  
1568.88 FlowArea ( s q f t l  

0.010494 Area ( s q  f t )  
7577.00 Flow ( c f s )  
2834.46 Top Width ( f t )  

2.19 Avg. Vel.  ( f t / s )  
9.93 H y d r . D e p t h ( f t )  

73964.3  Conv. ( c f s )  
781.82 Wetted Per.  ( f t )  

1570.42 Shear ( l b / s q  f t l  
1.11 Stream Power ( l b / f t  sl 
0.05 Cum Volume ( a c r e - f t l  
0.02 Cum SA ( a c r e s )  

L e f t  OB 
0.140 

800.00 
3361.03 
3361.03 
7222.52 

Expan. 
. 3  

Channel 
0.045 
96.77 
64.20 
64.20 

3 0 4 . 5 1  
38.10 

4.74 
1 .69  

2972.6 
38.67 

1 . 0 9  
5 .16 
5.27 
2 . 4 4  

Right OB 
0.150 
96.00 
36.83 
36.83 
49.97 
22.95 

1 .36  
1.60 

487.8 
23.82 

1 .01  
1.37 

14.40 
21.14 

Warning: Divided flow computed f o r  t h i s  c ross - sec t ion .  
Warning: The conveyance r a t i o  (upstream conveyance d i v i d e d  by downstream conveyance) i s  l e s s  
than 0.7 o r  g r e a t e r  than  1.4.  This may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  Right S t a  Flow Area W.P. % Conv. Hydr D. Ve loc i ty  
( f t )  ( f t l  ( c f s )  ( s q  ftl ( f t l  l f t )  ( f t / s )  
4265.03 5676.77 1240.10 789.93 873.94 16.37 0 .91  1.57 
5676.77 7088 .51  4786.44 1726.40 616.53 63.17 2 .81  2.77 
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Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SI- BUTTE 
REACH: SPILLWAY RS: 2.261 

INPUT 
Description: RM. 2.261. HORZ. N VALUES USED. UPSTREAM EDGE OF CAP CANAL. RAS.I.D.3 =SEC. 
STA.49+50=CAP STA.479+00=(5) 72"DIA. RAS. I.D.2=SEC. STA.58+10=CAP STA.471+03=(3) 72"DIA 
RAS.I.D.l=SEC.STA. 73+00=CAP STA.456+50=(2)601' DIA RAS.I.D.4&5=SEC.STA.100t00&102+3O=CAP 
STA.429+20&427+15 =(3) 72"DIA/EA. 

Station Elevation Data num= 499 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4349.26 1572.1 4359.98 1572.17 4369.44 1571.81 4383.67 1570.09 4383.82 1570.08 
4395.8 1569.7 4407.82 1569.32 4408.08 1569.31 4420.62 1568.58 4441.8 1568.43 
4481.73 1568.7 4512.79 1569.42 4516.83 1569.85 4537.78 1570.49 4557.27 1571.6 
4560.8 1571.6 4583.03 1573.22 4590.2 1573.75 4592.05 1573.76 4610.53 1572.71 
4623.3 1573.2 4636.58 1573.23 4647.26 1573.2 4661.53 1573.03 4663.08 1572.97 
4663.64 1572.9 4687.6 1571.99 4691.74 1571.86 4719.14 1571.06 4736.33 1573.09 
4737.14 1573.1 4738.25 1573.07 4770.97 1570.81 4793.2 1570.74 4830.14 1568.29 

5235.24 1574.3 5240.42 1574.27 5249.96 1574.18 5259.22 1574.13 5268.04 1574.09 
5272.46 1574.2 5285.47 1574.66 5303.13 1575.15 5334.89 1575.44 5341.19 1575.4 
5374.3 1574.8 5389.16 1574.9 5391.8 1574.78 5395.95 1574.73 5396.29 1574.71 
5412.32 1574.2 5431.18 1573.37 5437.91 1573.83 5455.32 1573.72 5461.29 1573.77 
5486.08 1573.7 5491.38 1573.38 5496.65 1573.47 5531.03 1573.39 5540.57 1573.18 
5559.47 1573.8 5573.76 1574.1 5591.33 1573.73 5605.51 1573.49 5616.97 1573.51 
5638.66 1573.3 5646.31 1573.34 5674.93 1573.23 5676.13 1573.23 5689.54 1572.88 
5695.24 1572.8 5721.29 1571.79 5762.48 1571.64 5772.68 1571.86 5774.73 1571.86 
5777.8 1571.9 5784.45 1569.26 5808.26 1561.91 5822.47 1561.62 5824.99 1561.44 
5833.61 1561.4 5851.61 1563.04 5859.38 1563.99 5871.66 1565.72 5893.63 1571.36 
5913.91 1572.4 5934.92 1572.89 5953.53 1573.26 5978.13 1572.79 5978.25 1572.79 
5979.01 1572.8 6002.43 1571.95 6006.38 1571.82 6030.54 1570.82 6042.47 1570.45 
6059.83 1570 6073.14 1569.47 6083.99 1569.14 6106.89 1568.03 6107.5 1568.01 
6111.37 1568.1 6133.3 1567.96 6149.22 1567.98 6154.9 1568 6175.28 1567.51 
6179.49 1567.5 6195.27 1567.45 6200.76 1567.47 6225.2 1567.41 6230.84 1567.39 
6250.31 1567.5 6255 1567.55 6278.98 1567.53 6284.2 1567.5 6309.15 1567.26 
6313.04 1567.2 6340.93 1567.33 6346.77 1567.39 6371.83 1567.2 6375.55 1567.12 
6380.62 1567 6407.02 1567.01 6410.5 1567.01 6437.13 1565.96 6441.43 1565.96 
6455.68 1566 6460.75 1566.03 6480.57 1565.95 6508.11 1565.79 6515.66 1565.8 
6541.82 1565.4 6546.76 1565.33 6568.69 1565.25 6574.05 1565.28 6600.43 1564.92 
6603.51 1564.9 6637.13 1565.11 6641.39 1565.06 6645.55 1564.98 6686.6 1564.59 
6692.37 1564.6 6712.92 1564.17 6741.25 1563.9 6745.21 1563.85 6759.59 1563.66 
6763.03 1563.7 6787.79 1563.75 6807.81 1563.47 6810.54 1563.45 6847.56 1562.53 
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Manning's n Values num= 4 
Sta n Val Sta n Val Sta . n Val Sta n Val 

4349.26 .1 9192.94 .15 9949.1 .04510039.47 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9949.110039.47 2 0 0  200.58 2 0 0  .1 . 3  

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (it) 1573.06 Element Left OB 
Vel Head (ft) 0.00 Wt. n-Val. 0.100 
W.S. Elev (it) 1573 .06  Reach Len. (ft) 200.00 
Crit W.S. (it) 1561 .53  Flow Area (sq it) 30127.43 
E.G. Slope (ft/ft) 0.000019 Area (sq ft) 30127.43 
Q Total (cis) 7577.00 Flow (cfs) 7539.98 
Top Width (it) 4781.19 Top Width (ft) 4484.76 
Vel Total (ft/s) 0 .25  Avg. Vel. (ft/s) 0.25 
Max Chl Dpth (ft) 1 5 . 6 6  Hydr. Depth (ft) 6.72 
Conv. Total (cis) 1742762.9 Conv. (cfs) 1734247.3 
Length Wtd. (ft) 200.58 Wetted Per. (it) 4493.72 
Min Ch El (it) 1 5 7 0 . 0 1  Shear (lb/sq ft) 0 .01  
Alpha 1 . 0 1  Stream Power (lb/ft s) 0.00 
Frctn Loss (ft) Cum Volume (acre-ft) 221.17 
C & E Loss (it) Cum SA (acres) 141.92 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Channel 
0.045 

200.58 
126.33 
126 .33  

26.15 
7 2 . 4 1  

0 .21  
1.74 

6013.8 
72.98 

0.00 
0 .00 
5 .06  
2 .32 

Left Sta Right Sta 
(ft) (it1 
4349.26 5749.22 
5749.22 7149.18 
7149.18 8549.14 
8549.14 9949.10 
LB 9949.10 RB 10039.47 
10039.47 10602.07 

Flow Area 
(cis) (sq ft) 

273.03 2247.74 
2401.13 10312.26 
4563.80 15243.62 

302.02 2323.83 
26.15 126.33 
10.88 240.92 

W.P. 8 Conv. Hydr D. \ 

(ft) (it) 
799.97 3.60 2 .82 

1382.86 31.69 7.48 
1402.00 60.23 10.89 

908.88 3 .99 2 .56 
72.98 0.35 1.74 

224.45 0.14 1.08 

CULVERT RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.252 

INPUT 
Description: CULVERTS ACROSS CAP CANAL 
Distance from Upstream XS = 2 5 
Deck/Roadway Width - - 1 6 0  
Weir Coefficient - - 2.8 
Bridge Deck/Roadway Skew = 
Upstream Deck/Roadwav Coordinates 

nun= 3 6 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

Right OB 
0.150 

200.00 
240.92 
240.92 

10.88 
224.03 

0 .05 
1 .08 

2501.9  

'elocity 
(ft/s) 

0.12 
0 .23  
0.30 
0.13 
0 .21  
0.05 
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Upstream Br idge  Cross  S e c t i o n  Data 
S t a t i o n  E l e v a t i o n  Data nun= 499 

S t a  E lev  S t a  E lev  S t a  E lev  S t a  E lev  S t a  E lev  
4349.26 1572.1 4359.98 1572.17 4369.44 1571.81 4383.67 1570.09 4383.82 1570.08 

4395.8 1569.7 4407.82 1569.32 4408.08 1569.31 4420.62 1568.58 4441.8 1568.43 
4481.73 1568.7 4512.79 1569.42 4516.83 1569.85 4537.78 1570.49 4557.27 1571.6 

4560.8 1571.6 4583.03 1573.22 4590.2 1573.75 4592.05 1573.76 4610.53 1572.71 
4623.3 1573.2 4636.58 1573.23 4647.26 1573.2 4661.53 1573.03 4663.08 1572.97 

4663.64 1572.9 4687.6 1571.99 4691.74 1571.86 4719.14 1571.06 4736.33 1573.09 
4737.14 1573.1 4738.25 1573.07 4770.97 1570.81 4793.2 1570.74 4830.14 1568.29 
4830.93 1568.3  4846.29 1568.05 4855.1 1567.98 4882.71 1568.83 4885.98 1568.88 
4891.09 1568.6 4915.77 1566.44 4927.66 1566.75 4940.89 1567.87 4952.23 1567.96 
4967.75 1567.9 4987.23 1570.96 5007.01 1571.12 5016.73 1569.99 5043.63 1569.96 
5047.88 1570 5054.03 1570.11 5056.57 1569.91 5072.53 1569.72 5098.67 1569.81 
5100.76 1569.9 5117.31 1572.8 5125.88 1571.4 5147.11 1573.22 5148.5 1573.77 
5155.24 1573.8 5174.46 1573.84 5178.28 1573.82 5204.95 1574.18 5210.66 1574.21 
5235.24 1574.3 5240.42 1574.27 5249.96 1574.18 5259.22 1574.13 5268.04 1574.09 
5272.46 1574.2 5285.47 1574.66 5303.13 1575.15 5334.89 1575.44 5341.19 1575.4 

5374.3 1574.8 5389.16 1574.9 5391.8 1574.78 5395.95 1574.73 5396.29 1574.71 
5412.32 1574.2 5431.18 1573.37 5437.91 1573.83 5455.32 1573.72 5461.29 1573.77 
5486.08 1573.7 5491.38 1573.38 5496.65 1573.47 5531.03 1573.39 5540.57 1573.18 
5559.47 1573.8 5573.76 1574.1 5591.33 1573.73 5605.51 1573.49 5616.97 1573.51 
5638.66 1573.3 5646.31 1573.34 5674.93 1573.23 5676.13 1573.23 5689.54 1572.88 
5695.24 1572.8 5721.29 1571.79 5762.48 1571.64 5772.68 1571.86 5774.73 1571.86 

5777.8 1571.9 5784.45 1569.26 5808.26 1561.91 5822.47 1561.62 5824.99 1561.44 
5833.61 1561.4 5851.61 1563.04 5859.38 1563.99 5871.66 1565.72 5893.63 1571.36 
5913.91 1572.4 5934.92 1572.89 5953.53 1573.26 5978.13 1572.79 5978.25 1572.79 
5979.01 1572.8 6002.43 1571.95 6006.38 1571.82 6030.54 1570.82 6042.47 1570.45 
6059.83 1570 6073.14 1569.47 6083.99 1569.14 6106.89 1568.03 6107.5 1568.01 
6111.37 1568.1 6133.3 1567.96 6149.22 1567.98 6154.9 1568 6175.28 1567.51 
6179.49 1567.5 6195.27 1567.45 6200.76 1567.47 6225.2 1567.41 6230.84 1567.39 
6250.31 1567.5 6255 1567.55 6278.98 1567.53 6284.2 1567.5 6309.15 1567.26 
6313.04 1567.2 6340.93 1567.33 6346.77 1567.39 6371.83 1567.2 6375.55 1567.12 
6380.62 1567 6407.02 1567.01 6410.5 1567.01 6437.13 1565.96 6441.43 1565.96 
6455.68 1566 6460.75 1566.03 6480.57 1565.95 6508.11 1565.79 6515.66 1565.8 
6541.82 1565.4 6546.76 1565.33 6568.69 1565.25 6574.05 1565.28 6600.43 1564.92 
6603.51 1564.9 6637.13 1565.11 6641.39 1565.06 6645.55 1564.98 6686.6 1564.59 

FCD 98-17 Delineation of Spillway F low 
For Signal Butte Flood Retarding Structure Page 91 
213 Discharge (Q's Modeled Separately) 

A-N West, Inc. 
July, 1999 



7325.41 1557 .5  7325 .61  1557.5 7325.78 1557.48 7327.92 1557.4 7353.58 1557.89 
7367.34 1558 .9  7374.12 1560.66 7402.17 1560.56 7402.69 1560.54 7423.75 1560.84 
7424 .87  1560 .7  7 4 2 6 . 8 1  1560.53 7446.77 1560 .1  7461.74 1560.45 7467.82 1560.9  

7484.9  1561 .1  7488.23 1561 .24  7503.42 1559.63 7516.04 1559.65 7532.78 1561.48 
7541.12 1561.5 7559.94 1558.48 7561.33 1558.52 7581.54 1558.62 7 5 8 1 . 9 1  1558.65 

7583.3  1558.6 7613 .17  1560.29 7622.23 1560.27 7650.88 1562.13 7668 .31  1562.49 
7669.2 1 5 6 2 . 6  7686.9 1561.12 7689.77 1561.47 7707.63 1562.39 7727.54 1559.7  

7727.64 1559.7 7727 .72  1559.69 7728.23 1559.65 7752.88 1560.12 7759.62 1560.08 
7777.76 1560.6  7793.13 1561 .01  7808.93 1 5 6 3 . 3 1  7811.87 1563.27 7830.4 1564.03 
7834.06 1564 .1  7853.87 1563.59 7856.24 1563.52 7871.65 1563.45 7874.06 1563.38 
7896.14 1563.5 7899.5 1563.5  7916.82 1563 .11  7918.93 1 5 6 3 . 1  7961.63 1562.88 
7962.49 1562.9 7963.44 1562.87 7985.78 1562.9  7986.14 1562.83 8004.06 1562.68 
8025.67 1563  8046.65 1562.92 8049.22 1 5 6 3 . 4 1  8050.04 1 5 6 3 . 4 1  8068.95 1563.33 
8069.53 1563.3  8093 .81  1563.86 8095.03 1563.87 8117.93 1564.63 8121.91 1563.34 
8139.37 1563.2 8155.96 1563.08 8162.18 1563 .21  8168.33 1 5 6 3 . 1 1  8176.08 1563.09 
8197.37 1563 8215.84 1 5 6 2 . 7 1  8229.03 1562.68 8252.88 1 5 6 4 . 1  8264.5 1563.53 
8270.98 1563.7 8274.4 1563.68 8299.42 1563.69 8307.13 1563.54 8324.97 1563.99 
8330.44 1563.8 8347 .51  1564.27 8351.44 1564.36 8365.99 1564.69 8369.9 1564.89 
8389 .21  1564.7 8393.25 1564.74 8397.46 1564.92 8411.82 1565.09 8431.78 1565.09 
8435.84 1565.1  8457.63 1565.05 8461.36 1565.23 8464.1 1565.34 8486.07 1565.64 
8489.84 1565.6  8511 .01  1 5 6 6 . 1 1  8514 .71  1566.08 8533.82 1 5 6 6 . 3 6  8537.09 1566.36 
8557.17 1566.4 8563.63 1565.48 8588.57 1565.79 8594.41 1566.56 8596.5 1566 .6  
8618 .51  1566.7 8621.77 1566.74 8643.52 1566.92 8646.85 1566.94 8667.75 1 5 6 7 . 3 1  
8671.44 1567.4 8690.16 1567.78 8693.94 1567.82 8714.48 1567.72 8717.41 1567.75 
8732.58 1567.8 8735.75 1568 .11  8754.95 1568.77 8759.03 1 5 6 8 . 8 1  8780 .71  1568.93 
8785.16 1568.8 8805.36 1568.99 8808.32 1569.29 8826.46 1569.87 8830.2 1569.98 
8846.35 1570.4 8850.26 1570.04 8867.45 1 5 7 0 . 2 1  8871.64 1570.19 8891.77 1570.47 
8897.82 1570.7 8914.78 1571 .31  8921.47 1571.33 8938.85 1571.64 8945.92 1572.19 
8953.77 1571.8 8968.42 1571.49 8975.51 1571.5 8988 .81  1571.78 8996.5 1571.76 

9015 1569.5 9015.47 1569.54 9024.58 1569.36 9032.84 1569.33 9033.45 1569.33 
9034.55 1569.4 9038.39 1569.97 9055.78 1572.92 9071.33 1 5 7 0 . 7 1  9074.98 1570.75 
9084.52 1571.1  9101.17 1571.89 9121.96 1571.87 9132.33 1572.41 9143.59 1572.23 
9177 .01  1572.7 9181.71 1572.74 9192.94 1572.54 9216.6  1571.86 9246.85 1572.06 
9271.41 1572.5 9282.05 1572.45 9302.89 1 5 7 2 . 6 1  9330.03 1572.87 9338.47 1572.82 
9360.42 1572.7 9381.07 1573.33 9421.7 1573.18 9433.06 1573.23 9447.9 1573.04 
9494.85 1572 9500.46 1572.11 9510.58 1572.73 9544.75 1573.94 9550.13 1574.33 
9554.73 1574.3 9559.81 1574.39 9591.65 1574.74 9616.86 1572.62 9619.09 1572.46 
9621.95 1572.9 9631.35 1574.78 9643.89 1575.27 9649.97 1575.8 9651.73 1575.8  

9663.8 1575.7 9674.73 1575.49 9700.8 1575.28 9714.46 1577.33 9727 1577.02 
9744.81 1575.4 9754.52 1574.57 9759.87 1574.82 9781.35 1575.33 9789.76 1 5 7 5 . 5 1  
9802.65 1575.4 9810.03 1574.99 9825.56 1574 .79  9834.5 1574.58 9853.64 1574.66 

9858.6  1574.7 9878.13 1573.88 9882.94 1573.93 9902.06 1573.87 9907.54 1573.89 
9924.91 1573.5 9929.34 1573.5 9943.73 1578.05 9949.1  1578.33 9967.44 1572.95 
9972.68 1572.7 9984.29 1570.54 9996.25 1570.01 9996.82 1570.39 9999.96 1570.05 

10013.72 1570.510017.93 1571.7710023.52 1572.0910039.47 1572.5610042.32 1572.42 
10045.73 1572.610066.16 1572.5610070.42 1572.4410088.07 1572.410093.58 1572.44 
10110 .51  1572.810115.94 1572.89 10133.3 1572.42 10138.2 1572.5610152.43 1572.28 
10154.44 1572.210158.66 1571.9610173.16 1570.1610183.85 1569.9410193.14 1571.06 
10199.79 1571.210216.14 1572.5310238.57 1571.1610244.57 1571.1510247.77 1571.17 
10292.94 1576.610314.28 1576.7510322.46 1576.7810330.24 1576.8510331.52 1576.85 
10342.54 157710353.36 1576.87 10363.5  1576.8410377.66 1576.7810386.92 1576.78 
10404.98 1576.110417.27 1576.9 10420.3 1576.9310421.82 1576.8610442.08 1575.88 

10444.5  1575.810445.01 1575.7510470.55 1575.3310472.82 1575.3910487.11 1575.25 
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10501.53 1575.110515.54 1575.2310535.23 1576.5410540.36 1576.5410553.28 1575.48 
10567.76 1575.410591.47 1575.5210596.97 1575.6310602.07 1575.59 @ Manning's n values nun= 4 

Sta n Val Sta n Val Sta n Val Sta n Val 
4349.26 .1 9192.94 .15 9949.1 .04510039.47 .15 

Bank Sta: Left Right Coeff Contr. Expan. 
9949.110039.47 .1 .3 

Downstream Deck/Roadway Coordinates 
nun= 3 6 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

3778.9 1572.66 3935.44 1573.16 4002.7 1573.5 
4172.27 1573.72 4291.03 1573.76 4357.67 1573.7 
4390.75 1572.3 4414.56 1568.45 4491.44 1568.4 
4526.71 1572.21 4562.88 1573.3 4856.47 1573.33 
5266.74 1573.33 5303.49 1574.4 5398.9 1574.5 
5460.86 1573.17 5714.85 1572.69 5801.62 1571.53 
5824.78 1571.4 5855.78 1572.41 6153.43 1572.43 
6347.31 1572.4 6588.98 1572.43 7286.17 1572.43 
7403.63 1572.75 7905.82 1572.8 8097.17 1572.61 
8300.29 1572.64 8306.43 1572.3 8410.8 1572.32 
8508.59 1573.29 9436.01 1573.3 9530.22 1573.81 
9716.23 1575.01 9730.42 1576.68 10431.6 1576.78 

Downstream Bridge Cross Section Data 
Station Elevation Data nun= 4 92 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
3625.97 1565.5 3632.59 1565.55 3656.69 1565.43 3670.32 1565.61 3685.64 1565.83 
3703.88 1565.8 3715.98 1565.84 3731.62 1569.85 3766.14 1568.83 3779.77 1565.5 
3790.08 1565.4 3803.14 1565.47 3851.91 1565.64 3856.4 1565.67 3873.41 1565.52 
3899.75 1565 3925.19 1565.02 3959.9 1570.78 3965.15 1571.13 4006.22 1567.56 
4008.3 1567.6 4012.16 1567.58 4020.39 1567.33 4049.92 1564.77 4078.79 1564.81 
4108.82 1564.7 4133.24 1571.32 4140.44 1571.65 4165.95 1564.07 4166.01 1564.07 
4166.38 1564.1 4208.01 1569.06 4215.59 1568.67 4241.71 1571 4247.24 1570.97 
4253.51 1570.9 4267.78 1570.92 4278.31 1571.37 4292.05 1571.22 4309.15 1569.92 
4323.38 1570.7 4325.23 1570.75 4343.13 1566.91 4362.37 1567.88 4376.85 1567.95 
4401.99 1568.1 4417.09 1567.21 4445.07 1567.73 4469.07 1568.11 4484.02 1567.93 
4492.99 1567.7 4521.03 1568.78 4528.85 1568.41 4539.23 1568.96 4570.77 1572.62 
4571.53 1572.6 4573.76 1572.6 4590.5 1573.89 4613.75 1571.72 4618.83 1571.28 
4622.04 1571.3 4642.73 1572.53 4643.94 1572.5 4645.31 1572.38 4646.77 1572.43 
4663.49 1572.2 4667.67 1572.12 4694.25 1570.5 4704.93 1570.51 4719.91 1571.95 
4729.86 1571.8 4745.36 1572.39 4749.8 1572.43 4762.47 1572.52 4772.53 1572.27 
4774.87 1572.2 4786.1 1572.18 4800.75 1570.65 4808.38 1572.1 4829.71 1571.4 
4838.11 1571.6 4845.85 1571.56 4889.44 1570.56 4889.72 1570.55 4889.81 1570.56 
4921.94 1572.6 4943.64 1571.21 4955.75 1570.45 4970.46 1571.48 4982.07 1572.68 
4988.87 1572.9 4991.39 1572.99 4992.29 1572.97 5005.11 1572.36 5051.7 1569.27 
5073.44 1572.5 5101.78 1572.66 5104.71 1572.83 5108.73 1573.09 5109.43 1573.08 
5112.37 1573.1 5116.5 1572.79 5173.45 1572.91 5175.9 1573.14 5202.46 1573.03 
5218.29 1573 5224.66 1572.58 5236.09 1572.53 5273.97 1572.27 5282.08 1572.4 
5303.03 1572.3 5310.71 1572.19 5324.72 1572.25 5343.71 1572.33 5361.65 1572.1 
5378.57 1572.1 5418.95 1575.17 5433.29 1575.26 5459.13 1575 5493.99 1574.9 
5501.97 1574.9 5509.68 1574.44 5523.68 1573.5 5543.04 1572.13 5557.18 1571.95 
5584.82 1571.4 5598.88 1571.52 5613.49 1571.07 5623.01 1570.67 5626.04 1570.54 
5634.22 1569.7 5655.07 1561.31 5656.41 1560.84 5657.57 1560.81 5660.38 1560.78 
5694.92 1560.9 5702.53 1561.05 5717.56 1566.72 5723.51 1569.79 5746.38 1570.67 
5755.66 1570.8 5758.3 1570.68 5773.84 1569.13 5780.45 1568.87 5807.63 1569.17 
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5814.4 1569 5836.64 1567.23 5843.56 1567.1 5862.89 1566.52 5870.07 1566.31 
5884.94 1566.3 5905.94 1566.4 5917.29 1566.3 5968.5 1566.15 6002.79 1565.73 
6005.64 1565.7 6038.78 1565.71 6064.14 1565.82 6081.91 1565.8 6092.63 1565.76 
6130.44 1565.7 6156.9 1565.45 6164.01 1565.45 6176.36 1565.48 6185.14 1565.48 
6235.15 1565.8 6247.71 1565.58 6261.29 1565.46 6270.76 1565.32 6298.34 1564.82 
6303.88 1564.7 6324.98 1565.32 6328.94 1565.41 6334.93 1565.22 6361.44 1564.96 

6384.5 1564.5 6415.25 1564.38 6422.27 1564.4 6427.96 1564.28 6442.94 1564.03 
6471 1563.5 6479.55 1563.45 6500.58 1564.08 6502.58 1564.07 6533.37 1563.82 

6536.48 1563.9 6552.68 1563.64 6555.17 1563.63 6573.91 1564.17 6580.08 1564.45 
6597.19 1565 6614.03 1564.92 6622.95 1565.48 6646.12 1565.42 6652.65 1565.51 
6670.79 1565.8 6682.7 1565.75 6690.91 1566.14 6712.08 1568.49 6727.67 1569.04 
6742.66 1571.9 6746.55 1572.06 6749.03 1572.01 6774.37 1571.7 6787.31 1571.46 
6791.05 1570.2 6815.76 1566.76 6828.27 1566.11 6841.93 1565.75 6866.03 1565.49 
6878.11 1566.4 6888.09 1566.83 6905.06 1569.94 6907.68 1570.11 6915.25 1569.27 
6943.47 1565.8 6955.47 1562.43 6971.77 1561.21 6988.03 1560.62 6991.84 1560.7 
6997.15 1560.9 6998.72 1560.91 7010.69 1561.93 7016.98 1562.26 7029.31 1561.08 
7040.96 1562.1 7069.85 1561.53 7075.15 1560.97 7096.87 1561.5 7099.56 1561.51 
7121.49 1561.3 7123.41 1561.4 7152.34 1561.76 7153.51 1562.02 7163.39 1559.56 
7178.63 1558.6 7208.99 1561.35 7218.73 1562.58 7219.69 1563.06 7247.59 1563.12 
7253.13 1563.4 7266.6 1563.43 7283.43 1562.99 7297.63 1562.55 7305.66 1562.46 
7314.94 1562.2 7346.94 1562.47 7371 1562.46 7379.71 1562.57 7387.68 1562.13 
7402.73 1561.2 7407.43 1561.03 7413.07 1561.04 7436.53 1561.34 7447.02 1561.35 
7470.41 1561.3 7479.49 1561.42 7488.6 1561.32 7504.13 1561.88 7508.75 1561.8 
7521.11 1561.2 7539.77 1560.4 7551.18 1560.04 7554.62 1560.11 7571.97 1560.01 
7575.04 1560.3 7575.86 1560.38 7601.72 1561.12 7605.75 1561.15 7621.82 1561.44 
7625.79 1561.6 7642.46 1561.43 7646.44 1561.4 7665.12 1568.62 7671.4 1568.6 
7696.11 1564.3 7710.83 1563.75 7721.3 1563.32 7729.9 1563.08 7744.93 1562.45 
7764.43 1561.2 7769.12 1560.76 7789.03 1560.12 7793.39 1560.09 7812.32 1559.85 
7827.26 1559.8 7830.3 1559.98 7839.84 1559.15 7858.21 1559.19 7860.85 1559.04 

7867.2 1559.1 7886.38 1559.95 7912.54 1560.36 7912.67 1560.37 7935.49 1560.59 
7949.09 1560.5 7954.1 1560.5 7958.26 1560.57 7970.55 1560.53 7994.48 1566.17 
8012.56 1566.2 8029.71 1560.45 8071.64 1560.25 8088.58 1562.76 8098.6 1560.87 
8109.05 1559.7 8118.88 1559.15 8120.58 1559.11 8143.22 1559.05 8143.97 1559.01 

8164.9 1559.1 8167.44 1559.02 8192.2 1559.89 8211.79 1555.35 8221.94 1553.17 
8223.37 1553 8224.08 1553.02 8245.4 1553.1 8246.21 1553.14 8247.73 1553.21 

8270.5 1554.3 8288.83 1555.7 8295.32 1555.89 8307.63 1558.89 8310.76 1560.59 
8314.09 1560.8 8320.01 1560.78 8343.41 1560.9 8348.66 1560.92 8376.41 1561.6 
8377.18 1561.6 8380.27 1561.66 8404.61 1561.91 8415.47 1562.14 8436.55 1562.05 
8438.21 1562.1 8459.8 1562.89 8461.09 1562.91 8481.78 1562.83 8484.82 1563.14 
8503.98 1563.6 8505.95 1563.6 8510.97 1563.65 8551.82 1564.36 8557.83 1564.44 
8586.71 1564.7 8594.85 1564.82 8610.89 1564.96 8623.24 1565.23 8636.44 1565.45 
8642.42 1565.6 8647.67 1565.73 8647.83 1565.74 8677.5 1565.9 8678.77 1565.84 
8694.59 1566.2 8703.7 1566.34 8704.47 1566.32 8723.57 1566.43 8726.34 1566.47 
8745.24 1566.7 8753.77 1566.79 8772.83 1567.03 8781.01 1567.06 8809.6 1567.28 
8825.79 1567.4 8836.1 1567.34 8848.28 1567.13 8856.1 1567.16 8883.37 1567.63 
8889.52 1567.8 8894.81 1567.75 8901.15 1567.52 8912.17 1567.35 8927.49 1567.78 
8935.05 1567.9 8949.24 1568.22 8956.34 1568.22 8978.6 1568.38 8982.37 1568.66 
9012.09 1568.8 9030.23 1568.57 9049.15 1569.91 9055.98 1570.57 9081.9 1571.86 
9082.04 1571.7 9083.81 1571.67 9108.37 1571.79 9110.85 1571.71 9118.39 1570.78 

9145.4 1570.6 9154.39 1570.31 9164.33 1570.23 9176.86 1569.94 9192.77 1569.7 
9206.85 1569.9 9223.5 1569.31 9228.29 1567.96 9232.68 1569.12 9261.09 1569.62 
9267.23 1568.2 9277.31 1568.26 9302.75 1568.18 9321.47 1568.1 9332.53 1568.42 
9344.78 1571.4 9347.23 1571.97 9353.68 1571.82 9371.2 1568.93 9376.48 1569.14 

9390.7 1573 9396.19 1572.67 9425.15 1573.18 9430.62 1573.95 9442.4 1573.93 
9455.06 1573.8 9456.43 1573.8 9492.89 1573.78 9492.91 1573.78 9493.13 1573.78 
9516.76 1573.8 9535.52 1572.76 9557.48 1573.19 9561.19 1573.14 9575.22 1572.96 
9599.89 1572.8 9603.16 1572.75 9609.05 1572.62 9632.08 1573.43 9644.83 1572.95 
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Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

3625.97 .08 9994.4 .04510040.06 .08 

Bank Sta: Left Right Coeff Contr. Expan. 
9994.410040.06 .1 .3 

Blocked Obstructions nun= 2 
Sta L Sta R Elev Sta L Sta R Elev 

3625.97 7300 1560.5 850010348.82 1560.5 

Upstream Embankment side slope - - 2 horiz. to 1.0 vertical 
Downstream Embankment side slope - - 2 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Culverts = 5 

Culvert Name Shape Rise Span 
Culvert #3 Circular 6 
FHWA Chart # 1 - Concrete Pipe culvert 
FHWA Scale # 3 - Groove end entrance; pipe projecting from fill 
Solution Criteria = Highest U.S. EG 
Culvert Upstrm Dist Length n Value Entrance Loss Coef Exit Loss Coef 

19 162 .012 .9 1 
Number of Barrels = 5 
Upstream Elevation = 1561 
Centerline Stations 

Sta. Sta. Sta. Sta. Sta. 
4920 4928 4936 4944 4952 

Downstream Elevation = 1560 
Centerline Stations 

Sta. Sta. Sta. Sta. Sta. 
4860 4868 4876 4884 4892 

Culvert Name Shape Rise Span 
Culvert #2 Circular 6 
FHWA Chart # 1 - Concrete Pipe Culvert 
FHWA Scale # 3 - Groove end entrance; pipe projecting from fill 
Solution Criteria = Highest U.S. EG 
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Culver t  Upstrm D i s t  Length n  Value Entrance Loss Coef E x i t  Loss Coef 
10 180 . 0  12 .9 . 1  

Number of  B a r r e l s  = 3 
Upstream Eleva t ion  = 1560 
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  S t a .  
5790 5798 5806 

Downstream Eleva t ion  = 1558.7 
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  S t a .  
5680 5688 5696 

Culver t  Name Shape Rise Span 
Culver t  #1 C i r c u l a r  5  
FHWA Char t  # 1 - Concrete Pipe Culver t  
FHWA Sca le  # 3 - Groove end entrance;  p i p e  p r o j e c t i n g  from f i l l  
So lu t ion  C r i t e r i a  = Highest  U.S. EG 
Culver t  Upstrm D i s t  Length n  Value Entrance Loss Coef E x i t  Loss Coef 

5 190 .012 .9 1 
Number of  B a r r e l s  = 2  
Upstream Elevat ion = 1555.2 
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  
7300 7306 

Downstream Eleva t ion  = 1554.4 
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  
7200 7206 

Culver t  Name Shape R i s e  Span 
Culver t  #4 C i r c u l a r  6  
FHWA Chart  # 2  - Corrugated Metal Pipe  Culver t  
FHWA S c a l e  # 3  - Pipe p r o j e c t i n g  from f i l l  
So lu t ion  C r i t e r i a  = Highest  U.S. EG 
Culver t  U p s t m  D i s t  Length n Value Entrance Loss Coef E x i t  Loss C0ef 

10 180 .024 .9  1 
Number of  B a r r e l s  = 3  
Upstream Eleva t ion  = 1567.8 
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  S t a .  
9990 9998 10006 

Downstream Eleva t ion  = 1567 
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  S t a .  
9990 9998 10006 

Culver t  Name Shape R i s e  Span 
Culver t  #5 C i r c u l a r  6  
FHWA Chart  # 2  - Corrugated Metal Pipe Culver t  
FHWA Sca le  # 3  - Pipe p r o j e c t i n g  from f i l l  
So lu t ion  C r i t e r i a  = Highest  U.S. EG 
Culver t  Upstrm D i s t  Length n  Value Entrance Loss Coef E x i t  Loss C0ef 

10 180 .024 .9  1 
Number of  Barrels = 3 
Upstream Elevat ion = 1567.7 
C e n t e r l i n e  S t a t i o n s  

S t a .  S t a .  S t a .  
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10220 10228 10236 
Downstream Elevation = 1567 
Centerline Stations 

Sta. Sta. Sta. 
10170 10178 10186 

CROSS SECTION RXVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.223 

INPUT 
Description: RM. 2.223 . OWNSTREAM EDGE OF CAP CANAL. 
Station Elevation Data nun= 492 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
3625.97 1565.5 3632.59 1565.55 3656.69 1565.43 3670.32 1565.61 3685.64 1565.83 
3703.88 1565.8 3715.98 1565.84 3731.62 1569.85 3766.14 1568.83 3779.77 1565.5 
3790.08 1565.4 3803.14 1565.47 3851.91 1565.64 3856.4 1565.67 3873.41 1565.52 
3899.75 1565 3925.19 1565.02 3959.9 1570.78 3965.15 1571.13 4006.22 1567.56 
4008.3 1567.6 4012.16 1567.58 4020.39 1567.33 4049.92 1564.77 4078.79 1564.81 
4108.82 1564.7 4133.24 1571.32 4140.44 1571.65 4165.95 1564.07 4166.01 1564.07 
4166.38 1564.1 4208.01 1569.06 4215.59 1568.67 4241.71 1571 4247.24 1570.97 
4253.51 1570.9 4267.78 1570.92 4278.31 1571.37 4292.05 1571.22 4309.15 1569.92 
4323.38 1570.7 4325.23 1570.75 4343.13 1566.91 4362.37 1567.88 4376.85 1567.95 
4401.99 1568.1 4417.09 1567.21 4445.07 1567.73 4469.07 1568.11 4484.02 1567.93 
4492.99 1567.7 4521.03 1568.78 4528.85 1568.41 4539.23 1568.96 4570.77 1572.62 
4571.53 1572.6 4573.76 1572.6 4590.5 1573.89 4613.75 1571.72 4618.83 1571.28 
4622.04 1571.3 4642.73 1572.53 4643.94 1572.5 4645.31 1572.38 4646.77 1572.43 
4663.49 1572.2 4667.67 1572.12 4694.25 1570.5 4704.93 1570.51 4719.91 1571.95 
4729.86 1571.8 4745.36 1572.39 4749.8 1572.43 4762.47 1572.52 4772.53 1572.27 
4774.87 1572.2 4786.1 1572.18 4800.75 1570.65 4808.38 1572.1 4829.71 1571.4 
4838.11 1571.6 4845.85 1571.56 4889.44 1570.56 4889.72 1570.55 4889.81 1570.56 
4921.94 1572.6 4943.64 1571.21 4955.75 1570.45 4970.46 1571.48 4982.07 1572.68 
4988.87 1572.9 4991.39 1572.99 4992.29 1572.97 5005.11 1572.36 5051.7 1569.27 
5073.44 1572.5 5101.78 1572.66 5104.71 1572.83 5108.73 1573.09 5109.43 1573.08 
5112.37 1573.1 5116.5 1572.79 5173.45 1572.91 5175.9 1573.14 5202.46 1573.03 
5218.29 1573 5224.66 1572.58 5236.09 1572.53 5273.97 1572.27 5282.08 1572.4 
5303.03 1572.3 5310.71 1572.19 5324.72 1572.25 5343.71 1572.33 5361.65 1572.1 
5378.57 1572.1 5418.95 1575.17 5433.29 1575.26 5459.13 1575 5493.99 1574.9 
5501.97 1574.9 5509.68 1574.44 5523.68 1573.5 5543.04 1572.13 5557.18 1571.95 
5584.82 1571.4 5598.88 1571.52 5613'.49 1571.07 5623.01 1570.67 5626.04 1570.54 
5634.22 1569.7 5655.07 1561.31 5656.41 1560.84 5657.57 1560.81 5660.38 1560.78 
5694.92 1560.9 5702.53 1561.05 5717.56 1566.72 5723.51 1569.79 5746.38 1570.67 
5755.66 1570.8 5758.3 1570.68 5773.84 1569.13 5780.45 1568.87 5807.63 1569.17 
5814.4 1569 5836.64 1567.23 5843.56 1567.1 5862.89 1566.52 5870.07 1566.31 
5884.94 1566.3 5905.94 1566.4 5917.29 1566.3 5968.5 1566.15 6002.79 1565.73 
6005.64 1565.7 6038.78 1565.71 6064.14 1565.82 6081.91 1565.8 6092.63 1565.76 
6130.44 1565.7 6156.9 1565.45 6164.01 1565.45 6176.36 1565.48 6185.14 1565.48 
6235.15 1565.8 6247.71 1565.58 6261.29 1565.46 6270.76 1565.32 6298.34 1564.82 
6303.88 1564.7 6324.98 1565.32 6328.94 1565.41 6334.93 1565.22 6361.44 1564.96 
6384.5 1564.5 6415.25 1564.38 6422.27 1564.4 6427.96 1564.28 6442.94 1564.03 
6471 1563.5 6479.55 1563.45 6500.58 1564.08 6502.58 1564.07 6533.37 1563.82 

6536.48 1563.9 6552.68 1563.64 6555.17 1563.63 6573.91 1564.17 6580.08 1564.45 
6597.19 1565 6614.03 1564.92 6622.95 1565.48 6646.12 1565.42 6652.65 1565.51 
6670.79 1565.8 6682.7 1565.75 6690.91 1566.14 6712.08 1568.49 6727.67 1569.04 
6742.66 1571.9 6746.55 1572.06 6749.03 1572.01 6774.37 1571.7 6787.31 1571.46 
6791.05 1570.2 6815.76 1566.76 6828.27 1566.11 6841.93 1565.75 6866.03 1565.49 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure Page 97 
213 Discharge (Q's Modeled Separately) 

A-N West, lnc. 
July, 1999 



I 
FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

Page 98 
A-N West, Inc. 

July, 1999 • 



Manning's n Values num= 3 
~ t a  nVal Sta n Val Sta n Val 

3625.97 .08 9994.4 .04510040.06 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9994.410040.06 400 1069.12 900 .1 .3 

Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

3625.97 7300 1560.5 850010348.82 1560.5 

CROSS SECTION OUTPUT Profile #PF I 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (ftl 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (it) 
Min Ch El (ftl 
Alnha 
~rctn LOSS (ft) 

@ 
C & E Loss (it) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq it) 
stream Power (lb/ft s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Left OB Channel Right OB 
0.080 
400.00 1069.12 900.00 
3438.93 
3438.93 
7577.00 
1403.91 

2.20 
2.45 

124058.4 
1408.93 

0.57 
1.25 

144.11 4.77 13.54 
128.40 2.15 20.36 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hvdr D. Velocitv 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 ml. between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 2.020 

INPUT 
Description: RM. 2.020 HYDRAULIC BASELINE CROSSES NEAR APACHE TRAIL. 
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S t a t i o n  E l e v a t i o n  Data num= 497 
S t a  E lev  s t a  E lev  S t a  Elev  S t a  E lev  S t a  E lev  

4416.03 1564.7 4419.76 1564.68 4427.4 1564.64 4478.38 1564.37 4487.59 1564.26 
4512.93 1564.1 4528.39 1564.09 4531.87 1564.42 4536.52 1564.52 4543.78 1564.77 
4551.69 1565.8 4564.13 1566.02 4580.37 1566.02 4581.22 1565.98 4582.47 1565.98 
4632.37 1565.3 4651.33 1564.52 4651.47 1564.51 4651.58 1564.51 4651.85 1564.5 
4663.64 1564.2 4668.38 1563.98 4675.87 1563.66 4696.32 1564.08 4699.99 1564.17 
4707.97 1564 4719.09 1563.86 4725.98 1563.82 4727.53 1563.83 4804.25 1563.5 
4824.99 1563.1 4836.57 1563.21 4870.07 1562.71 4873.06 1562.62 4883.14 1561.74 
4883.67 1561.7 4883.8 1561.69 4901.53 1562.5 4908.73 1562.63 4940.66 1562.54 
4969.42 1562.5 5012.29 1562.15 5022.34 1562.06 5025.97 1562.62 5048.24 1565.68 
5054.13 1565.6 5072.06 1565.45 5080.52 1565.42 5101.59 1565.09 5113.22 1564.86 
5118.64 1564.3 5127.53 1562.98 5132.7 1562.43 5184.75 1562.05 5206.87 1562 
5228.41 1562.1 5236.62 1561.86 5237.16 1561.84 5237.94 1561.88 5242.23 1562.12 
5261.11 1563.1 5271.58 1562.89 5293.88 1562.42 5300.62 1562.4 5310.37 1562.45 
5319.79 1562.7 5332.69 1562.95 5344.87 1562.7 5366.12 1562.29 5413.64 1561.57 
5439.89 1561.1 5456.03 1561.16 5459.38 1561.1 5471.54 1561.15 5483.08 1561.19 
5517.43 1561.3 5526.3 1561.41 5569.71 1562.12 5579.31 1562.3 5582.62 1562.34 
5593.06 1562.4 5622.23 1562.39 5635.67 1561.27 5642.42 1560.86 5646.08 1560.47 
5654.72 1560.3 5659.38 1560.48 5660.17 1560.47 5669.61 1560.46 5712.05 1560.34 
5721.16 1559 5725.68 1558.12 5731.78 1559.4 5738.32 1561.07 5752.6 1561.41 
5772.83 1561.4 5789.07 1561.01 5808.36 1562.06 5834.45 1563.46 5847.45 1562.8 
5852.59 1562.6 5859.1 1562.45 5903.95 1562.01 5934.26 1561.58 5945.12 1561.4 
5962.01 1561.3 6008.96 1560.78 6019.74 1561.29 6049.6 1562.7 6052.87 1562.83 
6073.49 1563.1 6107.82 1562.85 6145.96 1562.11 6182.97 1561.94 6184.27 1561.93 
6185.89 1561.9 6191.97 1561.94 6242.7 1562.22 6263.54 1562.06 6266.24 1562.06 
6271.41 1562.2 6287.57 1562 6301.58 1561.95 6307.39 1561.96 6340.53 1562.57 

6379.1 1563.5 6409.55 1562.43 6429.48 1561.97 6436.61 1562.11 6481.23 1563.42 
6497.46 1563.9 6512.13 1564.17 6512.56 1564.17 6528.06 1561.99 6535.33 1560.93 
6555.96 1563.1 6556.71 1563.15 6557.11 1563.15 6597.45 1562.79 6610.75 1562.9 
6624.53 1563.1 6628.57 1563.07 6652.13 1563.18 6659.71 1563.21 6666.11 1563.17 
6695.65 1563.1 6708.51 1563.14 6728.89 1563.27 6730.52 1563.3 6751.65 1563.51 
6767.88 1563.7 6802.96 1563.97 6804.89 1563.99 6840.18 1563.18 6853.92 1562.91 
6891.71 1563.2 6897.73 1563.14 6901.62 1563.22 6904.2 1563.3 6904.99 1563.31 
6906.68 1563.3 6911.08 1563.3 6934.2 1563.38 6939.88 1562.65 6960.12 1562.41 

6967.4 1563.5 6997.8 1563.83 7003.54 1563.81 7006.74 1563.8 7036.76 1563.73 
7042.45 1563.8 7068.93 1563.64 7085.04 1563.62 7090.07 1563.49 7098.84 1563.46 
7119.04 1563.5 7132.08 1563.42 7142.8 1563.31 7155.49 1563.26 7177.52 1562.82 
7183.47 1562.8 7205.68 1562.13 7212.72 1562.1 7224.16 1561.79 7231.82 1561.72 

7261.2 1562 7281.11 1561.75 7288.92 1561.68 7305.12 1561.46 7320.57 1561.01 
7324.32 1561 7328.21 1560.96 7344.46 1561.01 7349.29 1561.25 7373.9 1560.66 
7381.67 1560.4 7401.74 1560.3 7408.27 1560.93 7417.42 1562.23 7440.46 1563.42 
7441.68 1563.5 7443.91 1563.56 7448.94 1562.55 7458.24 1560.82 7465.48 1560.68 
7484.34 1560.2 7538.29 1559.36 7563.41 1559.19 7617.81 1559.01 7634.77 1559.28 
7638.55 1559.3 7650.23 1559.32 7661.22 1559.38 7675.85 1558.7 7694.35 1558.73 
7711.09 1559.3 7731.88 1559.29 7734.08 1559.41 7739.34 1559.26 7762.81 1559.34 
7767.51 1559.4 7781.64 1558.92 7789.61 1558.78 7793.19 1558.86 7794.39 1558.87 
7803.71 1559.1 7827.63 1559.93 7839.51 1560.25 7846.92 1562.16 7850.54 1562.76 
7865.35 1557 7867.04 1556.07 7872.06 1556.06 7914.63 1555.73 7915.76 1556.27 
7925.26 1560.7 7926.95 1561.49 7943.88 1561.77 7948.8 1561.8 7974.14 1561.98 
8002.17 1561.6 8011.3 1561.76 8025.62 1561.5 8029.53 1561.45 8033.6 1561.3 
8042.88 1559.7 8069.25 1559.5 8071.56 1559.38 8074.05 1559.28 8081.25 1559.46 
8087.89 1559.5 8090.8 1559.69 8091.04 1559.69 8091.32 1559.69 8112.61 1558.85 

8122.6 1558.9 8136.87 1558.57 8145.51 1558.62 8166.35 1558.19 8169.19 1558.2 
8173.24 1558.2 8183.14 1558.6 8189.88 1558.69 8198.4 1558.08 8209.99 1557.9 
8228.93 1558.2 8232.41 1558.24 8235.05 1558.27 8247.7 1558.3 8253.43 1558.32 
8254.23 1558.3 8272.17 1558.61 8273.58 1558.61 8277.31 1558.62 8298.11 1559.09 
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Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

4416.03 .08 9929.31 .04510025.45 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9929.3110025.45 500 646.55 500 .1 .3 

Ineffective Flow nun= I 
Sta L Sta R Elev 
8100 8400 1560 
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CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (it/s) 
Max Chl Dpth (it) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Profile #PF 1 

1561.54 Element 
0.06 Wt. n-Val. 

1561.48 Reach Len. (ft) 
1560.01 Flow Area (sq it) 

Area (sq ft) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Left OB 
0.080 
500.00 
3793.75 
3793.75 
7501.07 
2055.23 

1.98 
1.85 

118352.9 
2059.12 

0.46 
0.91 

110.91 
112.52 

Channel 
0.045 
646.55 
16.15 
16.15 
34.78 
14.83 
2.15 
1.09 
548.7 
15.47 
0.26 
0.56 
4.57 
1.97 

Right OB 
0.080 
500.00 
32.69 
32.69 
41.15 
29.24 
1.26 
1.12 
649.3 
29.56 
0.28 
0.35 
13.20 
20.06 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: The parabolic search method failed to converge on critical depth. The program will 
try the cross section slice/secant method to find critical depth. 

FLOW DISTRIBUTION OUTPUT 

Left Sta Right Sta 
(ft) (ft) 
4416.03 5794.35 
5794.35 7172.67 
7172.67 8550.99 
8550.99 9929.31 
LB 9929.31 RB 10025.45 
10025.45 11026.78 

Profile #PF 1 

Flow Area W.P. % Conv. Hydr D. Velocity 
(cfs) (sq ft) (ft) (ft) (ft/s) 

152.43 170.00 273.50 2.01 0.62 0.90 
17.85 30.85 95.73 0.24 0.32 0.58 

5131.59 2444.39 1097.77 67.73 2.23 2.10 
2199.20 1148.51 592.11 29.02 1.94 1.91 
34.78 16.15 15.47 0.46 1.09 2.15 
41.15 32.69 29.56 0.54 1.12 1.26 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: The parabolic search method failed to converge on critical depth. The program will 
try the cross section slice/secant method to find critical depth. 

CROSS SECTION RIVER: SIGNAL BUTT!3 
REACH: SPILLWAY RS: 1.898 

INPUT 
Description: RM .1.898 

Station Elevation Data nun= 4 92 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4844.98 1559.8 4853.05 1559.81 4868.58 1559.9 4871.63 1559.82 4881.93 1559.91 
4891.47 1559.9 4913.16 1559.71 4938.3 1559.77 4951.15 1559.75 4955.54 1559.77 
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5472.63 1557.6 5478.73 1557.38 5482.9 1557.65 5492.59 1557.98 5496.46 1557.97 
5533.95 1557.9 5535.27 1557.82 5535.84 1557.8 5545.03 1557.23 5548.42 1557.04 
5548.72 1557 5550.05 1557.05 5553.38 1557.14 5572.82 1557.62 5578.03 1557.51 
5582.61 1557.4 5596.96 1557 5611.01 1556.89 5611.15 1556.9 5626.23 1557.21 
5629.93 1557.2 5630.92 1557.24 5664.04 1557.3 5675.75 1557.4 5685.06 1557.43 
5691.57 1557.5 5700.46 1557.57 5755.17 1556.61 5756.4 1556.59 5756.64 1556.59 

5764.6 1556.7 5806.21 1556.79 5824.09 1556.79 5827.56 1556.77 5832.65 1556.81 
5901.84 1557.2 5924.44 1557.32 5952.42 1557.07 5972.72 1556.94 6003.79 1556.69 

6062.2 1556.3 6079.37 1556.31 6080.31 1556.2 6089.66 1555.38 6091.83 1555.56 
6095.41 1555.8 6100.93 1556.1 6102.61 1556.16 6106.62 1556.3 6108.59 1556.26 
6113.93 1556.2 6186.62 1556.49 6187.15 1556.49 6187.32 1556.49 6187.34 1556.49 
6187.38 1556.5 6187.67 1556.49 6235.88 1556.87 6235.89 1556.87 6235.95 1556.87 

6236.3 1556.9 6250.68 1556.99 6255.64 1557.08 6270.87 1557.31 6290.18 1557.62 
6303.45 1557.9 6316.34 1558.1 6327.48 1557.86 6351.01 1557.43 6370.91 1557.43 
6381.94 1557.5 6395.91 1557.45 6429.42 1557.37 6475.23 1557.09 6542.35 1556.92 

6547.1 1556.8 6547.98 1556.79 6552.93 1556.35 6565.86 1557 6590.71 1558.63 
6601.18 1558.7 6604.87 1558.74 6610.52 1558.87 6618.52 1558.96 6627.93 1558.88 
6637.74 1559 6644.15 1558.97 6649.1 1558.96 6664.8 1559.06 6670.33 1559.07 

6674.5 1559 6678.69 1558.91 6701.21 1558.98 6715.08 1559.11 6735.16 1558.31 
6780.65 1557 6794.4 1557.15 6814.09 1557.35 6829.13 1557.55 6850.77 1557.63 
6869.08 1557.2 6881.15 1557.26 6888.35 1555.59 6890.31 1555.03 6893.6 1555.54 

6902.7 1557.6 6908.77 1557.74 6927.7 1557.79 6940.28 1557.8 6941.88 1557.79 
6942.79 1557.8 6947.6 1557.77 696.5.31 1557.74 6979.95 1557.66 6985.96 1557.93 
7009.46 1559.3 7026.72 1559.45 7050.52 1559.67 7074.47 1558.94 7075.42 1558.91 
7076.77 1558.9 7155.78 1558.62 7194.82 1558.61 7252.02 1558.78 7278.03 1558.7 
7282.61 1558.7 7314.16 1558.35 7322.41 1558.47 7351.68 1558.93 7376.25 1559.23 
7389.08 1559.3 7394.16 1559.4 7410.62 1559.41 7429.48 1559.36 7518.97 1558.88 
7537.55 1558.5 7581.35 1558.13 7590.84 1558.12 7603.09 1558.45 7619.65 1558.89 
7621.43 1558.8 7640.02 1558.62 7709.83 1558.39 7754.63 1557.33 7766.02 1557.5 
7788.58 1558.1 7799.39 1558.29 7810.49 1558.46 7821.18 1558.67 7836.86 1558.93 
7850.69 1558.7 7872.21 1558.14 7882.24 1558.39 7889.02 1558.64 7893.49 1558.73 
7900.96 1558.9 7921.43 1559.08 7983.31 1558.81 8007.16 1558.22 8046.86 1557.43 
8052.88 1557.3 8056.28 1557.27 8061.51 1557.18 8082.85 1556.87 8091.25 1556.99 
8097.87 1556.9 8108.52 1556.9 8121.9 1556.95 8122.86 1556.94 8131.17 1557.01 
8153.49 1557.4 8161.24 1557.43 8168.99 1557.6 8178 1557.68 8183 1557.48 
8184.12 1557.5 8188.5 1557.61 8197.29 1557.95 8224.71 1558.27 8230.22 1558.34 
8233.72 1558.4 8242.54 1558.59 8248.34 1558.7 8250.42 1558.72 8268.4 1556.67 
8279.25 1555.3 8290.14 1556.58 8296.86 1557.25 8301.63 1557.79 8304.49 1558.05 

8304.9 1558.1 8310.74 1557.84 8317.04 1557.53 8331.71 1555.83 8332.25 1555.77 
8332.65 1555.8 8332.73 1555.77 8346.53 1555.78 8352.87 1555.73 8364.66 1555.87 
8372.54 1556.2 8378.85 1556.57 8383.16 1556.74 8387.58 1556.8 8389.29 1556.77 

8469 1556.7 8487.25 1556.69 8487.82 1556.68 8488.53 1556.69 8489.03 1556.69 
8491.63 1556.7 8492.99 1556.72 8496.61 1556.75 8537.09 1556.99 8553.04 1557.01 
8594.81 1557 8611.6 1557.04 8615.64 1557.03 8616.47 1557 8637.31 1556.32 
8643.02 1556.2 8648.72 1556.36 8653.43 1556.44 8670.97 1556.87 8685.36 1557.16 
8694.59 1557.4 8697.67 1557.38 8710.11 1557.56 8712.43 1557.59 8712.78 1557.59 
8713.22 1557.6 8728.75 1557.27 8740.77 1556.98 8746.59 1556.82 8807.12 1556.85 
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Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

4844.98 .08  9987 .91  .04510010.42 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9987.9110010.42 500  5 4 2 . 0 3  500 .1 . 3  

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1 5 5 8 . 0 3  Element Left OB Channel Right OB 
Vel Head (ft) 0 .08  Wt. n-Val. 0 .080  0 .045 0 .080 
W.S. Elev (ft) 1 5 5 7 . 9 5  ReachLen. (ftl 500 .00  542 .03  500.00 
Crit W.9. (ft) Flow Area (sq ft) 2992.97 22 .50  451.22 
E.G. Slope (ft/ft) 0.015100 Area (sq ft) 2992 .97  22 .50  451.22 
Q Total (cfs] 7577.00 Flow (cfsl 6750 .14  118 .99  707.87 
Top Width (ft) 4130.52 Top Width (it) 3245 .46  1 3 . 4 8  871.58 
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Vel Total (ft/s) 2.19 
Max Chl Dpth (ft) 4.55 
Conv. Total (cfs) 61661.6 
Length Wtd. (ft) 503.84 
Min Ch El (ft) 1554.60 
Alpha 1.09 
Frctn Loss (ft) 5.09 
C & E Loss (it) 0.00 

Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
4844.98 6130.71 1897.86 768.87 719.64 25.05 1.07 2.47 
6130.71 7416.45 984.75 504.87 672.72 13.00 0.75 1.95 
7416.45 8702.18 1603.59 676.30 672.34 21.16 1.01 2.37 
8702.18 9987.91 2263.93 1042.94 1183.70 29.88 0.88 2.17 
LB 9987.91 RB 10010.42 118.99 22.50 15.12 1.57 1.67 5.29 
10010.42 11216.87 707.87 451.22 872.41 9.34 0.52 1.57 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 1.795 

INPUT 
Description: RM 1.795 

Station Elevation Data num= 462 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4479.61 1554.9 4490.24 1554.7 4504.08 1554.4 4507.84 1554.34 4512.4 1554.43 
4513.34 1554.4 4515.48 1553.5 4517.78 1552.75 4520.22 1552.48 4543.75 1552.66 
4634.43 1552.9 4659.27 1552.87 4697.2 1552.73 4729.91 1553.03 4737.15 1552.99 
4756.53 1553 4774.75 1552.85 4804.97 1552.78 4831.66 1553.12 4860.29 1553.5 
4862.16 1553.5 4873.86 1553.63 4875.9 1553.64 4878.62 1553.68 4979.06 1553.93 
4979.53 1553.9 4993.96 1552.74 4995.4 1552.68 4997.3 1552.66 5020.17 1552.32 
5022.7 1552.2 5030.04 1550.89 5032.64 1550.45 5035.63 1550.65 5047.99 1551.46 
5050.71 1551.9 5058.83 1552.76 5090.69 1552.26 5094.38 1552.22 5096.24 1552.28 
5110.14 1552.7 5190.37 1553.01 5197.59 1553.05 5199.79 1553.05 5209.36 1552.94 
5235.19 1552.7 5242.61 1552.71 5251.58 1552.75 5266.84 1552.79 5275.91 1552.79 
5277.07 1552.8 5278.66 1552.84 5295 1552.7 5316.69 1552.51 5321.18 1552.44 
5329.96 1552.3 5335.31 1552.34 5339.59 1552.25 5358.89 1552.34 5359.2 1552.34 
5359.6 1552.3 5375.38 1552.52 5376.68 1552.46 5383.3 1552.41 5458.14 1551.5 
5460.89 1551.5 5461.12 1551.46 5494.91 1551.46 5496.42 1551.46 5498.68 1551.41 
5516.05 1551.1 5521.4 1551.19 5523.27 1551.25 5547.93 1551.77 5550.6 1551.8 
5559.37 1551.9 5581.63 1552.29 5585.07 1552.37 5588.92 1552.48 5589.41 1552.42 
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6877.88 1553.6 6880.77 1553.64 6920.15 1553.64 6927 1553.06 6940.52 1552.3 
6951.43 1552.6 6957.59 1552.84 6962.6 1552.95 6975.12 1553.27 6988.35 1553.33 
7041.64 1554.3 7076.26 1553.41 7137.42 1552.76 7152.24 1553.08 7185.55 1552.93 
7190.14 1552.4 7192.56 1552.5 7204.25 1552.76 7212.26 1552.95 7220.69 1553.14 
7238.39 1552.2 7249.97 1551.53 7253.26 1551.63 7285.13 1552.84 7311.59 1551.79 
7313.08 1551.7 7320.46 1551.73 7333.89 1551.87 7354.18 1552.39 7370.89 1550.96 
7373.64 1550.5 7384.09 1549.45 7389.61 1549.01 7395.6 1549.05 7405.97 1547.63 
7409.74 1547.9 7412.54 1548.26 7424.63 1549.52 7435.97 1550.26 7443.35 1551.31 
7448.91 1551.8 7457.79 1553.04 7457.85 1553.05 7457.98 1553.06 7480.59 1553.04 
7483.72 1553.1 7489.86 1553.06 7514.19 1553.06 7519.69 1552.99 7525.13 1553.04 
7556.53 1552.7 7561.85 1552.74 7575.11 1552.54 7583.81 1554.64 7594.76 1557.43 
7595.53 1557.4 7596.01 1557.43 7618.37 1557.31 7624.85 1557.25 7649.55 1556.5 
7652.81 1555.5 7654.5 1554.73 7661.2 1552.33 7669.22 1552.3 7676.78 1552.35 
7678.81 1552.7 7752.25 1553.4 7789.27 1553.67 7807.08 1553.19 7812.73 1553.12 
7834.61 1552.9 7917.1 1552.36 7925.67 1552.36 7944.35 1551.98 7948.8 1551.83 
7956.08 1552.1 7976.57 1551.59 8003.78 1552.53 8005.67 1552.59 8023.45 1552.08 
8053.01 1552 8077.13 1552.32 8097.86 1552.52 8163.97 1552.95 8170.6 1553 
8175.1 1553 8179.33 1553.07 8181.26 1553.08 8187.47 1553.1 8196.69 1553.11 

8215.03 1553.1 8221.65 1552.49 8226.58 1552.07 8245.33 1550.31 8249.1 1549.85 
8253.83 1550.6 8265.83 1552.37 8272.65 1553.01 8276.08 1553.25 8278.92 1553.58 
8319.69 1553.5 8323.86 1553.45 8361.76 1553.07 8377.2 1552.28 8383.06 1551.97 
8387.66 1551.8 8405.09 1552.19 8422.56 1552.48 8429.85 1552.46 8464.18 1551.95 
8469.75 1551.9 8478.91 1551.59 8480.35 1551.6 8491.77 1549.9 8502.42 1552.48 
8502.49 1552.5 8502.61 1552.53 8502.86 1552.54 8535.84 1553.08 8540.37 1552.98 
8545.84 1552.8 8558.77 1552.57 8563.13 1552.52 8576.11 1552.32 8591.32 1551.95 
8593.59 1551.9 8614.49 1551.75 8620.72 1551.7 8647.39 1551.9 8683.93 1552.09 
8721.45 1552.6 8743.21 1552.45 8744.73 1552.46 8754.17 1552.58 8779.28 1552.6 
8796.69 1552.9 8798.21 1552.67 8800.12 1552.76 8827.58 1552.87 8845.06 1552.78 
8854.24 1552.8 8859.81 1552.81 8870.45 1552.88 8871.86 1552.89 8881.66 1552.88 
8895.54 1552.9 8907.8 1552.98 8912.7 1552.98 8928.05 1552.91 8964.12 1552.74 
8967.68 1552.8 8980.32 1552.6 9003.03 1552.33 9062.99 1552.64 9070.67 1552.66 
9092.94 1552.4 9097.57 1552.39 9105.4 1552.23 9182.14 1552.98 9215.62 1552.7 
9218.96 1552.7 9219.03 1552.67 9220.53 1552.62 9221.79 1552.92 9229.5 1552.48 
9242.38 1552 9243.74 1552.03 9251.99 1552.16 9255.93 1552.34 9269.01 1551.78 
9282.98 1552.1 9309.37 1552.57 9354.31 1552.6 9369.07 1552.6 9371.36 1552.59 
9371.95 1552.6 9372.09 1552.63 9372.31 1552.64 9381.59 1553.26 9382.36 1553.32 
9382.71 1553.3 9408.78 1553.12 9453.55 1552.79 9453.86 1552.79 9453.97 1552.79 
9454.24 1552.8 9454.33 1552.79 9454.51 1552.79 9497.73 1552.94 9504.4 1552.86 
9511.24 1552.8 9523.22 1552.64 9531.17 1552.36 9534.36 1552.32 9542.42 1552.26 
9548.86 1552.3 9559.22 1552.36 9604.67 1552.53 9608.22 1552.49 9610.88 1552.44 
9616.24 1552.5 9672.02 1552.61 9740.74 1552.89 9743.34 1552.9 9743.68 1552.9 
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M a n n i n g ' s  n  V a l u e s  num= 3  
S t a  n  V a l  Sta n  V a l  S t a  n V a l  

4479 .61  .08 9982.47 .04510054.72 .08  

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  C o e f i  C o n t r .  Expan. 
9982.4710054.72 520  524.67 500  .1 . 3  

CROSS SECTION OUTPUT P r o f i l e  #PF I 

E.G. E l e v  ( f t )  1552.93 E lement  
V e l  Head f f t )  0 .13  W t .  n-Val.  . . 
W.S. E l e v  ( f t )  
C r i t  W.S. ( f t )  
E.G. S l o p e  ( i t / f t )  
Q T o t a l  (cfs) 
Top Wid th  ( f t )  
vel T o t a l  ( f t / s )  
Max C h l  Dpth ( f t )  
Conv. T o t a l  (cfs) 
L e n g t h  W t d .  ( f t )  
Min Ch E l  ( f t l  
A l p h a  
F r c t n  L o s s  (it) 
C & E LOSS (it) 

Reach Len. ( f t )  
Flow A r e a  (sq f t )  
A r e a  (sq f t )  
Flow ( c f s )  
Top Wid th  ( f t )  
Avg. V e l .  ( f t l s )  
Hydr.  Dep th  ( f t )  
Conv. ( c f s )  
W e t t e d  P e r .  ( f t )  
S h e a r  ( l b / s q  f t )  
S t r e a m  Power ( l b / f t  s )  
Cum Volume ( a c r e - i t )  
Cum SA ( a c r e s )  

L e f t  OB C h a n n e l  
0 .080  0 .045  

Warning:  D i v i d e d  f l o w  computed f o r  t h i s  c r o s s - s e c t i o n .  
Warning:  The  e n e r g y  l o s s  was g r e a t e r  t h a n  1 . 0  f t  ( 0 . 3  m ) .  b e t w e e n  t h e  c u r r e n t  a n d  1 
c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF I 

L e f t  S t a  R i q h t  S t a  Flow A r e a  W.P. % Conv. Hydr  D. 
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R i g h t  OB 
0 .080  

500.00 
421.77 

V e l o c i t y  
( f t / s )  

1 . 5 4  
2 . 1 0  
1 . 7 6  
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Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 1.696 

INPUT 
Description: RM 1.696 . DOWNSTREAM END OF STUDY. SECTION I.D.NO.'S ARE IN RIVER MILES ALONG 
HYDRAULIC BASELINE WITH R.M. 5.00 ASSUMED AT UPSTREAM END OF PROJECT AT SPILLWAY. CROSS- 
SECTIONS ARE CODED FROM LT. TORT., LOOKING DOWNSTREAM WITH STA. 10,000 AT THE HYDRAULIC 
BASELINE. STARTING D/S WSEL BASED ON NORMAL DEPTH (SLOPE AREA METHOD) WITH 0 .011  FT./FT SLOPE. 

Station Elevation Data num= 490 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4413 1 5 5 1  4425.04 1550.94 4437.83 1550.57 4442.29 1550.52 4449.88 1550.43 
4452.11 1550.4 4457.96 1 5 5 0 . 4 1  4460.25 1550.33 4465.96 1 5 5 0 . 3 1  4501.97 1550.44 

4550.8 1550.7 4553.36 1550.58 4556.28 1550.47 4561.86 1 5 5 0 . 2 1  4567.75 1548.08 
4579.92 1549.6  4612.64 1550.09 4617.28 1550 .21  4626.38 1550.36 4628.82 1550 .41  
4659.48 1551.2 4664 .15  1551.13 4679.26 1550.96 4699.13 1550.25 4699.94 1 5 5 0 . 2 1  
4701.62 1550 .1  4705.35 1550 .1  4748.3 1549.6  4796.19 1 5 4 9 . 2 1  4828.49 1549.22 

4862.4 1549 .1  4873.56 1 5 4 9 . 2 1  4884.8 1549.16 4923.57 1549.79 4968.43 1548.96 
4989.62 1548.9 4994 .46  1548.96 5001.32 1549.04 5021.72 1549.12 5060.43 1549.19 
5096 .01  1549  5107.84 1549  5127.86 1548.98 5132.21 1549.06 5143.39 1549.09 
5202.31 1549  5235.78 1549 5269.68 1548.73 5318.34 1548.76 5343.85 1548.56 
5346.75 1548.6 5347.97 1548.56 5363.86 1548.76 5370.64 1548.77 5380 .01  1548.67 
5410.62 1548.4 5430.2 1 5 4 8 . 2 1  5440.8 1548.12 5449.46 1547.4 5456.49 1546.8 

5457.5 1546.9 5458.42 1546.91 5466.29 1547.31 5479.5 1547.18 5494.13 1546.87 
5497.27 1546.8 5498.42 1546.65 5507.6 1545.21 5515.68 1546.29 5518.86 1546.74 
5530.55 1547.4 5533.68 1547.47 5564.47 1547.25 5582.57 1547.07 5586.98 1546.02 
5594.63 1546  5605.87 1547.36 5617.28 1547.47 5622.24 1547.32 5630.09 1547.33 
5645.45 1547.5 5662.84 1547.39 5668.87 1547.39 5674 .33  1547.35 5696 .11  1547.57 
5708.81 1547.5 5713.28 1547.45 5717.42 1 5 4 7 . 2 1  5722.88 1547 .01  5729.34 1546.96 
5731.48 1547 5731.94 1546.97 5732.82 1546.92 5738.2 1547.23 5751 .11  1547.8 
5774.28 1548 5780.29 1548.06 5787.65 1547.59 5807.99 1547.28 5814.56 1547.05 
5822.29 1546.8 5824.31 1546.98 5834.27 1547.47 5843.83 1547.44 5845.84 1547 .47  
5891.47 1548 5905.97 1548.27 5931.37 1549.19 5933.12 1549 .25  5934.14 1549.29 
5953.62 1549.4 5956.53 1549.44 5970.12 1549.82 5972.5 1549.77 5982 .91  1549.24 
5991.28 1549  5992.56 1 5 4 9 . 0 1  5994.15 1548.98 6014.69 1548 .39  6020.82 1548.2 
6028.31 1547.9 6098.54 1546.55 6099.38 1546.52 6099.73 1546.52 6099.95 1546.45 
6103.51 1545.4 6107.99 1544.06 6 1 0 9 . 1  1544.22 6124.96 1546.6  6133.04 1546.58 
6139.15 1546.6 6148.78 1546.7 6158.6  1547.33 6170.14 1547.82 6186.7 1547.53 
6196.13 1547.5 6199.03 1547.52 6213.06 1547.42 6228.15 1 5 4 7 . 1 1  6259.46 1546.89 
6264 .71  1546.8 6267.57 1546.79 6273.55 1546.7 6306.93 1547.09 6316.45 1547.3 
6322.04 1547.3 6334.42 1547.06 6337.61 1546.58 6340.8 1 5 4 7 . 0 1  6341.47 1 5 4 6 . 8 1  
6357.92 1547 .1  6362.57 1547.23 6366.26 1547.3  6397.7 1 5 4 7 . 7 1  6405.23 1547.93 
6427.98 1548.7 6433.87 1548.7 6439.41 1548.7 6458 .31  1548.7 6467.54 1547.72 
6475.65 1546.9 6483.6  1545.94 6492.62 1545.05 6511.77 1543.17 6524.31 1544.27 
6540.17 1545.5 6558.95 1547.34 6568.66 1547.52 6574.02 1547.57 6598.48 1547.78 
6615.12 1548 6632.78 1548 .41  6659.94 1548.66 6664.62 1548.73 6675.9 1549.33 
6678.93 1549.8 6684.45 1550 .41  6702.31 1551.14 6710 .51  1552.59 6715.56 1552.46 
6721.42 1552.3 6732.92 1551.93 6734.44 1551.59 6744.59 1550  6752.92 1548.66 
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- 6941.92 1548.2  6951.75 1548.12 6985.98 1548.22 6993.98 1548.18 6995.51 1548.2  
7060.73 1 5 4 6 . 9  7062.68 1546.9  7066.04 1546.83 7067.72 1546.77 7078.71 1546.33 
7087.54 1546.5  7099.63 1546.69 7110.5  1546.69 7129 .61  1546.7 7185.65 1546.86 
7242.88 1547  7299.42 1546.92 7310.78 1 5 4 6 . 8 1  7318 .51  1546.78 7354.73 1547.25 
7387.72 1547.7 7396.37 1547.76 7418.36 1547.73 7424.04 1547.75 7425.72 1547.71 

7429.4 1547.7  7456.28 1547.88 7533 1548.28 7567.26 1548.25 7568.18 1548.25 
7568.71 1548.3  7600.95 1548.32 7664.85 1548.36 7672.44 1548 .31  7681.17 1548.22 
7752.88 1547.2  7769.65 1546.85 7769.85 1546.85 7776.36 1546.69 7787.1 1547.26 
7807.98 1547.6  7832.55 1547.65 7836.89 1547.7 7858.8 1547.9 7860.81 1547.9 
7861.47 1 5 4 7 . 8  7865.13 1546.95 7874.56 1544.76 7876.1 1544.4 7884.1  1545.87 
7886.66 1546 .4  7891.35 1546.52 7905.85 1546.72 7915.14 1547.1  7927.84 1547.24 
7983.64 1548  7987.37 1547.99 7989 .96  1547.95 8009.09 1548.25 8012.46 1548.32 
8017.16 1548.4  8022.05 1548.66 8025.58 1548.75 8063.24 1548.51 8076.71 1548.49 
8098.23 1548  8116.6  1548 .06  8142.22 1547.89 8145.69 1547 .91  8151.71 1547.98 

8154 1548  8155.7 1548.04 8156.59 1548.04 8192.13 1547.98 8209.95 1547.94 
8229.56 1547.8  8247.38 1547.69 8287.09 1547.58 8288.65 1547 .57  8290.7 1547.43 
8299.38 1547.1  8305.16 1546.83 8310.47 1546.76 8318.45 1546.77 8330.92 1546.72 
8353.37 1546.9  8376.89 1547.08 8387.04 1547.3 8392.74 1547.12 8399.02 1 5 4 6 . 7 1  
8400.29 1546.8  8427.78 1546.89 8435.89 1546.87 8437 .1  1546.87 8438.94 1546.92 

8469.6 1547.7  8515.12 1547.07 8520.39 1546.98 8521.44 1546 .98  8523.81 1546.99 
8552.58 1546.9  8552.79 1546.9  8557.79 1547.14 8561.95 1547.17 8566.68 1547.05 
8573.38 1546 .6  8577.49 1546.94 8581.67 1547.29 8585 .11  1547 .6  8645.13 1547.41 
8646.05 1547.4 8648.66 1547.42 8663.24 1547.49 8676.3 1547.47 8684.26 1547.33 
8693.53 1547.3  8726.67 1547.44 8733.33 1547.47 8734.57 1547.47 8760.72 1547.36 
8778.64 1547.4 8783.22 1547.44 8798.75 1547.92 8825.4 1548.54 8837.75 1548.4 
8847.43 1548.4  8859.37 1548.47 8867.12 1548.39 8877.93 1548.29 8911.89 1548.14 
8930.43 1547.9  8953.99 1547.56 8955 .61  1546.49 8967.16 1547.03 8996.31 1546.86 
9009.21 1547 9014.79 1545.57 9023.95 1544.93 9027.36 1545 .1  9036.12 1546.52 
9041.79 1547.3  9065.84 1547.03 9079.22 1547 .1  9121.99 1547.3 9140.65 1546.74 

9141.1  1546.7  9152.66 1 5 4 7 . 4 1  9176.3 1547.44 9184.8 1547.44 9202.51 1547.44 
9252.37 1547.5  9253.83 1547.55 9292.42 1547.62 9355.99 1547.99 9367.45 1548.03 
9386.34 1 5 4 8 . 1  9387.8 1 5 4 8 . 1  9409.89 1548.23 9419.49 1548.43 9439.6 1548.26 
9446.97 1548.3 9457.45 1548.28 9461.22 1548.9  9462.33 1548.88 9463.96 1549.05 
9471.46 1 5 4 8 . 3  9481.45 1549.53 9488.02 1549.52 9502.83 1549.5  9524.55 1 5 4 9 . 4 1  
9531.19 1549.4 9547.26 1549.09 9552.78 1549.12 9572.57 1548.92 9585.46 1548.84 
9600.19 1548.8  9601.14 1548.78 9604.83 1548.78 9617.99 1548.43 9641.88 1547.92 
9654.02 1548  9655.26 1548.06 9656.08 1548.04 9656.96 1548.04 9659.77 1547.95 
9676.81 1547.5  9690.45 1548.27 9691.55 1548.35 9702.79 1548.49 9708.3 1548.55 
9729.95 1548.7  9735.16 1548.75 9758.39 1548.69 9766.86 1548 .69  9773.19 1548.64 

9782.5 1548 .6  9783.85 1548.54 9789.19 1548.44 9793.76 1548.49 9818.04 1548.29 
9830.72 1 5 4 8 . 1  9847.77 1547.88 9851.15 1547.85 9860.97 1 5 4 7 . 7 1  9876.97 1548.18 
9880.39 1548.3  9882.2 1548.23 9896.38 1547.98 9907 .41  1548.06 9930.46 1548.07 
9934.85 1 5 4 8 . 1  9936 .1  1548.08 9938.42 1548.05 9952.13 1547.92 9970.42 1547.6  
9977.41 1547 .6  9986.7 1545.56 9991.92 1544.33 9995.05 1544.4410000.99 1544.39 

10004.83 1544.410009.78 1544.57 10030.5  1545.4910039.92 1545.7710051.75 1546.13 
10069.72 154810078.77 1548.3710083.66 1548.3410088.58 1548.3410091.43 1548.33 
10097.26 1548.310134.25 1550.5910146.07 1548.9210146.45 1548.9310147.33 1548.93 
10165.19 1549.7  10181.5  1548.5910191.27 1548.6310206.68 1548.4210215.07 1546.93 

1 0 2 2 1  1545.910225.82 1545.1810234.58 1546.41 10243  1547.1710261.91 1547.22 
10271.74 1547.110280.85 1546.8610295.99 1547.25 10300.1  1547.1910305.55 1547.25 
10306.66 1547 .310315 .31  1547.8110328.23 1547.1510333.19 1546.8910346.97 1547.03 
10408.19 1547.610430.23 1547.6110442.25 1547.6610449.47 1547.78 10454.5 1547.22 
10459 .31  1546.710465.72 1547.610468.75 1547.8610480.59 1547.6210500.17 1547.48 
10503.51 1546.810509.41 1545.7110517.74 1546.7110529.27 1547.5910529.63 1547.55 
10534.29 1547.5  10598.6  1547.3110623.28 1547.4510625.13 1547.4510659.99 1547.8  
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Manning's n Values n u =  3 
Sta n Val Sta n Val Sta n Val 
4413 .08 9938.42 .04510069.72 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9938.4210069.72 0 0 0 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (it) 
Crit W.S. (it) 
E.G. Slope (it/it) 
Q Total (cis) 
Top Width (it) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C & E Loss (ft) 

1548.29 Element 
0.12 Wt. n-Val. 

1548.18 Reach Len. (ft) 
1547.86 Flow Area (sq it) 
0.011006 Area (sq it) 
7577.00 Flow (cis) 
4123.09 Top Width (ft) 

2.09 Avg. Vel. (ft/s) 
5.01 Hydr. Depth (it) 

72223.4 Conv. (cfs) 
Wetted Per. (ft) 

1544.33 Shear (lb/sq it) 
1.76 Stream Power (lb/ft s) 

Cum Volume (acre-it) 
Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
4413.00 
5794.35 
7175.71 
8557.06 
LB 9938.42 
10069.72 

Right Sta Flow 
(ft) (cfs) 
5794.35 642.99 
7175.71 2159.52 
8557.06 1605.32 
9938.42 990.60 
RB 10069.72 1311.91 
10998.36 866.66 

Area 
(sq it) 
331.26 
1000.79 
902.85 
621.83 
248.28 
521.27 

W.P. 
(it) 

361.67 
932.25 
1124.37 
913.14 
131.80 
664.67 

Warning: Divided flow computed for this cross-section. 
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Left OB 
0.080 

Channel 
0.045 

8 Conv. Hydr D. 
(it) 

8.49 0.92 
28.50 1.07 
21.19 0.80 
13.07 0.68 
17.31 1.89 
11.44 0.79 

Right OB 
0.080 

521.27 
521.27 
866.66 
663.78 
1.66 
0.79 

8260.9 
664.67 
0.54 
0.90 

Velocity 
(ft/s) 
1.94 
2.16 
1.78 
1.59 
5.28 
1.66 
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SLMQiRY OF MANNING'S N VALUES 
River:SIGNAL BUTTE 

Reach River Sta. 

SPILLWAY 5.000 
SPILLWAY 4.994 
SPILLWAY 4.991 
SPILLWAY 4.986 
S P I LLWAY 4.968 
SPILLWAY 4.929 
SPILLWAY 4.914 
SPILLWAY 4.902 
SPILLWAY 4.852 
SPILLWAY 4.776 
SPILLWAY 4.697 
SPILLWAY 4.620 
SPILLWAY 4.575 
SPILLWAY 4.518 
SPILLWAY 4.443 
SPILLWAY 4.367 
SPILLWAY 4.311 
SPILLWAY 4.239 
SPILLWAY 4.171 
SPILLWAY 4.101 
SPILLWAY 4.026 
SPILLWAY 3.956 
SPILLWAY 3.885 
SPILLWAY 3.817 
SPILLWAY 3.747 
SPILLWAY 3.674 
SPILLWAY 3.603 
SPILLWAY 3.532 
S P I LLW?iY 3.462 
SPILLWAY 3.386 
SPILLWAY 3.310 
SPILLWAY 3.235 
SPILLWAY 3.161 
SPILLWAY 3.082 
SPILLWAY 3.006 
SPILLWAY 2.933 
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SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
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.I 

Culvert 
.08 
.08 
.08 
.08 
.08 
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S-Y Of REACH LENGTHS 
R i v e r :  SIGNAL BUTTE 

Reach R i v e r  Sta. 

SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
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Left Channe l  

33 .7  3 3 . 7  
1 2 . 9 6  1 2 . 9 6  

27 .8  2 7 . 8  
9 2 . 6  9 2 . 6  

208.34 208.34 
1 2 0  76 .23  
1 2 0  67.17 
280 261.94 
380 402.55 
420 418.55 
425 406.56 
1 6 0  235 .25  
275  3 0 0 . 4 1  
370 394.81 
380 401.96 
275  294 .8  
325 379.86 
225  363.96 
290 364 .78  
450 400.93 
340 365 .6  
310 377.63 
320 359.41 
400 370.17 
390 385.69 

260 371.74 
400 399.38 
450 404.63 
380 395 .59  
3 7 5  388.39 
425 416.26 
370 403.32 
300 382.27 
360 404.67 
320 3 3 6 . 0 6  
380 384 
380 410.52 
400 468.72 
400 529.54 
480 399.74 
520  402.78 
280  1 1 8 . 3 6  
800 96 .77  
200  200.58 

C u l v e r t  
400 1069 .12  
500 646 .55  
500 5 4 2 . 0 3  
520  524 .67  

0 0 
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R i g h t  

33 .7  
1 2 . 9 6  

2 7 . 8  
9 2 . 6  

208 .34  
2 5 
2 5  

230 
425  
3 6 5  
380 
230 
290 
390 
390 
290 
380 
440 
370 
3 1 5  
370 
300 
280 
365 
400 
425 
300 
350 
400 
380 
410 
390 
3 7 5  
390 
400 
390 
320 
440 
380 
400 
400 
360 
320 
1 1 8  

9 6  
200 

900 
500  
500  
500  

0 
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S-Y OF CONTRACTION AND EXPANSION COEFFICIENTS 
River: SIGNAL BUTTE 

Reach River Sta. Contr. Expan. 

SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

FCD 98-17 Delir leation of SDiliwav Flows 
For Signal Bune Flood  etai id in^ ~tructure 
213 Discharge (Q's Modeled Separately) 
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Profile Output Tabla - Standard Table 1 
Reach R i v e r  S t a  Q T o t a l  Min Ch E l  

(CfS) (ft) 

SPILLWAY 5 .000  7577.00 
SPILLWAY 4.994 7577.00 
SPILLWAY 4 . 9 9 1  7577.00 
SPILLWAY 4 . 9 8 6  7577.00 
SPILLWAY 4 .968  7577.00 
SPILLWAY 4 . 9 2 9  7577 .00  
SPILLWAY 4.914 7577.00 
SPILLWAY 4.902 7577.00 
SPILLWAY 4.852 7577 .00  
SPILLWAY 4.776 7577.00 
SPILLWAY 4.697 7577.00 
SPILLWAY 4.620 7577.00 
SPILLWAY 4 .575  7577.00 
SPILLWAY 4 .518  7577.00 
SPILLWAY 4 . 4 4 3  7577.00 
SPILLWAY 4.367 7577.00 
SPILLWAY 4 . 3 1 1  7577.00 
SPILLWAY 4 .239  7577.00 
SPILLWAY 4 . 1 7 1  7577.00 
SPILLWAY 4 . 1 0 1  7577.00 
SPILLWAY 4 . 0 2 6  7577.00 
SPILLWAY 3 . 9 5 6  7577.00 
SPILLWAY 3 . 8 8 5  7577.00 
SPILLWAY 3.817 7577.00 
SPILLWAY 3 . 7 4 7  7577 .00  
SPILLWAY 3 . 6 7 4  7577 .00  
SPILLWAY 3 . 6 0 3  7577.00 
SPILLWAY 3 . 5 3 2  7577.00 
SPILLWAY 3 . 4 6 2  7577.00 
SPILLWAY 3 .386  7577.00 
SPILLWAY 3 . 3 1 0  7577.00 
SPILLWAY 3 . 2 3 5  7577.00 
SPILLWAY 3 . 1 6 1  7577.00 
SPILLWAY 3 . 0 8 2  7577 .00  
SPILLWAY 3 .006  7577.00 

FCD 98-17 Delineatfon of Spillway Flows 
For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

W.S. E l e v  
lft) 

Crit W.S. E.G. E l e v  E.G. S l o p e  V e l  Chnl  Flow Area Top Width Froude#  C h l  
(ft) lft) (ft/ft) (ft/§) (sq ft) (ft) 

Page 

2 8 5 . 5 1  0 .20 
1 4 0 . 0 8  1 . 0 0  
1 3 6 . 4 3  1 . 1 2  
137 .34  2 . 6 3  
2 0 1 . 7 1  0 . 3 5  
1 6 8 . 0 2  0 .48 
4 7 1 . 5 6  0.42 
1 7 4 . 3 0  0.77 
3 2 0 . 2 2  0 .79 
7 5 5 . 0 6  0 . 8 0  

1 2 6 9 . 6 0  0 .56  
5 7 0 . 8 8  0 .90 
631.54 0.84 

1306 .12  .0.60 
1 5 5 1 . 0 1  0 . 8 9  
2185 .76  0 . 6 5  
1 6 9 0 . 1 0  0 . 9 1  
2 1 9 0 . 2 3  0 .56  
1 9 6 3 . 9 3  0 .67  
2442 .92  0 .65  
2 3 4 5 . 7 6  0.74 
2 5 1 0 . 9 8  0 . 7 0  
2 6 3 9 . 6 3  0 .60 
2450 .75  0 .62 
2045 .69  0 .63  
2 6 9 9 . 3 3  0 .57 
2935.54 0 .58 
3235 .95  0.57 
3342.57 0 . 6 1  
2 9 1 0 . 5 3  0.64 
3085 .69  0 .70 
3071 .16  0 .65  
2833 .77  0.62 
2433 .76  0 .58 
2 2 8 3 . 6 1  0 .56  
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SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

7577.00 
7577.00 
7577.00 
7577.00 
7577.00 
7577.00 
7577.00 
7577.00 
7577.00 
7577.00 
7577.00 
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7577.00 
7577.00 
7577.00 
7577.00 
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P r o f i l e  Output  T a b l e  - S t a n d a r d  T a b l e  

Reach River Sta E.G. E l e v  
(ft) 

SPILLWAY 5 .000  1719 .49  
SPILLWAY 4.994 1 7 1 9 . 2 6  
SPILLWAY 4 .991  1 7 1 9 . 1 5  
SPILLWAY 4.986 1707 .74  
SPILLWAY 4.968 1704 .69  
SPILLWAY 4 .929  1704 .42  
SPILLWAY 4 .914  1 7 0 4 . 2 5  
SPILLWAY 4.902 1703 .97  
SPILLWAY 4.852 1 7 0 1 . 1 3  
SPILLWAY 4 . 7 7 6  1 6 9 6 . 5 6  
SPILLWAY 4 .697  1 6 9 2 . 1 7  
SPILLWAY 4 .620  1 6 8 8 . 5 9  
SPILLWAY 4 . 5 7 5  1 6 8 5 . 1 6  
SPILLWAY 4 .518  1682 .44  
SPILLWAY 4.443 1678 .78  
SPILLWAY 4.367 1 6 7 4 . 6 0  
SPILLWAY 4 .311  1671 .49  
SPILLWAY 4.239 1667 .68  
SPILLWAY 4 . 1 7 1  1 6 6 5 . 6 3  
SPILLWAY 4 .101  1 6 6 3 . 1 1  
SPILLWAY 4.026 1659 .34  
SPILLWAY 3 . 9 5 6  1655.64 
SPILLWAY 3 . 8 8 5  1652 .78  
SPILLWAY 3 .817  1 6 5 0 . 2 6  
SPILLWAY 3.747 1 6 4 6 . 8 7  
SPILLWAY 3.674 1 6 4 3 . 0 7  
SPILLWAY 3 .603  1639.18 
SPILLWAY 3.532 1635 .59  
SPILLWAY 3.462 1632 .98  
OPILLWAY 3 .386  1629 .68  
SPILLWAY 3 .310  1625 .62  
SPILLWAY 3 .235  1621 .78  
SPILLWAY 3 . 1 6 1  1618 .24  
SPILLWAY 3.082 1614 .27  
SPILLWAY 3 . 0 0 6  1 6 1 0 . 7 5  
SPILLWAY 2 . 9 3 3  1608.14 

FCD 98-17 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
213 Discharge (Q's Modeled Separately) 

W.S. E l e v  
(ft) 

1719 .32  
1 7 1 7 . 0 1  
1716 .48  
1699 .46  
1704 .25  
1703 .68  
1703 .71  
1 7 0 2 . 4 5  
1699 .86  
1695 .60  
1691 .74  
1687 .48  
1 6 8 4 . 4 1  
1 6 8 1 . 9 3  
1678 .16  
1 6 7 4 . 3 3  
1670 .96  
1667 .55  
1665 .35  
1662 .85  
1659 .03  
1655 .48  
1652 .68  
1650 .06  
1646 .70  
1642 .99  
1 6 3 9 . 1 3  
1 6 3 5 . 5 5  
1632 .86  
1629 .53  
1625 .45  
1621 .70  
1618 .14  
1614 .20  
1 6 1 0 . 6 5  
1608 .05  

V e l  Head Frc 
(ft) 

0.17 
2 . 2 5  
2 . 6 7  
8 .27  
0 .44 
0 .74 
0 .54 
1 . 5 2  
1 . 2 7  
0 . 9 6  
0 . 4 3  
1.11 
0.74 
0 . 5 1  
0.62 
0 .27 
0 . 5 3  
0 .12  
0 .28  
0 . 2 6  
0 . 3 1  
0 . 1 6  
0 . 1 0  
0 .20  
0 .17  
0 .08  
0 . 0 5  
0 .04 
0 .12  
0 . 1 6  
0 .17 
0 .09  
0 .10  
0 . 0 6  
0 .10  
0 . 0 9  

:tn Loss 
(ft) 

Page I I 7  

c & E LOSS Q Left 
(ft) (cfs) 

0 . 2 1  
0 . 0 1  
0 .04 
0 . 5 6  
0 . 0 3  
0 .06  
0 .10  31 .80  
0 .07 3 7 . 9 1  
0 .09  1228 .33  
0 .16  248 .53  
0 .07 1 3 7 . 8 0  
0 . 1 1  823.12 
0 .07 511 .69  
0 . 0 1  3026.17 
0 . 1 1  2945 .53  
0 .03  4798.80 
0 . 1 2  4503.10 
0 .02 5806.48 
0 . 0 1  5610 .11  
0 . 0 1  5364.07 
0 . 0 5  4560.39 
0 .02  4539.15 
0 . 0 1  3726.18 
0 . 0 1  4226.86 
0 . 0 3  4179.19 
0 . 0 1  5230.02 
0 . 0 1  6207.43 
0 . 0 1  7138.03 
0 .00  5925.13 
0 .00 6095.89 
0 . 0 2  6231.47 
0 .00 7059.35 
0 . 0 1  7015.46 
0 .00  7405.58 
0 .00  7247.14 
0 . 0 1  7037.68 

Q Channel 
(cfs) 

Q Right Top Width 
(cfs) (ft) 

1 1 5 8 . 8 6  2185.76 
7 6 . 8 8  1690 .10  

792 .06  2190.23 
1 1 2 . 3 9  1963 .93  
640.34 2442.92 

1 2 4 4 . 2 1  2345 .76  
2132.04 2510 .98  
3198 .24  2639.63 
1131 .58  2450.75 
1 2 1 8 . 2 7  2045.69 
1663 .06  2699 .33  
1 1 0 4 . 0 9  2935 .54  

215.04 3235.95 
3342.57 
2910 .53  
3085.69 

5 . 6 9  3071.16 
5 2 . 8 3  2833 .77  
26.27 2433 .76  

2283 .61  
2493.36 
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SPILLWAY 2.857 
SPILLWAY 2.793 
SPILLWAY 2.720 
SPILLWAY 2.643 
SPILLWAY 2.554 
SPILLWAY 2.454 
SPILLWAY 2.378 
SPILLWAY 2.302 
SPILLWAY 2.279 
SPILLWAY 2.261 
SPILLWAY 2.252 
SPILLWAY 2.223 
SPILLWAY 2.020 
SPILLWAY 1.898 
SPILLWAY 1.795 
SPILLWAY 1.696 

1604.75 
1601.90 
1597.86 
1593.81 
1590.50 
1586.19 
1581.92 
1576.88 
1573.14 
1573.06 
C u l v e r t  
1563.11 
1561.54 
1558.03 
1552.93 
1548.29 

FCD 98-17 Delineation of Spillwav Flows 
For Signal Butte Flood ~ e t a r d i n ~  structure 
213 Discharge (a's Modeled Separately) 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 716199 
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SIGNAL BUlTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUlTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUlTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
RM 3 885 HORZ N VALUES USED AREA 

, 
1655- , 15 06- -068- 

0 
4 
5 EG PF I 

WS PF 1 
1654- Ground 

1650- 

1649- 

1648- 

1647, .- 1 
7500 8WO 8500 9WO 9500 IOWO 105W IIWO 11500 

Statlon (It) 



SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SIGNAL BUTTE FRS STUDY (213) Imported Plan 01 7/6/99 
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SHEET INDEX 
1 COVER SHEET 

2-9 1 / 3  SPILLWAY FLOW 
1 0 - 1 7  2 / 3 S P I L L W A Y F L O W  
18-25  FULL SPILLWAY FLOW 

FLOOD CONTRO 
DELINEATION OF SPILLWAY FLOWS 

FOR 
SIGNAL BUTTE 

F.C.D. CONTRACT NO. 98-17 

SHT, 4,-J2,20 

Y O ! #  1-  = ,OM r, 

MICHAEL S. ELLEGOOD, P.E. 
PROJECT LOCATION CHEF ENGINEER AND GENERAL MANAGER 

7600 N. 151h Slnal. Suile 200 fkn WESTIUC. Phoenix. Arizona 85020 
Consulting Engineers (602)861-2200 

MARICOPA COUNTY 
NOT TO SCALE 

w* I m . 2 5  



I 8W 90 W.S. Oov Wl  Chnl Mw Chi Opfh TNi Tme 
Fmm Spilhq 

m i  mv=) m n n i  

FLOOD CONTROL DISTRICT I OF MARICOPA COUNTY I 
DELINEATION OF SPILLWAY FLOWS 

FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

I F U U  SHUWAY FLOW I 
LEGEND 

INUNDATION LIMITS 

HYDRAULIC BASE LINE 
WITH RIVER MiLE &-* 
CROSS SECTION RiVER LilE ID 

ELEVATION REFERENCE YARK ERMJ X 
ZONE DESIGNATIONS ZONE A 
CORPORATE LIMITS 
COUNN OR STATE 
lURISDlCTlONAL BOUNDARY 

ELEVATION REFERENCE MARKS 
NOTT; ALL IIIYAT.TIONS &RE BASED 011 HATlObtAL 

EEDDI'IC VERIICAL DhTUU OF 1929 

106. 1675.83 FOUND BRASS CAP IN HANDHOLE 
0.52' BELOW RIM AT IHE INTER- 
SECTION OF BROWN RD. & 
SIGNAL BUTTE RD. 

NOTES 
I. CROSS-SECTION m. ~o,ooo.oo is wvo~nuuc BAS 

tRM NOT SHOWN ON THIS SHCCli ICE PHZm 

1 INDEX MAP I 

I 
2 0 0  0 '  ZOO - 4 0 0  

SCALE: 1 "  = 200 '  
CONTOUR INTERVAL = 2 '  

7600 N. 15th Street. Suiie 200 

Cansuiting Engineers (602)851-2200 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 



FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

DELINEATION OF SPILLWAY FLOWS 
FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

FULL SPILLWAY R O W  

LEGEND 

INUNDATION LIMITS 

HYDRAUL'C BASE LINE 
WITH RIVER MlLi  &-+.- 
CROSS SECTION RWER 

MI L ID 22.30, 
ELEVATION REFERENCE MARK ERM3 X 
ZONE DESIGNATIONS ZONE A 
CORPORATE LIMITS 
COUNTY OR STATE 
JURISDICTIONAL BOUNDARY 

ELEVATION REFERENCE MARKS -. - ... 
:? ,. ... . s  ..: ;. .,. \:.. .. 

: 7 . . ?  " : ... 
I 7 E : .  - ? c i : $ F T ' . .  " :, :. . - .- -. .- 

212 1651.61 FOUND CITY OF MESA BRASS CAP 
IN HANOHOLE 0.471 BELOW RIM A7 
THE INTERSECTION OF CLANCY & 
DLCATOR 

106. 1675.83 VOUND BRASS CAP IN HANDHOLE 
0.62' SECTION BELOW OF BROWN RIM AT RO. THE Br INTLR- 

SIGNAL BUTTE RD 

NOTES 
I. CROS-SCCTION IT*. l0.000.00 IS HYDRAULIC 8hSIUNE 

* iRU NOT IHOWH ON mlS I H I C I ;  SEE SliIET 1 

lJ 

1 INDEX MAP $ 1 

2 0 0  0 '  2 0 0  4 0 0  I - 
SCALE: 1'' = 2 0 0 '  
CONTOUR INTERVAL = 2' 

7600 N. 15th Streel, Suiie 200  nm/) WEST~UC Phoenix. *rimno 85020 
consu1iing Engineerr (602)861-2200 

FLOOD CONTROL DISTRICT 
OF HARICOPA COUNTY 

19 or 25 
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FULL SPI-GES = 11.309 cfs 

O i  ALIINIX. NC.  
PHIITOGRIIUIICW 
1005/88 



FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

DELINEATION OF SPILLWAY FLOWS 
FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

I FULL SPILLWAY R O W  I 
LEGEND 

INUNDATION LIMITS 

HYDRAULIC BASE LINE 3.9 *-+ 
WITH RIVER M lL t  

CROSS SECTION 

ELEVATION REFERENCE MARK ERMJ X 
ZONE DESIGNATIONS ZONE P 
CORPORATE LIMITS 
COUNTY OR STATE 
JURISDICTIONAL BOUNDARY 
CULVERT FLOW ACROSS CAP c.r- 
OVERFLOW LOCATIONS ACROSS CAP 0.f.- 

ELEVATION REFERENCE MARKS 
NOTE; ALL ILLYmONI ARE BASED ON NATIONAL 

FrOOFIlC VIRTICI\L D*T"U or l e Z s  I 
I I.o. ELEVATION (:TI DESCRIPTION/LOCATlON I 

1 0 2  1581.30 FOUND MCDOT BRASS CAP IN 
HANDHOLE 0.25' BELOW RIM AT 
THE BUTTE INTERSECTION RD, & BROADWAY OF SIGNAL 

NOTES 
I. CROSS-SICTION IU. t0.000.W 5 HYDRAULIC 84iiLlNF 
2. POI INT IA I  SHALLOW ($ n, AvF.1 iLoOolNc IN 

I. APPROX. WUDINC EAST 10 SIGNAL BUTTE R 
FOR nrr (3) FLOW i v i ~ i r  ro P O N D ~ N ~  
CL NOI~O. PONOINC CONIINUIS rrri 
FOR 31001 2/1 FEET AND 4 i u u  r ~ t ~ i l i . ~  FLOW EYLMS ~ N D  

FOR 

(iiS.6, REJPICTIVIIY. 

I 
2 0 0  0 '  200 400 - 

SCALE: 1 "  = 2 0 0 '  
C O N T O U R  INTERVAL  = 2' 

7 6 0 0  N. 1 5 t h  Street, Su i t e  2 0 0  

Consuifing ingineerr ( 602 )861 -2200  

DESsCN j FLOOD CONTROL DISTRICT 
OLS~CN C H K ~  ili OF MARICOPA COUNTY 

cw,tr EHaHEER AM0 OrPrRAL w s m  
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Fmm v,,woy 

(n) (Ct/t/i (ft) (hn) 

226, ! ~ ~ J . J . s s  am ,676 0.62 
% 

I ."s - -  2 0 0  

SCALE: I "  = 200' 
CONTOUR INTERVAL = 2 '  

7600 N. 15th Street, Suite 200 
WESTf#c Phosnix, Arizona 85020 

Conruliing Engineerr (602)861-2200 I 
1 Y \ "4 DESlfiN GS 1 "" FLOOD CONTROL DISTRICT 

e+ OF MARICOPA C O U N T  a + % 
~ C o u u E M n c n  m 

$1 wn 
bmR&WD m Es $69 0.E 
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E E  24 0, 25 
COOPER AERIAL O i  PHOENIX. INC. iHiS MAP W S  PREPARED BI PHOTOORIUUETRIC UnHOOI TO N4nONAL YhP ACCURACY IThNOIRDS 
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ROOD CONTROL DWlRlCT 
OF MAMCOPA COUNTY 

DELINEATION OF SPILLWAY FLOWS 
FROM SIGNAL BUTTE F.R.S. 
F.C.D. CONTRACT NO. 98-17 

I FULL WILLWAY ROW I 
LEGEND 

INUhDATION UHlTS 

FWDiUUUC BbSE UhE 3 9 

WITH RNER MILE 

CROSS SECTION 

ELWAMN REiERENCE NARK ERH3 X 
ZONE DESIWAIIONS ZONE A 

CORPORATE LlUITS 
COUNTl OR STATE 
JURISDUMNAI BOUNDARY 
CULVEXT FLOW ACROSS CAP C.E- 1 -.. . 

I OYE2FLOW LOCATIONS ACROSS CkP 0.E- I 
ELEVATION REFERENCE MARKS 

IXITF; A l l  ELNATIONS Ail5 BLSEP ON NAIIONAL 
oc0-l~ v t a n m  DAN" or ,329 

1.0 NUU~ER ELWATION (v) DESCRIPTION/LOCAIION 

101' 1555.10 FOUND UCOOI BRASS CAP IN 
HdNO~OLE 0.55' BELOW RIM AT 
THE RD. & INTERSECTION BROADWAY RO. O f  CRISMON 

SCALE: I "  = 2 0 0 '  
CONTOUR INTERVAL = 2 '  

I 'I .- , 
0 

76C0 N. 15th Strsef, Suits 200  

*+\ Con=ulling Engineon (602)881-2200 
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: a ,  Nrc 
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HEC-RAS S e p t e m b e r  1 9 9 8  V e r s i o n  2.2 
U.S. Army C o r p  o f  E n g i n e e r s  

H y d r o l o g i c  E n g i n e e r i n g  C e n t e r  ! 
6 0 9  S e c o n d  S t r e e t ,  S u i t e  D 

D a v i s ,  C a l i f o r n i a  9 5 6 1 6 - 4 6 8 7  
i 
i 

( 9 1 6 )  7 5 6 - 1 1 0 4  I 
! 

X X XXXXXX XXXX XXXX XX xxxx I 
X x X X X X X X X  X ! 

X X X X X X  X X X  
X XXX XXXX XXXXXX m ! 

XXXXXXX XXXX ! 

X X X X X X X X X 
X X X X X X X  X X X 
X X XXXXXX XXXX X X X  X X X X X X  I 

i 

PROZ3CT DATA 
P r o j e c t  T i t l e :  SIGE1.X BUTTE FRS STUDY (FULL FLOW) / 

P r o j e c t  F i l e  : S I G a U T 3 . p r j  
Run D a t e  a n d  T i n e :  7 / 6 / 9 9  7 : 2 6 : 5 8  M 

P r o j e c t  i n  E n g l i s h  u n i t s  

P r o j e c t  D e s c r i p t i o n :  
DELI>iZ?iTE SPILLVIAV FLOWS FROM SIGNAL BUTTE FRS DOWNSTREW TO CAP CANAL 
FCD NO. 
98-17  
PREZXED BY A-N WEST, INC. JOB. NO. 7 1 5 8 - 0 5  

EXISTING CONDITIONS . . c 
FULL SPILLWAY FLOW= 1 1 3 0 9  CFS. PROFILE 3. 
TOPOGRqPHIC MAPPING PREPARED BY COOPER AERIAL MAPPING OF PHOhVIX. 
PHOTO 
DATE:10/15/98 
FIELD SURVEY BY AZTEC GVGINEERING , PHX. AZ. 

j 
STARTING D/S WATER 
SURFACE ELEV. BASED ON N O W  DEPTH ( S = 0 . 0 1 1  ET/FT.) 
STLFTING U/S WSEL W E D  
ON C.XTIC4L DEPTH. 
COM?;ITATIONAL FLOW IISGIMI:: MIXED FLOW 
HEC-9AS COPIPUTER 
MODEL, 2 ,  SZ?T. ,  1 9 9 8 .  

j 
.: 

MANXIN'GS iN) V K U Z  RRNGE; 0 . 0 1 3  (CONCRETE 
SPILLWAY), . 0 3 0  i T X V .  C M .  D/S SPILLWAY), . 0 4 5  (MAIN CHANT. ) , . 0 6 8  (LT.DEV. i 

OVERShVK), 0 . 1 0 1  MOD. Dm. O . B . , 0 . 1 5  (HW. D m . )  

FCD 98-17 Delineation of S p l M y  Flows A-N West, Inc. 
For Signal Butte Flood Retarding Sbudure Page 1 July, 1999 
Full Discharge (Q's Modded Separately) 

-. .. . . 



P W  DATA 

,.;-. .: v l a n  Title: Imported Plan 01 
J 8  _ '., 3 .  . .. , Plan File : C:\HEC\RAS\SIGBUT3.pOl 

Geometry Title: Imported Geom 02 
Geomet~y File : C:\HEC\RAS\SIGBUT3.g02 

Flow Title : Imported Flow 01 
Flow File : C:\HEC\PAS\SIGBUT3.f01 

Plan S m r y  Information: 
Number of: Cross Sections = 51 Mulitple Openings = 0 

Culverts = 1 Inline Weirs = 0 
Bridges = 0 

Computational Information 
Water surface calculation tolerance = 0.01 
Critical depth calculaton tolerance = 0.01 
Maximum number of interations = 20 
Maximum difference tolerance = 0.3 
Flow tolerance factor = 0.001 

Computation Options 
Critical depth computed only where necessary 
Conveyance Calculation Method: kt breaks in n values only 
Friction Slope Method: Average Conveyance 
Computational Flow Regime: Nixed Flow 

FCD 9817 Delineation of Spillway Flows 
For Signal Butte Flood ReEarding Structure 
Full Discharge (Q's Modeled Separately) 

A-N West. Inc. 
Page 2 



FZaW DATA 

F l o w  T i t l e :  I m p o r t e d  F l o w  01 
F l o w  F i le  : C: \HEC\RAS\SIGBUT3. f O I  

F l o w  D a t a  ( c f s )  

River R e a c h  RS 
SIGNAL BUTTE SPILLWAY 5.000 

B o u n d a r y  C o n d i t i o n s  

R i v e r  R e a c h  P r o f i l e  U p s t r e a m  

SIGNAL BUTTE SPILLWAY P F  1 C r i t i c a l  

FCD 9817 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
Full Discharge (Q's Modeled Separately) 

Page 3 

D o w n s t r e a m  

N o r m a l  S = .011 
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GEOMETRY DATA 

Geometry T i t l e :  I m p o r t e d  Geom 02 
Geometry F i l e  : C:\HEC\RAS\SIGBUT3.g02 

CROSS SECTION RIVEI(: SIGNAL BUTTE 
REACH: SPILLWAY RS: 5.000 

INPUT 
D e s c r i p t i o n :  P.M.5.000. UPSTREAM END OF STUD'f. 33.7 FT. U P S T W  OF UPSTREAM EDGE OF CONCPSTE 
SPILLWAY OF SIGNAL BUTTE F.R.S. STARTING WSEL BASED ON CRITICRL DEPTH FOR SUPERCRITICAL ?XOFILE 
OF MIXED FLOW COMPUTATIONS. 

S t a t i o n  E l e v a t i o n  Da ta  num= 3  3  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

9843.98 1 7 2 0 . 6  9854 .85  1718 .12  9869.02 1715 .08  9878 .36  1713.22 9886 .06  1710 .36  
9886.09 1 7 1 0 . 4  9895.58 1710 .17  9900.94 1710 .04  9 9 0 7 . 8 1  1710 .17  9923 .66  1710 .11  
9939.71 1 7 1 0 . 1  9952.09 1709 .99  9962.03 1710.08 9965.76 1 7 0 9 . 3 3  9976.08 1710 .13  
9986.97 1710 .110005 .07  1709 .7810022 .06  1709.5910035.71 1705.3810040.68 1 7 0 9 . 3  

10045.28 170910065.44 1709 .3910070 .11  1710.310072.32 1710 .2310073 .01  1710 .22  
10073 .67  1 7 1 0 . 2  10075 .2  1710.9210084.32 1715 .7310097 .23  1711.2510101.65 1711.24 
10107 .98  1711.310110.12 1711 .3710142 .51  1721 .68  

Manz ing ' s  n  V a l u e s  nun= 3  
S t a  n  V a l  S t a  n V a l  S t a  r. Val  

9843.98 . 0 3  9843.98 .0310142 .51  . 0 3  

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  C c e f f  C o n t r .  Expan.  
9843.9810142.51 3 3 . 7  3 3 . 7  3 3 . 7  .1 . 3  

CROSS SECTION OUTPUT 

E.G. E l e v  ( f t )  
Ve l  Head ( f t )  
W.S. E l e v  ( f t )  
C r i t  W.S. ( f t )  
E.G. S l o p e  ( f t / f t )  
Q T o t a l  ( c f s )  
Top Width  ( f t )  
Ve l  T o t a l  ( f t / s )  
Max C h l  Dpth ( f t )  
Conv. T o t a l  ( c i s )  
Leng th  Wtd. ( f t )  
f i n  Ch E l  ( f t )  
Alpha 
F z c t n  Loss  ( f t )  
C  S E Loss  ( f t )  

P r o f l l e  #PF 1 

1 7 2 1 . 6 1  Element   eft OB 
0 . 2 3  W t .  n -Val .  

1721 .38  Reach Len. (f:) 33 .70  
1714.32 Flow A r e a  ( s q  f t )  

0 .000294 A r e a  ( s q  f r )  
11309 .00  Flow ( c f s !  

297.57 Top Wldth  ( f t !  
3 .87 Avg. V e l .  i f t / s )  

1 2 . 3 8  Hydr .  Depth  ( f t )  
659273 .6  Conv. ( c i s !  

3 3 . 7 0  W e t t e d  P e r .  i f t i  
1 7 0 9 . 0 0  S h e a r  ( l b / s q  f t )  

1 . 0 0  S t r e a m p o v e r  ( l b / f t  s )  
0 . 0 2  Cum V o l u ~ . ~  ( a c r e - f t )  1 3 3 3 . 2 1  

0 . 2 7  Cum SA ( a c r e s )  1087 .36  

Channel  R i g h t  0 3  
0 .030  
3 3 . 7 0  33.70 

2925.77 
2925.77 

11309.00 
2 9 7 . 5 7  

3 . 8 7  
9 .83  

659273.6  
301 .52  

0 .18 
0 . 6 9  

113 .01  201.06 
3 3 . 8 2  1 3 2 . 7 5  

Warning:  The  c r o s s - s e c t i o n  e n d  p o i n t s  h a d  t o  b e  e x t e n d e d  v e r t i c a l l y  f o r  t h e  computed w a t e r  
s u r f a c e .  
Warning: The  v e l o c i t y  h e a d  h a s  changed  b y  more t h a n  0 . 5  f t  ( 0 . 1 5  m ) .  T h i s  may i n d i c a t e  t h e  
n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
Warning: The conveyance  r a t i o  ( u p s t r e a m  conveyance  d i v i d e d  b y  downs t ream conveyance)  i s  less 
t h a n  0 . 7  o r  g r e a t e r  t h a n  1 . 4 .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

FCD 9817 Delineation of Spillway Flows 
For Signal Butte Flood Retarding Structure 
Full Discharge (Q's Modeled Separately) 
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;; 
'.I 

.. : .:. .....,,, . . -' . ., . .. . FLOW DISTRIBUTION OUTPUT Profile #PF 1 
Left Sta Right Sta Flow Area W.P. 3 Conv. Hydr D. Velocity 

(ft) (it1 (cfs) (sq it) (ft) (it) (ft/s) 
a 

LB 9843.98 RB 10142.51 11309.00 2925.77 301.52 100.00 9.83 3.87 

Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstrean conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4 . 9 9 4  

INPUT 
Description: RM. 4.994. TOP OF SPILLWAY UPSTREAM EDGE. DECFSASE N VALUE TO 0.013 FOR TOP OF 
CONC. SPILLWAY. 

Station Elevation Data num= 17 
Sta Elev Sta Elev Sta Elev Sta Zlev Sta Elev 

9917.72 1721.7 9918.28 1721.71 9919.94 1721.57 9921.53 1715.89 9922.08 1712.15 
9922.98 1712.2 9923.3 1712.21 9923.63 1712.2110058.64 1712.7610059.41 1712.75 
10060.03 1712.710060.35 1712.7510061.14 1716.1410062.05 1721.1310062.48 1722.14 
10062.99 1722.210064.47 1721.58 

Manning's n Values num= 3 
Sta nVal Sta n Val Sta n Val 

9917.72 .013 9917.72 .01310062.48 .013 
...... . .. 

. .. . . . . :.. Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
,. .. .. ., . .  . . . 9917.7210062.48 12.96 12.96 12.96 .1 .3 

. , , :  . :. . - 
. ' ... , . ', , , . CROSS SECTION OUTPUT Profile #PF 1 
.... 

: .>'. . 
.... ,:. , . ,. . 
,.: . E.G. Elev (ft! 
. .I_ : . I _ >  

,;?. ..: Vel Head (ft) 
$$::?$ W.S. Elev (ft) 

Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (it) 
Ve1 Total (ft/s) 
Mas Chl Dpth (ft) 
Conv. Total (cfsl 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ftl 
C & E Loss (ft) 

Element 
Wt, n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq it1 
Flow (cfsl 
Top Width (it) 
Avg. Vel. (ft/sl 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft sl 
Cum Volume (acre-ftl 
Cum SA (acres) 

Left 03 Channel Right 03 
0.013 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and . . 
assumed values. 

~,*. , 
# .", 

. FCD 9g17 Delineation of SpjWy Flows 
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Warning: The conveyance r a t i o  ( ups t r eam conveyance d i v i d e d  b y  downstream conveyance)  i s  less 
t h a n  0.7 o r  g r e a t e r  t h a n  1 . 4 .  T h i s  may i n d i c a t e  t h e  need  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
Warning: During t h e  s t a n d a r d  s t e p  i t e r a t i o n s ,  when t h e  assumed w a t e r  s u r f a c e  was set  e q u a l  t o  
c r i t i c a l  dep th ,  t h e  c a l c u l a t e d  w a t e r  s u r f a c e  came back  be low c r i t i c a l  d e p t h .  T h i s  i n d i c a t e s  
t h a t  t h e r e  i s  n o t  a  v a l i d  s u b c r i t i c a l  answer .  The program d e f a u l t e d  t o  c r i t i ca l  d e p t h .  

FLOW DISTRIBUTIOEl OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  Righ t  S t a  Flow Area W.P. % Conv. Hjjdr D.  V e l o c i t y  
( f t )  ( i t)  ( c f s )  ( s q  f t )  ( f t )  ( f t )  ( f t / S )  
LB 9917.72 R3 10062.48 11309.00 823.65 150.42 100 .00  5 .85  13.73 

Warning: The ene rgy  e q u a t i o n  c o u l d  n o t  b e  b a l a n c e d  w i t h i n  t h e  s p e c i f i e d  number o f  i t e r a t i o n s .  
The program s e l e c t e d  t h e  w a t e r  s u r f a c e  t h a t  had t h e  l e a s t  amount o f  e r r o r  between computed and 
assuned  v a l u e s .  
Warning: The conveyance r a t i o  ( ups t r eam conveyance d i v i d e d  by downstream conveyance)  i s  l e s s  
t h a n  0.7 o r  g r e a t e r  t h a n  1 .4 .  T h i s  may i n d i c a t e  t h e  need  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
Warning: During t h e  s t a n d a r d  s t e p  i t e r a t i o n s ,  when t h e  assumed w a t e r  s u r f a c e  was s e t  e q u a l  t o  
c r i t i c a l  dep th ,  t h e  c a l c u l a t e d  wa t e r  s u r f a c e  came back  below c r i t i c a l  d e p t h .  T h i s  i n d i c a t e s  
t h a t  t h e r e  i s  n o t  a  v a l i d  s u b c r i t i c a l  answer .  The program d e f a u l t e d  t o  c r i t i c a l  d e p t h .  

CROSS SECTION RIVER.: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4 . 9 9 1  

I N  Ti? 
D e s c r l p t l o n :  R"I.4.991. TOP OF CONCETE SPILLWAY. D/S/ EDGE. FPWNING'S N VALUE INCREASED FOR 
THIS REACH TO 0 .15  TO ACCOUNT FOR BAFFLED BLOCK ENERGY DISSIPATOR BLOCKS. 

S t a t i o n  E l e v a t i o n  Data num= 2  0  
S t a  E l ev  S t a  E l ev  S t a  E l ev  S t a  E l ev  S t a  E l ev  

9915.58 1721.9 9918.01 1721.2 9920.69 1720.98 9921.31 1718.78 9924.8 1715.45 

Manning's n  Values  nun= 3  
S t a  n  Val  S t a  n  Va l  S t a  n  Val  

9915.58 .013  9915.58 .1510064.47 .013 

Bank S t a :  L e f t  R igh t  Lengths :  L e f t  Channel R igh t  
9915.5810064.47 27 .8  27.8 27.8 

CROSS SECTION OiiTPUT P r o f i l e  XIF 1 

E.G. E iev  ( f t )  1721.22 
Vel Head ( f t )  3.30 
W.S. E l ev  ( f t )  1717.92 
C r i t  W.S. ( f t )  1718.24 
E.G. S lope  ( f t / f c )  0.229302 
Q T o t a l  ( c f s )  11309.00 
Top Width ( f t )  138.58 
Vel  T o t a l  ( f t / s )  14.58 
Max Chl  Dpth ( i t )  6.47 
Conv. T o t a l  ( c f s )  23616.7 
Length Wtd. ( f t )  27.80 

FCD 98-17 Delineation of Spilhvay Flow 
For Signal B a e  Flood Retarding Structure 
Full Discharge (Q's Modeled Separately) 

Element 
W t .  n-Val. 
Reach Len. ( f t )  
Flow Area ( s q  f t )  
Area ( s q  f t )  
Flow ( c i s )  
Top Width ( f t )  
Avg. V e l .  ( f t / s )  
Xydr. Depth ( f t )  
Conv. ( c i s )  
Wet ted  Per .  ( i t)  

Page 6 

Coeff Con t r .  Expan. 
.1 .3  

L e f t  OB Channel R igh t  OB 
0.150 

27.80 27.80 27.80 
775.44 
775.44 

11309.00 
138.58 

14.58 
5 .60  

23616.7 
143.85 
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,"...'Z ., .. :,;.? .<,'. .., *. . . . .. . . Min Ch El (ft) 1711.45 shear (lb/sq ft) 77.17 
AZpha 1.00 Stream Power (lb/ft s) 1125.46 
Frctn Loss (ft) 0.07 Cum Volume (acre-ftl 1 8 3 3 . 2 1  111.36 201.06 

,. ~ . . . . 
.- , C & E LOSS (ft) 0.04 Cum SA (acres) 1087.36 33.60 132.78 
. . 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1 . 4 .  This may indicate the need for additional cross sections. 
Note: Program found supercritical flow starting at this cross section. 

FLOW DISTRIBUTIOEi OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ftl (~£51 (sq ftl (ftl ( £ t i  (ft/sl 
LB 9915.58 R3 10064.47 11309.00 775.44 143 .85  100.00 5 . 6 0  14.58 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1 . 4 .  This may indicate the need for additional cross sections. 
Note: Program found supercritical flow starting at this cross section. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.986 

INPUT 
Description: RM. 4.986. BEGIN CONCRETE BAFFLED CHUTE SPILLWAY. INCREASE N VALUE TO 0 . 0 3  TO 
PROViDE AVE. N VALUE BETWEEN FULL BAFFLED BLOCK SEGMENT AND T W .  CHAI'IN. SEGMENT. 

Station Elevatior. Data nun= 2 1  
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9911.12 1711.2  9918.76 1711.48 9920.17 1711.46 9921.79 1711.04 9924 .61  1696.66 
9928 .91  1696.4  9929.02 1696.37 9957 1696.48 9957.18 1696.48 9970.7  1696.64 
9971.09 1696.6  9985.17 1696.44 9985.42 1696.4510013.17 1697.0510014.95 1697.04 

10037.37 1697.410039.25 1698.3910058.26 1699.2710061.28 1698.6910063.52 1712.95 
10066.66 1712.6  

:? .>. . * : ,  ... 
' .::.. *: Manning's n Values nun= . .. . . .. , 

3  
.= .,. .., . , . . > ;  Sta n Val Sta n Val Sta n Val 
L.... ... , ..,..* bg$i:(j> 9911.12 .03 9921.79 .0910063.52 .03 

-. ?:.> 

Bank Sta: Left Right Lengths: Left Channel Right Coeif Contr. Expan 
9921.7910063.52 92.6 92.6 92 .6  .1 .3 

CROSS SECTION OUT?UT Profile #PF 1 

E.G. Elev (ft) 1710 .89  
Vei Head (ft) 10 .67  
W.S. Elev (ft) 1700 .21  
Crit W.S. (ft) 1703.02 
E.C. Slope (ft/ft) 0.574158 
Q Total (cfs) 11309.00 
Top Width (ft) 137 .61  
Vel Total (ft/sl 26.22 
Max Chl Dpth (ft) 3.84 
Conv. Total (cfs) 14924.8 
Length Wtd. (ftl 92.60 
Min Ch El (ft) 1696.37 

, ..*::: Alpha 1.00 
.~. ,.",>A> 

.'.;+:$ FCD 98-17 Delineation of Spillway Flows 

. For Signal Butte Flood Refarding Structure 
. . 
' . Full Discharge (Q's Modeled Separately) 

. . ;  . . , 

. , 

Element Left OB 
Wt. n-Val. 
Reach Len. (ftl 92 .60  
Flow Area (sq it1 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/sl 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ftl 
Shear (lb/sq ft) 
Stream Power (lb/ft sl 
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Channel Right 03 
0.090 
92.60 92.60 

431.35 
431.35 

11309.00 
137 .61  

26.22 
3.13 

14924.8  
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Frctn Loss (ft) 
C 6 E Loss (ft) 

9.58 Cum Volume (acre-ft) 1833.21 110.97 201.06 
0.74 Cum SA (acres) 1087.36 33.52 132.78 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 ml. between the current and previous 
cross section. This ray indicate the need for additional cross sections. 

FLOW DI3TRIBUTIO!I OUTPUT Profile #PF 1 

Lef; Sta Zght sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
( f t l  lft) (cfsl (sq ftl (ft! (ft) (ft/s) 
L3 9521.79 F53 10063.52 11309.00 431.35 142.18 100.00 3.13 26.22 

Warning: The velocity head has changed by more than 0.5 it (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warnicg: The energy lois was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This nay indicate the need for additional cross sections. 

CROSS SECTION RIYER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.968 

INPUT 
Description: F!M. 4.968. 

Statior. Elevation Data nun= 18 
S:a Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9888.2 1706.9 9909.13 1699.23 9911.27 1698.48 9922.54 1697.93 9925.09 1696.5 
9930.57 1696.1 9946.22 1695.93 9988.32 1696.32 9996.02 1646.310021.28 1656.26 
10045.55 1696.210068.23 1696.4510074.45 1697.9510081.83 1698.8310087.66 1699.76 
10101.66 1706.410105.26 1708.1710108.82 1708.18 

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

9888.2 .03 9888.2 .0310108.82 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9888.210108.82 208.34 208.34 208.34 .1 .3 

CROSS SECTION OiiTlUT Profile #PF 1 

E.G. Elev (ft! 
Vel Head (ft) 
W.S. Elev (it) 
Crit W.S. (ft! 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 

FCD 9817 Ddineation of Spilhvay Flows 
For Sional B~tte Flood Reiardino Structure 
Full ~ i & a r ~ e  (CYs Modeled separately) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 

Left 06 Channel Right 0% 
0.030 

208.34 208.34 208.34 
1779.83 
1779.83 
11309.00 
210.14 
6.35 
8.47 

362345.7 
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.,! : .  .. . ... 
..r3 ;., 

~. .,. : ": 
, . v  . . ,. :. ., > .. ,~ . .,... ..., I 

Length Wtd. ( f t )  208.34 Wetted Per .  ( f t )  213.59 

. . : .. . Min Ch E l  ( f t )  1695.93 Shea r  ( l b / s q  f t )  0 . 51  
~.>: , . !  Alpha 1 .00  S t ream Power ( l b / f t  s) 3.22  
~. F r c t n  Loss ( f t )  0 .27 Cum Volume ( a c r e - f t )  1833.21 108.62 201.06 

C & E Loss ( f t )  0.04 Cum SA ( a c r e s )  1087.36 33.15 132.78 

I Note: H y d r a u l i c  jump has  o c c u r r e d  between t h i s  c r o s s  s e c t i o n  and t h e  p r e v i o u s  ups t r eam 
s e c t i o n .  

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  R igh t  S t a  Flow Area W.P. 3 Conv. Hydr D.  V e l o c i t y  
( f t )  ( f t )  ( c f s )  ( s q  it) ( f t )  ( f t )  ( f t / s )  
LB 9888.20 RB 10108.82 11309.00 1779.83 213.59 100.00 8 .47  6 .35  

I Note: Hydrau l i c  jump has  o c c u r r e d  between t h i s  c r o s s  s e c t i o n  and t h e  p r e v i o u s  ups t ream 
;- ...: s e c t i o n .  

CROSS SECTION RIVER: S1C;NAL BUTTE 
REACH: SPILLWAY RS: 4.929 

. . . . 
INPUT 
Description: RPI. 4 .929 .  

:. : ; 
.$ .:.: , .: .. . . . . . S t a t i o n  E l e v a t i o n  Data nun= 

,, . . . 12 
. . .: 

. . S t a  Elev  S t a  E l e v  S t a  E l ev  S t a  Elev S t a  E l ev  
.. ... , . .:, . .:, ~. 

9911.26 1705.3 9926.18 1699 .6  9933.33 1696.42 9941.32 1696.42 9954.96 1696.34 
. - : :  . . 10005.41 1696.310059.24 1696.0310061.29 1695.9810082.37 1703.2910096.95 1708.19 

. . ,.,: : 10103.33 1708.510105.48 1708.48 

. ~. . !. . :.. .. ... . . ,.. . . . . : 

.. .,  . . Manning's n  Values  nun= . . 3 
. .. .. . . 
.. .. ,, S t a  n Val S t a  n  Val  S t a  n  Val  

' . . .. . .. .. ~. 9911.26 . 03  9911.26 .0310105.48 . 03  
. . . . .. *. : 

; . .  Bank S t a :  L e f t  R igh t  Lengths :  L e f t  Channel R igh t  Coeff Con t r .  Expan. . < ..~ . . >....: 9911.2610105.48 125  76 .23  2 5 .1 . 3  
.?>ii>2* . <, 

... /..i +.*. 
: CROSS SECTION OUTPUT P r o f i l e  #PF 1 . . 
~.'.% , 

E.G. E l ev  ( f t )  
Vel  Head ( f t )  
W.S. E l e v  ( f t )  
C r i t  W.S. ( f t )  
E.G. S lope  ( f d f t )  
Q T o t a l  ( c f s )  
Top Width ( f t )  
Ve1 T o t a l  ( f t / s )  
Mar Chl Dpth ( f t )  
Conv. T o t a l  ( c f s )  
Length Wtd. ( f t )  
M i n C h E l  ( f t )  
Alpha 
F r c t n  Loss ( i t )  
C 6 E Loss ( f t )  

.. < . . .~, . :+.... . FCD 9817 Delineation of Spilhvay Flow > ,< a 
, For Signal Butte Flood Retarding Strudure . . 
.- Full Discharge (Q's Modeled Separately) 

Element 
W t .  n-Val. 
Reach Len. ( f t )  
Flow Area ( s q  f t l  
Area ( s q  f t )  
Flow ( c f  s )  
Top Width ( f t )  
Avg. Vel .  ( f t / s )  
Hydr. Depth ( f t )  
Conv. ( c f s )  
Wet ted  Pe r .  ( f t )  
Shear  ( l b / s q  f t )  
S t r eam Power ( l b / f t  S )  
Cum Volume ( a c r e - f t )  
Cum SA ( a c r e s )  

Page 9 

L e f t  O a  Channel Righ t  OB 
0.030 

125.00 76 .23  25.00 
1365.12 
1365.12 

11309.00 
176 .75  

8 .28  
7 .72  

260983.8 
180.02 

0 .89  
7 .36  

1833.21 101.10 201.06 

A-N West. Inc. 
July. 1999 



........ .. . . . .  . . .  .. .- .- 

Warning: The  v e l o c i t y  h e a d  h a s  c h a n g e d  b y  more  t h a n  0 . 5  f t  (0 .15 m). T h i s  may i n d i c a t e  t h e  
n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
Warning: The conveyance  r a t i o  ( u p s t r e a m  conveyance  d i v i d e d  b y  downstream conveyance)  i s  less 

. . . . . .  t h a n  0 .7  o r  g r e a t e r  t h a n  1 . 4 .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  cross s e c t i o n s .  .. , ,. . 

... 

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  R i g h t  S t a  Flow A r e a  W.P. %Conv.  Hydr D. V e l o c i t y  
( f t j  I f t i  ( c f s )  ( s q  £ t i  ( f t )  l f t )  l f t / s l  
L 3  3911.26 R 3  10105 .48  11309 .00  1365 .12  1 8 0 . 0 2  100.00 7 .72 8.28 

Warning: The v e l o c i t y  h e a d  h a s  changed  b y  more t h a n  0 . 5  f t  ( 0 . 1 5  m). T h i s  may i n d i c a t e  t h e  
n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
Warning: The conveyance  r a t i o  ( u p s t r e a m  conveya2ce  d i v i d e d  b y  d o 7 a s t r e a m  conveyance)  i s  less 
t h a n  0.7 o r  g r e a t e r  t h a n  1 . 4 .  T h i s  may indica ' .e ;he n e e d  f o r  a 2 c i i t i o n a l  c r o s s  s e c t i o n s .  

CROSS SECTION RIVEX: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4 . 9 1 4  

I N X T  
D e s c r i p t i o n :  R 4.914 

43 S t a z i a n  E l e v a t i o n  Data  n u =  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

9559.38 1 7 0 3 . 6  9605.27 1703 .57  9613 .73  1 7 0 3 . 3 1  9 6 2 8 . 2 6  1702.74 9640.01 1702.4  
9659.34 1 7 0 2 . 1  9689 .85  1 7 0 1 . 7 5  9709.87 1701 .4 -  5 7 1 6 . 1 1  1701 .37  9720 .11  1701.34 
9733.65 1 6 9 9 . 9  9747.41 1 6 9 8 . 5 6  9755 .78  1657 .4  9770 .71  1698 .13  9804.49 1699 .6  
9812.95 1699 .8  9814.27 1 6 9 9 . 8 3  9816 .7  1695 .63  9818.67 1699 .73  9829.2 1699.73 
9830.45 1699.8  9335 .71  1699 .72  9841.92 1699 .66  9843.24 1693 .65  9858.76 1 7 0 0 . 1  

9865 .1  1700 .3  9873.59 1699 .65  9881 .28  1699 .58  9890 .9  1693 .86  9894.92 1698 .82  
9336 .1  1693 .8  9921 .75  1697.32 9931.45 1 6 9 6 . 6 1  9934 .31  1696 .62  9961.9 1696 .57  

10034 .86  1696 .215339 .04  1696 .1210046 .37  1695.9313052.89 1697.9710061.87 1703 .92  
10085.54 1708.219085.62 1708 .1910087 .97  1703 .33  

Manning 's  n  V a l u e s  nlm= 3  
S t a  n  Va l  S t a  n  Va l  S t a  n  Vzl 

.0310087 .97  . 0 3  9599.38 .068 9865 .1  

Back S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  Coef f  C o n t r .  Expan. f 

2  5  9865.110087.97 1 2 0  67.17 . I  . 3  I 
CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. E l e v  ( f t )  1706 .00  E lement  I 2 f t  OB Channel  R i g h t  03 
VeL Head (it) 0 . 3 6  W t .  n -Val .  0.068 0 .030  
W.S. E l e v  ( i t )  1705 .64  Reach Len. ( f t l  120.00 67.17 25.00 
C r i t  W.S. ( i t )  Flow A r e a  (sq f t )  1328 .36  1678.60 
E . G .  S l o p e  ( f t / f t )  0 .000750  A r e a  ( s q  fr! 1328.36 1678.60 
Q T o t a l  ( c f s )  11309 .00  Flow ( c f s i  2310.80 8999.20 
Top Width  ( f t )  477 .83  Top Width  ( i t )  265.72 2 1 2 . 1 1  

, , Ve1 T o t a l  ( f t / s )  3 . 7 6  Avg. V e l .  ( f t / s )  1 .74  5 . 3 6  
Nax C h l  Dpth ( i t)  9 .66  Hydr.  Depth ( i t )  5.00 7 . 9 1  
Conv. T o t a l  (c is)  412890.9  Conv. ( c f s l  84367.3  328523.7 
Leng th  W t d .  ( f t )  73 .24  Wetted P e r .  (it) 268.08 213 .71  
r t in  Ch E l  ( f t )  1 6 9 5 . 9 8  S h e a r  ( l b / s q  f t )  0 .23  0 .37 

@ Alpha  1 . 6 6  S t r e a m  Power ( l b / f t  s) 0 . 4 0  1 . 9 7  
i 

.-.a 
'st" FCD 98-17 Delineation of S p l M y  Flows A-N West. Inc. $2 For Signal Butts flood Retarding Structure Page 10 July. 1999 
.:. . . .  .... Full Discharge (Q's Modeled Separately) 

. . .  . . . . .,.. . >,... 

. . .  . . . .  . . . . . . . . . .  . . .  . . . . . .  . : .~ ,, . .  , . . . . . . . . .  ~. . . . 
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. .  . .<. .. > ..,. [: 
Frctn Loss (ft) 0.14 Cum Volume (acre-ft) 1831.31 98.44 201.06 
C & E Loss (it) 0.18 Cum SA (acres) 1086.98 31.88 132.78 

Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The velocity head has changed by more than 0.5 ft (0 .15  m). This may indicate the 
need :or additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 9 . 7  or gieater than 1 . 4 .  This may indicate the need for additional cross sections. 

FLCW 313T4iBUTIOM OUTPUT 

Lefc Sta Right Sta 
I S - .  
& - . ,  (fti 
9599.38 9 6 6 5 . 8 1  
9 6 6 5 . 8 1  9732.24 

. . 
9732.24 9798.67 

+ .. . . ..:.. , ., 
<,>,<.,..!, 9398.67 9865.10 
..;p.:2 

.. .:. LB 3865.10 P5 10087.97 
. . 

I. *'. . 

Profile #PF 1 

Flow Area W.P. % Conv. Hydr D. Velocity 
(cfsl (sq ft) (£ti (ft) (ft/s) 

220.23 1 9 4 . 4 7  68.49 1 . 9 5  2.93 1 .13  
3 9 8 . 2 1  274.20 66 .50  3 .52  4 .13  1 . 4 5  
978.82 470.71 66.63 8 . 6 6  7 . 0 9  2 .08  
713.54 388.98 66 .45  6 . 3 1  5 .86  1 . 8 3  

8998.20 1678.60 2 1 3 . 7 1  79.57 7 . 9 1  5 . 3 6  

. . . : : : . . . .. Warning: The cross-section end points had to be extended vertically for the computed water 
. . , : . ~  . ~. . . :  surfdce. .. . . ~ 

. , .  
. :  . 

Warning: The velocity head has changed by more than 0.5 ft ( 0 . 1 5  m). This may indicate rhe 
. need for additional cross sections. . .  . . .  . . , 

. ..: . .  Warxi?;: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
. . tha;. 0 .7  or greater than 1 . 4 .  This may indicate the need for additional cross sections. 
:,. . 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4 .902  

INPT 
Descripiion: 2 .  4 .502 .  SEGIN TP.4PEZ31D.X CHAh?lEL D/S/ OF SP:LiX.%Y. 

Station Elevation 3ata n u =  55 
Sta Elev Sca Elev Sta Elev Sta Ele-: Sta Elev 

9569.3 1 7 0 3 . 6  9570.24 1703.63 9532.02 1703.52 9 5 8 7 . 2 1  1703.65 9594.87 1703.72 
9600.67 1703 .8  9611.08 1704 .08  9613.59 1704.14 9656 .3  1704.32 9698.56 1703 .91  
9 7 0 7 . 6 1  1703 .9  9710.56 1703 .9  9723.44 1703 .7  9770 .15  1703 .03  9771.24 1703 .06  
9772.19 1703  9790.71 1702 .51  9796.64 1702.45 9807.42 1702.64 9819.3 1702.85 
9821.23 1702 .8  9 8 4 0 . 0 1  1702 .79  9843.47 1702.72 9853 .18  1702 .76  9855 .36  1702 .77  
9959.69 1702 .8  9864.04 1702 .73  9864.74 1702.98 9866.98 1 7 0 2 . 7 1  9871.07 1 7 0 2 . 7  

9977.7  1 7 0 2 . 6  9334.14 1702.17 9890.93 1701 .86  9906 .82  1700 .9  9910.86 1699.84 
9926 .61  1 6 9 9 . 1  9927.33 1699.04 9 9 5 5 . 7 1  1696.03 9957 .81  1695.76 9958.84 1695 .64  
9964.99 1695 .2  9332.1: 1695.62 9437.28 1695.8110018.22 1695.9610022.17 1696.08 

10327 .92  1696 .310530 .31  1696.4410039.31 1699.4410042.31 1639.7110043.42 1 6 9 9 . 9 1  
10056 .21  170310353.82 1703.8410066.78 1705.5910086.97 1707.9110087.92 1707.83 

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

9569.3 .063 9506.32 .04510036.97 .068 

Bank Sta: Left Xght Lengths: Left Channel Right Coeff Contr. Expan. 
9906.8210086.97 350  261.94 230 .1 . 3  

1 . .::.,: 
':' , . ' $ -".& FCD 98-17 Delineation of Spillway Flows 

For Signal Butte Rood Retarding Sbudure Page 11 
Full Discharge (Q's Modeled Separately) 
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CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfsl 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cis) 
Length Wtd. (ftl 
Min Ch El (it) 
Alpha 
Frctn Loss (ftl 
C & E Loss (ftl 

Element 
Wt. n-Val. 
Reach Len. (ft I 
Flow Area (sq ft) 
Area (sq ftl 
Flow (cfsl 
Top Width (ftl 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfsl 
Wetted Per. (fti 
Shear (lb/sq ftl 
Stream Power (lb/ft sl 
Cum Volume (acre-ftl 
Cum SA (acres1 

Left OB 
0.068 
350.00 
135.98 
135.98 
289.94 
163.43 
2.13 
0.83 

2627.3 
163.54 
0.63 
1.35 

1829.29 
1086.38 

Channel Right OB 
0.045 
261.94 230.00 
914.81 
914.81 

11019.06 
150.89 
12.05 
6.06 

99851.0 
152.22 
4.57 
55.04 
96.44 201.06 
31.60 132.78 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(it) (ftl (cis) isq ftl (ftl (ftl (ft/si 
9738.06 9822.44 73.24 45.81 79.07 0.65 0.58 1.60 
9822.44 9906.82 216.70 90.17 84.47 1.92 1.07 2.40 
LB 9906.82 RE 10086.97 11019.06 914.81 152.22 97.44 6.06 12.05 

Warning: The velocity head has changed by more than 0.5 ft (0.15 mi. This may indicate the 
need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 ml. between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACE: SPILLlrTAP RS: 4.852 

INPUT 
Description: RM. 4.852. 

Station Elevation Data nun= 8 0 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

9176.68 1700.2 9216.75 1700.39 9216.84 1700.39 9216.88 1700.39 9216.93 1700.38 
9223.8 1698.7 9231.22 1698.72 9238.57 1698.73 9239.83 1698.72 9243.73 1698.83 
9271.54 1698.7 9273.68 1698.71 9276.37 1698.68 9278.04 1698.65 9282.14 1698.64 
9301.81 1698.8 9305.89 1698.31 9314.94 1699.4 9316.21 1698.52 9330.57 1700.06 
9339.65 1699.8 9353.73 1700.26 9355.44 1700.25 9357.73 1700.25 9361.39 1700.27 
9368.81 1700.4 9401.21 1701.02 9410.55 1700.94 9424.54 1700.83 9426.6 1700.82 
9429.18 1700.7 9433.95 1700.52 9446.91 1700.1 9481.8 1698.93 9523.95 1699.49 
9549.43 1700.1 9603.66 1700.33 9685.19 1700.08 9697.82 1700.06 9699.23 1700.07 
9736.8 1700.4 9786.05 1700.49 9790.13 1700.6 9807.56 1700.41 9811.08 1700.25 

. . 9817.32 1699.8 9821.17 1699.28 9823.8 1698.97 9844.24 1697.92 9862.69 1697.21 
9922.92 1695.9 9925.6 1695.82 9928.41 1695.78 9929.54 1695.77 9936.64 1695.75 

. 9983.39 1695.8 9998.01 1694.310010.25 1692.710022.77 1693.3110033.68 1693.91 . .\. .. 'rn" . .. 111.". 

. *;? ,. .. FCD 98-17 Delineath of S p i l k y  Flow 
,., b .. . , .... . For Signal Butte Rood Retarding Strudure Page 12 
. .,. . . Full Discharge (Q's Modeled Separately) 
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. :. . . , ,, :.;,,:. ... +:'+..> ,*.;., 
~..!s.$:"'i 
;,$. ..,. !L.'E': 

.%.,-.. *". .'... ." ,,,,., ,;;;;,%&+& 
<,-x3+;:>> 
,; ';,%A*.>{ 
:$ '33~~:"" .:-.. .. , 
. 10036.17 1694.410051.93 1697.35 10052.2  1697.3410071.29 1697.9510071.49 1697.94 
, - . .,,,<.I 

-;, ,:;?! 10071.83 169810087.16 1698.1610095.74 1698.4810109.44 1699.35 10114.9 1699.58 . ' 10125.72 1699.710163.22 1700.2610196.01 1700.3910205.48 1700.5810221.91 1700.89 -!:, :;,is .< 
; ;  10232.4 1701.110240.12 1701.2730268.65 1701 .21  10306.9 1701.6210318.47 1701 .91  
. . <..r:: 
'' . ; . A?.,'. 

...I- L :, 
- .  ' ~ '  Manning's n Values n u =  3 

.: :. : ?.. , , 
. .  , S t a  n Val S t a  n Val S t a  n Val 
, , . .  
. , 9176.68 .068 9925.6 .04510051.93 .068 

, . .  

Bank S t a :  L e f t  Right  Lengths: L e f t  Channel Right  Coeff Contr.  Expan. 
9925.610051.93 330 402.55 425 .1 . 3  

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E . G .  E lev  ( f t )  
... Vel Head ( f t )  

W.S. E lev  ( f t )  
C r i t  W.S. ( f t )  
E.G. Slope ( f t / f t )  
Q T o t a l  ( c f s )  
Top Width ( f t )  
Vel To ta l  ( f t / s l  
Max Chl Dpth ( f t )  
Conv. T o t a l  ( c f s l  
Length Wtd. ( f t )  
Min Ch E l  ( f t )  
Alpha 
F rc tn  Loss ( f t )  
C & E Loss ( i t )  

Element 
W t .  n-Val. 
Reach Len. ( f t )  
Flow Area ( s q  f t )  
Area ( s q  f t )  
Flow ( c f s )  
Top Width ( f t )  
Avg. Vel .  ( f t / s )  
Hydr. Depth ( f t )  
Conv. ( c f s )  
Wetted Per. ( f t )  
Shear ( l b / s q  f t )  
Streain Power ( l b / f r  s )  
Cum Volume ( a c r e - f t )  
Cum SA ( a c r e s )  

L e f t  0 B  
0.068 

330.00 
772.50 
772.50 

2651.96 
685.55 

3 .43 
1 .13  

23599.4 
686 .41  

0.89 
3.05 

1825.64 
1082.97 

Channel 
0.045 

402.55 

Right  OB 
0.068 

425.00 
181.97 
181.97 
503.78 
151.96 

2.77 
1 . 2 0  

4483.1 
152.02 

0 .94 

Warning: The energy equa t ion  could no t  be balanced w i t h i n  t h e  s p e c i f i e d  number of  i t e r a t i o n s .  
The program used c r i t i c a l  dep th  f o r  t h e  water  s u r f a c e  and cont inued on wi th  t h e  c a l c u l a t i o n s .  
Warning: Divided f low computed f o r  t h i s  c r o s s - s e c t i o n .  
Warning: The c r o s s - s e c t i o n  end p o i n t s  had t o  be extended v e r t i c a l l y  f o r  t h e  computed water  
s u r f a c e .  
Warning: The v e l o c i t y  head has changed by more than  0 . 5  it (0 .15  m ) .  This  may i n d i c a t e  t h e  
need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  
Warning: The energy l o s s  was g r e a t e r  t han  1 . 0  f t  (0 .3  m). between t h e  c u r r e n t  and previous  
c r o s s  s e c t i o n .  This  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  
( f t l  
9176.68 
9363 .91  
9551.14 
9738.37 
LB 9925.60 
10051.93 

Right  S t a  Flow 
( f t l  ( c f s l  
9363.91 674.75 
9551.14 293.34 
9738.37 84.38 
9925.60 1599.49 
RB 10051.93 8153.26 
10318.47 503.78 

Area 
( s q  f t l  
223.04 
116.98 

63.97 
368.51 
7 0 2 . 2 1  
191.97 

W.P. 
( f t l  

1 8 7 . 9 1  
130.60 
187.23 
180.66 
126.86 
152.02 

'i Conv. Hydr D.  Ve loc i ty  
( f t )  I f t /S )  

5 .97  1.19 3.03 
2 .59  0 .90  2 . 5 1  
0.75 0 .34 1 .32 

14.14 2 .04 4.34 
72.10 5.56 11.61 

4.45 1.20 2.77 

. . . . . .'. . . . .  . 
'' .. ' ,  

Warning: The energy  e q u a t i o n  could  n o t  b e  ba lanced w i t h i n  t h e  s p e c i f i e d  number o f  i t e r a t i o n s .  
, .' . , . . . 
. , ' .  .. The program used c r i t i c a l  dep th  f o r  t h e  water  s u r f a c e  and cont inued on wi th  t h e  c a l c u l a t i o n s .  
: .  j / ,  ' .. 

Warning: Divided f low computed f o r  t h i s  c ros s - sec t ion .  
,'.: ;~''.: . Warning: The c r o s s - s e c t i o n  end p o i n t s  had t o  b e  extended v e r t i c a l l y  f o r  t h e  computed water  . . . . .  

. . .. : s u r f a c e .  

FCD 9817 Delineation of Spiltway Flows 
For Signal Butte Flood Retarding Structure 
FuP Discharge (Q's Modeled Separately) 
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Warning: The  v e l o c i t y  h e a d  h a s  c h a n g e d  b y  more t h a n  0 .5  f t  (0.15 m ) .  T h i s  may i n d i c a t e  t h e  
n e e d  f o r  a d d i t i o n a l  cross s e c t i o n s .  
Warning: The  e n e r g y  l o s s  was g r e a t e r  t h a n  1 . 0  f t  ( 0 . 3  m ) .  be tween  t h e  c u r r e n t  a n d  p r e v i o u s  
c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAX RS: 4.776 

INPIiT 
D e s c r i p t i o n :  RM. 4.776. 

S t a t i o n  E l e v a t i o n  Da ta  nun= 114 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

8935.41 1698  8940 .48  1697 .99  8945 .99  1698 8960 .41  1697.63 8969.15 1697 .36  
8978.82 1697.2  9013 .48  1696 .67  9018 .78  1696 .39  9024.13 1696.23 9039.09 1 6 9 6 . 4 3  
9074.04 1 6 9 7 . 1  9089 .48  1696 .99  9102.18 1697 9114.78 1696.64 9117.41 1696.54 

9125.2 1 6 9 6 . 3  9139.09 1696.32 9140 .5  1696 .43  9143.78 1696.28 9189.53 1 6 9 6 . 0 3  
9210.18 1695 .9  9244 .85  1695 .96  9294.39 1695.81 9359.47 1695.58 9382 .81  1695.54 
9429.66 1695 .8  9437 .31  1695 .76  9442 .33  1695 .74  9446.46 1695.71 9449 .71  1695 .66  
9509.16 1696 .3  9513.47 1696.34 9573.45 1696.39 9586.58 1696.4 9587.04 1696 .4  
9537.41 1696.4  9587.7 1 6 9 6 . 4  9588 .72  1696.4  9639.28 1695.49 9661.72 1695 .55  
9664.15 1695 .6  9686 .93  1695.74 9699.19 1 6 9 5 . 8 9  9702 1 6 9 5 . 9 1  9715.09 1696  
9721.28 1696 9731 .73  1696 .07  9734 .45  1696.06 9791.49 1695.5  9793.31 1695.48 
5813.49 1695 .3  9815 .93  1695.87 9823.49 1695.48 9831.94 1695.4 9850.43 1695 .27  
9858.68 1 6 9 5 . 2  9863.38 1695 .2  9 8 6 5 . 4 1  1695 .15  9874.84 1655.02 9877.74 1694.96 
9835.97 1694 .8  9910.84 1694.22 9912 .71  1694 .14  9914.29 1694.11 9919.29 1693 .94  
9923.48 1 6 9 3 . 6  9933 .65  1693.02 9939.13 1692 .74  9942.88 1692 .39  9951.71 1691 .58  
9954.46 1691.4  9963.23 1690 .86  9967.34 1 6 9 1 . 1  9976.35 1 6 9 1 . 5 1  9980.62 1 6 8 9 . 9 1  
9936.34 1 6 8 9 . 5  9988 .05  1 6 8 9 . 6 1  9 9 9 6 . 1 1  1688 .46  9999.98 1688.0210006.86 1 6 8 9 . 3  

10031.84 1693 .710033 .97  1693 .610047 .09  1693.610125.05 1693.4110143.11 1 6 9 2 . 7 5  
10158.57 1692 .710171 .85  1693.2110180.16 1693.510187.75 1693.610190.27 1693 .64  
10194.77 1693.710196.69 1693 .7510221 .59  1694.210233.77 1694.2210270.89 1694.57 
10324.27 1693 .710336 .35  1693.5710351.89 1693.410366.67 1692.3110378.34 1691 .68  
10335.75 1692.510396.02 1693.5610398.28 169410410.54 1694.3310423.79 1694 .61  
10449.46 1694 .710467 .86  1694.6210483.13 1694.4510514.16 1695.0110537.72 1695.52 
10561.03 1695.910563.38 1695 .9210564 .33  1695.9410580.38 1695.93 

Manning 's  n  V a l u e s  nun= 3 
S t a  n V a l  S t a  n  V a l  S t a  n  V a l  

8935 .41  .068 9939.13 .04510031.84 .068 

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  Coeff C o n t r .  Expan.  
9939.1310031.84 490 418.55 365 .1 . 3  

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. E l e v  ( f t )  
V e l  Head ( f t )  
W.S. E l e v  ( f t )  
C r i t  W.S. ( f t )  
E.G. S l o p e  ( f t / f t )  
Q T o t a l  ( c f s )  
Top Width  ( f t )  
V e l  T o t a l  ( i t / s )  
Max C h l  Dpth ( f t )  
Conv. T o t a l  (cfs) 

FCD 98-17 Dellneation d Spllhvay Flows 
For Slam1 BMe Flood Retard~na Structure 

E lement  
W t .  n-Val. 
Reach Len. ( f t )  
Flow A r e a  (sq f t )  
A r e a  ( s q  it) 
Flow ( c f s )  
Top Width (it) 
Avg. Ve l .  ( i t / s )  
Hydr.  Dep th  ( f t )  
Conv. ( c f s )  

Page 14 

L e f t  OB 
0.068 

490.00 
477.33 
477.33 
893.97 
717 .41  

1 . 8 7  
0 .67  

8540.2  

Channe l  
0 .045  

418.55 
5 1 2 . 6 1  
512 .61  

5500.44 
92 .71  
1 0 . 7 3  

5 . 5 3  
52546.3  

R i g h t  OB 
0.068 

3 6 5 . 0 0  
1245.01 
1245 .01  
4914.59 

548.54 
3 .95  
2.27 

46949.6  

A-N W&. Inc. 
July, 1999 



Length Wtd. (it) 409.33 Wetted Per. (ft) 717.56 93.72 
Min Ch El (ft) 1688.02 Shear (lb/sq ft) 0.46 3.74 

5 4 a  
1.55 

2.46 Stream Power (lb/ft s) 0.85 40.15 6.12 
Frctn Loss (ft) 4.66 Cum Volume (acre-ft) 1820.90 85.96 193.62 
C & E Loss (fti 0.17 Cum SA (acres) 1077.66 29.76 128.96 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Note: Program found supercritical flow starting at this cross section. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow ATea W.P. 8 Conv. Hydr D. Velocity 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed wate 
surface. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 mi. This may indicate the 
need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 mi. between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Note: Program found supercritical flow starting at this cross section. 

CROSS SECTION RIVER: SIGNAL BVRZ 
REACH: SPILLWAY RS: 4.697 

INPUT 
Description: RM. 4.697. 

Station Elevation Data nuin= 133 
Sta Elev Sta Elev Sta Elev , Sta Elev Sta Elev 

8615.35 1691.7 8621.19 1691.78 8628.32 1691.89 8647.84 1691.45 8681.66 1690.65 
8685.98 1690.7 8711.81 1690.71 8713.45 1690.66 8742.34 1690.04 8747.69 1689.95 
8775.29 1689.5 8785.04 1689.85 8822.44 1689.74 8835.79 1689.79 8849.3 1690.18 
8855.86 1690.3 8900.66 1690.06 8902.91 1690.08 8903.54 1690.07 8904.13 1690.06 

. . .  8905.54 1690.1 8906.72 1690.07 8935.66 1690.55 8968.19 1691.08 9007.95 1690.98 
9027.69 1691.6 9045.3 1691.68 9084.5 1691.15 9109.44 1690.8 9130.16 1690.73 
9155.24 1690.6 9181.66 1690.38 9188.41 1690.37 9210.31 1690.54 9213.33 1690.82 
9243.78 1690.7 9245.88 1690.77 9269.01 1692.21 9276.84 1692.22 9298.69 1692.14 
9313.27 1692.1 9323.7 1690.92 9324.25 1690.89 9350.46 1689.83 9368.99 1689.87 
9376.02 1689.9 9436.31 1689.86 9453.1 1689.98 9473.97 1690.13 9488.68 1690.11 
9503.3 1690.1 9513.87 1689.93 9519.01 1689.84 9527.01 1689.96 9536.07 1690 
9581.7 1689.6 9625.31 1689.63 9646.29.1689.66 9647.75 1689.68 9690.82 1690.91 
9691.3 1690.9 9716.92 1691.15 9797.52 1691.52 9835.95 1691.4 9847.69 1691.41 

FCD 9817 Delineation of Spillway Flows A-N West, Ir 
For Signal Butte Rood Retarding Shdure Page 15 July, 19: 
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. Manning's n Values num= 3 
Sta nVal Sta n Val Sta n Val 

:, "' 
, 8615.35 .068 9951.62 -&4 .04510079.14 ,068 

*. . ,.. . . . 
..,~. 

, . . .  Bank Sta: Left Right Lengths: Left Channel Right Coefi Contr. Expan. 
.. .,, . .  .. .. . 9951.6210079.14 425 406.55 380 .1 .3 

CROSS SECTION OUTPUT 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (£ti 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (it) 
Vel Total (it/s) 
Max Chl Dpth (it) 
Conv. Total (cfs) 
Length Wtd. (it) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (it) 

Profile #PF 1 

1692.10 Element 
0.53 Wt. n-Val. 

1691.57 Reach Len. (ft) 
1691.30 Flow Area (sq ftl 

0.008939 Area (sq ft) 
11309.00 Flow (cfs) 

1857.09 Top Wldth (ft) 
3.83 Avg. Vel. (ft/s) 
6.20 Hydr. Depth (£ti 

119613.7 Conv. (cfs) 
407.94 Wetted Per. (ft) 

1685.90 Shear (lb/sq ft) 
2.33 Streampower (lb/ft s) 
4.39 Cum Volune (acre-it1 
0 . 0 1  Cum SA (acres) 

Left 03 
0.068 

425.00 
1281.60 
1281.60 
2756.80 
1222.63 

2 .15 
1.05 

29158.3  
1222.82 

0 .58 
1.26 

1811 .01  
1066.75 

Channel 
0.045 

406.56 
560 .09  
560 .09  

4674.44 
127.52 

8 .35  
4 .39  

49440.9 
128.14 

2.44 
20.36 
8 0 . 8 1  
2 8 . 7 0  

Right 09 
0.068 

.ii":.>--? .;sj . . 
Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1 . 0  St (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Note: Hydraulic juny has occurred between this cross section and the previous upstream 
section. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 
Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ftl (cis) (sq ft) (it1 (ft) (ft/S) 
8615.35 8949.42 908.16 398.59 3 0 6 . 8 1  8.03 1 .30 2.28 
8949.42 9283.48 289.64 194 .21  282.29 2 .56 0.69 1.49 
9283.48 9617.55 1277.36 484.51 299.64 11.30 1 .62 2.64 
9617.55 9951.62 281.65 204.29 334.09 2.49 0 . 6 1  1.38 
LB 9951.62 RB 10079.14 4674.44 560.09 128.14 41.33 4.39 8.35 
10079.14 10586.08 3877.76 1112.94 508.16 34.29 2 .20 3.48 

FCD 9817 Delineation of Spillmy Flow A-N West Inc. 
For Signal Butte flood Retarding Strudure Page 16 July, 1999 
Full Discharge (Q's Modded Separately) 
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. .. ., . .. , ,.... . . ,., , Warning: Divided flow computed for this cross-section. 
' Warning: The cross-section end points had to be extended vertically for the computed water .1:T,: ;: .- . 
: " '  surface. . ., :, .. . . . . .. Warning: The energy loss was greater than 1 .0  ft (0.3 m). between the current and previous 
. . ,  

. . 
cross section. This may indicate the need for additional cross sections. 
Note: Hydraulic jump has occurred between this cross section and the previous upstream 

. . section. 

CROSS SECTION RIVER: SIGNAL BUTTE 
flEACB: SPILLWAY RS: 4.620 

INPUT 
Description: P.M. 4.620. 

Station Elevation Data n u =  138 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

8183.54 1687.4  8184.89 1687.38 8186.81 1687.38 8189.78 1687.38 8190.4  1687.39 
8191.61 1687.4  8192.65 1687.33 8193.42 1687.29 8247.72 1686.25 8252.69 1685 .9  

8276.3  1685.7 8282.47 1685.64 8286.78 1685.66 8297.37 1685.93 8298.63 1685.97 
8298.72 1686  8299.28 1685.95 8313.34 1686.05 8316.75 1686.05 8325.87 1686.06 
8333.25 1686.2 8338 .01  1686.07 8342.44 1686.06 8347 .31  1685.9  8381.53 1686.4 
8402.32 1686.4  8418.07 1686.44 8418.12 1686.44 8487.43 1686.52 8523.15 1687.04 
8527.12 1687 8544.28 1686.39 8548.4 1686.26 8563.44 1687 8572.28 1687.42 
8619.36 1687 .5  8629.86 1687.56 8631.08 1687.54 8646.85 1687.24 8683.07 1 6 8 6 . 1  
8693.85 1686.6  8697.03 1686.86 8713.67 1686.94 8736.22 1686.92 8743.7  1686.74 
8753.78 1686.3  8764.15 1685 .96  8796.52 1684.77 8806 .21  1685.17 8832.47 1686 .21  
8885.89 1686.3  8893.28 1686.23 8915.42 1686.3  8944.62 1686.07 8997.14 1685.73 

8999 .1  1685.7 9012.34 1684 .96  9018.78 1685.59 9025.58 1685.96 9035.59 1685.68 
9040.14 1685.6  9041.36 1685.62 9071 .61  1685.7 9156.97 1686 .1  9229.09 1686.29 
9238.36 1686.2 9240.57 1685.73 9246.15 1684.98 9250.97 1685.33 9254.36 1685 .51  
9259.12 1685.6 9275.26 1686.34 9281.03 1686.5 9293.86 1685.82 9301.28 1685.29 
9308.97 1685.3 9319.63 1685.36 9327.79 1685.61 9331.55 1685.76 9346.55 1685 .71  
9373.18 1685.6 9390.49 1685.57 9398.52 1685.33 9410.53 1685.39 9428.27 1685.12 
9482.54 1684.5 9519.3 1684.51 9551.85 1685 9552.27 1685.02 9552.65 1684.98 
9563.28 1684 9573 .01  1685.04 9575.03 1685.27 9610.37 1685.38 9623.76 1685.28 
9628 .21  1685.3 9646.82 1685 .91  9664.39 1686.72 9691.62 1686.21 9691.93 1686.22 
9720.21 1687.7 9725.38 1687 .61  9747.48 1687.26 9762.48 1687.02 9771.94 1686.13 
9778.52 1685.8 9782.17 1685.72 9787.44 1685.7 9817.59 1685.49 9907.42 1686.28 
9918.29 1686.2 9919.18 1686.16 9933.7  1685.33 9942.43 1684.3  9962.7  1682 .19  
9974.77 1 6 8 3 . 1  9981.07 1683.5710031.53 1682.6210038.88 1682.4510056.07 1685 .36  

10065.59 1687.110066.81 1687.0210080.47 1687.0510150.42 1687.1310154.68 1687.35 
10162.53 1687.910187.11 1687.0510213.74 1686.2810220.07 1685.7510223.62 1685.27 
10239.74 168310247.89 1682.5410251.65 1682.0910261.52 1682.9110287.46 1686.29 
10291.34 1686.810301.97 1687.1210322.59 1687.44 

Ma~ing'S n Values n u =  3 
Sta n Val Sta n Val Sta n Val 

8183.54 .068 9907.42 .04510065.59 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9907.4210065.59 1 6 0  235.25 230 .1 .3 

FCD 9817 Dslineation of Spilhvay Flows 
For Signal Butte Flood Retarding Structure .. . 

. .. : Fun Discharge (Q's Moddsd Separately) 
.., ;;2 . .,. . .>I' 

. . 

Page 17 
A N  West. Inc. 

July, 1999 



CROSS SECTION OUTPUT 

E.G. Elev (it) 
Vel Head (it) 
W.S. Elev (it) 
Crit W.S. (ftl 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (it) 
Vel Total (ft/sl 
Max Chl Dpth (ftl 
Conv. Total (cfs) 
Length Wtd. (it) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it1 
C & E Loss (it) 

Profile #PF 1 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq it) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/sI 
Hydr. Depth (it) 
Conv. (cis) 
Wetted Per. (ft) 
Shear (lb/sq it) 
Stream Power (lb/ft s) 
Cum Volume (acre-ftl 
Cum SA (acres) 

Left 0B 
0.068 
160.00 
2000.67 
2000.67 
5931.02 
1586.76 

2.99 

Channel 
0.045 
235.25 
518.83 
518.83 
4323.43 
158.17 
8.33 
3.28 

37716.8 
158.83 
2.68 
22.33 
75.77 
27.36 

Right OB 
0.068 
230.00 
259.57 
259.57 
1004.55 
209.64 
3.87 
1.24 

8763.5 
210.20 
1.01 
3.92 

177.76 
121.41 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 ml. between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
8183.54 
8614.51 
9045.48 
9476.45 
LB 9907.42 
10065.59 

Right Sta 
(it) 
8614.51 
9045.48 
9476.45 
9907.42 
RB 10065.59 
10322.59 

Flow 
(cis) 

645.92 
1141.82 
2090.89 
2102.40 
4323.43 
1004.55 

Area W.?. 
(sq it) (ft) 
299.57 369.03 
434.27 397.28 
645.09 431.16 
621.74 389.38 
518.83 158.83 
259.57 210.20 

5 Conv. Hydr D. 
(ft) 

5.71 0.81 
10.10 1.09 
18.49 1.50 
18.59 1.60 
38.23 3.28 
8.88 1.24 

Velocity 
(ft/s) 
2.16 
2.63 
3.24 
3.38 
8.33 
3.87 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft 10.3 m!. between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLR.A!i RS: 4.575 

INPUT 
Description: RM. 4.575. HYDIWULIC BASELINE CROSSES NZXq BROWN RD. 

Station Elevation Data nun= 171 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7923.93 1686.1 7960.09 1685.85 8002 1685.62 8008.75 1685.59 8016.85 1685.2 
8050.52 1685.7 8106.94 1685.43 8119.67 1685.33 8123.23 1635.35 8137.89 1684.25 
8138.41 1684.3 8138.47 1684.26 8139.96 1684.21 8156.81 1684.63 8172.24 1683.92 
8217.4 1684 8225.67 1683.96 8227.17 1683.93 8227.87 1683.89 8228.9 1683.83 
8240.8 1683.4 8249.59 1683.63 8256.19 1683.88 8283.98 1685.07 8289.58 1685.1 
8303.89 1685.2 8308.58 1685.25 8313.54 1685.27 8323.14 1685.43 8331.75 1685.45 
8339.52 1685.5 8349.44 1685.32 8364.12 1685.2 8370.51 1684.97 8398.85 1684.74 
8403.21 1684.8 8406.19 1684.7 8413.43 1684.63 8429.31 1684.69 8466.64 1684.76 
8483.97 1684.8 8489.46 1684.58 8497.76 1684.28 8508.08 1684.09 8518.73 1683.9 
8524.11 1684.1 8539.21 1684.48 8541.98 1684.52 8565.21 1684.89 8584.77 1685.17 
8586.76 1685.1 8614.69 1684.2 8619.02 1684.28 8636.13 1684.69 8660.9 1684.88 

FCD 98-17 Delineation of Spillway Flows A-N West. Ir: 
For Signal Butte Flood Retarding Strudure Page 18 July, 19: 
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. . . . 
:~.?:.: . Manning's n Values 
. . ... I; n m =  
. : 

3 
. ... . . 
...ii'i' . .. .. Sta n Val Sta n Val Sta n Val 
...:. 7923.93 ,068 9929.97 .04510038.51 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9929.9710038.51 275 300.41 290 .I .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (it) 
Vel Total (ft/sl 
Max Chl Dpth (it1 
Conv. Total (cis) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ftl 
Area (sq it) 
Flow (cfsl 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ftl 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ftl 
Cum SA (acres) 

Left OB 
0.068 

275.00 
1566.66 
1566.66 
3628.30 
1640.07 

2.32 
0.96 

35354.0 
1640.89 

0.63 
1.45 

1788.45 
1047.12 

Channel 
0.045 
300.41 
433.85 
433.85 
3695.88 
108.54 
8.52 
4.00 

36012.4 
108.85 
2.62 
22.33 
73.20 
26.64 

Right 08 
0.068 

290.00 
903.47 
903.47 

3984.82 
326.87 
4.41 
2.76 

38827.9 
327.57 
1.81 
8.00 

174.69 
120.00 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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... . .. -. : .,.,. , 
; ;;;i j Left Sta Right Sta 
'. ; " 5  

. ., 
(ft) (ft) 

. . .  
:. ,. . .  . 7923.93 8425.44 
. . 8425.44 8926.95 

. / : '  8926.95 9428.46 
9428.46 9929.97 
LB 9929.97 RB 10038.51 
10038.51 10397.97 

Flow 
(cfs) 

198.23 
673.90 
1201.88 
1554.30 
3695.87 
3984.82 

Area 
(sq ft) 
116.34 
346.30 
508.93 
595.10 
433.85 
903.47 

W.P. 
(ft) 

186.13 
453.96 
499.07 
501.73 
108.85 
327.57 

S Conv. Hydr D. Velocity 
(ft) (ft/st 

1.75 0.63 1.70 
5.96 0.76 1.95 
10.63 1.02 2.36 
13.74 1.19 2.61 
32.68 4.00 8.52 
35.24 2.76 4.41 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the curient and previous 
cross section. This may indicate the need for additional cross sections. 

. . .  CROSS SECTION RIYER: SIGNAL BUTTE 
~ . : ~ .  . . REACH: SPILLWAY RS: 4 .518  

%;>?&A 
INPUT 
Description: RM.4.518. 

Station Elevation Data nun= 172 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7858.44 1682.4 7875.51 1682.05 7893.45 1682.55 7898.24 1682.13 7900.03 1682.09 
7901.6 1682 7907.08 1682.38 7907.23 1682.38 7909.91 1682.43 7911.42 1682.5 
7918.29 1682.3 7945.58 1682.3 7949.33 1682.28 7954.62 1682.27 7966.73 1682.29 
7971.32 1682.3 8012.96 1682.42 8015.09 1682.07 8035.62 1682.C3 8038.3 1531.84 
8089.65 1681.8 8091.37 1681.83 8095.28 1681.82 8103.15 1681.8 8119.04 1681.83 
8153.28 1681.9 8215.31 1682.89 8215.64 1682.89 8215.81 1662.89 8216.06 1682.89 
8274.73 1682.3 8287.52 1681.99 8291.98 1681.91 8304.85 1681.49 8322.25 1680.86 
8360.21 1682 8372.12 1682.39 8377.87 1682.4 8388.86 1681.97 8406.36 1681.6 
8447.34 1681.2 8465.27 1681.07 8490.5 1681.1 8507.46 1681.03 8508.64 1681.09 
8540.61 1681.2 8575.54 1681.35 8628.96 1682.35 8635.15 1682.39 8640.67 1682.57 
8667.21 1681.5 8683.6 1680.54 8690.59 1680.66 8699.54 1680.8 8705.15 1680.89 
8722.62 1680.8 8723.24 1680.81 8747.23 1679.4 8782.16 1680.24 8800.96 1681 
8802.56 1681.4 8815.18 1681.33 8920.79 1680.58 8976.21 1680.62 9038.37 1680.66 
9080.02 1681 9089.93 1681.08 9150.75 1681.08 9154.6 1681.07 9157.56 1681.06 
9159.01 1681.1 9166.33 1681 9245.87 1680.82 9252.91 1680.44 9273.53 1680.39 
9356.44 1680.4 9372.13 1680.59 9374.35 1680.38 9378.99 1680.58 9445.8 1679.34 
9454.33 1679.2 9460.22 1679.24 9477 1679.49 9481.25 1679.53 9485.24 1679.66 
9508.69 1680.6 9546.55 1680.93 9597.4 1681.41 9615.96 1681.71 9626.23 1681.84 
9730.41 1682.7 9734.76 1682.77 9737.36 1682.8 9739.66 1682.82 9740.3 1682.83 
9743.85 1682.8 9745.9 1682.85 9749.95 1682.85 9766.31 1682.65 9836.83 1682.89 
9844.88 1682.9 9849.9 1682.93 9854.11 1682.86 9861.3 1682.7 9870.34 1682.51 
9895.22 1681.8 9901.77 1681.58 9909.64 1681.1 9924.21 1680.31 9930.51 1679.92 
9942.25 1679.4 9960.98 1677.95 9973.63 1679.13 9974.99 1679.26 9976.43 1679.25 
9981.76 1679.3 9986.79 1679.21 9992.36 1677.7 9996.21 1676.47 9998.9 1675.71 
10005.98 1676.410012.73 1676.9510017.17 1676.6410025.01 1675.7510025.37 1674.88 
10034.07 1676.410038.11 1677.75 10041.5 1678.1610045.02 1678.410050.35 1678.92 
10051.19 1678.810054.37 1678.6710056.76 1678.2510063.45 1677.25 10072.1 1675.35 
10073.21 1675.1 10091.6 1677.7710098.79 1678.8610104.72 1680.310111.42 1680.62 
10136.11 1680.910148.25 1680.9210157.83 1680.510166.07 1680.1210174.13 1680.11 
10190.21 1682.310191.29 1682.7410194.46 1682.4310196.43 1682.2410197.04 1682.09 
10201.22 1682.110219.41 1682.0110221.15 1682.0910227.64 1682.2910240.27 1681.9 
10242.54 1681.810253.12 1682.7710253.19 1682.7810253.23 1682.7810262.69 1681.78 
10264.87 1682.310267.11 1682.75 10281.9 1681.8110290.25 1681.1510302.03 1681.99 
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Manning's n Values nun= 3 
Sta nVal Sta nVal Sta nVal 

7858.44 .068 9974.99 .04510098.79 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9974.9910098.79 370 394.81 390 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1682.94 Element Left OB Channel Right 08 
Vel Head (ft) 0.51 Wt. n-Val. 0.068 0.045 0.068 
W.S. Elev (ft) 1682.43 Reach Len. (it) 370.00 394.81 390.00 
Crit W.S. (ft) Flow Area (sq ft) 2390.88 644.52 213.77 
E.G. Slope (ft/ft) 0.006733 Area (sq ft) 2390.88 644.52 213.77 
Q Total (cfs) 11309.00 Flow (cfs) 5649.62 5183.30 476.08 
Top Width (ft) 2199.10 Top Width (ft) 1848.28 123.80 227.02 
Vel Total (ft/s) 3.48 Avg. Vel. (ft/s) 2.36 8.04 2.23 
Max Chl Dpth (ft) 7.55 Hydr. Depth (ft) 1.29 5.21 0.94 
Conv. Total (cfs) 137824.6 Conv. (cfs) 68852.9 63169.7 5802.0 
Length Wtd. (£ti 381.91 Wetted Per. (ft) 1848.89 126.04 227.67 
Min Ch El (it) 1674.88 Shear (lb/sq ft) 0.54 2.15 0.39 
Alpha 2.69 Stream Power (lb/ft s) 1.28 17.29 0.88 
Frctn Loss (ft) 3.76 Cum Volue (acre-it) 1775.96 69.48 170.97 
C & E Loss (ft) 0.01 Cum SA (acres) 1036.11 25.84 118.15 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 

e 
surface. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. Thls may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF I 

Left Sta Right Sta Flow Area W.P. f Conv. Hydr D. Velocity 
(ft) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
7858.44 8387.58 178.50 180.00 444.29 1.58 0.41 0.99 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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CROSS SECTION RIVER: SIGNAL BUTTE 

... , ... 
RS: 4.443 

.'( , . . ... . ., 

. . . . . ~  
. . INPUT 
. .  .. D e s c r i p t i o n :  RM.4.443. 
. . 

S t a t i o n  E l e v a t i o n  Da ta  num= 1 9 1  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

7526.67 1680 7545.06 1 6 7 9 . 9 1  7568 .71  1679.82 7572.74 1679.82 7577.15 1679.83 
7603.68 1680 7619.7  1679 .72  7633.68 1679.57 7744 .86  1679.23 7746.82 1679 .23  
7746.97 1679.2  7747.58 1 6 7 9 . 2 1  7747.95 1679 .21  7748.38 1679 .21  7748 .65  1679 .21  
7749.35 1679 .2  7753.99 1 6 7 9 . 2 1  7787.77 1679.2  7791.96 1678  7797 .46  1675 .19  
7804 .11  1 6 7 8 . 3  7806 .25  1679 .47  7825.23 1679.28 7839.84 1679.15 7881 .83  1679.05 
7885.55 1678  7887.72 1676.97 7890.5  1678 .15  7892.69 1678.82 7931.27 1 6 7 9 . 0 1  
7968.53 1 6 7 9 . 3  7968 .93  1 6 7 9 . 3 1  7969 .67  1679 .3  7976 .45  1678.94 7986.76 1678.87 
8012.87 1678 .5  8059.4  1677 .76  8 0 7 1 . 6  1677.74 8 0 7 5 . 8 1  1 6 7 7 . 7  8084.49 1677 .66  
8094.39 1 6 7 7 . 6  8109 .81  1 6 7 7 . 4 7  8127.2  1677.54 8130.64 1677 .63  8138.35 1677 .93  
8141.37 1677 .9  8146 .18  1 6 7 7 . 8 3  8 1 8 1 . 5 3  1676 .95  8190.17 1676 .84  8208.19 1677 .67  
8222 .33  1 6 7 8 . 3  8254.79 1 6 7 7 . 9 2  8276.28 1677 .7  8285.67 1677.58 8311.73 1677.38 
8321 .81  1677 .5  8337 .73  1677 .73  8342.4 1677 .73  8353 .48  1677.95 8372 .5  1678 .26  
8399.06 1 6 7 7 . 6  8416 .09  1 6 7 7 . 1  8420.04 1676.97 8452 1 6 7 6 . 7 3  8452 .96  1676 .73  
8454.52 1676 .7  8 4 5 6 . 7 1  1 6 7 6 . 8  8518.47 1677.26 8520 .45  1677 .17  8526 .38  1676.92 
8541 .61  1 6 7 6 . 3  8545 .35  1676 .32  8562.74 1676 .87  8583 .66  1677 .89  8587 .46  1677 .91  
8612 .15  1 6 7 7 . 9  8659 .71  1 6 7 7 . 6 5  8758 .69  1 6 7 7 . 3 1  8773 .71  1677 .26  8786.13 1 6 7 7 . 2 5  
8887.72 1 6 7 7 . 1  8965 .45  1677 .21  8998 .52  1677.27 8599.59 1677.05 9006.19 1676.42 
9011 .36  1 6 7 6 . 4  9014.22 1676 .72  9020 .73  1677.34 9027.22 1677 .15  9066.24 1 6 7 6 . 5 5  
5066 .75  1676 .5  9066 .86  1676.54 9067 1676.54 9079.9  1676 .43  9100.22 1676 .6  
9101.84 1 6 7 6 . 6  9105 .36  1676 .66  9106.53 1676.65 9109.54 1676 .68  9114 .08  1676 .62  
9115.46 1 6 7 6 . 6  9131 .63  1676.12 9139.36 1676 .41  9153.08 1677 .21  9157.08 1676 .75  
9164.32 1676  9171.85 1676 .78  9173.07 1676 .92  9178.23 1 6 7 6 . 9 1  9209.52 1676 .94  

9213.9 1676 .9  9223 .13  1677 .02  9229.72 1 6 7 7 . 0 1  9288 .05  1677.93 9 3 3 7 . 3  1678.58 
9361.98 1677 .6  9373.36 1 6 7 7 . 1 1  9378.9 1 6 7 7 . 3 1  9394 .09  1 6 7 7 . 9 1  9406.32 1 6 7 8 . 2 9  
9422.64 1 6 7 8 . 1  9432.6  1 6 7 8 . 0 3  9457.73 1 6 7 7 . 9  9514.38 1678 .21  9571.73 1 6 7 8 . 6 6  

9609 .4  1 6 7 8 . 6  9642.91 1 6 7 8 . 5 3  9664.84 1678.46 9670.22 1 6 7 8 . 6  9685.74 1679 .3  
9757.61 1 6 7 9 . 1  9770.07 1 6 7 9 . 1 1  9800.24 1678.84 9819.54 1678.76 9825.27 1678 .81  
9843.39 1678 .6  9844 .88  1678.62 9862.63 1678 .65  9867.47 1 6 7 8 . 6  9871 .41  1 6 7 8 . 6  
9882.14 1 6 7 8 . 7  9894.57 1678.82 9918.63 1679.26 9950.13 1675.18 9952 .59  1674.8  
9960 .91  1 6 7 5 . 6  9964.4  1675 .78  9997.47 1675.2910003.22 1675.2410007.44 1 6 7 4 . 2 5  

10017 .36  1672.110028.41 1673.4710044.95 1675.4410055.41 1676.2410141.09 1678.87 
10158.77 167910174.95 1679.2810196.72 1678.9610203.25 1678.610224.22 1674 .05  

. ,.. 10226 .21  1673.610235.26 1675 .1910237 .53  1675.5810241.09 1675 .51  10280.4  1674 .78  
10283.74 1674 .710291 .73  1674 .6710304 .14  1675.5310307.07 1675.7910319.81 1676 .5  

10329 .1  1677 .210337 .65  1677.5810355.62 1677.6810356.35 1677.6710358.92 1677 .7  
10367 .15  1678.310382.08 1679.2810386.46 1679.6210388.16 1679 .61  10393 .5  1679.6  
10422.34 1679 .610429 .46  1679.2210438.66 1678.810440.84 1678.7710447.94 1679 .16  
10458 .16  1679.610466.36 1679.7610499.02 1680.3710526.88 1630.5110544.74 1680 .75  
10564.34 1 6 8 1  

Manning 's  n  V a l u e s  n u =  3 
S t a  n V a l  S t a  n  V a l  S t a  n  V a l  

7526.67 .068  9964.4  .04510044.95 .068 

: Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channe l  R i g h t  C o e f f  C o n t r .  Expan. 
. . .  .. ,: , . 9964.410044.95 380 401.96 390 .1 .3 . . :  

> ' x  .. . 

FCD 98-17 Delineation of Spilhvay Flows 
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_,. 
; : . ?., . , ,. 

. . . *  , 
E.G. Elev (ft) 

. , Vel Head (ft) 
W.S. Elev (it) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (it) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 

. . . .: , C & E Loss (it) 

Element 
Wt. n-Val. 
Reach Len. lit1 
Flow Area lsq ft) 
Area (sq ft) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/sl 
Hydr. Depth (ft) 
Conv. (cfsl 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.068 

380.00 
1797.99 
1797.99 
5534.63 
1628.87 

3.08 

Channel 
0.045 
401.96 
318.01 
318.01 
3284.25 
80.55 
10.33 
3.95 

26112.2 
81.10 
3.87 
39.99 
65.12 
24.92 

Right OB 
0.068 
390.00 
531.94 
531.94 
2490.12 
252.29 
4.68 
2.11 

19798.4 
253.19 
2.07 
9.71 

167.63 
116.01 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio [upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 mi. between the current and previous 
cross section. This may indicate the need for additional cross sections. 

. :. < .. . 
. ? FLOW DISTRIBUTION OUTPUT Profile #PF 1 
.. . . . . .., .:: (. . . . ..... ..... .;. .,:<:; 

,, . Left Sta Right Sta Flow Area W.P. i Conv. Hydr D. Velocity 
. .:,..:::. .. .... .. :. : , . .. ift) (ftl (cfs) (sq ft) (ft) (ft) 
:. . .:. !, .>.: .._ re I 7526.67 8136.10 280.88 117.76 150.18 2.48 0.80 2.39 

. . .>. >,,.. . . . .:.. . . .  . , ,  . Warning: Divided flow computed for this cross-section. 
- . .. L Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less . .. $>>?. 

*g$i$ than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
i h  :a Warning: The energy loss was greater than 1.0 ft (0.3 mi. between the current and previous cross section. This may indicate the need for additional cross sections. 

?.<..*., 

CROSS SBCTION RIVER: 31- BUTTG 
REACH: S P I L L W  RS: 4.367 

INPUT 
Description: RM.4.367. 

Station Elevation Data nun= 195 
Sta Elev Sta Elev Sta Elev sta Elev Sta Elev 

7222.98 1676 7240.22 1676 7264.11 1675.81 7274.4 1675.74 7276.63 1675.73 
7291.99 1675.8 7340.6 1675.66 7387.23 1675.43 7433.77 1675.3 7441.29 1674.88 
7442.63 1674.9 7443.13 1674.94 7450.4 1674.99 7454.44 1675.11 7496.11 1675.97 
7502.18 1676 7577.58 1676.13 7580.59 1676.14 7588.15 1676.14 7589.52 1676.12 
7604.22 1676.1 7701.39 1675.57 7811.64 1674.01 7814.64 1673.98 7815.92 1674 
7816.36 1674 7824 1674.25 7828.7 1672.46 7831.59 1671.49 7842.06 1673.93 
7845.87 1674.8 7850.77 1674.77 7852.33 1674.76 7918.48 1673.95 7922.02 1673.98 
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. . .. . 
..., . . ~. . . Manning's n Values . .. . ~. nun= 
... .?. 

3 
.. .. .~ . . ~ :.. . . . . ~ . .  Sta n Val Sta n Val Sta n Val 

7222.98 .068 9961.3 .045 10004.3 .068 . .  .. . , ,. ..*;.. :. . .. ., .~ ..., "...' . ,  Bank Sta: Left Right Lengths:. Left Channel Right Coeff Contr. Expan. 
5 , ~  9961.3 10004.3 275 294.8 290 .1 .3 

E.G. Elev (ft) 1675.04 
Vel Head (ft) 0.26 
W.S. Elev (ft) 1674.78 
Crit W.S. [it) 1674.42 
E.G. Slope (ft/ft) 0.007293 
Q Total (cfs) 11309.00 
Top Width (ft) 2428.58 
Vel Total (ft/s) 2.90 
Max Chl Dpth (it) 7.56 
Conv. Total (cfs) 132421.8 
Length Wtd. (it) 281.12 

. . Min Ch El (ft) 1667.22 
Alpha 2.02 
Frctn Loss (ft) 3.09 

0.03 

Fuil Cischarge (Q's Modeled Separately) . . :: .. : : 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft! 
Flow (cfs) 
Top Widch (ft) 
Avg. Vel. (ids) 
Hydr. Depth (it) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Page 24 

Left OB 
0.068 

275.00 
3142.13 
3142.13 
7801.33 
2130.79 

2.48 
1.47 

91349.1 
2132.22 

0.67 
1.67 

1736.62 
1004.94 

Channel Right OB 
0.045 0.068 

294.80 290.00 
222.78 539.55 
222.78 539.55 

1850.32 1657.35 
43.00 254.79 

8.31 3.07 
5.18 2.12 

21666.2 19406.6 
44.08 255.50 

2.30 0.96 
19.12 2.95 
62.63 162.83 
24.35 113.74 

A N  West. Inc. 
July, 1999 



- ,.:. ,. . .. * .;.., .I""., .*!$E$? 
.. . : ; Warning: Divided flow computed for this cross-section. . , 
:. , Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
. than 0.7 or areater than 1.4. This mav indicate the need for additional cross sections. 
; . .  - - 

. . :.., 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 

. cross section. This may indicate the need for additional cross sections. . .., . . 

FLOW DISTRIBUTIOEI OUTPUT Profile #PF I 

Left Sta 
(ftl 
7222.98 
7907.56 
8592.14 
9276.72 
LB 9961.30 
10004.30 

Right Sta 
(ft) 
7907.56 
8592.14 
9276.72 
9961.30 
RB 10004.30 
10311.16 

Flow &ea W.P. 3 Conv. Hydr D. 
(cfs) (sq ft) (ft) (ftl 

113.39 87.85 148.36 1.00 0.60 
3386.43 1243.03 684.64 29.94 1.82 
3172.76 1195.57 684.95 28.06 1.75 
1128.76 615.68 614.27 9.98 1.00 
1850.32 222.78 44.08 16.36 5.18 
1657.34 539.55 255.50 14.66 2.12 

Velocity 
(ft/sl 
1.29 
2.72 
2.65 
1.83 
8.31 
3.07 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

. .  ... . . . . .  
. . CROSS SECTION " .  . ..:. . . 

RIVER: SIGNAL BUTTE 
. < . .  REACH: SPILLWAY 
..I,:i: : 

RS: 4.311 
. .~ ...:. .: 
,."-,, s,::; 

. INPUT 
:: ..::-:, 
. Description: RM. 4.311. HYDRAULIC BASELINE CROSSES NEAR 112TH STR. AREA BLOCKED OUT TO LEFT 
, . ,. . ,:._ : . . . . OF STA. 7488.05 AND TO RIGHT OF STA. 10230 DUE TO RIDGES. 
i :, :;: ..>,,; .. . , . . ,~. : : 
: ,. . 

..I' . . Station Elevation Data n u =  232 >,,;~.> .. ." ..: ... ,: . .. , . 'i," 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

. ... : :: ,!, .:,. !: 
\ .  <::. 

7118.23 1672 7150.91 1671.91 7182.25 1671.46 7191.26 1671.42 7195.81 1670.57 
, : ..%*. ...,. 7199.34 1670 7200.25 1669.87 7206.14 1669.81 7210.43 1669.7 7220.54 1669.63 . .... . -- . . 
..'.'.:::..,:! 
i ..i:.,~i '.;-:'. 7230.71 1669.6 7237.19 1669.58 7243.62 1669.45 7245.81 1669.39 7248.07 1669.62 
..,.. 7 .  ., , ,  7259.42 1670.8 7262.1 1671.14 7291.58 1671.17 7357.92 1671.15 7384.06 1671.12 
... Zli . 7428.69 1670.9 7439.37 1671.62 7457.81 1671.74 7460.38 1671.76 7460.53 1671.76 
.;!.rz ,: :.2 ." 7467.92 1671.7 7488.05 1671.87 7494.52 1671.83 7500.63 1671.84 7518.16 1671.83 

7617.21 1671.7 7683.48 1671.56 7714.93 1671.32 7733.78 1671.38 7808.95 1671.02 
Y.'.?. .. , 7850.35 1670.8 7878.05 1670.64 7920.91 1670.51 7931.1 1670.41 7948.08 1670.22 

7956.13 1669.8 7960.76 1669.49 7976.13 1668.58 7983.82 1667.87 7988.37 1668.22 
8003.74 1669.8 8005.47 1669.81 8005.67 1669.81 8006.33 1669.77 8006.49 1669.75 
8021.59 1669.3 8048.43 1669.23 8081.92 1668.72 8083.92 1669.13 8116.44 1669.52 
8126.8 1669.7 8134.39 1669.68 8200.08 1669.9 8267.2 1670.27 8298.12 1670.45 
8316.65 1670.6 8390.54 1670.1 8433.2 1669.89 8461.75 1669.82 8510.02 1669.87 
8515.06 1669.7 8524.06 1669.68 8526.52 1669.66 8533.24 1669.19 8536.24 1668.9 
8540.52 1668.3 8549.14 1668.94 8554.1 1669.66 8571.11 1669.73 8588.27 1669.67 
8589.46 1669.5 8599.39 1668.71 8599.67 1668.71 8601.54 1668.6 8611.29 1669.07 
8611.74 1669.1 8612.1 1669.11 8616.02 1669.13 8648.77 1669.35 8657.75 1669.44 
8660.28 1669.5 8666.38 1669.5 8676.35 1669.5 8682.67 1669.52 8705.42 1669.58 
8707.32 1669.3 8713.56 1668.5 8715.62 1668.85 8721.63 1669.69 8731.05 1669.71 

. . 8738.45 1669.8 8746.72 1669.79 8758.52 1669.84 8760.08 1669.84 8792.35 1670.18 

. . . . 8795.25 1670.2 8819.78 1669.63 8821.49 1669.62 8833.71 1670.25 8835.85 1670.35 

. . 8840.95 1670.1 8844.56 1669.91 8852.68 1669.99 8860.91 1670.11 8868.86 1670.16 

, .  . 
.~l., 

8869.59 1670.2 8871.08 1670.2 8880.85 1670.27 8902.93 1670.53 8934.59 1670.86 
. 8939.68 1670.9 8952.3 1670.98 8969.55 1670.92 8983.69 1670.6 9001.33 1670.41 
,f$ 

FCD 98-17 Delineation of Spillway Flows A-N West. Inc. 
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,. . . . -:. "? Fun Dkcharge (Q's Modeled Separately) 
1;:. 
:i .,., .. . . , ., . . 

~. 



. . ......,. , 
,;:f f '; 

.,..,,?'. .. . . , ,.. , . .;, ./,f 
4; >.!A 
..l.^:.ri-, ~.<.. .. , , 
?." s> .*>-;43 ,...... n .. 
<.,.,:*>:.:; 
2&:@$;; .,. 

9007.29 1669 .8  9011.4 1669.48 9018.06 1670.4  9024.58 1671.57 9032.85 1671 .63  ..# 
, , ,: 9045.06 1 6 7 1 . 5  9074.16 1670 .68  9103.36 1670 .63  9132.67 1 6 7 0 . 5 1  9169.29 1671.02 
. 9176.19 1 6 7 1  9183.93 1670 .97  9187.4 1670.93 9199.18 1671.03 9236.64 1671.8  .4..y$;e-; 9244.69 1 6 7 1 . 9  9246.37 1671.97 9248.97 1672  9249 .25  1672 9262.96 1 6 7 2 . 1  . ...., 
, . .  

' . . 9365.82 1 6 7 2 . 7  9449.83 '1672.39 9450.76 1672 .38  9451.2  1672.39 9451.37 1672.38 

,, . 
9522.37 1 6 7 1 . 1  9533.27 1670 .8  9536.47 1670.92 9539.68 1671.08 9547.08 1671 .38  
9563.88 1671.4  9587.16 1671  9615.37 1670.68 9620.61 1670 .76  9630.03 1670 .91  
9647.92 1671.2  9657.32 1671 .29  9699.72 1671 .75  9705.04 1671.82 9707.72 1671 .8  
9752.39 1670 .9  9798.88 1670 .31  9819.47 1669.79 9871.93 1669.49 9881.28 1 6 6 9 . 1 1  
9886.65 1669 9917.67 1 6 6 9 . 1 8  9935.43 1668.96 9959.76 1 6 6 8 . 1 1  9962.55 1668 .05  
9965.05 1667.9  9989 .41  1667 .54  9994.89 1667.6510007.36 1667 .86  10030 .1  1668 .12  

10035.78 1668.210040.26 1668.410061.18 1669.4110082.13 1670.1610086.51 1670 .73  
10090.99 1671.2  10091 .3  1671 .1710093 .86  1671.2910105.85 1671.49 10110.6  1671 .54  
10121.45 167210140.94 1672.3510146.27 1672.34 1 0 1 4 9 . 1  1672.3510175.24 1672 .59  
10180 .23  1672.610184.42 1672 .68  10188 .5  1672.7210206.84 1672.8210219.26 1672.87 
10222 .08  1672.910222.73 1672 .8510229 .18  1672.9210235.64 1672.9210237.88 1672 .9  
10252 .16  1672.810266.28 1672.6610279.99 1672.3110301.85 1671.79 10319.1  1671 .7  

10329 .8  1669.410337.11 1667 .8710350 .45  1670.1110354.45 1670.8410357.99 1670.42 
10363.59 1669.810381.22 1668.0110385.35 1667.610393.38 1668.4810404.35 1669 .66  
10414 .53  1670.110431.25 1670.7210437.67 1670.9310447.62 1671.8110453.62 1672 
10459 .02  1672.210474.84 1673 .3810484 .03  1673.910491.75 1674.3310507.36 1 6 7 4 . 9 5  
10508.96 1675.110515.19 1675.1710516.99 1675.2310530.24 1675.3510533.99 1675.48 
10548 .66  1675 .610565 .27  1 6 8 3 . 7  

Manning's n Values n u =  3 
Sta n Val Sta n Val Sta n Val 

7118 .23  .068 9935.43 .04510061.18 .068 
;<@;. 
I-. ..: Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
; .,.".,' - .. .. - .. .. .. - . 9935.4310061.18 3 2 5  379.86 380 .1 .........r:a ~,.. 

Blocked Obstructions n u =  2 
Sta L Sta R Elev Sta L Sta R Elev 

7118.23 7488.05 1671.8710229.1a10565.27 1672.92 
. .. .. ,::: . ,. .. . . . . , 
: .:.>:> , .. CROSS SECTION OUTPUT Profile #PF 1 
L_.i_.,... 

.LV,'.\ , r..: 

E.G. Elev (it) 
"el Head (ft) 
W.S. Elev (ft) 

., ~. . . Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (it) 
Kin Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (it1 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfsl 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (it) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Poser (lb/ft s )  
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0 . 0 6 8  

325.00 
2123.79 
2123.79 
7405 .31  
1777 .92  

3 .49  
1 . 1 9  

54976.8  
1778.84 

1 .35  
4 . 7 2  

1720 .00  
992.60 

Expan. 
. 3  

Channel Right OB 
0.045 0.068 

3 7 9 . 8 6  380.00 
3 9 6 . 1 1  38 .16  
3 9 6 . 1 1  3 8 . 1 6  

3784.79 118.90 
125 .75  34 .96  

9 . 5 5  3 .12 
3 . 1 5  1 . 0 9  

28098.2  882.7  
1 2 5 . 8 1  35.04 

3 .57  1 . 2 3  
3 4 . 0 8  3 .84 
6 0 . 5 3  160.91 
23 .78  112.77 

... , ~. . 
' :~ .  - Warning: The energy equation could not be balanced within the specified number of iterations. . .,> : .. . .. The program selected the water surface that had the least amount of error between computed and 

assumed values. 
. ;  %.. . Warning: Divided flow computed for this cross-section. 
.$.?;&&$ 
*-v?t:xf FCD 9817 Defineation of Spillway Flows 
..... ,: ,,,<, 
: ... ,..*... .,.. For Signal Butte F l d  Retarding Sbudure 
~ . ~..?,:~ %, . ,., Fun Discharge (Q's Modeled Separately) .' ,'.!C . ..%;:i; .. 
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'..+ ." .+; 
,"."j 
.. . . ..t 

. Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less . . 

.~ . than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
t:: .,! .. . . :C .* I 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
. . <. cross section. This may indicate the need for additional cross sections. 
. . Warning: During the standard step iterations, when the assumed water surface was set equal to 

critical depth, the calculated water surface came back below critical depth. This indicates 
:. that there is not a valid subcritical answer. The program defaulted to critical depth. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow 
(ft) (ft) (cfs) 
7118.23 7822.53 13.95 
7822.53 8526.83 3679.37 
8526.83 9231.13 2710.14 
9231.13 9935.43 1001.84 

..: % 

LB 9935.43 RB 10061.18 3784.80 
&2ij 10061.18 10565.27 118.90 
:F;<g 

Area 
(sq ft) 
14.60 
980.89 
795.22 
333.08 
396.11 
38.16 

W.P. 
(ft) 

81.56 
704.55 
659.55 
333.19 
125.81 
35.04 

f Conv. Hydr D. 
(ft) 

0.12 0.18 
32.53 1.39 
23.96 1.21 
8.86 1.00 
33.47 3.15 
1.05 1.09 

Velocity 
(ft/s) 
0.96 
3.75 
3.41 
3.01 
9.55 
3.12 

Warning: The energy equation could not be balanced within the specified number of iterations. 
The program selected the water surface that had the least amount of error between computed and 
assumed values. 
Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth. This indicates 
that there is not a valid subcritical answer. The program defaglted to critical depth. 

. . ,. .u> , c .  . :  CROSS SECTION .. . ..-:? 
RIVER: SIG&& BUTTE 

. . -  --' REACE: SPILLWAY :. :... , ... , . RS: 4.239 
._ .  ..:> 
: ... .i: ... . .  .. ... ~~ 
::.: :.: . . 
ii. . -  . INPUT 
: .:,:. .... ..: .. .. Description: RM. 4.239. AREA BLOCKED OUT TO LEFT OF STA. 7387.38 DUE TO RIDGE. -. ... . ,-*;;-: 

' - \...* 
LSxx-e 
,; .. a < .: . Station Elevation Data nun= 165 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
7075.61 1668 7119.41 1667.82 7177.14 1667.45 7189.35 1667.15 7210.08 1667.45 
7221.45 1667.5 7224.37 1667.41 7237.86 1667.17 7315.02 1667.95 7356.3 1668.24 
7377.59 1668.4 7387.38 1668.44 7431.74 1668.19 7444.43 1663.03 7474.75 1667.76 
7537.56 1667.1 7566.64 1667.14 7593.2 1667.03 7604.41 1666.93 7616.17 1666.97 
7680.56 1666.9 7682.13 1666.95 7711.65 1666.91 7753.22 1666.65 7830.1 1665.88 
7867.17 1665.8 7873.44 1665.74 7879.45 1664.09 7882.83 1663.13 7885.6 1663.87 
7891.87 1665.2 7895.1 1665.92 7910.8 1665.68 7916.32 1665.53 7929.81 1664.82 
7934.74 1664.7 7945.75 1665.54 7954.61 1665.64 7973.63.1665.83 7986.08 1665.9 
8066.99 1665.8 8126.39 1665.44 8162.51 1665.35 8185.44 1665.32 8288.1 1665.83 
8303.89 1665.9 8312.97 1665.9 8422.34 1665.1 8499.56 1665.32 8524 1665.52 
8540.79 1665.6 8597.23 1665.85 8652.46 1666.39 8667.79 1666.44 8668.83 1666.44 
8705.75 1666.4 8777.68 1666.42 8810.33 1666.82 8826.07 1666.91 8829.82 1666.99 
8842.87 1667.3 8846.6 1667.24 8857.2 1666.91 8880.23 1666.26 8885.34 1666.12 
8904.41 1666.2 8928.74 1666.52 8931.29 1666.45 8934.94 1666.22 8939.31 1666.8 
8942.88 1667.5 8944.35 1667.7 8945.7 1667.78 8946.82 1667.71 8947.55 1667.63 
8956.94 1667.4 8959.97 1667.49 8970.99 1667.58 8977.32 1667.61 8985.31 1667.75 
9023.01 1667.9 9024.64 1668.29 9035.64 1668.57 9050.43 1668.85 9070.29 1668.53 

FCD @%I7 Delineation of Spi lhy Flows A 4  West. Inc. . For Signal Butte Flood Retarding Structure Page 27 July, 1999 
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: Manning's n Values num= 3 
.:&& ., -*. ... ..:: Sta n Val Sta n Val Sta n Val 

.... . . I . . .< . . :. 7075.61 .068 9954.67 .04510031.52 .068 
, : . . .  . .~ . . . . .  -., .:.. . - Bank Sta: Left Right Lengths: Left Channel Right . . Coeff Contr. Expan. 

.. ... . . .. 9954.6710031.52 225 363.96 440 .1 .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

7075.61 7387.38 1668.44 

CROSS SECTION OUTPUT Profile 8PF 1 

E.G. Elev (it) 
Vel Head (it) 
W.S. Blev (it) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
MinChEl (ft) 
Alpha 
Frctn Loss (it) 
C & E Loss (ft) 

1668.16 Element 
0.15 Wt. n-Val. 

1668.01 Reach Len. (ft) 
1667.09 Flow Are. (sq ft) 
0.006891 Area (sq it) 
11309.00 Flow (cfs) 
2617.09 Top Width (ft) 

2.72 Avg. Vel. (ft/s) 
5.27 Hydr. Depth (it) 

136229.5 Conv. (cfs) 
259.92 Wetted Per. (ft) 
1662.74 Shear (lb/sq ft) 

1.28 Stream Power (lb/ft s) 
2.08 Cum Volune (acre-it) 
0.02 Cum SA (acres) 

Left OB 
0.068 

225.00 
3528.89 
3528.89 
8885.67 
2336.75 

2.52 
1.51 

107037.8 
2338.02 

0.65 
1.64 

Channel 
0.045 

363.96 
229.01 
229.01 
1294.66 
76.85 
5.65 

Right OB 
0.068 
440.00 
398.07 
398.07 
1128.66 
203.50 
2.84 
1.96 

13596.0 
203.71 
0.84 
2.38 

159.01 
111.73 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 rn). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 5 Conv. Hydr D. Velocity 
(ftl (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 
7075.61 7795.38 566.36 335.11 349.10 5.01 0.96 1.69 
7795.38 8515.14 5614.18 1773.30 720.50 49.64 2.46 3.17 \a 8515.14 9234.91 1600.94 759.88 568.74 14.16 1.34 2.11 

:'$q 
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Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY RS: 4.171 

INPUT 
Description: RM. 4.171 AREA BLOCKED OUT TO LEFP OF STA.7447.86 DUE TO CONTAINMENT BY RIDGE. 
AND ALSO BETWEEN STA 10187.48 AND 10480.19 DUE TO CONTAINMT. BY RIDGE. 

Station Elevation Data nun= 145 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7230.69 1663.4 7231.21 1663.3 7233.09 1663.1 7235.4 1662.86 7258.65 1664.47 
7262.05 1664.7 7270.15 1664.86 7309.93 1665.57 7330.14 1665.76 7363.27 1665.92 
7447.86 1666.2 7499.45 1666 7549.7 1665.73 7561.99 1665.86 7577.77 1665.59 
7591.74 1665.3 7610.41 1665.06 7632.71 1664.65 7680.26 1664.43 7682.94 1664.4 
7684.23 1664.4 7688.96 1664.37 7801.03 1664.26 7878.48 1664.22 7903.97 1664.87 
7909.32 1664.9 7918.34 1662.15 7920.27 1661.86 7924.3 1662.72 7936.25 1664.79 
7936.38 1664.8 7937.3 1664.81 7977.71 1664.53 7998.2 1664.39 8036.48 1664.05 
8067.99 1663.7 8154.2 1663.09 8202.07 1663.46 8219.59 1663.93 8249.15 1663.78 
8263.3, 1663.1 8271.92 1663.7 8339.01 1663.97 8389.64 1663.65 8411.63 1663.71 
8447.02 1663.9 8507.36 1664.16 8606.31 1663.68 8625.09 1663.56 8628.07 1663.58 
8628.89 1663.6 8630.32 1663.57 8642.61 1663.64 8672.89 1663.76 8685.66 1663.94 
8686.75 1664 8691.19 1664.03 8708.67 1664.26 8714.87 1664.61 8723.91 1665.08 
8740.32 1665.2 8759.38 1665.45 8786.64 1664.88 8796.77 1664.65 8809.27 1664.64 
8830.29 1664.6 8850.26 1664.59 8855.02 1664.63 8855.56 1664.42 8860.54 1663.14 
8869.2 1664.3 8873.39 1664.77 8895.34 1664.58 8945.23 1664.28 8954.7 1665 
8960.76 1665.5 8971.08 1665.27 8979.44 1665.17 8980.6 1665.43 8991.42 1665.32 
8991.48 1665.3 8991.79 1665.32 9025.37 1665.66 9049.92 1666.06 9095.98 1666.34 
9205.08 1665.6 9208.26 1665.53 9213.7 1665.5 9227.83 1665.51 9331.42 1665.44 
9365.48 1665.4 9384.66 1665.42 9417.04 1665.2 9417.17 1665.2 9459.46 1665.17 
9462.16 1665.2 9465.83 1665.16 9484.99 1665.03 9566.87 1665.23 9584.11 1665.27 
9646.09 1665.5 9684.59 1665.47 9711.86 1666.13 9719.68 1666.33 9724.38 1666.32 
9780.37 1663.6 9798.24 1662.94 9801.53 1662.67 9801.91 1662.64 9805.56 1662.68 
9817.2 1662.8 9818.59 1662.8 9826.97 1662.58 9842.88 1662.66 9872.4 1663 
9897.74 1663.1 9966.5 1663.04 9969.64 1663.04 9991.53 1660.49 9997.3 1659.67 
9998.69 1659.910017.15 1661.7610038.55 1663.8910062.83 1664.2610078.73 1664.55 
10107.97 166510117.15 1665.2610123.68 1665.410128.13 1665.5210148.43 1666.34 
10163.68 1666.7 10183.2 1667.0410187.48 1667.06 10221.7 1666.710224.49 1666.67 
10277.57 1666.210295.65 1666.0710304.54 1665.3310313.37 1664.5910336.94 1665.78 
10340.66 1665.910393.34 1666.4110424.52 1666.7810435.88 1666.6910480.19 1666.04 

Manning's n Values nun= 3 
Sta n V a l  Sta n Val Sta n Val 

7230.69 .068 9969.64 .04510038.55 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9969.6410038.55 290 364.78 370 .1 .3 

. . 
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Blocked Obstructions num= 2 
Sta L Sta R Elev Sta L Sta R Elev 

7230.69 7447.86 1666.210187.4810480.19 1667.06 

CROSS SECTION OUTPUT 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cfs) 
Length Wtd. (it) 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C 6 E Loss (ft) 

Profile #PF 1 

1666.06 Element 
0.32 Wt. n-Val. 

1665.75 Reach Len. (ft) 
Flow Area (sq ft) 

0.009498 Area (sq ft) 
11309.00 Flow (cfs) 

2376.29 Top Width (ft) 
3.33 Avg. Vel. (ft/s) 
6.08 Hydr.Depth(ft) 

116040.6 Conv. (cfs) 
311.19 Wetted Per. (it) 

1659.67 Shear (lb/sq ft) 
1.83 Stream Power (lb/ft s) 
2.67 Cum Volume (acre-ft) 
0.02 Cum SA (acres) 

Left OB 
0.068 

290.00 
3011.69 
3011.69 
8783.34 
2212.21 

2.92 
1.36 

90125.0 
2213.47 

0.81 
2.35 

1682.02 
965.50 

Channel 
0.045 

364.78 
281.36 
281.36 

2303.62 
68.91 

8.19 
4.08 

23637.2 
69.33 

2 .41  
19.70 
55.67 
22.28 

Right OB 
0.068 

370.00 
100.53 
100.53 
222.04 

95.17 
2 . 2 1  
1.06 

2278.4 
95.19 

0.63 
1.38 

156.49 
110.23 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0  ft (0 .3  m). between the current and previocs 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta 
(ft) 
7230.69 
7915.43 
8600.17 
9284.90 
LB 9969.64 
10038.55 

Right Sta 
(ft) 
7915.43 
8600.17 
9284.90 
9969.64 
RB 10038.55 
10480.19 

Profile #PF I 

Flow 
(cis) 

1109.12 
4612.56 
1159.98 
1901.68 
2303.62 

222.04 

Area W.P. % Conv. 
(sq ft) (ft) 
427.46 351.48 9 .81  

1312.92 685.18 40.79 
518.39 532.21 10.26 
752.92 644.61 16.82 
281.36 69.33 20.37 
100.53 95.19 1.96 

Hydr D. 
(ft) 
1.22 
1.92 
0.97 
1.17 
4.08 
1 .06  

Velocity 
(ft/s) 

2.59 
3 .51  
2.24 
2.53 
8.19 
2.21 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RTVER: SIGNAL BUTTE 
REACB: SPILLWAY RS:  4.101 

INPUT 
Description: RM. 4.101 

Station Elevation Data num= 197 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

7362.74 1665.2 7391.29 1664.77 7425.1 1664.4 7431.92 1664.35 7441.38 1664.32 
7451.45 1664.2 7467.65 1664.06 7521.78 1663.72 7541.24 1663.61 7576.1 1663.42 
7578.82 1663.4 7580.64 1663.39 7584.98 1663.35 7602.25 1663.21 7625.04 1663.01 
7626.66 1662.7 7629.62 1661.81 7635.05 1661.83 7641.41 1661.86 7654.04 1661.91 

7670.7 1662 7675.45 1662.23 7690.41 1662.96 7700.72 1661.91 7719.18 1660.22 
7723.11 1660.6 7726.05 1660.87 7736.84 1662 7746.98 1662.99 7773.26 1662.84 
7785.13 1662.8 7792.41 1662.77 7805.33 1662.61 7894.96 1662.12 8005.26 1662.04 

FCD 98-77 Mineation of Spibay Flow A-N West. Inc. 
For Signal Butte Flood Retarding Structure -30 July, 1999 
Full Discharge (Q's Modeled Separately) 



. - .:: .. ..... . , ~  . .. . 
... : . .  Manning's n Values n m =  ... . . . , . 3 

. . .. . ; ., .. ?..; . ~ -  ~ Sta n Val Sta n Val Sta n Val 
I .. .."'.. ,...., . ..: 
$>>?;::> 

7362.74 .068 9976.5 .04510019.79 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
9976.510019.79 450 400.93 315 .1 

CROSS SECTION OUTPUT Profile #PF 1 
E.G. Elev (ft) 1663.37 Element Left OB 
Vel Head (ft) 0.24 Wt. n-Val. 0.068 
W.S. Elev (it) 1663.13 Reach Len. (ft) 450.00 
Crit W.S. (ft) 1662 .81  Flow Area (sq ft) 3203.14 
E.G. Slope (ft/ft) 0.007808 Area (sq ft) 3203.14 
Q Total (cfs) 11309.00 Flow (cfs) 7577.11 

. ~. Top Width (ft) 3110.87 Top Width (ft) 2364.90 
Vel Total (ft/s) 2.63 Avg. Vel. (ft/s) 2.37 
Max Chl Dpth (ft) 6.79 Hydr. Depth (ft) 1.35 

. - ,  Conv. Total (cfs) 127982.2 Conv. (cfs) 85749.0 
, .  . Length Wtd. (ft) 417.17 Wetted Per. (ft) 2366.57 
. . . . Min Ch El (ft) 1656.34 Shear (lb/sq ft) 0.66 

. . Alpha 2.22 Stream Power (lb/ft s) 1.56 
. . 

. . Frctn Loss (ft) 3.62 Cum Volume (acre-ft) 1661.33 
' C 6 E Loss (ft) 0.01 Cum SA (acres) ..~+"r 950.27 

FCD 96-17 Delineatim of Spilhvay Flow id. 

. . , . . i  For Signal Butte Flood Retarding Structure Page 31 
< ;  Full Dkcharge (a's Modeled Separately) 
. .n ? I  

Expan. 
.3 

Channel 
0.045 

400.93 
211.74 
211.74 

1761.12 
43.29 

8.32 
4.89 

19930.3 
44.00 

2.35 
19.51 
53 .61  
21.81 

Right 08 
0.063 

315.00 
879.30 
879.30 

1970.77 
702.68 

2 .24 

A-N West Inc. 
July, 1999 
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Warning: Divided flow' computed f o r  t h i s  cross-sect ion.  
- , Warning: The energy l o s s  was g r e a t e r  than  1 . 0  f t  ( 0 . 3  m). between t h e  cur ren t  and previous 

. . -  cross  s e c t i o n .  This may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c ross  sec t ions .  

. .. 
: i  FLOW DISTRIBUTION OUTPUT 

. ~ 

. . Left  Sta  Right S ta  
( f t )  ( f t l  
7362.74 8016.18 
8016 .18  8669.62 
8669.62 9323.06 
9323 .06  9976.50 
LB 9976 .50  RB 10019.79 
10019.79 10758.02 

P r o f i l e  #PF 1 

Floir  AIea W.P. % Conv. 
( c f s l  ( s q  f t )  (it) 

653.55 368.35 405 .21  5 . 7 8  
2464 .24  989.42 654 .43  21 .79  
1619 .23  768.55 653.37 14 .32  
2840.09 1 0 7 6 . 8 1  653.57 2 5 . 1 1  
1761.12 211.74 44.00 15 .57  
1970 .77  879 .30  703 .13  1 7 . 4 3  

Hydr D.  Velocity 
( f t )  ( f t / s 1  
0 . 9 1  1 .77  
1 . 5 1  2 .43  
1 . 1 8  2 . 1 1  
1 . 6 5  2.64 
4 . 8 9  8 .32 
1 . 2 5  2.24 

Warning: Divided flow computed f o r  t h i s  cross-sect ion.  
~. . Warning: The energy l o s s  was g r e a t e r  than 1 . 0  f t  ( 0 . 3  ml. between t h e  cur ren t  and previous 
~;~::* . cross  s e c t i o n .  This may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  cross  sec t ions .  

&.""+ .?$.<<I .. '., 
. ., . 

.. .i' . . .: . .. . CROSS SECTION . . .- . .; , . . 
RIVER: SIGNAL BUTTE 

: <  REAM: SPILLWAY . ~ . . ~  RS: 4 .026  
. , .  .. ... .. . .. 
. .. . . 

. . . INPUT 
. . .. . :  . Description: RM. 4 .026 .  HORZ. N VALUES USED. AREA BLOCKED OUT TO LEFT OF STA. 7801.55 CUE TO . . .. . . . . 

''*.<'i.: . . R I D G E .  

S t a t i o n  Elevation Data num= 266  
Sta  Elev Sta  Elev S ta  Elev S ta  Elev Sta  Elev 

7068.44 1 6 6 1 . 9  7081.6  1661 .47  7088.09 1661.39 7099.17 1 6 6 1 . 8 3  7123.5  1 6 6 1 . 3 1  
7139 .3  1 6 6 1 . 2  7158.22 1661.18 7174 .23  1661.13 7 1 8 4 . 9  1660 .93  7198 .81  1660 .8  

7204.09 1 6 6 0 . 9  7217.93 1660.72 7 2 2 9 . 3  1660 .65  7256 .75  1660.58 7261.92 1 6 6 0 . 4 6  
7290 .96  1 6 6 0 . 4  7291.79 1660.37 7294.84 1660 .36  7301.12 1660 .31  7311.85 1659.52 
7320.01 1 6 5 8 . 7  7320.54 1 6 5 8 . 7 6  7328.52 1658.59 7333 .33  1658.59 7343.04 1 6 5 8 . 3 5  
7345.14 1 6 5 8 . 2  7349.53 1658 .69  7350.89 1658.84 7 3 5 3 . 6 5  1 6 5 9 . 4 5  7357.06 1 6 5 9 . 6 5  
7372 .01  1 6 5 8 . 8  7374.34 1658.49 7395 .73  1657.05 7397 .49  1657 .03  7 3 9 7 . 9  1 6 5 7 . 0 3  
7410 .38  1 6 5 7 . 1  7417.47 1657 .08  7426.06 1657.02 7436.22 1656.82 7438.19 1656.8  
7446.97 1 6 5 6 . 7  7451 .42  1 6 5 6 . 8 1  7452.47 1656.85 7454 .15  1656 .93  7469.66 1 6 5 7 . 7 5  
7479.03 1 6 5 8 . 2  7482 .62  1658.44 7488.26 1658.67 7492 .57  1658.84 7494.47 1658.88 
7504.78 1658 .9  7575.68 1659.54 7598.31 1659 .55  7615.69 1659.56 7618.33 1659.57 
7622.43 1 6 5 9 . 6  7626 .73  1 6 5 9 . 5 6  7695.08 1659.64 7714.48 1 6 5 9 . 4 1  7743.37 1659.27 
7765.39 1 6 5 8 . 9  7778 .41  1660.4  7801.55 1662.89 7 8 0 8 . 3 1  1662.77 7837.14 1662 .15  

7850.6  1 6 6 1 . 9  7886 .72  1661.4  7930.84 1661 .01  7937.56 1660.94 7945.93 1660.92 
7957.29 1660 .9  8021.68 1660.64 8 0 3 9 . 9  1660.54 8062 .19  1660.49 8093 .85  1 6 6 0 . 3 1  
8107.26 1 6 6 0 . 2  8132.94 1 6 5 9 . 8 8  8138 .09  1 6 5 9 . 8  8143 .38  1659 .7  8161 .11  1659 .36  
8169.33 1 6 5 9 . 1  8185.42 1658 .71  8186.26 1658.69 8189.49 1658.56 8190.67 1658.55 
8204.15 1657.8 8208 .31  1657.69 8211 .08  1657.25 8219.72 1656 .93  8228.09 1656 .68  
8233 .36  1 6 5 6 . 6  8236.79 1656.55 8245.15 1656.72 8262.62 1657 .3  8270 1658 .24  
8293.08 1658 .8  8296 .13  1658 .93  8298.34 1658.97 8325.15 1656.81 8327.98 1656 .76  
8332.62 1656 .9  8368.38 1658.24 8372 1658.24 8375.28 1658 .41  8376 .3  1658.47 
8377 .23  1 6 5 8 . 5  8378.18 1658.39 8379.54 1658.5  8 3 8 5 . 2 1  1658.44 8389.13 1658 .47  
8391.75 1658.6  8405.28 1658 .76  8435.94 1658.62 8471.08 1658 .6  8481.04 1658.84 
8505.91 1659.2  8527 1659.15 8550.4  1659.16 8600 .46  1659.12 8604.37 1 6 5 9 . 1 1  

8604.9  1 6 5 9 . 1  8611.12 1659.06 8618.39 1659  8619.42 1659  8688.38 1 6 5 9  
. . 8721.21 1659  8752.37 1658.79 8763.16 1658.47 8805 .23  1657.8  8843.95 1657 .39  

8853.35 1657.3  8855 .31  1656.96 8864.99 1655.86 8869.45 1656.45 8874.07 1657.14 
8884.22 1657.2  8892 .9  1657.41 8923 .51  1657.64 8941.66 1657.8 8951.65 1 6 5 8  

FCD 9817 Delineation of Spilhvay Flows A N  West, Inc. 
For Signal Butte Flood Retarding Structure Page 32 July, 11999 
Full Discharge (Q's Modeled Separately) 



Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7068.44 .15 8270 .068 9960.94 .04510016.93 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9960.9410016.93 340 365.6 370 .1 . 3  

Blocked Obstructions nun= 1 
Sta L Sta R Elev 

7068.44 7801.55 1662.89 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Mpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Profile #PF 1 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ftl 
Cum SA (acres) 

FCD 9817 Dslineatia, of Spillway Flows 
For Signal Butte Flood Retarding Structure Page 33 
Full Discharge (Q's Modeled Separately) 

Left OB 
0 . 0 7 1  

340.00 
2654.81 
2654 .81  
7128.70 
1804.47 

2 .69  

Channel 
0.045 

365.60 
238.02 
238.02 

2029.41 
55.99 

8.53 
4.25 

20456.2 
56.68 

2.58 
22.00 
51.54 
21.36 

I 

Right OB 
0.068 

370.00 
866.88 
866.88 

2150.90 
707.69 

2 .48 

A-N West, Inc. 1 
July, 1999 
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Warning: The ene rgy  l o s s  was g r e a t e r  t h a n  1.0 f t  (0.3 m). b e t r e c n  t h e  c u r r e n t  and p rev ious  
c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

. .  . :.. *. 
Aq..- > FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 . I 

L e f t  S t a  Right  S t a  Flow Area W.P. 4 Conv. Hydr D. V e l o c i t y  
( f t )  ( f t )  ( c f s )  (ss f t)  ( f t )  ( f t )  ( f t / s )  
7791.56 8514.69 844.09 451.06 358.53 7.46 1.26 1.87 
8514.69 9237.82 2695.01 1007.28 723.36 23.83 1 .39  2.68 
9237.82 9960.94 3589.60 1196.47 723.61 31.74 1 .65  3.00 
LB 9960.94 RB 10016.93 2029.41 238.02 56.68 17.95 4.25 8 .53  
10016.93 10736.17 2150.90 866.88 707.97 19.02 1.22 2.48 

Warning: The energy  l o s s  was g r e a t e r  t h a n  1 .0  f t  (0 .3  m). between t h e  c u r r e n t  and p rev ious  
c r o s s  s e c t i o n .  Th i s  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

CROSS SECTION 
.. ., RIVER: SIGNAL BUTTE 
: , 4 REACE: SPIUKAP 
.. . ~. ~ ,w 

RS: 3.956 
, , 
, INPUT 

Desc r ip t ion :  RM. 3.956. HORZ. N VALUES USED. 

S t a t i o n  E leva t ion  Data nun= 245 
S t a  E lev  S t a  E lev  S t a  E lev  S t a  Elev  S t a  Elev  

7493.42 1656.4 7504.43 1656.32 7509.71 1656.26 7526.4 1656.09 7548.6 1655.99 
7568.56 1655.9 7575.56 1655.76 7581.54 1655.64 7592.25 1655.54 7598.62 1655.54 
7629.82 1655.3 7651.88 1655.28 7653.28 1655.29 7654.2 1655.28 7665.94 1655.22 
7686.14 1654.4 7705.61 1653.95 7714.07 1653.7 7729.29 1653.32 7739.01 1653.24 
7752.15 1653.2 7768.01 1653.09 7771.6 1653.08 7773.76 1653.09 7776.42 1653.07 
7780.23 1653 7783.19 1652.9 7790.75 1652.91 7807.06 1652.91 7811.43 1652.93 
7822.46 1653 7836.24 1652.84 7836.98 1652.83 7838.32 1653.12 7847.93 1655.07 
7853.85 1654.9 7862.33 1654.61 7888.82 1654.3 7920.16 1653.97 7951.23 1653.69 
7956.12 1652.6 7968.32 1649.85 7979.65 1649.81 7985.56 1649.8 7999.27 1653.69 
8004.41 1655.2 8023.45 1655.21 8030.56 1655.02 8064.03 1654.59 8066.49 1654.57 
8069.28 1654.6 8089.89 1656.16 8094.93 1656.61 8101.49 1656.42 8123.66 1656.57 
8149.85 1656.5 8160.78 1656.5 8184.95 1655.82 8201.57 1655.74 8224.63 1655.6 
8235.45 1655.9 8246.5 1655.77 8275.89 1655.33 8279.92 1655.22 8297.29 1655.08 
8303.08 1654.5 8306.64 1654.06 8317.18 1654.27 8333.95 1654.03 8361.7 1653.75 
8365.22 1653.6 8371.53 1653.52 8397.97 1652.97 8419.49 1652.54 8425.83 1652.61 
8431.95 1652.7 8445.55 1653 8462.25 1653.27 8469.5 1653.75 8472.9 1654.09 

8454.1 1654.2 8485.6 1654.15 8537.8 1653.9 8538.9 1653.91 8540.92 1653.93 
8545.17 1654 8597.86 1654.58 8616.34 1654.63 8626.95 1654.48 8641.04 1654.37 
8655.02 1654.3 8670.28 1655.57 8679.01 1656.31 8688.96 1656.21 8747.17 1655.67 
8760.26 1655.7 8762.69 1655.66 8765.8 1655.66 8787.55 1655.58 8826.3 1655.45 
8830.77 1654.3 8836.99 1653.02 8844.51 1653.11 8847.75 1653.24 8859.68 1653.1  
8899.85 1652.8 8911.66 1653.14 8923.61 1653.47 8930.14 1653.61 8933.62 1653.69 
8936.32 1653.8 8939.6 1653.76 8950.99 1653.45 8969.85 1652.76 8974.27 1652.79 
8981.84 1652.7 8985.45 1652.8 8999.96 1652.98 9002.95 1653.03 9003.7 1653.05 
9045.59 1653.9 9053.02 1654.03 9059.81 1654.15 9065.91 1654.17 9076.78 1654.38 
9086.49 1654.5 9099.82 1654.59 9101.32 1654.61 9104.5 1654.64 9108.51 1654.7 
9119.58 1654.9 9131.31 1655.04 9132.68 1655.05 9141.68 1655.05 9158.54 1655.28 
9174.98 1655.6 9192.27 1655.86 9206.28 1655.82 9218.28 1655.24 9267.03 1655.21 
9331.41 1655.2 9388.72 1655.31 9444.54 1655.4 9497.12 1654.89 9497.75 1654.89 
9498.65 1654.9 9515.86 1654.52 9523.68 1654.87 9533.61 1655.24 9545.74 1655.17 
9557.67 1655.2 9602.57 1655.39 9664.08 1655.65 9683.41 1655.58 9685.95 1655.58 
9688.94 1655.7 9697.24 1656.08 9723.76 1655.88 9763.18 1655.57 9783.93 1655.38 

FCD 9817 Defineation of SpJhvay Flows 
. . For Signal Butte F l d  Retarding Structure 
: Fun Dsdtarge (Q's Modeled Separately) 

Pase 34 
, . .. , , . 
".y:<<; .... v >% ,'.> ,._:; 
. .. . . ., 
ii: . :. 

.-> 

A-N West, Inc. 
July, 1999 



$&j 
..... _:. Manning's n Values nun= 4 

'::,.',3: 

,;.::,. . Sta n Val Sta n Val Sta n Val sta n Val . ... i . .. .. .. ,, . .. ..' 
7493.42 .15 8836.99 .068 9994.75 .04510037.46 .068 

,~.. . , . ., . .. 
.:,. ! . . Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. . - .  .. . . .i : . . :: . . 9994.7510037.46 310 377.63 300 .1 . 3  
... . 2 < ' .+:  

.:~? .. 
..-: .... . :  CROSS SECTION OUTPUT Profile #PF 1 
. ,  . . .. . . . .~ .  

E.G. Elev (£ti 
Vel Head (ftl 
W.S. Elev (ftl 
Crit W.S. (ftl 
E.G. Slope (ft/ft) 
Q Total (cfsl 
Top Width (ftl 
Vel Total (ft/sl 
Max Chl Dpth (ftl 
Conv. Total (cfs) 
Length Wtd. (ftl 
Min Ch El (ftl 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
W t ,  n-Val. 
Reach Len. (ft) 
Flow Area (sq ftl 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (Ib/sq ftl 
Stream Power (lb/ft sl 
Cum Volume (acre-ft) 
Cum SA (acres1 

Left OB 
0.103 

310.00 
3321 .41  
3321 .41  
6448.27 
2299.09 

1 .94 
1.44 

63361.3 
2301.59 

0.93 
1 . 8 1  

1607.75 
912.72 

Channel 
0 .045  

377.63 
1 5 1 . 4 1  
1 5 1 . 4 1  

1175 .06  
4 2 . 7 1  

7 .76  
3 .55 

11546.3  
43.14 

2.27 
17 .61  
49.90 
20.94 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0 .3  m). between the current and previous 
cross section. This may indicate the need.for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. S Conv. Hydr D. Velocity 
(it) (ft) (cfs) (sq ft) (it1 (it1 (ft/s) 
7493.42 8118.75 1524.44 1012.92 538.64 13.48 1.89 1.50 
8118.75 8744.08 1098.46 824.66 526.67 9.71 1 .57 1.33 
8744.08 9369.42 2671.71 923.33 625.69 23.62 1.48 2.89 

I 
9369.42 9994.75 1153.66 560.51 610.58 10.20 0.92 2.06 

. : 
LB 9994.75 RB 10037.46 1175.06 151.41 43.14 10.39 3.55 7.76 

.... :.:,' r.-;<.j 10037.46 10854.37 3685.66 1175.62 702.35 32.59 1 .68 3.14 
..-- .'*" 
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.' 4 .,: 
:;.; 3,d '* Warning:  Divided f l o w  c o q u t e d  for t h i s  c r o s s - s e c t i o n .  

. . .. !. Warning: The e n e r g y  loss was g r e a t e r  t h a n  1 . 0  it ( 0 . 3  m). be tween  t h e  c u r r e n t  a n d  p r e v i o u s  
:. c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLRAX PS: 3.885  

INPUT 
D e s c r i p t i o n :  RM. 3 .885.  HORZ. N VALUES USED. AREA RIGHT OF STA. 10903 .28  BLOCKED OUT DUE TO 
RIDGE . 

S t a t i o n  E l e v a t i o n  D a t a  num= 248 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

7650.82 1653 .2  7653.74 1653.19 7667.17 1653.14 7678.49 1 6 5 3 . 1  7690.69 1653 .03  
7701.42 1 6 5 2 . 9  7725.19 1652.69 7729.9  1652.57 7757.63 1652.33 7760 .65  1652 .28  
7763.22 1 6 5 2 . 3  7793.94 1 6 5 1 . 7 5  7795.32 1651.74 7808.63 1651.67 7 8 2 7 . 8 1  1651 .63  
7832.36 1 6 5 1 . 6  7862 .74  1651 .48  7877 .13  1 6 5 1 . 3  7881 .39  1651 .29  7884 .24  1651 .25  
7887.74 1 6 5 1 . 2  7890 .56  1 6 5 1 . 0 8  7894.44 1650 .97  7897 .39  1650.84 7900 .75  1650 .87  
7935.24 1 6 5 1 . 1  7943 .41  1 6 5 1 . 3 3  7949.82 1651 .47  7953.22 1651.55 7955.94 1651 .99  
7963.87 1 6 5 3 . 2  7973 1 6 5 3 . 1 1  8021 .72  1652.52 8064 .33  1651.89 8081.12 1647.69 
8081 .42  1 6 4 7 . 6  8081.54 1647.58 8082 .39  1647.6  8099.75 1648 .03  8114 .4  1 6 5 3 . 3 9  
8115.69 1653 .9  8 1 1 7 . 1  1653.84 8117.5  1653 .84  8118 .1  1653.84 8119.39 1653 .83  
8154 .63  1 6 5 3 . 6  8173 1653.38 8 1 8 4 . 3  1653 .39  8191.97 1653 .43  8217 .96  1 6 5 3 . 4 1  
8 2 2 2 . 4 1  1653.4  8251.82 1 6 5 3 . 4 1  8255.55 1653.42 8284.94 1652.85 8290 .38  1 6 5 2 . 8 8  

8296.4  1 6 5 2 . 8  8 3 1 1 . 1  1 6 5 2 . 6 8  8322 .26  1652 .62  8333 .8  1651.39 8340 .01  1650 .9  
8355 .36  1 6 5 0 . 8  8364.93 1650 .67  8378.63 1 6 5 0 . 5 3  8390 .75  1650.42 8406 .35  1650.32 
8416 .04  1 6 5 0 . 3  8435.07 1 6 5 0 . 1 5  8461  1 6 4 9 . 8 5  8 4 6 2 . 6 1  1649.83 8465.54 1 6 4 9 . 8 1  
8493 .41  1 6 5 0 . 4  8510.45 1650 .7  8520 .17  1651 .16  8523.74 1651.66 8525.16 1651.72 
8528 .48  1651 .5  8548.18 1651 .41  8561.78 1651.18 8579 .03  1651.97 8579 .4  1 6 5 2 . 1 1  

8579 .7  1 6 5 2 . 1  8598 .16  1653 .55  8607.74 1653 .98  8611.88 1654 .08  8613.36 1653.74 
8613 .97  1 6 5 3 . 5  8618.94 1651.23 8625 .29  1650.96 8627 .02  1650 .85  8628.64 1650 .34  
8 6 3 0 . 7 3  1649 .9  8634 .09  1649 .75  8 6 3 6 . 6 1  1649.58 8642.76 1645.32 8668.32 1648 .36  
8669.58 1 6 4 8 . 4  8688.69 1649 .05  8694 .39  1 6 5 0 . 7  8697 1651.56 8709.35 1 6 5 1 . 7 1  
8751.59 1 6 5 2 . 1  8760.19 1 6 5 2 . 0 3  8799.74 1651.95 8809 .73  1651.17 8817.79 1650 .83  
8833.08 1 6 5 0 . 9  8866 .81  1650 .97  8369.12 1 6 5 0 . 9 5  8874 .71  1650.92 8933.14 1 6 5 1 . 5 3  
8975.42 1 6 5 1 . 4  8998.8 1651 .36  9010.54 1651.09 9044.9  1650.39 9059.86 1650.04 
9063.96 1649 .7  9082.86 1648 .64  9086.19 1648.99 9092.38 1649 .74  9095.48 1650 .14  
9107.14 1650 .4  9122.35 1650 .69  9134 .51  1650 .61  9142.59 1650.6  9155.78 1650.44 
9159.33 1 6 5 0 . 6  9212.88 1651 .46  9232.59 1651.82 9269.23 1652.47 9282.12 1652 .58  
9286.08 1 6 5 2 . 6  9332.57 1652.39 9396.84 1652 .31  9493.73 1652.02 9506.01 1651 .98  
9510.42 1652  9510.86 1651 .96  9521 .78  1651.92 9631.9 1651 .85  9634.5  1651 .9  
9639.27 1651 .9  9641.22 1651.9  9651.83 1651 .95  9652.75 1651 .95  9656 .71  1 6 5 1 . 9 1  
9658.54 1651 .9  9660.07 1651 .86  9664.38 1 6 5 1 . 8 1  9674.29 1651.79 9680 .96  1 6 5 1 . 8 5  
9696.71 1 6 5 2 . 1  9724.35 1652.52 9740.86 1652.5  9746.58 1652.58 9763.9  1 6 5 2 . 6  
9795.26 1 6 5 2 . 6  9805.18 1652.72 9826.11 1652 .85  9833.45 1653 .02  9847.46 1 6 5 3  
9856.84 1 6 5 3  9862.61 1653.07 9866.22 1 6 5 3 . 1  9879.58 1653.13 9893.79 1653 .29  
9908.29 1653 .5  9925.91 1653 .78  9941.93 1653 .38  9944.86 1653.22 9946.02 1 6 5 3 . 3 1  
9948.66 1 6 5 3 . 1  9963.68 1652.72 9970 .61  1652.52 9973.59 1651 .83  9983 .3  1649.72 

. . 9990.87 1 6 4 8 . 1  9999.98 1649.3210014.84 1651.2810018.65 1651.3310067.18 1651.4  
' . 10081.08 1651.2  10092.4  1651.2910127.86 1651.3610163.66 1650.8510197.84 1650.39 

10267.67 1650.410278.71 1650.3810287.99 1650.3410295.41 1649.8210315.86 1648 .48  
1, : 10318.39 1648.610319.99 1648.6410320.99 1648.6510333.32 1648.7810343.52 1 6 4 9 . 6 3  
: 10359.68 1650.910378.43 1652.710388.98 1652.5610410.39 1652.4810419.49 1652.23 

10429.95 1651.910436.73 1651.7410442.86 1651.5410449.34 1651.710463.86 1652 .02  

,>:. - Q 10484.87 1 6 5 2 . 5  10530.6  1650.7610530.89 1650.75 10531 .1  1650.71 10537.4 1649 .69  

FCD 9817 Delineation dSpiaway Flows . A-N We* Inc 
::.. ,:4 For Signal Butte Flood Retarding Strudure Page 36 ;:&& 

July, 1999 
c .*-~. .. . . Full Discharge (Q's Modeled Separately) 
?.! Il. 
. . .: 

i. . * .  .: ,.,.. . . .. ..;s.,$;::.-<. . .,,;G Y$..?. , . . ~~&.~*>::$&~&c;~i~:&~'r:~~~~~?e~;j~:;;.:L~.,2:i::~LL;j . - :::x:;2'.;> 3.:. ;.: ,,, ;\ . **' ;:..:\. .,... :;:,.:: ..... .,: ..: ,..: ;,.>:+:t>::q?,:2k:;s;;<& *% ~ - 



Manning's n Values nllrn= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7650.82 .15 8809.73 .068 9948.66 .04510018.65 .063 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9948.6610018.65 320 359.41 280 .1 .3 

Blocked Obstructions num= 
. . 

1 
:. ::.?> '+&@ Sta L Sta R Elev 

10903.2811038.59 1653.71 
. .. :: . ..,.. . . 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ftl 
Vel Total (ft/s) 
Max Chl Dpth (ftl 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Profile #PF 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfsl 
Top Width (ft) 
Avg. Vel. (ft/sl 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ftl 
Shear (lb/sq ft) 
Stream Power (lb/ft sl 
Cum Volume (acre-ftl 
Cum SA (acres) 

Left OB 
0.099 

320.00 
3126.74 
3126.74 
5976.36 
1994.54 

Channel 
0.045 
359.41 
151.41 
151.41 
769.95 
69.84 
5.09 
2.17 

8319.4 
70.54 
1.15 
5.84 
48.59 
20.46 

Right OB 
0.068 

280.00 
1511.71 
1511.71 

828.30 4562.69 . 
3.02 
1.83 

49300.4 
829.14 
0.97 
2.94 

128.08 
90.48 

.,::*:.:,.;; 
.'(*.ii ~ i ? ~ ~ ~ :  .. ..;,?,cA Warning: Divided flow computed for this cross-section. 

Warning: The energy loss was greater than 1.0 ft (0.3 m) . between the current and previous 
. - .  cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF I 

Left Sta Right Sta 
(ftl (it1 
7650.82 8225.28 
8225.28 8799.74 
8799.74 9374.20 
9374.20 9948.66 
LB 9948.66 RB 10018.65 
10018.65 11038.59 

Flow 
(cfs) 

651.45 
1497.12 
3082.91 
744.89 
769.95 
4562.70 

Area 
(sq ftl 
593.09 
1047.83 
1062.04 
423.78 
151.41 
1511.71 

W.P. 
(ft) 

425.09 
506.22 
574.68 
491.58 
70.54 
829.14 

S Conv. Hydr D. 
(ftl 

5.76 1.40 
13.24 2.07 
27.26 1.85 
6.59 0.86 
6.81 2.17 
40.35 1.83 

Velocity 
(ft/s) 
1.10 
1.43 
2.90 
1.76 
5.09 
3.02 

Warning: Divided flow computed for this cross-section. 
, ' ., Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 

cross section. This may indicate the need for additional cross sections. 
. . .  

.,.>. 
~ 
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CAOSS SECTION RIVER: SIGNAL BUTLZ 
IIZACH: SPILLW RS: 3 . 8 1 7  

INPUT 
D e s c r i p t i o n :  FH. 3.817. HORZ. N VALUES USED. HYDRAULIC BASELINE CROSSES NEAR ADOBE RD. ALIGN. 
REA BLOCKED OUT TO RIGHT OF STA. 10987 .53  DUE TO RIDGE. NOTE BRW(0UT PLOW TO LT OF LT. END 
STA. SHOWN ON MAPS. NOT CONSIDERED EF. FLOW. EZOW RETURNS NEAR SEC. 3 .674.  

S t a t i o n  E l e v a t i o n  Da ta  nun= 2 5 1  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

7682.24 1650 .9  7684.74 1650.88 7686 .56  1650.84 7688.54 1650 .84  7691.14 1650.86 
7693.03 1650 .9  7695.72 1650 .98  7710 .05  1650.95 7712.7  1650 .96  7716.44 1650.97 
7721.29 1651  7737.77 1650 .86  7751 .66  1650 .96  7758.06 1650.88 7806.42 1650.43 
7807.72 1650.4  7810.96 1650.4  7812.58 1650 .05  7815 .81  1649.32 7824.87 1647.49 
7827.78 1 6 4 6 . 6  7828.14 1646 .76  7831.32 1646.57 7844.72 1646 .52  7854.7 1648 .76  

7863.2 1650.4  7877.88 1650 .96  7 8 9 6 . 0 1  1651 .88  7900.19 1 6 5 1 . 9 6  7901 .21  1651.92 
7903.35 1652 7904.32 1651.99 7907.18 1651 .98  7914.16 1651 .97  7928.25 1651.97 
7955.26 1651 .9  7965.1  1651 .68  7970 .81  1651.32 7994 .41  1649.42 7997.45 1649.37 
7998.83 1 6 4 9 . 4  8001.42 1649 .33  8038 .43  1 6 4 9 . 2  8058.74 1648 .78  8069.11 1648.36 

8071.8 1 6 4 8 . 3  8074 .11  1648 .25  8120.15 1647.63 8129.34 1647 .63  8142.86 1 6 4 7 . 9 1  
8144.5  1647 .9  8146.04 1647 .91  8164.4  1647 .59  8190.85 1647.9  8209 .23  1647.98 

8218 1648.2  8223.35 1648.49 8229 .41  1648.57 8234 .51  1648 .55  8235.23 1648 .53  
8236.43 1648 .4  8238 .69  1 6 4 8 . 2 8  8242.49 1647 .81  8243.43 1647.7 8244.33 1647.53 
8246.68 1647.4  8249.39 1647.2  8269.99 1647 .06  8285.76 1647.02 8300.85 1648 .17  
8302.69 1648 .3  8310 .75  1648.72 8315 .37  1649 .08  8331.96 1648.72 8331.99 1648.72 
8332.01 1648 .7  8334.16 1649.34 8335.75 1649 .58  8341.63 1650.33 8345 .56  1650 .32  
8350 .01  1 6 4 9 . 3  8355.76 1649 .42  8357 .41  1649 .06  8363 .65  1649.97 8373.13 1648.88 
8416.94 1 6 4 8 . 9  8426 .17  1648.44 8429.19 1 6 4 8 . 3 1  8457.36 1649.04 8465.7 1648.97 
8479.28 1 6 4 8 . 4  8511.77 1647 .93  8515.75 1647.88 8 5 2 0 . 0 3  1647 .93  8523.54 1647.94 
8561.58 1 6 4 8 . 4  8589.65 1648 .65  8592 .56  1 6 4 8 . 7 1  8594.48 1648 .73  8596.12 1648.78 
8735.49 1649 8754.96 1648.94 8770 .76  1648.89 8777.77 1648 .91  8794.96 1 6 4 8 . 9  
8889.33 1 6 4 9 . 2  8918.99 1648.99 8935.59 1648.89 8938.32 1648 .91  8977.87 1649.17 
8980.94 1 6 4 8 . 4  8989.87 1646.77 8 9 9 4 . 9 6  1646 .89  9000.12 1648 .34  9004.8 1649.02 
9025.15 1 6 4 9 . 1  9076.26 1649.17 9079.37 1649 .2  9116.09 1648 .95  9118.87 1648 .9  
9125.71 1 6 4 8 . 8  9171.92 1 6 4 8 . 1 1  9172.92 1648 .14  9178.35 1648 .42  9181 .65  1648 .6  
9182.42 1 6 4 8 . 6  9183.21 1648 .61  9209 .01  1 6 4 8 . 7 9  9303.25 1648.88 9310.94 1648.99 
9318.95 1648 .8  9330 .65  1648 .7  9335.85 1648 .81  9 3 4 3 . 1  1648 .94  9351 .23  1648 .7  
9368.24 1648 .9  9378.4 1649.42 9383.35 1649 .56  9390.93 1649.98 9399.63 1 6 4 9 . 9 6  
9422.08 1650  9438.08 1650.02 9458.97 1650.04 9462.97 1650.2  9469.33 1650.47 
9471.78 1650 .5  9480.67 1650 .63  9539.72 1651 .06  9546.61 1650.97 9546.84 1650 .97  
9556.57 1650 .9  9590.82 1650 .61  9601 .71  1650 .51  9655.94 1650.14 9697.48 1649.98 
9718.44 1649 .7  9724.7 1649.7  9757.44 1648 .89  9775.14 1648 .46  9785.75 1649.14 
9787.55 1 6 4 9 . 3  9799.87 1649 .43  9835.62 1649.89 9854.86 1648 .86  9868.2s  1648 .05  
9892.93 1 6 4 8 . 3  9908.45 1648.44 9910.77 1 6 4 8 . 5  9915.98 1647 .76  9919.25 1647.24 
9922.27 1647.4  9929.04 1648 .41  9934.06 1648.04 9971 .21  1646 .11  9973.14 1646.19 
9374 .93  1646 .2  9984.49 1646.52 9993.52 1646 .61  10015 .5  1647 .11  10019 .5  1 6 4 7 . 3  
10033.7  1647.710034.27 1647.72 10034 .6  1647.7210044.46 1647 .8  10051.6  1647.87 
10056 .5  1647.910060.88 1647.9910091.51 1649.0410098.19 1649.3810099.04 1649.44 

10101.34 1649.510103.18 1650.5110103.88 1650.5810106.81 1651.1710109.82 1650.67 
10112 .11  1649.810115.76 1649.9210118.34 1650.1510118.93 1650.2810168.11 1649 .51  
10183.95 1649.110185.66 1649.1410187.66 1649.1510313.01 1649.3310326.94 1649 .45  

1 0 3 3 3  1649.410340.41 1649.2810343.15 1649.2610346.69 1649.1810367.43 1648 .43  
10384.62 164910396.42 1649.6310430.58 1648.4110440.44 1648.1110443.88 1647.55 
10451.12 1646.410459.39 1647.5110465.45 1648.3410470.62 1648.3710496.61 1648 .48  
10502.34 1648.610522.06 1648.6510575.84 1649.1510631.22 1649.93 10649.6  1650.41 
10673.07 1650.810686.55 1650.1210688.07 1650.0510693.34 1650.1410702.44 1650.29 
10706 .31  1650.410730.96 1650.5210758.11 1650.2510774.38 1650 .11  10784.5  1650.05 
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Manning's n Values n m =  4 
Sta n Val Sta n Val Sta n Val Sta n Val 

7682.24 .15 8429.19 .068 9934.06 .04510060.88 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9934.0610060.88 400 370.17 365 .1 .3 

Blocked Obstructions n u =  1 
sta L Sta R Elev 

10673.0710987.53 1650.8 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ftl 
Vel Head (it) 
W.S. Elev (it) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (it) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (it) 
Kin Ch El (ftl 
Alpha 
Frctn Loss (it1 
C h E Loss (it1 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq it) 
Area (sq it) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (it1 
Conv. (cis) 
Wetted Per. (it) 
Shear (lb/sq it) 
Stream Power (lb/ft s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Left OB 
0.086 
400.00 
3150.78 
3150.78 
6634.22 
1893.78 

2.11 
1.66 

77516.2 

Channel 
0.045 
370.17 
428.68 
428.68 
2727.59 
126.82 
6.36 
3.38 

31870.0 
126.90 
1.54 
9.83 
46.20 
19.64 

Right OB 
0.068 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(it) 
7682.24 
8245.20 
8808.15 
9371.10 
LB 9934.06 
10060.88 

Right Sta 
(ftl 
8245.20 
8808.15 
9371.10 
9934.06 
RB 10060.88 
10987.53 

Flow 
(cis 1 

965.54 
2407.92 
2410.53 
850.24 

2727.59 
1947.18 

Area 
(sq it) 
703.41 
1063.39 
933.58 
450.41 
428.68 
827.72 

W.P. 
(it1 

334.32 
563.54 
563.48 
434.90 
126.90 
588.84 

6 Conv. Hydr D. 
(it1 

8.54 2.11 
21.29 1.89 
21.32 1.66 
7.52 1.04 
24.12 3.38 
17.22 1.41 

Velocity 
(ft/s) 
1.37 
2.26 
2.58 
1.89 
6.36 
2.35 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

. . 

FCD %I7 Delineation of S p M y  Flow 
For Sgnal Butte Flood Retarang SWdure 
Full Discharge (Q's Modeled Separately) 

.., .. . , :<*.... ....' L Z.,. . ... . . ~  .., .. 

Page 39 
A N  West, Inc 

July. 1999 



e S S  SECTION RIVER: SIGNAL BUTTE 
ReAcB: SPILLVrAY RS: 3.747 

INPUT 
D e s c r i p t i o n :  RM. 3.747.  HORZ. N VALUES USED. AREA BLOCKED OUT TO RIGHT OF 10942.18 DUE TO 
RIDGE 

S t a t i o n  E l e v a t i o n  Da ta  n m =  290 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

7545.9 1647.4  7574.93 1 6 4 7 . 0 1  7613.05 1 6 4 5 . 9 5  7622 .49  1646 .29  7633.4  1646 .53  
7640.58 1 6 4 4 . 3  7643.04 1643.44 7644.6  1643 .55  7647 .71  1643.69 7650.74 1644.26 
7653.17 1644 .7  7661.31 1 6 4 6 . 2 5  7662.38 1 6 4 6 . 4 5  7662 .8  1646 .53  7677.94 1 6 4 6 . 8 1  
7689.54 1 6 4 6 . 7  7697.36 1 6 4 7 . 0 3  7725.07 1647.09 7743.98 1647 .26  7763 .21  1647.03 
7791.34 1647.2  7793.77 1647.17 7807.28 1647.26 7831 .13  1646.8  7858 .09  1647.48 
7867 .31  1647.4  7884.4  1647 .53  7884.62 1 6 4 7 . 5 1  7884.66 1647 .51  7891.05 1647.36 
7903.22 1 6 4 7 . 4  7904.88 1647 .48  7908.86 1647 .31  7935 .61  1 6 4 6 . 4 6  7935.93 1646 .48  
7945.86 1646.4  7966.59 1646 .23  7971 .29  1 6 4 6 . 2  7 9 7 5 . 0 3  1646.34 7998 .03  1647.59 
8002.15 1647 .8  8042.01 1647.77 8071.95 1647.72 8094.78 1 6 4 8 . 1 3  8095.18 1648 .05  
8106 .64  1646  8108.16 1645 .86  8114.38 1644 .93  8144.87 1644 .94  8150.49 1644.97 
8164.08 1 6 4 5 . 1  8174.11 1645.12 8179 .67  1645 .27  8192.14 1645 .57  8192 .25  1 6 4 5 . 5 5  
8198.42 1645  8199.52 1644 .86  8203 .91  1 6 4 4 . 5 5  8210 .83  1644.34 8212.85 1644.26 

8226 1644 .7  8227.8  1644 .79  8230.82 1644 .98  8240 .49  1645 .37  8255 .95  1645.23 
8264 .51  1 6 4 5 . 1  8 2 9 8 . 7 1  1644 .86  8314.29 1645 .21  8349.65 1646 .35  8360.74 1646.58 
8 3 9 0 . 8 1  1 6 4 7 . 1  8408.27 1 6 4 7 . 5 5  8416 .28  1 6 4 6 . 2 3  8421.2  1646 8423.08 1645.94 
8447.72 1646.4  8454.47 1645 .87  8466.69 1644.99 8468 .26  1 6 4 4 . 9 1  8475.12 1644 .72  
8479.22 1644 .6  8486 .16  1644 .64  8489.92 1644.8  8492.4  1645 .06  8497.74 1646.36 
8502.98 1646 .5  8507.76 1 6 4 6 . 5 3  8514.26 1 6 4 6 . 5 1  8530 .87  1646.72 8538.89 1646 .74  
8573.55 1646 .9  8644.68 1646 .83  8657.09 1646 .91  8659.89 1646.48 8664.84 1645.52 
8693 .41  1645 .9  8709.07 1646 .06  8727 .21  1643 .35  8727.35 1643.34 8729.03 1643.49 
8747.14 1645 .3  8767 .83  1 6 4 5 . 3  8774.08 1645.24 8777 1 6 4 5 . 2 1  8785.67 1645.17 
8 8 0 8 . 0 1  1644 .8  8815.22 1 6 4 4 . 6 1  8845 .55  1644.08 8851 .98  1644.05 8853.38 1 6 4 4 . 0 1  
8858.62 1643 .9  8861 .43  1 6 4 3 . 8 9  8874.95 1643.76 8 8 7 8 . 4 6  1643.77 8880.05 1643.87 
8881.57 1 6 4 3 . 9  8889.33 1643 .84  8904.97 1 6 4 4 . 3  8912 .76  1644 .49  8918.08 1644 .68  
8933 .61  1645  8936.96 1 6 4 4 . 9 5  8941 .01  1645.2  8943 .19  1645 .23  8961.27 1645.59 
8988.77 1645.4  9014.31 1 6 4 5 . 6  9030 .2  1645 .57  9034 .98  1645 .79  9042 1645 .62  

9045.7 1645.7  9055.66 1646 .04  9086.89 1645.44 9098 .55  1645.4  9113.72 1645.42 
9113.77 1 6 4 5 . 4  9128 1 6 4 5 . 2  9129 .85  1645 .16  9133.8  1645 .34  9147 .31  1645 .7  
9153.82 1645 .9  9156 .95  1 6 4 5 . 9 3  9162.4  1646.04 9 1 6 7 . 2 5  1 6 4 6 . 0 3  9176.52 1646 
9184.87 1 6 4 6  9196.46 1645 .96  9 2 0 0 . 5  1645.94 9233 .35  1646 .22  9241.25 1646 .26  
9278.64 1646 .5  9280.62 1646.54 9283.37 1646 .55  9 2 8 7 . 4 5  1646 .6  9289.14 1646 .61  
9299.03 1 6 4 6 . 8  9311.58 1647.02 9331 .89  1647.2  9341.55 1646 .9  9344.43 1646 .75  
9344.52 1646 .7  9353.28 1646 .75  9365.36 1647.11 9373 .31  1646.99 9411.37 1646.79 

9440.7 1 6 4 6 . 9  9484.63 1646.34 9487.36 1 6 4 6 . 3  9545.87 1645 .05  9551.9  1644 .93  
9552.29 1644.9  9558.52 1645.09 9579 .03  1645.47 9587.63 1645 .65  9590.94 1645.68 
9829.81 1645 .9  9644.33 1646 .01  9666.9 1646 .01  9671.58 1646.02 9697.26 1 6 4 5 . 7 1  
9708.76 1 6 4 5 . 1  9710.05 1644.99 9713.27 1645.52 9716.86 1646 .11  9717.22 1646.17 
9720.55 1 6 4 6 . 1  9764 .21  1646.02 9775.15 1646.57 9775.35 1646.59 9776.68 1646 .57  
9786.79 1646 .4  9792.14 1645.74 9810.55 1643.34 9 8 1 5 . 7 5  1643.44 9827.83 1643.75 
9827.99 1 6 4 4 . 1  9834.89 1644.62 9858.49 1645 .71  9864.92 1 6 4 5 . 5 1  9876.69 1645 .06  
9896.62 1644 .8  9907.62 1 6 4 5  9966.94 1 6 4 5 . 0 1  9969 .96  1645.04 9971.36 1645.19 
9978.88 1645 .9  9988.14 1645 .23  9992.09 1644.94 9994.17 1644.83 9998.98 1645 .06  
10006.1  1645.4  10016.2  1645.1410060.91 1645.0910064.55 1645.2710076.54 1646.14 

10086.69 1646.910097.57 1647.2110144.33 1647.910159.29 1648.1410169.33 1647.95 
10205.58 1647  10221 .6  1646.6310230.88 1646.3810237.31 1646.3610239.11 1646.36 
10282.35 1644.710282.72 1644 .66  1 0 2 8 3  1644.6510283.14 1644.6510302.14 1645.22 
10314.54 1644.710322.86 1644.910332.37 1644.8910344.08 1644.72 10368.5  1644.49 
10369.08 1644.510369.52 1644.3910375.31 1643.4510378.17 1643.0510382.99 1643 .96  

FCD 98-17 Delineation of Spillway f low 
For Signal Butte Flood Retarding Structure Page 40 
FUN Cischarge (Q's Modeled Separately) 

A-N West, inc. 
July, 1999 
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Manning's n Values nun= 4 
Sta n Val Sta n Val Sta nVal Sta n Val 

7545.9 .15 8108.16 .068 9775.35 .04510060.91 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9775.3510060.91 390 385.69 400 .1 .3 

,.~.>::,.:' 

Blocked Obstructions . nun= 
.. . 

1 
. . .  . .  . . . .~ ...... . Sta L Sta R Elev 

~. . . . . .  ... , 10715.0210877.77 1647.43 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfsl 
Top Width (ft) 
Vel Total (ft/sl 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Profile #PF 1 

1647.32 Element 
0.22 Wt. n-Val. 

1647.10 Reach Len. (ft) 
Flow Area (sq ft) 

0.010850 Area (sq ft) 
11309.00 Flow (cfs) 
2596.10 Top Width (ft) 

3.21 Avg. Vel. (ft/s) 
4.05 Hydr. Depth (ftl 

108567.8 Conv. (cfsl 
390.78 Wetted Per. (ft) 
1643.34 Shear (lb/sq ftl 

1.38 Stream Power (lb/ft s) 
3.77 CumVolume (acre-ft) 
0.04 Cum SA (acres) 

Left OB 
0.070 

390.00 
2383.42 
2383.42 
6452.99 
1912.48 

2.71 
1.25 

61949.5 
1914.63 

0.84 
2.28 

1536.33 
865.68 

Channel 
0.045 

Right OB 
0.068 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ftl 
7545.90 
8103.26 

. . . . 
. . 8660.63 

. . ,~ . 
. .  .. 9217.99 
... >: : . . LB 9775.35 

_:. .. . 10060.91 

Right Sta Flow 
(ftl (cis) 
8103.26 120.22 
8660.63 1734.10 
9217.99 3580.67 
9775.35 1018.01 
RB 10060.91 3253.97 
10942.18 1602.04 

W.P. S Conv. 
(ft) 

278.02 1.06 
537.56 15.33 
557.83 31.66 
541.22 9.00 
286.14 28.77 
398.52 14.17 

. . . .. .' . . . . .  . Warning: Divided flow computed for this cross-section. ; ,# 
&id 

FCD 96-17 Delineation of ~ ~ i k v a y  Flows 
For Signal Butte Flood Retarding Sbucture Page 41 
Full Discharge (Q's Modeled Separately) 

Hydr D. Velocity 
(ft) (ft/s) 
0.60 0.72 
1.25 2.58 
1.89 3.40 
0.90 2.08 
2.05 5.55 
1.40 2.87 

A-N West, Inc. 
July, 1999 



Warning: The  e n e r g y  loss was g r e a t e r  t h a n  1 . 0  f t  ( 0 . 3  ml. be tween  t h e  c u r r e n t  a n d  p r e v i o u s  
cross s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  cross s e c t i o n s .  

CROSS SECTION RIVER: SIGNAL BUTTE 
RZACH: SPILLWAY RS: 3 .674  

INPUT 
D e s c r i p t i o n :  RM. 3.674. HORZ. N VALUES USED. AREA BLOCKED OUT TO RIGHT OF STA. 10877.77 DUE 
TO RIDGE. 

S t a t i o n  E l e v a t i o n  Da ta  num= 279  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

7200.95 1 6 4 5 . 1  7211.54 1645 .19  7219 .61  1645.19 7260 .08  1644.48 7279.15 1644.19 
7288.35 1 6 4 4 . 1  7297.92 1644 .02  7316.08 1 6 4 3 . 8 6  7321.27 1643.93 7353.04 1643 .92  
7353 .15  1643 .9  7353.19 1643 .9  7 3 6 1 . 7 8  1640.66 7363.34 1641.04 7372 .98  1643 .75  

7408.7 1643 .5  7412.99 1643.42 7415.02 1643 .39  7416.03 1643.38 7416.24 1643 .38  
7425.15 1 6 4 3 . 4  7499.77 1 6 4 4 . 1 1  7509 .93  1644 .13  7521 .83  1644.22 7538.53 1644 .3  
7584.48 1 6 4 3 . 6  7604.7  1643 .56  7607.01 1 6 4 3 . 4 5  7614.4  1642.44 7630.9  1 6 4 2 . 4 6  
7636 .43  1642 .6  7648.39 1642 .49  7664 .91  1643 .7  7670.78 1644 .23  7705 .96  1643 .92  

7729.2 1643 .7  7736.07 1643 .61  7742.72 1643.57 7776.43 1643.13 7787 .33  1641 .73  
7794.09 1640 .9  7797 .5  1641 .33  7798.06 1641.42 7798 .28  1641.43 7800.99 1641 .48  
7839.99 1 6 4 1 . 9  7 8 4 6 . 9  1641 .85  7854.88 1643.02 7860 .26  1643.63 7878 .75  1 6 4 3 . 6 6  
7894.43 1 6 4 3 . 7  7903 .51  1643 .36  7 9 0 8 . 5 1  1 6 4 3 . 2 6  7917.13 1643 .18  7 9 2 0 . 3  1 6 4 3 . 1  
7922.82 1 6 4 3 . 1  7938 .39  1 6 4 2 . 9 5  8043 .21  1642 .02  8 1 0 2 . 4 1  1641 .51  8141.02 1641.26 
8145 .75  1641.2  8152.14 1641.2  8 1 6 0 . 1 6  1641.19 8235.28 1641.29 8235.49 1641 .29  
8235.63 1641 .3  8235 .81  1641 .25  8 2 3 6 . 5 3  1640.94 8239.63 1639.72 8240.59 1639 .93  
8246.33 1640 .9  8296.29 1640 .5  8325 .73  1640 .58  8332 .34  1641 .15  8337.05 1641 .66  
8348.82 1641 .2  8366 .1  1640 .88  8368 .86  1640 .74  8381 .74  1639 .96  8389.42 1639.74 
8398.31 1 6 3 9 . 3  8401 .93  1 6 3 9 . 3  8438 .27  1 6 3 9 . 8 1  8455.2  1640 .09  8481.07 1640 .34  
8495.56 1 6 4 0 . 4  8514 .78  1640 .69  8533.24 1640.84 8540 .73  1641 .1  8549.92 1641 .38  
8564.28 1641 .3  8572.39 1641.24 8574 .85  1641 .15  8576 .46  1641.13 8579 .65  1641 .06  
8586.82 1640 .9  8595.78 1640.77 8604 .56  1 6 4 0 . 7 5  8615.97 1640 .88  8623 .73  1640 .95  
8627 .11  1 6 4 1  8636.05 1641 .17  8672.32 1 6 4 1 . 8 6  8672.58 1641 .86  8672.79 1 6 4 1 . 8 6  
8696.12 1 6 4 1 . 8  8706.82 1641 .74  8717 .09  1641 .77  8723.15 1641.92 8733.09 1 6 4 2 . 1 3  
8736.02 1642.2  8774.54 1641.92 8776.05 1641.92 8776 .61  1641.92 8843.88 1641.97 

8860.6  1641 .8  8864.64 1641.82 8886.75 1641 .16  8909.19 1640.94 8913.39 1640 .86  
8925.82 1640 .8  8929 .16  1640 .91  8935 .25  1 6 4 1  8950 .89  1641.39 8957.4 1 6 4 1 . 4 3  

8967.2 1 6 4 1 . 6  8976.69 1641.74 8981.82 1641 .79  8996.76 1641 .86  9030.15 1 6 4 2 . 4  
9043.95 1642.6  9047 1642.64 9047.84 1642 .65  9082.39 1642.34 9090 .1  1642 .38  
9091.86 1642.4  9118.29 1642.34 9185.68 1642.34 9190.98 1642.34 9195.01 1642.32 
9200.15 1 6 4 2 . 3  9212.28 1642.09 9215 .05  1642 .08  9258.42 1642.18 9262.34 1642 .18  
9271.16 1642.2  9283.31 1641 .24  9286.46 1641.02 9294.34 1641.34 9303.36 1641 .65  

9321.3  1 6 4 1 . 5  9321.8  1641 .49  9322.43 1641.47 9332.21 1640 .9  9336.26 1640 .89  
9360.74 1 6 4 0 . 7  9381.89 1641 .08  9392.94 1641.27 9408.74 1641.94 9419.61 1642 .3  
9420.73 1 6 4 2 . 3  9456.15 1642 .33  9457 .21  1642.32 9457.67 1642.32 9481.42 1642.22 

9495 .1  1 6 4 2 . 3  9501.74 1642.24 9523.77 1641 .71  9526.63 1641.7 9533.03 1641.82 
9557.36 1642 .2  9561.39 1642.24 9590.96 1642 .25  9605.38 1642.39 9609.42 1642 .36  
9614.59 1642 .4  9623.2  1642 .33  9623.65 1642.3  9627.17 1642.33 9631.91 1642 .21  
9643.03 1 6 4 2 . 6  9651.84 1642 .61  9651.96 1 6 4 2 . 6 1  9661.95 1642.56 9662.28 1642 .56  
9662.68 1642.5  9667.82 1642.42 9691.93 1641.62 9693.89 1641.75 9706.54 1642 .52  
9718.37 1642 .7  9719.73 1642.66 9719.86 1642 .66  9724.18 1642.69 9737.54 1642.85 
9739.12 1 6 4 2 . 9  9740.58 1642.76 9747.41 1642 .76  9769.8 1642.79 9774.62 1642.8 
9774.69 1 6 4 1 . 4  9778.6  1641 .03  9782.95 1640.96 9790.92 1641.31 9798.17 1640.73 
9816.29 1641.4  9844.6  1642.36 9856.09 1642 .21  9868.37 1642.09 9927.35 1642 .1  

9963.5  1 6 4 2 . 1  9978.34 1 6 4 2 . 0 1  9979.37 1641.98 9980.55 1642.02 9981.8 1 6 4 2 . 0 1  
10010.89 164310027.78 1643.510028.34 1643.5610059.89 1643.3610072.58 1643.28 

FCD 9817 Delineation of Sphay  Flow A N  West, Inc. 
For Signal Butte F l d  Retarding Structure Page 42 July, 1999 
Full Discharge (Q's Modeled Separately) 



Manning's n Values nun= 4 
Sta n Val Sta n Val Sta nVal Sta n Val 

7200.95 .15 8455.2 .068 9769.8 .04510010.89 .068 

.%+ Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
?A . 
-, s : . . . a  

9769.810010.89 430 372.11 425 .1 .3 
. . . . .~ 

< :..,.:, .! .. ~ . . . .. .. 
. . : Blocked Obstructions .: ~. nun= 

, . ... 
1 

. .  , . . 
.. .... Sta L Sta R Elev ... . . : 10791.5810877.77 1643.98 .- . . . . .  .. ~ . . 

~ .. . . ~  
: ... .:. 
: . .  
: .. .~.. j CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/sl 
Max Chl Dpth (ft) 
Conv. Total (cis1 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ftl 

Element 
Wt, n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cis) 
Wetted Per. (ftl 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ftl 
Cum SA (acres) 

Left 03 
0.088 

Channel 
0.045 
372.11 
347.41 
347.41 
1360.55 
241.09 
3.92 
1.44 

14578.0 
242.52 
0.78 
3.05 
37.75 
15.56 

Right 03 

425.00 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(it) 
7200.95 
7843.16 
8485.38 
9127.59 
LB 9769.80 
10010.89 

Right Sta Flow 
(it) (cis) 
7843.16 166.88 
8485.38 2131.96 
9127.59 3380.84 
9769.80 2122.47 
RB 10010.89 1360.55 
10877.77 2146.29 

9 : . 5 -  

.<k J FCD 9817 Delineation of SpiBway Flows 
I :,%k. For Signal Butte Flwd Retarding Stnrcture 
1 ....;;: :: 
I , Full Discharge (as Modeled Separately) 

Area W.P. S Conv. Hydr 0. Velocity 

Page 43 
A 4  Wesf Inc 

July, 1999 



... . '~.  s, 
, . >.: 

-:<;:; 
Ir*.< *, 
",ill> 
-2 .:; 
.I... ~ . .,,, 
..:<.-s ' .>:,;,. 

Warning: D i v i d e d  f l o w  computed for t h i s  c r o s s - s e c t i o n .  
Warning: The  e n e r g y  loss was g r e a t e z  t h a n  1 . 0  f t  (0 .3  n). b e t r e e n  t h e  c u r r e n t  a n d p r e v i o u s  

. c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  cross sections. ,. . . 

CROSS SECTION RIVER: SIGHAL BUTTE 
REACB: SPILLWAY RS: 3.603 

INPUT 
D e s c r i p t i o n :  RM. 3 .603 .  HORZ. N VALUES USED. 

S t a t i o n  E l e v a t i o n  D a t a  n u =  263  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

6861.52 1 6 4 0 . 1  6901.54 1 6 3 9 . 9  6918.66 1639 .7  6924.99 1639.64 6945.38 1639 .76  
6964.26 1 6 3 9 . 7  6972.39 1638 .97  6982.46 1 6 3 8 . 2 3  6986.7  1638 .01  6992.08 1637.97 
7020.87 1637 .5  7040 .23  1 6 3 8 . 8 8  7049.92 1639.57 7 0 8 0 . 8 3  1639 .55  7151 .28  1639.44 
7155.26 1 6 3 9 . 4  7163 .61  1637 .22  7176.7  1633 .93  7 2 1 1 . 2 1  1633.92 7243.5  1 6 3 4 . 1  
7254.81 1636 .7  7267 .71  1639 .12  7275.68 1639.16 7287.8  1638.82 7288.53 1638 .52  

7296.3  1638 .7  7296.77 1 6 3 8 . 7 6  7299.65 1638 .75  7 3 0 3 . 1 1  1638.74 7339.26 1638 .58  
7343.5  1637 .5  7350 .75  1 6 3 5 . 8 4  7358.66 1635 .7  7365.4  1635 .63  7369.87 1635.59 

7379.89 1 6 3 7 . 1  7389.19 1638 .89  7402.65 1638 .45  7427.37 1638.12 7460.96 1638 .75  
7475.8 1 6 3 8 . 7  7477.15 1638 .7  7477 .36  1638 .69  7477 .91  1638 .73  7478.79 1638 .77  

7496.87 1639 .7  7519.93 1639 .57  7577.49 1 6 3 9 . 1 1  7 6 0 9 . 7 5  1638.82 7634 .15  1638 .61  
7662.34 1 6 3 8 . 4  7667 .65  1 6 3 8 . 3 7  7669.95 1638 .42  7 6 8 5 . 9 3  1638.53 7700.97 1638 .73  
7702.66 1 6 3 8 . 7  7711.72 1 6 3 8 . 4 5  7717.11 1 6 3 8 . 1 3  7719.7  1638.14 7751.74 1639 .05  
7793.58 1 6 3 9 . 6  7816.04 1 6 3 9 . 5 5  7828 .8  1 6 3 9 . 5 3  7846.25 1638.03 7853.88 1 6 3 7 . 9  
7875.49 1637.54 7875.5  1637.54 7875.53 1637.54 7891.72 1637.97 7971.17 1636.7  

7995.1  1636 .37  8003.09 1636 .27  8008 .46  1636.34 8028 .24  1636 .41  8044 .65  1636.4  
8108 .91  1636 .24  8120 .91  1 6 3 6 . 4 1  8138.65 1636 .65  8 1 4 0 . 1 6  1636 .61  8150.6  1 6 3 6 . 1  
8167.71 1636  8180.97 1636 .05  8200.69 1637 .74  8205 .42  1633.09 8231.78 1 6 3 7 . 9  
8271.22 1637.82 8308.37 1637 .63  8309 .76  1637.8  8366 .14  1638.32 8414.89 1 6 3 8 . 3  
8425.12 1637 .86  8431 .56  1 6 3 7 . 6 1  8451.64 1637 .58  8459.77 1637.6  8471.29 1 6 3 7 . 5  
8472.42 1637.52 8 4 7 9 . 8 3  1 6 3 7 . 7 1  8480.25 1 6 3 7 . 7 1  8484.55 1637 .71  8485.09 1 6 3 7 . 7  
8491 .96  1637 .56  8503 .41  1637 .56  8536 .42  1637 .77  8539 .99  1637.81 8 5 4 0 . 1  1637 .8  
8540.33 1 6 3 7 . 8 1  8551.04 1637 .89  8554.25 1637.87 8 5 6 3 . 9 1  1637.88 8567.32 1637.8  

8579 .6  1637.99 8585.84 1 6 3 7 . 9 8  8599.08 1 6 3 8 . 1 3  8 6 0 0 . 1 9  1638.13 8603 .31  1 6 3 8 . 1  
8606 .45  1638.19 8610.64 1 6 3 8 . 2 1  8611 .27  1638 .24  8 6 1 2 . 5 3  1638.26 8619.01 1638 .5  
8625.37 1638.77 8627.32 1638 .85  8 6 4 6 . 2 1  1 6 3 8 . 4 6  8728.15 1637.17 8745 .05  1 6 3 7 . 1  
8781.22 1637.26 8792 .82  1637.34 8839.98 1 6 3 7 . 5 8  8842 .1  1637.45 8846.64 1637 .5  
8855.18 1636.89 8860.99 1 6 3 6 . 6  8877 .28  1636.72 8893 .71  1636 .95  8901.88 1 6 3 7 . 1  i i 
8908.32 1637 .38  8918 .41  1637 .7  8923.49 1637 .79  8926.29 1637 .85  8959.38 1637 .9  
9002.63 1637.87 9014.05 1637 .91  9033.63 1638 .12  9048.76 1638 9055 .01  1 6 3 7 . 8  
9057.14 1637 .81  9058.65 1637.82 9060.44 1637 .79  9078.33 1637.59 9080.09 1 6 3 7 . 6  
9126.43 1637 .85  9163.23 1 6 3 7 . 3 1  9170.85 1637 .26  9186.12 1637.18 9211.86 1 6 3 7 . 1  
9230.09 1637.2  9244.22 1636 .99  9271.35 1636.67 9294.25 1636.66 9295.03 1636.6  
9296.94 1 6 3 6 . 6 3  9322.51 1636 .39  9332 .81  1 6 3 6 . 3 1  9347.65 1636.24 9363.32 1636.2  
9369.57 1636.18 9377.64 1636 .15  9378.03 1636 .15  9378.44 1636.15 9389.17 1638.8  

9391.8 1639.37 9400 .41  1637 .75  9405.47 1 6 3 6 . 6 8  9431.66 1637.15 9452.49 1637 .5  
9487.08 1637.94 9505.28 1637 .64  9559 1638 .2  9578.1  1638.37 9580.82 1638.4  
9581.81 1638 .31  9593.35 1637 .58  9603.08 1637 .88  9637.2  1638.03 9655.84 1 6 3 8 . 3  
9672.14 1638 .8  9719.2  1 6 3 9 . 3 5  9734 1639 .48  9752.16 1639.83 9758.36 1 6 4 0 . 1  
9762.22 1640.22 9767 .8  1640 .5  9769.87 1640 .59  9771.67 1640.24 9776.52 1639 .3  
9784.24 1637 .71  9791.91 1638 .19  9801.54 1638 .67  9812.39 1639.22 9843.18 1 6 4 0 . 1  

... 9859.25 1640.33 9864.07 1639 .38  9871.47 1637.89 9884.39 1637.9 9885.31 1637 .9  
9888.64 1637.99 9913.29 1638 .69  9938.22 1 6 3 9 . 2 3  9954.79 1 6 3 8 . 0 2 '  9955.6 1 6 3 8  

.q 9960.87 1 6 3 8 . 0 1  9972.7  1 6 3 8 . 1 6  9976.41 1638.06 9979.55 1637.88 9986.21 1637 .5  
9992.78 1636 .96  9993.74 1636 .88  9994.27 1636.8510007.58 1637.8710012.22 1 6 3 8 . 1  

.j_ $& 
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,.! l :. 
>. .I..... ... ' ..- .,. v " 

.,.,I:< 
9 %?< *<< , . *,., 4 x 4  
:.;&% <<,>> .,i 
r.&$ 
$,?a 
,.:-"' ..;, .. .. 10020.33 1638.1710022.16 1638.110036.98 1639.5210043.62 1640.4810055.28 - ..'.. . 10068.42 1640.0310089.93 1639.8510090.08 1639.8410106.37 1639.1210112.53 
, - .  
., .,.: , ,. 10117.08 1638.6810120.53 1638.5410151.76 1637.1110153.41 1637.1110154.24 
; ; :. :; 
., .> . ., .. . 10169.4 1637.4310179.39 1637.5810182.39 1637.6710185.38 1637.6110199.71 
. . 10206.93 1637.6710209.52 1638.0610236.19 1637.8110246.88 1637.7110255.19 . . ;~. : 

' . 10304.59 1637.6110359.23 1637.610379.67 1637.6910386.83 1637.7310401.85 . .. . . 
' : .  10411.54 1639.510414.43 1639.7410434.12 1638.8210443.35 1638.410443.78 

:. 10449.6 1638.1610450.36 1638.1110462.38 1637.510464.09 1637.3610465.25 
10480.9 1637.9310487.76 1638.1710508.76 1642.1 

. . Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

6861.52 .15 9347.65 .068 9976.41 .04510020.33 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9976.4110020.33 375 374.47 300 .1 .3 

CROSS SECTION OUTPUT 

E.G. Elev (ftl 
Vel Head (it1 
W.S. Elev (ft) 
Crit W.S. (ftl 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (ft) 
Vel Total (ft/sl 
Max Chl Dpth (it) 
Conv. Total (cfsl 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Profile #PF I 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq ftl 
Area (sq it) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq it) 
Stream Power (lb/ft sl 
Cum Volume (acre-it) 
Cum SA (acres) 

Left OB 
0.129 
375.00 
5200.55 
5200.55 
8866.15 
2899.56 

1.70 
1.79 

91618.3 
2903.16 

1.05 
1.79 

1467.54 
823.48 

Channel 
0.045 
374.47 
85.57 
85.57 
426.02 
43.92 
4.98 
1.95 

4402.2 
44.01 
1.14 
5.66 
35.90 ' 

14.34 

Right OB 
0.068 
300.00 
675.18 
675.18 
2016.83 
410.79 

~ .. ..: :.;. 
..:. ;/ 
; Warning: Divided flow computed for this cross-section. 
ii..:. . . _i;.l ...... Warning: The energy loss was greater than 1.0 ft (0.3 ml. between the current and previous 

cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ftl 
6861.52 
7640.24 
8418.96 
9197.69 
LB 9976.41 
10020.33 

Right Sta Flow Area W.P. 
(ftl (cfs) (sq ft) (ft) 
7610.24 1287.09 993.79 652.31 
8418.96 2233.66 1475.54 766.44 
9197.69 2258.95 1495.10 778.83 
9976.41 3086.46 1236.12 705.58 
RB 10020.33 426.02 85.57 44.01 
10508.76 2016.83 675.18 411.36 

f Conv. Hydr D. 
(ft) 

11.38 1.53 
19.75 1.93 
19.97 1.92 
27.29 1.75 
3.77 1.95 
17.83 1.64 

Velocity 
(ft/sl 
1.30 
1.51 
1.51 
2.50 
4.98 
2.99 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCD 98-17 Delineation of SpiRway flows 
For Signal Butte Flood Retarding Stnrdure ". _ . . I  . . . ;  Full Cischarge (Q's Modeled Separately) . .~ ,.,.;:,: . .. . .. 
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CROSS SECTION RIVER: S I -  BUTTE 
1: REACH: SPILLRAY RS: 3.532 

- INPUT 
D e s c r i p t i o n :  RM. 3.532. HORZ. N VALUES USED. 

S t a t i o n  E l e v a t i o n  Da ta  num= 2 8 1  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

6596.9 1 6 3 5 . 6  6605.07 1635 .21  6644.47 1635 .08  6668.86 1634 .95  6695.67 1634 .65  
6725.09 1 6 3 3 . 8  6728.54 1633 .76  6729.66 1633 .73  6773.42 1633.87 6774.39 1633 .86  
6774.76 1633 .9  6835.11 1632 .74  6851.67 1632.86 6906.54 1632 .39  6915.68 1632.44 
6918.01 1632 .5  6926.76 1632.69 6931.88 1632.73 6981.27 1633 .65  7006.17 1633 .71  
7010.35 1633 .8  7015.83 1633.69 7018.74 1633 .81  7 0 2 1 . 1 1  1633 .9  7024.87 1 6 3 3 . 8 6  

7029.1  1633 .8  7037.5  1633 .55  7040.83 1633.49 7042 .18  1633 .45  7045.22 1633 .35  
7048.96 1 6 3 3 . 2  7066.22 1 6 3 3 . 5 8  7089.25 1633 .95  7097 .23  1633 .55  7115.28 1634 .89  
7120.78 1 6 3 5 . 2  7162.52 1634 .84  7172.83 1634 .77  7191 .45  1634 .8  7239.87 1 6 3 5 . 1 5  
7263.79 1 6 3 5 . 3  7298.02 1635 .58  7303.33 1635.69 7364.58 1635 .03  7392.2  1634 .58  
7412.24 1634 .7  7418.88 1634.8  7 4 2 3 . 2 1  1 6 3 4 . 4 3  7 4 3 2 . 3 1  1633.52 7461 .41  1633 .56  
7462.29 1633 .6  7 4 6 2 . 5  1633.58 7462.79 1633 .6  7479.92 1634 .81  7481.99 1634 .78  
7526.14 1634 .7  7558.69 1634.68 7580 .31  1634.37 7630.72 1634.34 7632.37 1634 .33  
7632.53 1 6 3 4 . 3  7633 .63  1634 .32  7697.16 1634 .01  7702 .8  1 6 3 3 . 1 5  7709.09 1632 .29  
7714.87 1 6 3 2 . 3  7738.92 1 6 3 2 . 4 1  7750.9  1634.28 7751 .96  1 6 3 4 . 3 6  7753.27 1634 .33  
7811.97 1634 7846.9  1 6 3 4 . 3  7867.36 1634.24 7924 .03  1634 .19  7954.67 1634 .17  
7969.13 1 6 3 4 . 1  7971 .43  1634 .16  7974 .46  1633 .5  7 9 8 4 . 3 6  1 6 3 1 . 5 3  7990.27 1 6 3 2 . 3  
7994.03 1 6 3 2 . 8  7994.06 1632.79 8 0 1 8 . 6  1632 .77  8080 .89  1632.46 8087.09 1632.74 
8097.25 1 6 3 2 . 3  8102.82 1632 .15  8111 .13  1 6 3 2 . 2 1  8112 .69  1632 .21  8115 .57  1 6 3 2 . 2 3  
8140.33 1632.2  8142.04 1 6 3 2 . 2 3  8146.19 1632 .18  8 1 4 9 . 0 1  1 6 3 2 . 1 5  8150.82 1632 .15  
8155.94 1 6 3 2 . 2  8162 .1  1632 .26  8196.76 1632.74 8198 .49  1 6 3 2 . 7 6  8201.93 1 6 3 2 . 8 3  
8211.62 1633  8232 .35  1633 .59  8244.54 1633.84 8255 .56  1 6 3 4 . 1 1  8273.49 1 6 3 4 . 5 6  
8274.85 1 6 3 4 . 6  8276.54 1634.64 8293.58 1634 .72  8304 .49  1 6 3 4 . 8 3  8311.37 1634.97 
8362.48 1 6 3 5 . 2  8372.76 1635 .3  8381.95 1635 .4  8405 .04  1635.12 8433.15 1634 .59  
8438.83 1634 .5  8439 .8  1634.47 8442 .33  1 6 3 4 . 4 3  8507 .68  1633.96 8520.06 1633 .87  
8520.95 1 6 3 3 . 9  8521.23 1633 .85  8540.28 1632 .96  8544 .04  1633 8565.14 1 6 3 2 . 6 9  
8572.28 1632 .7  8583 .25  1632 .51  8599.27 1633.44 8609 .42  1633 .95  8614 .21  1 6 3 4 . 8 3  
8615.39 1635  8654.77 1634 .65  8 6 5 9 . 3  1634.58 8 6 8 0 . 7 3  1634 .55  8721.04 1634 .59  
8725.15 1 6 3 3 . 2  8725.54 1633 .05  8756.13 1 6 3 3 . 1  8783  1633.2  8802.63 1633 .26  
8821 .78  1 6 3 3 . 3  8837 .2  1632 .29  8845.95 1631.92 8 8 5 7 . 3 9  1632.05 8879.22 1632 .03  
8886.46 1 6 3 2 . 1  8889.27 1632.04 8892.91 1633.4  8893.58 1633 .75  8894.66 1 6 3 3 . 7 5  
8896.58 1 6 3 3 . 8  8903 .91  1633.8  8913.63 1 6 3 3 . 8 3  8923.88 1633.77 8939.84 1634 .01  
8987.35 1634 .2  9005.28 1634.27 9014.14 1634.27 9042.42 1633.97 9075 .3  1633 .92  
9080.22 1633 .9  9094.32 1 6 3 3 . 7 5  9101.12 1633.84 9107 .95  1633.39 9116.55 1632.32 
9122.12 1632.2  9127.44 1632 .18  9164.54 1632.2  9167.88 1632 .29  9173.94 1632 .56  
9181.02 1 6 3 2 . 8  9186.29 1633 .13  9211.66 1633 .25  9230.93 1633 .38  9240.88 1633.47 
9257.59 1633 .6  9269.65 1633.02 9271.91 1633 .06  9283 .23  1632.27 9286.56 1633 .33  

9291.8  1634 .3  9297.86 1634.17 9311.27 1 6 3 3 . 6 6  9322.66 1633 .05  9328.69 1633 .32  
9331.42 1 6 3 3 . 3  9361.95 1633.99 9366.65 1634 .25  9 3 7 4 . 7 1  1 6 3 4 . 6 5  9379.44 1634.87 
9382.85 1 6 3 5 . 1  9389.15 1 6 3 5 . 1 9  9393.83 1635 .21  9435 .85  1635.46 9454.62 1635 .46  
9458.47 1 6 3 5 . 5  9480.68 1635 .36  9480.81 1635 .37  9 4 8 1  1635 .38  9483.47 1 6 3 5 . 3 6  
9490.94 1 6 3 5 . 9  9493.5  1635.93 9494.64 1635.94 9496 .41  1635.82 9497.85 1635.67 

9501.4 1635 .4  9503.73 1635 .46  9506.08 1635.44 9518.12 1635 .58  9532.19 1635 .57  
9572.97 1 6 3 5 . 6  9577.39 1635 .66  9586.36 1635.62 9593.54 1635.56 9599.16 1635 .96  
9605.16 1 6 3 5 . 7  9606.85 1635.08 9613.56 1 6 3 5  9651.71 1634.64 9655.15 1 6 3 4 . 6 1  
9660.51 1 6 3 4 . 6  9662.19 1634.52 9680.36 1633 .21  9681.25 1633.17 9686.52 1633 .23  
9693.08 1633 .4  9694.81 1633 .37  9705.17 1633.11 9719 .19  1636.77 9719.89 1636 .96  

9720.5 1 6 3 6 . 9  9727 .11  1 6 3 6  9733.3 1635 .01  9754.18 1635.62 9776.15 1636 .41  
9776.38 1636 .4  9783.04 1635 .59  9784.85 1635.37 9835.89 1636.29 9839.85 1636 .34  
9851.14 1634 .7  9855.79 1634 .06  9856.34 1634.13 9858 .51  1634.38 9871.02 1635 .79  

FCD 98-47 Delineation of S p M y  Flows 
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Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta nVal 

6596.9 .15 9694.81 .068 9938.79 .04510057.73 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9938.7910057.73 260 371.74 350 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left 0B 
0.148 

260.00 
6454.78 
6454.78 
10461.28 
3243.14 

1.62 
1.99 

103960.5 
3246.83 

1.26 
2.04 

1417.37 
797.04 

Channel 
0.045 
371.74 
139.38 
139.38 
514.05 
118.94 
3.69 
1.17 

5108.4 
119.19 

Right OB 
0.068 
350.00 
134.37 
134.37 
333.67 
111.08 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 i 
Left Sta Right Sta Flow 
(ft) (ft) (cfs) 
6596.90 7432.37 2262.54 
7432.37 8267.84 3613.05 
8267.84 9103.32 2822.78 
9103.32 9938.79 1762.91 
LB 9938.79 RB 10057.73 514.05 
10057.73 10179.06 333.67 

Area W.P. Conv. Hydr D. 
(sq ft) (ft) (ft) 
1523.90 836.13 20.01 1.82 
2018.06 836.19 31.95 2.42 
1740.35 836.30 24.96 2.08 
1172.47 738.20 15.59 1.59 
139.35 119.19 4.55 1.17 
134.37 111.96 2.95 1.21 

Velocity 
(ft/s) 
1.48 
1.79 
1.62 
1.50 
3.69 
2.48 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCD 9817 Delineation of Sp;lhvay Flows 
For Stanal Butte Flood Retardina Structure 
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(IROSS SECTION RIVER: SIGNAL BUTTE 
REACB: SPILLWAY RS: 3.462 

, . a  . ,. .* ..,:, ~ 

,.. i' ,';'< 
. INPUT _. 

. .. D e s c r i p t i o n :  RM.3.462. HORZ. N VALUES USED. HYDWLULIC BASELINE CROSSES NEAR SIGNAL BUTTE 
. . . ~.. RD. 

; . ~  . 
. . 

S t a t i o n  E l e v a t i o n  Da ta  num= 268 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

6404.21 1633 .9  6418.29 1634 .05  6426.22 1633.99 6435 .65  1633 .85  6456.77 1633 .66  ~ ~ 

6466.46 1 6 3 3 . 6  6483.24 1 6 3 3 . 1  6489.29 1633.06 6493.32 1633 .37  6496 .1  1632 .72  
6501.79 1 6 3 2 . 6  6511.26 1632.77 6518 .61  1632.99 6522.99 1633 .01  6538.14 1 6 3 2 . 9 1  
6544.98 1632 .8  6572.22 1 6 3 2 . 3 1  6576.07 1632.29 6626.13 1632.44 6632.21 1632 .5  
6642.48 1 6 3 2 . 3  6700.68 1631.44 6711 .26  1631.4  6729 1631 .31  6737.54 1631 .66  

-. 6780.36 1632 6800.54 1 6 3 1 . 6 6  6807.39 1632.21 6815 .99  1630.23 6819 .01  1629.57 
6819.59 1 6 2 9 . 6  6822 .95  1629.94 6825 .1  1630 .13  6844 .59  1629.89 6846.73 1629 .85  
6847.41 1629 .8  6849.82 1 6 3 0 . 0 8  6863 .59  1631 .94  6895.68 1631.53 6912 .25  1631.34 
6925.63 1 6 3 1 . 3  6948 .21  1631 .31  6983 .31  1631 .33  7053.54 1631 .5  7110.79 1631 .78  
7115.27 1631 .8  7163.13 1631.88 7163.34 1631.88 7163.45 1631.88 7163.58 1631.88 
7164.14 1631 .9  7205 .11  1631 .59  7231 .79  1631 .53  7 2 4 6 . 9  1631 .4  7267.24 1631 .41  

7288.4  1631 .5  7299.99 1631.46 7335.99 1631.52 7 3 3 9 . 8 1  1631.53 7379.14 1631 .25  
7404.45 1631 .2  7416 .91  1631 .29  7 4 5 3 . 0 1  1630 .97  7491 .86  1631.44 7520.16 1631.54 
7537.29 1 6 3 1 . 3  7565 .05  1630 .52  7565.74 1630 .52  7571 .59  1630 .53  7593 .21  1630 .57  
7596.72 1 6 3 0 . 6  7598.53 1 6 3 0 . 6 6  7610 .01  1631 .18  7613.12 1631 .17  7615 .83  1631.37 
7678.18 1 6 3 1 . 5  7737 .93  1631.52 7780 .99  1631.33 7818.56 1630 .95  7850.35 1630 .88  
7864.79 1630 .5  7889 .38  1630.29 7894 .05  1629.16 7898.23 1628 .59  7906 .89  1 6 2 9 . 8 3  
7908.26 1630 7957.42 1629 .83  7971.76 1629 .8  7 9 7 6 . 6  1629.89 8007.48 1630 .55  
8008 .83  1 6 3 0 . 6  8011.14 1630 .49  8 0 2 0 . 1  1630.17 8 0 3 7 . 7  1630.52 8051.65 1630.77 
8062.81 1 6 3 1 . 1  8069 1 6 3 1 . 2 8  8073 .79  1631.39 8091 .14  1631 .68  8107 .81  1 6 3 1 . 9 1  
8160.24 1 6 3 2 . 2  8171 .11  1632 .34  8192.38 1631 .92  8193.4  1631 .89  8211 .05  1631.94 
8284.95 1 6 3 2 . 1  8294 .58  1631.04 8 3 0 0 . 3 1  1630 .53  8301.89 1630 .56  8336 .73  1 6 3 0 . 9 5  
8341 .11  1 6 3 0 . 9  8342 .32  1 6 3 1 . 1  8343.49 1631 .15  8345 1631 .23  8354 .85  1631 .88  
8376.24 1632 8387.05 1 6 3 2 . 1  8403 .77  1632.27 8412.43 1632.32 8423.38 1632.39 
8445.87 1632 8473.67 1632 .25  8480 .66  1632.24 8480.98 1632.12 8487.56 1630 .21  
8488.71 1630 .2  8491.12 1630.22 8560.27 1630.42 8590 .31  1 6 3 0 . 2 1  8594.04 1630 .19  
8596 .63  1 6 3 0 . 1  8606 .51  1629 .24  8606 .96  1629.23 8635.13 1629.42 8639.06 1628.89 
8640.65 1628 .9  8642 .14  1 6 2 8 . 9 6  8646.52 1 6 2 9 . 5 6  8677.75 1 6 2 9 . 8 1  8681 .23  1630 .16  
8688.42 1 6 3 1 . 3  8690 .31  1631 .34  8695.63 1631.37 8700.63 1631 .38  8703.24 1631 .37  

8744.8 1631.7  8759.95 1 6 3 1 . 6 5  8774 .1  1631.69 8778.76 1631 .68  8807.14 1631 .49  
8820.34 1631.4  8851.88 1631 .26  8855.04 1631 .25  8864.13 1631.12 8872.58 1630 .23  
8875.87 1629 .9  8886 .1  1629 .87  8891.03 1629.89 8896.65 1629 .96  8920.22 1629.87 
8923.43 1629 .9  8940 .81  1 6 3 0 . 1  8944.45 1630.14 8945.68 1630 .16  8948 .2  1630 .23  
8988.99 1 6 3 0 . 3  8997.55 1630 .23  9013.63 1630.16 9053.58 1629.58 9055.99 1630 .14  
9059.71 1631 .5  9081.41 1 6 3 1 . 5 3  9088.21 1631 .67  9111.03 1632.23 9144.49 1631 .88  
9172.64 1 6 3 1 . 6  9180 .98  1631 .57  9186 .06  1630 .41  9186.81 1630 .29  9189.94 1 6 3 0 . 3 5  
9220.96 1 6 3 1  9222.42 1630.97 9227.47 1631 .53  9232 .06  1632 .08  9250.24 1631 .93  
9280.64 1631 .7  9286.95 1631 .63  9316.12 1631 .73  9316.14 1631 .73  9316.29 1631.74 
9316.47 1631 .7  9332.8  1631 .48  9352.27 1630 .96  9354.59 1630 .9  9356.06 1630 .86  
9376.42 1 6 3 1  9385.31 1631 .07  9398.73 1631.36 9403.58 1631 .43  9406.84 1631.52 
9415.05 1 6 3 1 . 5  9415.9  1631 .55  9416 .3  1631.55 9425.53 1631.68 9426.17 1631.68 
9426.74 1631.7  9427.08 1631 .68  9427.42 1631.68 9436.46 1631.67 9444 .1  1631 .65  
9455.53 1 6 3 1 . 6  9468.68 1631.59 9484.74 1631.37 9488.29 1631.44 9495.1 1631.64 
9506.08 1631.9  9513.37 1632.09 9513.75 1632.09 9520.53 1632.12 9523.15 1632.14 

9532.7 1632.2  9546.05 1 6 3 2 . 2 5  9554.45 1632.26 9555.86 1632.29 9569.92 1632.7 
9576.78 1 6 3 2 . 9  9585.46 1632 .97  9591.22 1 6 3 3 . 0 1  9630.2 1632.38 9669.99 1633.26 

9678 .1  1633 .2  9705.44 1632 .89  9726.82 1632 .55  9742.94 1632.52 9745.35 1632 .68  
9752.31 1 6 3 3 . 2  9772.7  1632.22 9785.42 1631 .71  9795.56 1631.39 9796.63 1631 .21  

FCD 98-17 Delineation ofSpillway Flows A-N West. Inc. 
For Signal Butte flood Retarding Sbudure Page 48 July, 1999 
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Manning's n Values num= 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

6404 .21  . 1 5  9822 .61  .068 9941 .71  .045 10073 .3  .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
9941 .71  10073.3  400 399.38 400 .1 . 3  

CROSS SECTION OVTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl 4 t h  lft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
MinChEl (it) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. lit) 
Flow Area Isq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.150 

400.00 
6319.16 
6319.16 
9115.68 
3463.12 

1 . 4 4  
1 . 8 2  

95362.0 
3465.55 

1 . 0 4  
1 . 5 0  

1379 .24  
777 .02  

Channel 
0 . 0 4 5  

399.38 
358.20 
358 .20  

2193.09 
1 3 1 . 5 9  

6 .12  
2 .72  

22942 .6  
1 3 2 . 6 0  

1 . 5 4  
9.44 

3 2 . 8 1  
1 2 . 5 7  

Right OB 
0.068 

400.00 
0 .54  
0.54 
0 .23 
5 . 8 8  
0 .42  
0 . 0 9  

2 . 4  
5 .88 
0 . 0 5  
0 . 0 2  

97.09 
68 .96  

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 1 
Left Sta Right Sta 
(it) (ft) 
6404.21 7288.58 
7288.58 8172.96 
8172.96 9057.33 
9057.33 9941 .71  
LB 9941.71 i13 10073 .30  
10073.30 10167.53 

Flow 
(cfsl 

1 5 5 7 . 3 3  
3060 .93  
3333.58 
1163 .85  
2193.09 

0 . 2 3  

Area 
(sq 'it) 
1 2 5 7 . 9 3  
1954 .08  
2057.22 
1049 .93  

3 5 8 . 2 0  
0.54 

W.P. 
(ft) 

810.60 
884 .73  
885.26 
884.96 
1 3 2 . 6 0  

5 . 8 8  

3 Conv. Hydr D. 
lft) 

13 .77  1 . 5 5  
27 .07  2 . 2 1  
29.48 2 . 3 3  
1 0 . 2 9  1 .19  
19 .39  2 .72 

0 .00 0 . 0 9  

Velocity 
I ft/s 1 

1.24 
1 .57  
1 .62  
1.11 
6 .12  
0 .42 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCD 9517 Delineation of Spilhvay Flow 
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CROSS SECTION RIVER: SIGNAL BUTTE 
. REACB:SPILLWAY RS: 3.386 

, . .. .l . :. . 
>,.a;;,. 
. INPUT 
. D e s c r i p t i o n :  RM. 3.386. BLOCKED INEFF. FLOW AREA USED BELOW EL.1626 AND BETWEEN STA.8450 MID .. s 

. 8670 TO BLOCK OUT RET.BASIN. HORZ. N VALUES USED. . . 

S t a t i o n  E l e v a t i o n  D a t a  num= 296  
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

6177.65 1630 .6  6204.47 1630.4  6260.31 1630.17 6315.77 1629.94 6331 .51  1629.98 
6340.18 1 6 2 9 . 9  6363.04 1629.74 6384.72 1629.57 6386 .61  1629.44 6396.67 1628.86 
6398.19 1629  6405.25 1629 .35  6418.88 1629 .36  6424.03 1629.49 6439.84 1629.48 
6444.11 1 6 2 9 . 3  6445.73 1629 .35  6466.06 1629 .33  6469.69 1629 .33  6472.94 1629.32 
6488.93 1 6 2 9 . 3  6513.31 1 6 2 9 . 3 1  6549.51 1629.09 6552.17 1629.21 6556.68 1628.85 

6560.8 1628 .5  6564.53 1 6 2 8 . 1 8  6576.77 1628 .23  6593.83 1628 .29  6599.27 1 6 2 8 . 1 3  
6600.28 1 6 2 8 . 1  6606.04 1628.12 6644.15 1628.44 6676.2  1628.68 6694.83 1628.53 
6697.96 1628 .5  6700.59 1628 .48  6700.88 1628 .48  6701.02 1628.48 6702.66 1628.48 
6708.15 1628 .5  6742.99 1626 .98  6775.67 1 6 2 6 . 8 1  6777.22 1627.07 6784.54 1627 .11  
6807.17 1 6 2 7 . 4  6807.4 1627 .39  6810.27 1627.68 6815.41 1628 .13  6818.18 1628.14 
6880.59 1 6 2 8 . 6  6901 .75  1628.68 6906.97 1 6 2 8 . 6 8  6911.28 1628 .71  6920.24 1628.54 
6938.68 1 6 2 8 . 3  6972.89 1 6 2 8 . 2  6973.53 1628 .23  6975 .15  1628 .31  6979.3  1 6 2 8 . 5  

6980.9  1 6 2 8 . 5  6982.29 1628.48 6984.3  1628 .43  6987 .91  1628 .23  6988.65 1628 .23  
6991.02 1628 .2  6993.33 1628 .26  7019.08 1628.54 7020.62 1628.55 7023 .28  1 6 2 8 . 5  

7025.4  1628 .4  7027.26 1628 .42  7029.37 1628.36 7032 .31  1628.34 7048.79 1628.16 
7108.89 1627 .9  7122.96 1627 .92  7127 .19  1627 .93  7140.2  1627.9  7155 .55  1627 .9  
7190.99 1627 .7  7192.62 1627.62 7195.67 1 6 2 7 . 4  7199.9  1627 .42  7232.49 1627 .23  
7235.31 1627 .2  7237.09 1627 .35  7241 .73  1627 .75  7245.57 1628 .08  7250.45 1628 
7346.36 1 6 2 7 . 1  7363.33 1626 .94  7374.54 1626 .83  7404.18 1626 .63  7406 .93  1 6 2 6 . 6 1  
7413.29 1626 .9  7 4 1 5 . 5  1 6 2 6 . 9 8  7416.97 1627 .05  7443.77 1626.92 7446.86 1626.88 

7448.7 1626 .9  7453 .8  1 6 2 6 . 6 3  7483.96 1626.74 7534.75 1626.72 7561.67 1626 .95  
7579.65 1 6 2 6 . 9  7585.28 1627.2  7594.97 1626 .69  7599.74 1626.46 7608 .23  1626.48 
7625.04 1 6 2 6 . 3  7627.27 1 6 2 6 . 3 1  7630.02 1626 .29  7636.12 1626.27 7643 .68  1626.27 
7648.72 1 6 2 6 . 2  7649 .38  1 6 2 6 . 2 6  7650 .1  1626 .28  7651.62 1626.36 7652 .53  1626 .37  
7 6 6 4 . 9  1626 .8  7665.29 1626.77 7671.62 1626.77 7700.23 1627 .13  7767.55 1628 .11  
7791.94 1 6 2 8 . 2  7846.52 1628 .41  7849.79 1628.4  7895 .45  1 6 2 8 . 3 5  7923.69 1628 .44  
7926.05 1628.4  7929.13 1628 .45  7931.62 1628 .43  7932.81 1628.44 7941 .2  1628 .43  
7942.09 1628 .4  7978.67 1628 .43  7998.02 1628 .42  8000.07 1628 .67  8001 .54  1 6 2 9 . 2 8  

8002 .1  1629 .4  8004.84 1628 .95  8005.47 1628 .78  8020.09 1628 .21  8029.42 1628 .41  
8034.23 1 6 2 8 . 6  8036.79 1628 .78  8073.09 1 6 2 9 . 0 1  8091.74 1629 .03  8112.78 1629.07 
8157.07 1628 .2  8159.09 1628 .19  8159.95 1628 .18  8162.27 1628.11 8217.42 1627.94 
8226.28 1 6 2 7 . 9  8227.45 1627 .93  8236 .42  1627.88 8261.2  1627.65 8300.28 1627.2  
8308.24 1627 .7  8311.77 1 6 2 7 . 9 5  8314.65 1627.9  8319.88 1627.92 8323.54 1628.03 
8361.12 1 6 2 8 . 3  8367.22 1 6 2 8 . 3  8405.92 1628 .48  8411.82 1628 .23  8426.19 1626.21 
8450.12 1622.4  8460 .1  1622 .57  8470.24 1622.72 8524 .36  1623 .61  8534.46 1623.76 
8573.34 1624 8577.18 1 6 2 4 . 0 1  8598 .91  1623.76 8600 .83  1623.58 8 6 2 1 . 5  1623.18 
8631.49 1 6 2 3  8635.98 1623 .8  8649 .33  1626 .25  8652 1626.26 8672.94 1626.33 
8678.95 1 6 2 6 . 3  8708.17 1626 .28  8713.26 1626.52 8720.27 1626.82 8744.55 1627.47 
8746.27 1627.5  8747.66 1627 .53  8748 .13  1627.53 8750.79 1627 .5  8772 .03  1627 .05  
8783.39 1627 8 7 9 4 . 1  1 6 2 6 . 9 1  8795.95 1626.9  8806.79 1627 .01  8814.11 1627.03 
8825.45 1 6 2 7 . 1  8834 .11  1627 .13  8841.84 1627.14 8846.75 1627.1  8872 .11  1627 .11  
8875.97 1 6 2 7 . 3  8877.92 1 6 2 7 . 4 1  8890.17 1628 .06  8905.85 1628.94 8914.2  1628.94 
8917.39 1 6 2 8 . 8  8922.98 1628 .66  8929.36 1628.37 8948.54 1627.53 8949.37 1627.49 
8949.49 1 6 2 7 . 5  8949.64 1627 .48  8949.77 1627.48 8971.82 1627.54 8984.69 1627.73 
8993.18 1628  9003.19 1628 .28  9040 .1  1628.36 9057.89 1628.47 9073.89 1628.56 

9088.7 1 6 2 8 . 7  9089.43 1628 .6  9107.24 1628.7 9121.77 1628.8 9125.55 1629.72 
9128.4 1 6 3 0 . 3  9136.86 1630 .31  9156.57 '1630.36 9162.46 1630.41 9201.12 1630.64 

9221.99 1 6 3 0 . 3  9230.56 1630 .25  9232 .3  1629.63 9233.3  1629.29 9234.82 1629.1  

FCD 9817 Delineation of Spilhvay Flows A-N West, Inc 
. . . For Signal BuUe Road Retarding Structure Page 50 July, 1999 
.. .:,-, 

. Full Discharge (Q's Modeled Separately) . . , . 
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Manning's n Values num= 4 
Sta n Val Sta n Val Sta nVal Sta n Val 

6177.65 .15 9480.83 .068 9967 .41  ,04510076.89 .068 

. . ,&j Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
-i- . : . . .. .".., .. 9967.4110076.89 450 404.63 380 .1 .3 
'.' ".. : 

> .": . :: ... . . .. . -. / . ... Ineffective Flow nun= 
. :.. '. 

I 
,. : . .  . ~ . .  . ,. Sta L Sta R Elev 
. . .  . 7. ij.: . . . . .  8470 8670 1626 
i. :- .. ....,. ~. . , : :  

.'<.. :...; , CROSS SECTION OUTPUT Profile #PF 1 . .. . . ,.. . .. .  . 

E.G. Elev (it) 
Vel Head iftl 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (it) 
Vel Total (ft/s) 
Max Chl Dpth (it1 
Conv. Total (cfs) 
Length Wtd. (it1 
Min Ch El (ft) 
Alpha 
Frctn Loss (ftl 
C & E LOSS (ftl 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfsl 
Top Width (it) 
Avg. Vel. (ft/sl 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear ilblsq it) 
Stream Power (lb/ft s) 
Cum Volume (acre-it) 
Cum SA (acres) 

Left 0B 
0.150 

450.00 
6499.59 
6499.59 
9985.92 
3098.19 

1 .54  
2.10 

111131.4  
3100.02 

1 .06  
1 .62 

1320 .39  
746 .90  

Channel 
0 .045  

404.63 
255.20 
255.20 

1322.38 
108.46 

5 .18 
2 .35  

14716.6  
110.58 
1.16 
6.03 

30 .00  
11 .47  

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile $PF 1 

Left Sta 
(ft) 
6177.65 

. . . . .  7125.09 
. . . . . . 
. - 8072.53 

, . . . 9019.97 
. . .. LB 9967.41 

,,>. :. .. .: 10076.89 

Right Sta Flow 
(it) (cfsl 
7125.09 1163.33 
8072.53 3265.47 
9019.97 5348.19 
9967.41 208.93 
RB 10076.89 1322.38 
10228.10 0.70 

FCD 9817 Mineation of SpilENay Flows 
For Signal Butte Flood Retarding Sbudure Page 51 

..>a'k .> &,.ri Full Discharge (a's Modeled Separately) 
..>?..>., .,~*;: 
, ,. ... 

W.P. 
(it) 

782.33 
947.80 
948.37 
421.51 
110.58 

26.55 

8 Conv. Hydr D. Velocity 
(ftl (ft/sl 

10.29 1 .40 1 .06 
28.87 2 .32 1.48 
47.29 3.12 1.81 

1 .85 0.58 0.85 
11.69 2 .35 5.18 

0 .01  0.08 0.35 

A-N West. Inc. 
July, 1999 
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Warning: Divided flow computed for this cross-section. 
' . Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
s . ; 

. . ,., cross section. This may indicate the need for additional cross sections. . ., :,. '. 
, . ,  

i i  . . .... , .. ~. . .,. :. . . . . . CROSS SECTION 
. .. 

RIVER: SIGN?& BUTTE 
. . .  . . REACH: SPILLWAY RS: 3.310 

INPUT 
Description: RM. 3.310. HORZ. N VALUES USED. 

Station Elevation Data nun= 254 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

6115.85 1625.1 6163.39 1625.02 6222.58 1624.92 6254.16 1624.83 6273.71 1624.88 
6273.86 1624.9 6274.38 1624.94 6282.2 1625.7 6289.84 1626.31 6294.82 1626.37 
6297.08 1626.4 6305.68 1625.78 6313.85 1624.83 6315.75 1624.79 6335.86 1624.76 

6346 1624.9 6357.24 1624.96 6357.43 1624.97 6385.06 1625.02 6434.59 1624.81 
6463.77 1624.8 6477.93 1624.64 6521.21 1624.34 6521.41 1624.34 6531.86 1624.32 
6545.05 1624.2 6562.22 1624.3 6564.21 1624.37 6565.45 1624.47 6567.33 1624.59 
6569.23 1624.7 6577.1 1625.22 6595 1624.93 6671.72 1624.23 6675.85 1624.23 
6677.39 1624.2 6684.65 1624.18 6727.29 1624.25 6739.74 1624.11 6744.92 1624.04 
6749.5 1623.7 6768.56 1623.42 6769.93 1623.86 6777.98 1624.07 6780.17 1624.04 
6785.35 1623.9 6791.23 1624.17 6791.55 1624.17 6793.22 1624.17 6794.1 1624.17 
6796.53 1624.2 6822.13 1624.16 6833.62 1624.15 6839.54 1624.19 6844.07 1624.18 
6884.4 1623.7 6890.07 1623.66 6892.76 1623.61 6893.87 1623.61 6894.66 1623.6 
6895.31 1623.6 6895.74 1623.6 6899.01 1623.56 6899.16 1623.56 6900.51 1623.56 
6916.13 1623.5 6958.36 1623.44 6961.04 1623.38 6969.36 1623.16 6978.68 1623.32 
7001.12 1623.5 7007.79 1623.81 7013.57 1624.01 7030.17 1623.97 7060.38 1624 
7089.57 1623.7 7148.3 1623.53 7165.42 1623.39 7180.11 1623.36 7180.6 1623.3 
7188.58 1622.3 7208.27 1622.34 7219.88 1622.48 7227.13 1622.76 7230.1 1622.85 
7251.73 1623.2 7258.44 1623.32 7263.33 1623.38 7303.1 1623.61 7384.27 1623.93 
7412.28 1623.8 7421.69 1623.7 7427.49 1623.68 7433.65 1623.75 7489.82 1624.15 
7495.88 1624.2 7498.5 1624.18 7518.97 1624.46 7539.69 1624.46 7592.31 1624.31 
7610.88 1624.3 7615.44 1624.29 7629.44 1624.24 7667.49 1624.17 7685.4 1624.03 
7733.46 1623.7 7742.59 1623.71 7757.65 1623.83 7772.01 1623.99 7786.31 1624.05 
7796.14 1624.2 7821.12 1624.34 7838.02 1624.4 7859.11 1624.55 7927.05 1623.98 
7944.24 1623.9 7978.01 1624.29 7978.15 1624.25 7985.17 1623.26 8022.94 1624.22 
8026.69 1624.3 8050.54 1624.18 8096.53 1623.78 8164.93 1623.76 8195.62 1623.89 
8215.25 1624 8272.78 1624.26 8276.63 1624.18 8291.77 1623.93 8317.31 1623.52 1 
8333.46 1623.1 8350.5 1623.14 8394.21 1623.22 8410.17 1623.21 8411.51 1623.31 
8432.94 1624.1 8437.62 1624.17 8440.78 1624.15 8471.85 1623.74 8473.81 1623.76 I 
8478.82 1.623.8 8482.02 1623.66 8542.26 1623.9 8557.17 1623.79 8559.16 1623.73 
8561.39 1623.8 8571.07 1623.73 8632.74 1623.52 8689.2 1623.89 8702.66 1623.94 
8721.65 1623.9 8791.57 1624.14 8801.64 1624.22 8808.8 1624.17 8832.63 1624.53 
8835.66 1624.5 8876.08 1624.64 8876.87 1624.64 8884.9 1624.71 8891.17 1627.27 
8891.81 1627.4 8893.69 1626.85 8899.94 1625.05 8902.11 1625.02 8909.46 1624.78 
8927.51 1624.6 9022.01 1623.99 9024.96 1623.96 9030.07 1623.58 9038.88 1622.91 
9051.26 1623.8 9060.35 1624.66 9063.16 1624.72 9070.01 1624.62 9105.63 1624.87 
9107.19 1625 9109.11 1625 9122.21 1625.13 9125.44 1624.81 9131.25 1624.18 
9141.29 1624.5 9148.38 1624.75 9164.93 1625.33 9278.35 1626.44 9283.64 1626.48 
9290.82 1626.5 9302.33 1626.63 9402.15 1627.32 9415.03 1627.45 9422.46 1627.18 
9434.5 1626.8 9448.38 1626.43 9452.69 1626.31 9467.3 1626.77 9474.83 1627 
9478.35 1627 9521.06 1626.74 9571.17 1626.81 9639.77 1626;36 9642.6 1626.33 
9643.01 1626.3 9643.41 1626.32 9649.5 1626.32 9758.49 1626.17 9790.28 1626.17 
9835.07 1626.5 9873.52 1626.68 9878.4 1626.56 9884.11 1626.48 9894.82 1626.29 
9897.54 1626.2 9938.09 1625.87 9950.84 1629.16 9951.34 1629.3 9951.9 1629.3 
9960.05 1629.3 9973.23 1625.01 9986.23 1620.77 9993.8 1620.89 10012.1 1621.2 ... .>::g 
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Manning's n Values n u =  6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

6115.85 .15 7303.1 .1 8571.07 .15 9070.01 .O68 9973.23 .045 
10046.39 .068 

Bank Sta: Left ' Right Lengths: Left Channel Right Coefi Contr. Expan 
9973.2310046.39 380 395.59 410 .1 .3 

CROSS SECTION OUTPUT 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (it) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cis) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (it) 
Conv. Total (cis) 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C h E Loss (£ti 

Profile #PF 1 

1626.01 Element 
0.16 Wt. n-Val. 

1625.86 Reach Len. (ft) 
1625.31 Flow Area (sq ft) 
0.009804 Area (sq ft) 
11309.00 Flow (cis) 
3144.29 Top Width (it) 

2.03 Avg. Vel. (ft/s) 
5.09 Hydr. Depth (ft) 

114213.1 Conv. (cfs) 
381.60 Wetted Per. (it) 
1620.77 Shear (lb/sq ft) 

2.45 Stream Power (lb/ft s) 
3.85 Cum Volume (acre-it) 
0.02 Cum SA (acres) 

Left OB 
0.120 
380.00 
5365.19 
5365.19 
9729.38 
3075.70 

1.81 
1.74 

98260.0 
3077.63 

1.07 
1.93 

1259.10 
715.01 

Channel 
0.045 

Right OB 
0.068 
410.00 
0.02 
0.02 
0.00 
2.51 
0.09 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Riqht Sta Flow Area W.P. % Conv. Hydr D. Velocity 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FCD 9817 Delineation of Subva~ Flows 
For Sgnal Butte Flood ~ e t a ' r d i n ~  Sbudure 
Full Discharge (0's Modded Separately) 

A-N West, Inc. 
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CROSS SECTION RIVH(: SIGNAL BUTTe 
REACB: SPILLWAP PS: 3.235 

INPUT 
D e s c r i p t i o n :  RM. 3.235.  HORZ. N VALUES USED. 

S t a t i o n  E l e v a t i o n  Da ta  nun= 270 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

5901.57 1621 .9  5921.29 1621 .96  5997.74 1621.34 6015.78 1621.24 6023.78 1621 .43  
6029.98 1621 .6  6033.72 1621.62 6036 .81  1621.43 6057.18 1621 .25  6064.42 1621.14 
6065.64 1621 .2  6072.28 1621 .6  6084.26 1622 .31  6105.56 1621.93 6118.31 1621.72 
6160.44 1 6 2 1 . 3  6198.56 1620 .86  6205.85 1620 .8  6229 1620 .58  6232 .43  1620 .55  
6240.13 1 6 2 0 . 7  6250.7 1620 .99  6253.67 1621.08 6258.59 1621.04 6264.34 1621.04 
6284.14 1 6 2 1  6284.57 1 6 2 1 . 0 3  6324.09 1620 .91  6372.44 1620.72 6406.78 1620 .8  
6418.67 1 6 2 1  6423.44 1620 .86  6434.87 1621.07 6451.63 1621.52 6460.2 1 6 2 1 . 4 8  
6514.73 1621 .6  6598.11 1 6 2 1 . 6  6621.62 1621 .16  6674.16 1620.54 6690.71 1 6 2 0 . 3  
6704.02 1620.2  6704.17 1 6 2 0 . 2 1  6728 .51  1620 .35  6754 .71  1620.49 6765.55 1620 .32  
6766.65 1620 .4  6775.01 1621 .18  6775.09 1621.18 6775 .15  1621.18 6776.51 1 6 2 1 . 2 1  
6787.78 1621.4  6788.33 1621 .41  6788.84 1621.39 6792.08 1621  6798.28 1619 .73  
6825.23 1619 .8  6825.66 1619 .95  6826 .9  1619.92 6830.64 1619.64 6831.94 1620 .05  
6835.39 1620.2  6848.24 1 6 2 0 . 6  6871.98 1620.37 6893.6  1620.13 6907.02 1620 .11  
6913.53 1 6 2 0 . 1  6940.25 1619 .53  6959 .27  1619.19 6975.35 1619.67 6996.51 1620 .49  
6998.21 1620 .5  7004.36 1620 .65  7 0 1 3 . 8 8  1620.69 7045.23 1621 .09  7049.32 1621.14 

7081 .5  1 6 2 0 . 3  7091.26 1620.07 7102 .15  1619.89 7132.2 1619 .5  7153.56 1619 .39  
7155.13 1619.4  7181.14 1 6 1 9 . 1 1  7191 .84  1 6 1 9 . 2  7231.53 1619.43 7235 .48  1 6 1 9 . 4 5  
7236.17 1619 .5  7339.52 1620 .48  7356.16 1 6 2 0 . 5  7387.54 1619.78 7394 .55  1619 .63  
7395.82 1619 .6  7402.51 1620 7 4 0 6 . 7 3  1619 .95  7 4 1 2 . 6 1  1619.93 7454 .31  1620 .07  
7454.96 1620 7461.58 1620 .02  7467.4  1620 .16  7521.92 1620 .51  7 5 9 5 . 3  1620.38 

7794.36 1 6 2 0 . 3  7811.08 1620.27 7821 .71  1 6 2 0 . 2 3  7845 .33  1620 .11  7857.06 1620 .15  
7886.72 1620.2  7927.37 1620 .26  7954.02 1620 .51  7980.24 1620 .87  7986 .96  1620 .84  
8005.24 1620 .9  8066.49 1 6 2 1 . 0 1  8070.12 1 6 2 1 . 0 1  8071.27 1 6 2 1 . 0 1  8073 .59  1621.02 
8086.67 1620.7  8138.22 1619 .48  8150 .44  1619 .49  8154.64 1619.5  8182.27 1 6 1 9 . 5 5  
8 1 9 0 . 2 1  1619 .5  8212.48 1619.32 8217 .96  1619 .15  8251.52 1 6 1 9 . 4 5  8276 .13  1619 .38  
8302.42 1619 .5  8309 .23  1619 .59  8429 .25  1619.42 8432 .31  1619 .42  8432 .81  1619.42 
8433.92 1619.4  8438.74 1619 .43  8562.74 1619 .83  8590.46 1620 .3  8 6 3 9 . 9 1  1620 .75  
8645.27 1620 .8  8656 .61  1620 .95  8673.22 1 6 2 1 . 6 1  8685.62 1 6 2 1 . 6 5  8731.18 1621 .9  
8735.19 1621 .9  8757.56 1 6 2 1 . 2 1  8793.05 1620.62 8796 .13  1620.59 8801.72 1620 .56  
8841.23 1620 .4  8876.4  1621 .37  8936 .13  1621 .35  8993.97 1621.37 8996.93 1621 .35  
8997.92 1621.4  8998.54 1621 .38  9000 .21  1621 .38  9002 .11  1621.38 9049.22 1621.59 
9051.59 1 6 2 1 . 6  9057.13 1621.72 9061.02 1621 .8  9091.89 1622 .75  9109.55 1622 .88  
9137.11 1623  9147.52 1622.89 9155.03 1622 .98  9 1 6 3 . 5 1  1623.09 9269.31 1624 .08  
9325.02 1 6 2 4 . 6  9349.84 1 6 2 5 . 0 7  9349.87 1625.07 9349.97 1625.07 9372.56 1623 .91  
9373.53 1 6 2 3 . 9  9384.46 1624 .48  9387.57 1624.75 9393.22 1624.74 9508.46 1623.97 
9516.32 1 6 2 3 . 9  9528.31 1623 .74  9628.03 1622.79 9661.68 1622 .6  9710.7 1 6 2 2 . 7 5  

9727.9  1622 .7  9728.74 1622 .72  9729 .35  1622.72 9747.6  1622.77 9817.83 1622 .73  
9867.18 1622 .7  9882.34 1622 .75  9887.34 1622.83 9903.85 1623.12 9951.2 1624 .19  
9965.45 1624.4 9972.67 1624.77 9982.97 1621.36 9990.18 1618.9910000.25 1618.92 

10003.15 1618.910005.35 1618.8910014.71 1619.1610017.03 1619.0710030.43 1 6 2 3 . 8 1  
10035.08 1625.310038.45 1625.4110045.59 1625.5310048.52 1625.6210055.12 1624.38 
10059 .06  1623.210071.94 1623.310092.29 1623.3410102.73 1623.3110115.51 1623 .37  
10123.62 162210129.22 1620.9510142.89 1622.2510143.04 1622.2610143.09 1622.26 
10151.93 1622.610157.18 1622.1610159.34 1621.610160.55 1621.410173.88 1 6 2 2 . 0 3  
10180.06 1622.410183.55 1622.4510185.94 1622.4610215.89 1622.2210231.71 1622.28 

10233.9 1622.310234.65 1622.2910240.37 1622.3610256.79 1622.5910267.32 1622.5  
10276.2 1622.310283.62 1622.5510296.17 1622.710303.18 1622.8710314.95 1623.13 
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CROSS SECTION RIVER: SIGN?& BUTTE 
REACH: SPILLRXf RS: 3.161 

INPUT 
D e s c r i p t i o n :  P.M. 3 .161.  HORZ. N VALUES USED. 

S t a t i o n  E l e v a t i o n  Da ta  n w  328 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

5468.62 1619 .6  5499.49 1618 .41  5544 .71  1618.19 5577.7  1618.19 5589.85 1618.12 
5626.7  1617 .9  5640.03 1617 .88  5651.59 1617.98 5654.66 1618.05 5657.05 1618 .09  

5657.95 1 6 1 8 . 1  5680.26 1 6 1 8 . 2 6  5687.96 1618.32 5706.25 1618.92 5708 .7  1 6 1 8 . 9 9  
5712.17 1619 5784.92 1619 .05  5788.44 1619 .05  5790.06 1619.04 5792 .5  1619 .03  
5821 .05  1618 .8  5860.47 1618 .55  5862 .81  1618 .54  5877.55 1618.54 5893.38 1618 .49  
5906.76 1618 .3  5908.45 1618.37 5961 .35  1618.04 5977 .01  1617.88 6002 .36  1617 .75  
6002 .78  1617 .7  6024.09 1617 .41  6024.51 1617 .56  6040 .49  1617 .31  6043 .46  1617.29 
6045.89 1617 .3  6063.18 1617 .73  6066.59 1617.84 6072.44 1618 .05  6072 .48  1 6 1 8 . 0 5  

6072.5  1 6 1 8 . 1  6072.74 1618 .05  6118 .98  1617 .93  6143.42 1618 .01  6149.07 1618.03 
6180.18 1618.2  6187.01 1618 .29  6198.77 1618 .36  6210.74 1618.39 6238.23 1 6 1 8 . 5 1  
6257.53 1 6 1 8 . 3  6260.78 1618.29 6264.34 1618 .35  6283.67 1618 .82  6284.11 1618 .8  
6284 .81  1 6 1 8 . 8  6295.33 1618 .24  6302.3  1618.04 6345.19 1618.05 6352.88 1618 .05  
6381.78 1618 6396.45 1618 6401.6  1 6 1 7 . 6 3  6406.63 1617 .31  6408 .51  1 6 1 7 . 2 5  
6411.28 1 6 1 7 . 3  6441.23 1617 .92  6441.94 1 6 1 7 . 9 8  6442.81 1618 .05  6450.49 1 6 1 8 . 6  
6490.21 1 6 1 8 . 3  6504.34 1 6 1 8 . 1 5  6507 .11  1 6 1 8 . 1 1  6510.7  1618.09 6512.7 1618.08 
6605 .53  1617 .3  6617.99 1617 .3  6620.69 1617 .38  6626.77 1617.46 6627.94 1617.54 
6645.75 1617 .3  6660.73 1 6 1 7 . 1 1  6665.59 1617 .43  6668.43 1617.56 6684 .6  1617 .61  
6698.64 1617 .6  6701.61 1 6 1 7 . 4 8  6721.16 1617 .38  6722.75 1617.36 6723 .1  1617 .36  
6724.88 1617 .3  6766.64 1 6 1 7 . 0 9  6772.99 1617 .03  6806.37 1617.02 6841.54 1616 .61  
6844.54 1616 .6  6857.21 1 6 1 6 . 6 3  6867.34 1616.77 6875 .58  1616.77 6920.64 1 6 1 6 . 5 8  

6946 .3  1616 .3  6983.79 1616 .34  6996 .9  1616 .11  7002.22 1615.86 7017.2 1616.77 
7022.24 1616 .9  7027.82 1 6 1 6 . 2 5  7044 .8  1617.37 7057 .3  1617.97 7067 .11  1617 .6  
7106 .03  1617.2  7143 1 6 1 6 . 8 8  7199.4  1616 .43  7221 .37  1616.34 7232 .38  1616 .34  
7251.34 1616 .6  7260.55 1616 .5  7307 .88  1616.27 7310.6  1616 .39  7346.24 1 6 1 6 . 9  
7374.77 1617 7417.67 1616 .94  7466.34 1616.87 7 4 7 6 . 9 5  1616.6  7570.15 1 6 1 7 . 0 3  
7586.44 1617 .1  7598.23 1617 .12  7706.54 1616.64 7748.66 1615 .85  7750.69 1615 .84  
7772.12 1616 .8  7779.03 1617.12 7797.56 1617 .24  7 8 1 0 . 4 5  1616.85 7825 .03  1616 .32  
7841.11 1616.4  7946.96 1617.4  7952.27 1617.18 7955.93 1616 .67  8035.74 1616 .44  
8051.57 1616 .5  8053.42 1616 .41  8082.78 1615 .53  8099.84 1615 .03  8 1 2 4 . 5 9  1 6 1 5 . 0 6  
8134.75 1 6 1 5 . 3  8143.76 1615 .58  8 1 6 5 . 5 3  1616 .39  8183.06 1616.63 8186.82 1616.14 
8195.99 1615  8204.96 1615 .45  8209 .33  1615.58 8224.93 1616 .14  8232.29 1616 .16  
8242.19 1616.2  8279.81 1616.39 8304.25 1615 .89  8309.2  1615.69 8310.66 1615 .65  
8324.17 1616 .3  8328 .5  1616.64 8341 .87  1616.62 8361.05 1616.54 8362.72 1616 .38  
8379 .51  1617 8387.4 1617 .19  8425.65 1 6 1 7 . 9 1  8437 .5  1617.87 8465 .58  1617.64 

8488.2  1617.4  8512.74 1617.04 8525.34 1 6 1 6 . 9  8547 .25  1616.82 8622.77 1616 .83  
8643.34 1616 .7  8643.8  1616 .69  8644 .71  1616.68 8645.29 1616 .63  8668.57 1615 .51  
8673.56 1616 .3  8684.76 1617 .65  8 6 9 2 . 3  1617 .65  8714 .41  1618 .06  8728.2  1618.04 
8740.58 1618 8743.25 1618  8787.45 1 6 1 8 . 1 3  8862.15 1618.66 8907 .55  1619 .09  
8997.74 1620 9027.65 1 6 2 0 . 3  9031.45 1620.42 9033.93 1620.45 9040.49 1620 .68  
9059.96 1 6 2 1 . 1  9081.57 1620.92 9147.76 1620 .65  9186.67 1620 .76  9223 .28  1620.97 
9243.07 1621.2 9272.53 1621 .19  9278.03 1620.96 9280.15 1620 .95  9 2 8 2 . 5 3  1621 .01  
9286.24 1 6 2 1  9289.93 1621.02 9297.12 1 6 2 1 . 2 1  9308.15 1621 .11  9318.25 1621.08 
9350.12 1620.7 9390.95 1620 .18  9413.59 1620 .41  9416 .41  1620.39 9416.76 1620.4 
9516.31 1 6 2 0 . 1  9584.4 1619 .39  9613.06 1619.44 9623.35 1619.1  9652.28 1619 .11  
9748.26 1619 .8  9753.61 1619.84 9754.86 1619.82 9756.98 1619.81 9758.86 1619.78 
9761.34 1619.8  9763.83 1619.79 9794.75 1619 .46  9799.07 1619.49 9802.53 1619 .43  
9807.61 1619 .4  9837.01 1 6 1 9 . 5 1  9868.37 1619.85 9903 .21  1620.16 9915 .3  1620.18 
9934.17 1620.4 9938.15 1620 .44  9939.81 1620.4  9944 .61  1620.32 9948.32 1620 .21  
9950.86 1 6 2 0 . 1  9956.1 1620 .2  9961.1  1619.66 9964 .7  1619.56 9964.97 1619.56 
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9965.69 1619.8 9978.5 1618.89 9981.21 1618.7 9982.06 1618.65 9982.5 1618.55 
9992.27 1616.4 10003.2 1615.4610004.86 1615.3510007.61 1615.17 10016 .1  1614.67 

10018.09 1614.510021.08 1615.410028.53 1617.8610042.14 1619.3210044.99 1619.54 
10072.26 1619.410089.84 1619.2610092.09 1619.2610093.98 1619.2210105.34 1619 .51  
10110.56 1619.710117.86 1618.5610121.41 1617.9610122.93 1618.0710129.96 1619 .51  
10145.81 161910146.38 1618.9910147.49 1618.8110148.61 1618.53 10155 1617.35 

10159.9 1616.310161.76 1616.47 10173.5 1618.0110180.84 1618.2610185.93 1618.44 
10196.02 1618.910206.93 1619.1710209.28 1618.28 10212.7 1617.0710220.64 1617.65 
10224.12 1617.910245.27 1618.3510315.61 1619.9910318.91 1620.0710319.41 1620.08 
10319.66 1620.110320.06 1620.0910320.11 1620.0910325.77 1619.9310373.14 1619.05 
10377.17 161910377.52 1618.9510380.35 1619.1110382.12 1619.2310399.43 1619.19 
10410.82 1619.310419.85 1619.3610440.19 1619.34 10441.9 1619.3310443.89 1619.33 
10449.29 1619.310455.93 1619.5910467.51 1620.3210470.33 1620.5110473.64 1620.63 
10486.78 1620.8  10498.7 1620.8310509.24 1620.6810526.95 1620.8410530.65 1620.88 
10531.95 1620.910533.31 1620.9 10578.9 1620.4510592.36 1620.610596.89 1619.75 
10599.72 1619.2 10605.6 1620.3910608.46 1621.0410613.56 1621.3610618.69 1621.63 
10629.54 1621.910635.79 1622.1210640.61 1622.19 

Manning's n Values num= 5 
S t a  n Val S t a  n Val S t a  n Val S t a  n Val S t a  n Val 

5468.62 .15 6996.9 .068 9297.12 ,068 9965.69 .04510044.99 .068 

Bank S t a :  L e f t  Right  Lengths: L e f t  Channel Right  Coeff Contr .  Expan. 
9965.6910044.99 425 416.26 375 .1 . 3  

CROSS SECTION OUTPUT 

E.G. Elev  ( f t )  
Vel Head ( f t l  
W.S. Elev  ( f t )  
C r i t  W.S. ( f t )  
E . G .  Slope ( f t / f t )  
Q To ta l  ( c f s )  
Top Width ( f t l  
Vel T o t a l  ( f t / s )  
Max Chl Dpth ( f t )  
Conv. T o t a l  ( c f s )  
Length Wtd. ( f t l  
Kin Ch E l  ( f t )  
Mpha  
F rc tn  Loss ( f t l  
C & E Loss ( f t )  

P r o f i l e  #PF 1 

1618.68 Element 
0 . 1 1  W t .  n-Val. 

1618.58 Reach Len. ( f t )  
Flow Area ( s q  f t )  

0.008249 Area ( s q  f t )  
11309.00 Flow ( c f s )  

3322.66 Top Width ( f t l  
2 .46  ~ v g .  Vel. ( f t / s l  
4.08 Hydr. Depth ( f t l  

124516.9  Conv. ( c f s )  
424.27 Wetted Per. ( f t )  

1614.50 Shear  ( l b / s q  f t )  
1.13 Stream Power ( l b / f t  sl 
3.92 cum Volume ( a c r e - f t )  
0 .01  Cum SA ( a c r e s )  

L e f t  OB 
0.076 

425.00 
4408.77 
4408.77 

10580.76 
3175.30 

2.40 
1.39 

116498.7 
3176.18 

0 .71  
1 . 7 2  

1175.92 
660.64 

Channel 
0.045 

416.26 
120.74 
120.74 
621.59 

52.81 
5 .15 
2.29 

6844.0 
53.69 

1 . 1 6  
5.96 

25.28 
9 .73 

1 Warning: Divided f low computed f o r  t h i s  c ros s - sec t ion .  
Warning: The energy l o s s  was g r e a t e r  t han  1 . 0  f t  ( 0 . 3  m ) .  between the c u r r e n t  and previous  
c r o s s  s e c t i o n .  This  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  Right  S t a  Flow 
( f t l  ( f t l  ( c f s l  
5468.62 6592.89 267.25 
6592.89 7717.16 4431.01 
7717.16 8841.42 5882.44 
8841.42 9965.69 0.05 
LB 9965.69 RB 10044.99 621.59 
10044.99 10640.61 106.65 

FCD 9817 Delineation of Spilhvay Flows 
For Signal Butte Flood Retarding Sbudure 
Fun Discharge (Q's Modeled Separately) 

Area 
( s q  f t )  
468.62 

1919.12 
2020.75 

0.28 
120.74 

65.82 

Page 57 

W.P. 
( f t )  

918.14 
1124.45 
1124.79 

8 . 8 0  
53.69 
95 .30  

% Conv. Hydr D.  
( f t l  

2.36 0.51 
39.18 1 . 7 1  
52.02 1.80 

0.00 0.03 
5.50 2.29 
0.94 0 .70 

Right OB a 
0.068 

Veloc i ty  
( f t / s )  

0.57 
2.31 
2.91 

A-N West, tnc. 
July, 1999 



Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 rn). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RTVW: SIGNAL BUTTE 
REACH: SPILGXAP RS: 3.082 

INPUT 
Description: RM. 3.082. HORZ. N VALUES USED. 

Station Elevation Data num= 300 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

5881.19 1615.1 5901.68 1615.27 5925.45 1614.84 5933.13 1614.81 5938.15 1614.79 
5940.22 1614.7 5947.18 1614.72 5973.27 1614.4 5992.34 1614.65 6007.68 1614.55 
6028.58 1614.7 6051.16 1614.47 6067.04 1614.81 6083.52 1614.6 6111 1614.25 
6157.97 1613.4 6158.47 1613.53 6158.93 1613.78 6182.26 1613.77 6190.95 1613.71 
6215.87 1613.8 6224.05 1613.88 6235.3 1613.93 6251.26 1613.56 6281.68 1613.98 
6286.5 1614.4 6302.82 1614.45 6322.74 1614.32 6375.44 1614.11 6392.62 1613.52 
6397.03 1613.4 6405.8 1613.57 6409 1613.6 6431.23 1613.87 6440.74 1613.94 
6453.4 1614.1 6462.58 1614.29 6484.49 1613.89 6513.99 1613.65 6535.74 1613.45 
6551.73 1613.6 6562.46 1613.52 6571.21 1613.54 6593.96 1613.4 6616.47 1613.33 
6626.49 1613.5 6627.66 1613.31 6635.15 1613.27 6636.02 1613.26 6755.64 1612.44 
6755.87 1612.4 6762.74 1612.56 6786.4 1613.15 6844.15 1613.01 6847.94 1613.07 
6852.85 1613.3 6881.8 1613.15 6891.45 1613.15 6898.36 1612.88 6980.5 1612.11 
6989.08 1612.1 6994.7 1612.03 7056 1611.89 7075.62 1611.82 7092.2 1612.38 
7096.05 1612.6 7097.77 1612.46 7106.66 1612.55 7140.79 1612.38 7149.86 1612.4 
7156.54 1612.4 7217.22 1612.52 7219.04 1612.46 7234.77 1612.29 7254.76 1612.12 
7266.18 1612 7282.14 1611.74 7295.65 1611.68 7308.84 1612.01 7319.52 1612.31 
7344.99 1612.1 7350.28 1612.08 7358.15 1612.18 7370.58 1612.25 7375.49 1610.67 
7379.87 1608.3 7391.26 1612.07 7393.2 1612.83 7396.27 1612.79 7407.64 1612.68 
7472.83 1612.2 7494.71 1612.35 7528.1 1612.47 7592.37 1612.34 7639.17 1611.96 
7710.64 1612 7711.83 1612.03 7728.34 1612.12 7814.83 1613.56 7822.01 1613.69 
7828.17 1613.7 7835.1 1611.9 7835.37 1611.77 7844.45 1612.22 7853.01 1612.18 
7877.2 1611.8 7883.97 1611.86 7907.07 1612.15 7919.92 1611.78 7936.05 1611.28 
7950.57 1611.1 7957.4 1610.86 7966.92 1610.04 7981.3 1610.7 7981.65 1610.71 

i 

7981.85 1610.7 7983.63 1610.73 8017.25 1611.01 8023.64 1610.99 8046.19 1610.86 
8071.48 1610.7 8079.67 1610.69 8094.18 1610.66 8101.63 1610.58 8109.36 1610.62 
8134.2 1611.3 8161.29 1611.8 8166.61 1611.38 8179.87 1610.26 8192.19 1610.75 
8203.38 1611.5 8203.61 1611.55 8203.87 1611.55 8246.32 1611.98 8268.64 1612.39 
8296.77 1612.9 8305.39 1613.1 8310.52 1613.12 8348.83 1613.13 8380.06 1613.5 
8425.66 1614 8429.27 1613.98 8434.67 1613.99 8492.88 1613.83 8507.27 1613.79 
8511.8 1613.8 8511.91 1613.75 8515.59 1613.69 8525.36 1613.81 8586.75 1614.39 
8607.58 1614.3 8614.4 1614.34 8619.06 1614.35 8624.18 1614.39 8625.85 1614.4 

1 
I 

8626.09 1614.4 8626.78 1614.4 8629.05 1614.4 8631.61 1614.41 8660.33 1614.63 
8673.09 1614.7 8679.77 1614.85 8681.5 1614.81 8694.21 1614.66 8710.45 1615.15 
8728.07 1615.4 8731.26 1615.46 8731.77 1615.47 8732.52 1615.48 8733.76 1615.52 
8783.91 1615.5 8787.85 1615.54 8791.31 1615.5 8796.16 1615.47 8805.86 1615.5 
8867.12 1615.7 8907.23 1615.7 8988.4 1615.86 9011.58 1615.96 9026.77 1616.04 
9083.82 1616.2 9146.3 1616.68 9152.27 1616.67 9170.93 1616.7 9196.92 1616.67 
9257.91 1616.4 9264.83 1616.3 9353.47 1614.75 9379.01 1614.6 9391.58 1614.54 
9407.12 1614.4 9422.2 1614.46 9436.54 1614.57 9442.84 1614.43 9445.34 1614.61 

i 
9496.83 1614.9 9519.83 1614.97 9534.35 1615.01 9554.28 1615.22 9562.94 1615.22 
9576.93 1615.5 9618.22 1616.07 9625.79 1616.08 9634.9 1616.16 9647.47 1616.08 
9712.04 1616 9720.67 1615.96 9736.26-1615.97 9737.28 1615.97 9738.48 1615.98 
9739.47 1616 9744.42 1616.02 9748.04 1616.05 9759.13 1616.13 9765.97 1616.14 

FCO 9817 Delineatiw, of S p h y  Flows A-N West, Inc. 
For Signal Butte Rocd Retarding Sbudura me 58 July, 1999 
Fun Disdtarge (Q's Modeled Separately) 

i 



Manning's n Values num= 6 
Sta n Val Sta n Val Sta nVal Sta nVal Sta nVal 

5881.19 .15 7396.27 .068 7907.07 .12 9791.08 .068 9945.94 .045 
10050.71 .068 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9945.9410050.71 370 403.32 390 .1 .3 

. A  

;,,;;z&j 
: ;  CROSS SECTION OUTPUT Profile #PF 1 
.::c*:.< 

>>!+<4 
-.$;:$! E.G. Elev (ft) 1614.76 Element 
.., .....< < ti-%g: Vel Head (ft) 0.08 Wt. n-Val. ..: J , .  . 
,.<$;; W.S. Elev (ft) 1614.68 Reach Len. (ft) ?.x.:<{ 
.: "*-... Crit W.S. (ft) 1613.23 Flow Area (sq ft) 

:7. .,+. 1 
:;,.;L:~> E.G. Slope (ft/ft) 0.010313 Area (sq ft) 

x:.,,~:.' ,%,..I 
.: j.j.: .:..... ,4 Q Total (cfs) 11309.00 Flow (cfs) 

... 
.:,>: >..? 
>y::,!! Top Width (ft) 2878.43 Top Width (ft) 
+.;+::$ Vel Total (ft/s) 2.22 Avg. Vel. (ft/s) 
;<<.+;{? 
,&,.>~: -,_..i Max Chl Dpth (ft) 6.38 Hydr. Depth (ft) 

Conv. Total (cfs) 111358.0 Conv. (cis) 
Length Wtd. (it) 371.27 Wetted Per. (ft) 
Min Ch El (ft) 1612.65 Shear (lb/sq ft) 
Alpha 1.05 Stream Power (lb/ft s) 
Frctn Loss (ftl 3.51 Cum Volume (acre-it) 
C 6 E Loss (ft) 0.00 Cum SA (acres) 

Left OB 
0.107 
370.00 
4995.76 
4995.76 
10995.46 
2788.12 

2.20 
1.79 

108270.6 
2790.49 

1.15 
2.54 

1130.04 
631.55 

Channel 
0.045 
403.32 
53.79 
53.79 
242.83 
33.45 
4.51 
1.61 

2391.2 
34.43 
1.01 
4.54 
24.45 
9.31 

Right 08 : 
0.068 

Warning: Divided flow computed for this cross-section. 

'- t Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

, . . . 
' FLOW DISTRIBUTION OUTPUT Profile #PF 1 

. . . ' Left Sta Right Sta Flow Area W.P. 
. - 
: . (ft) (ft) (cfs) (sq ft) (ft) 
. . 5881.19 6897.38 900.10 917.34 924.24 

.... .:< , . . ~ . ~ ,  
6897.38 7913.57 6785.14 2448.35 1018.13 

..: .. . , .:. 7913.57 8929.75 3305.90 1617.16 757.19 
....... : ..<! ._ , , 8929.75 9945.94 4.33 12.91 90.93 
..... 
% ... LB 9945.94 RB 10050.71 242.83 53.79 34.43 

.: ...., 10050.71 10503.52 .... 70.70 38.25 57.18 $:;i:d >.., 

? FCD 9817 Delineation dSpilhvay Flows 
'3-3' For S l g d  BMe Flood Reiarding Strudum page 
v '4 Full Disdrarge (a's Modeled Separately) 4: ,,. 

, . -vu  ..s:i* 
; .<'+*~-. 
, ..,:. , .;!:;<I 

3 Conv. Hydr D. Velocity 
(ft) (ft/s) 

7.96 0.99 0.98 
60.00 2.41 2.77 
29.23 2.14 2.04 

A-N West. Inc : 
July, 1999 i 



Warning: The energy loss was greater than 1.0 ft (0.3 n). between the current and previous 
;, % . ~. <7, :: 
t:i<:. cross section. This may indicate the need for additional cross sections. 

.><.:..~% ...... 
, 

:A. ~: ',. 

. . moss SECTION RIVW: SI- BUTTE 
REACH: SPILLRAP RS: 3.006 

.... a.. .. ... <>.< ,*.:;s:::j 
.. .:*.;- . . . . .  .-.. 
..-,:.,::+ .. ..?, ..*... ?;.:.? : . . .&.:F, -. ...-- .. .......... .... .a 
.... .... i.l .+ss7# -..:,. . . ',.'? .~ . ., . 
:$".<a, ... .*.? ;. ::772;. 
.. <:<$< ..:*-.-\ 
v,..: ....... .... --;+ 

....... > ... . .:.-c: 
: ,:\.. ......... 
"-6:;:: 
i.. 
>%..,\. ..... . -. . ...xn:<i 

INPUT 
Description: RM. 3.006. HORZ. N VALUES USED. HYDRAULIC BASELINE CROSSES NEAR UNIVERSITY DR. 

Station Elevation Data num= 307 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

5622.28 1612.1 5624.12 1612.11 5626.1 1612.08 5639.1 1612.09 5669.38 1611.87 
5669.44 1611.9 5669.47 1611.87 5669.48 1611.87 5700.86 1611.88 5706.36 1611.9 
5710.94 1611.87 5722.79 1611.76 5779.55 1611.1 5795.49 1611.04 5806.25 1611 
5850.72 1610.83 5909.28 1610.66 5943.75 1610.65 5990.95 1610.49 6029.17 1610.2 
6031.99 1610.18 6032.07 1610.19 6036.82 1610.62 6079.15 1610.53 6086.59 1610.5 
6089.95 1610.54 6101.05 1610.61 6103.22 1610.6 6105.51 1610.62 6134.3 1610.7 
6137.74 1610.66 6140.71 1610.68 6184.39 1611.25 6205 1611.66 6226.06 1611.5 
6245.17 1611.36 6252.91 1611.23 6266.24 1611.09 6266.82 1610.94 6295.76 1610.8 
6299.4 1610.86 6300.53 1610.97 6307.64 1611.03 6310.82 1611.14 6319.22 1611.6 
6325.65 1611.5 6328.51 1611.46 6331.06 1611.28 6332.74 1611.26 6381.81 1610.5 
6388.86 1610.48 6392.29 1610.47 6394.04 1610.45 6398.81 1610.41 6415.8 1610.3 
6494.6 1609.85 6505.59 1609.93 6516.4 1609.45 6516.47 1609.45 6521.03 1611.2 
6521.55 1611.45 6546.46 1611.02 6589.03 1610.03 6594.25 1610.06 6610.78 1610.4 
6624.58 1610.51 6628.65 1610.47 6686.38 1610.82 6706.65 1610.85 6741.37 1610.3 
6753.92 1610.08 6813.69 1609.27 6827.19 1609.31 6840.89 1609.54 6854.56 1609.5 
6868.45 1609.77 6938.31 1608.79 6977.61 1607.52 6980.39 1607.43 6999.4 1606.8 
6999.95 1606.86 7001.28 1607.12 7007.97 1608.42 7080.62 1608.29 7097.49 1608.2 
7105.84 1608.17 7112.88 1608.26 7114.32 1608.27 7118.83 1608.4 7128.82 1608.6 
7160.15 1609.49 7163.89 1609.61 7184.2 1609.61 7207.35 1609.74 7240.85 1609.6 
7277.44 1609.28 7307.06 1608.6 7338.01 1608.35 7354.7 1609.83 7358.4 1610.2 
7360.15 1610.32 7365.62 1610.37 7400.16 1610.69 7417.47 1609.97 7422.23 1609.8 
7438.37 1609.3 7445.47 1608.84 7457.97 1608.57 7474.98 1608.15 7476.81 1608.1 
7495.34 1608.31 7525.74 1608.65 7570.3 1609.09 7576.56 1609.13 7580.13 1609.1 
7589.78 1609.11 7605.87 1609.02 7606.48 1609.08 7663.37 1608.48 7690.06 1607.9 
7705.49 1607.57 7761.27 1607.14 7815.71 1607.24 7828.55 1607.34 7850.86 1607.5 
7947.51 1608.49 7978.72 1608.77 8025.9 1609.29 8067.4 1609.72 8115.53 1610.1 
8119.41 1610.12 8148.29 1609.67 8153.79 1609.57 8160.4 1609.54 8174.56 1609.5 
8189.21 1609.6 8193.98 1609.94 8209.76 1610.38 8212.25 1610.47 8218.03 1610.4 
8220.32 1610.4 8254.84 1610.27 8289.88 1610.39 8320.06 1610.36 8326.94 1610.4 
8333.24 1610.28 8335 1610.2 8354.75 1609.84 8368.18 1609.94 8398.42 1610.7 
8402.07 1610.81 8409.36 1610.76 8414.03 1610.74 8430.86 1610.56 8434.84 1610.6 
8468.41 1610.79 8527.66 1611.34 8542.04 1611.46 8549.07 1611.52 8553.33 1611.5 
8573.02 1611.81 8603.1 1611.98 8623.14 1612.14 8630.1 1612.12 8666.88 1612 
8702.31 1611.72 8742.92 1611.48 8775.64 1611.3 8790.61 1611.33 8807.61 1611.4 
8832.38 1611.48 8878.32 1611.71 8908.87 1611.83 8915.93 1611.81 8931.4 1611.2 
8945.7 1610.76 8960.9 1610.76 8968.55 1610.78 8985.3 1610.76 8998.21 1610.8 
9007.25 1610.81 9022.16 1610.88 9044.48 1610.96 9051.69 1611.31 9065.93 1611.5 
9116.69 1611.37 9119.88 1611.28 9122.11 1611.23 9124.18 1611.18 9149.01 1611 
9154.28 1611 9170.02 1611.21 9176.09 1610.43 9181.22 1609.78 9192.27 1611.2 
9193.92 1611.3 9201.05 1611.3 9224.57 1611.29 9238.22 1611.31 9276.52 1611.5 
9282.19 1611.3 9304.13 1610.63 9319.1 1610.36 9319.21 1610.36 9334.83 1610.7 
9345.66 1610.88 9354.82 1611.01 9366.03 1610.75 9379.3 1610.49 9395.28 '1611.1 
9416.95 1611.97 9417.13 1611.98 9417.25 1611.98 9417.33 1611.98 9424.75 1611.8 

FCD 9817 Ddineation of Spillway Flows A 4  West. Inc. 
For Signal Butte Flood Retardhg Structure b X S 0  July, 1999 
Full ~~e (Q's Modeled Separately) 



Manning's n Values num= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5622.28 .068 6101.05 .15 6854.56 .068 7761.27 .1 9930.46 .045 
10067.73 .1 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. I 
I 

9930.4610067.73 300 382.27 400 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (it) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (it) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (it) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (it) 
Shear (lb/sq it) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.079 
300.00 
4113.05 
4113.05 
10728.90 
2926.53 

2.61 
1.41 

114823.9 
2927.70 

0.77 
2.00 

1091.36 
607.28 

Channel Right OB 
0.045 
382.27 400.00 
155.69 
155.69 
580.10 
117.17 
3.73 

I 

1.33 
6208.4 
117.32 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow &ea W.P. 8 Conv. Hydr D. Velocity 
(it) (ft) (cfs) (sq ft) (ft) (ft) (ft/s) 

I 
5622.28 6699.32 366.30 429.40 785.38 3.24 0.55 0.85 
6699.32 7776.37 7924.99 2357.31 1077.45 70.08 2.19 3.36 
7776.37 8853.42 2364.55 1215.57 728.65 20.91 1.67 1.95 

FCD 9817 Delineation of SpMy Flows 
For Sianal Butte Flood Retardina Strudure 
Fun L&harge (Q's Modeled Garately)  

A-Nwesf Imr 
July, 1999 



*' 
.,:?:i? 
. i_ '  
:.:.t,7, .. .. .. . .... 
; . .i i: .. .-., : ,.. . -  ..,,..:: ... > - ~  
,: .... > .< -,..>3 
i:>.. I ,.., ,:>:: , <. - ~ :. .. :., ,. - ,  
,:3..z; .. . . ...~ .... , ,. ... ~ . - .  .,>.s.: -. * .. . > 

.3:? . ':T:T' .;;* 
. > ; i . . . -.>-. '7 :... . 

L?:. 
: .?. >. . . : 
.:.+. .,. .;A::;*. 
.: 2 

.<:>,:..\ .... ..'1 
-:... . 
.%;:;..: :;. ..: 
:.,--:<-,; . ..*::,.. .- ., I....'; 
: >';7 ,..,," -.>..* -, *;*-< 

7 

.:..,< .., ... .. .;>r.?; 

"'., 4 

Warning: Divided f low computed f o r  t h i s  c r o s s - s e c t i o n .  
Warning: The energy  l o s s  was g r e a t e r  t h a n  1 . 0  f t  (0.3 m). between t h e  c u r r e n t  and  p r e v i o u s  
c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  

CROSS SECRON RIVER: SIGN?& BUTTE 
REACH: SPILLWAY RS: 2.933 

INPUT 
Desc r ip t ion :  RM. 2.933. HORZ. N VALUES USED. AREA TO LT. OF STA. 5666.07 BLOCKED OUT DUE 
TO FUDGE. 

S t a t i o n  E leva t ion  Data num= 328 
S t a  E lev  S t a  E lev  S t a  E lev  S t a  Elev  S t a  E lev  

5354.28 1609 5361.54 1609.19 5365.08 1609.25 5366.6 1609.34 5370.2 1609.45 
5371.55 1609.4 5384.2 1609.86 5394.48 1610.33 5399.42 1610.88 5455.93 1610.14 
5473.04 1610.1 5486.59 1610.17 5508.66 1609.89 5545.73 1608.17 5601.97 1608.2 
5641.51 1609.5 5658.31 1609.98 5666.07 1610.34 5730.16 1610.17 5732.54 1610.16 

5733.6 1610.1 5734.55 1610.05 5737.67 1609.83 5748.01 1609.13 5753.29 1608.71 
5758.63 1608.4 5768.44 1607.7 5781.68 1606.33 5782.47 1606.1 5789.29 1606.52 

5795.9 1606.9 5810.08 1607.81 5820.51 1608.58 5828.89 1609.08 5833.48 1609.18 
5840.83 1609.7 5863.29 1609.56 5908.58 1609.29 5918.56 1608.64 5922.37 1608.15 
5930.26 1607.9 5939.45 1606.54 5943.18 1605.48 5949.03 1606.52 5954.39 1607.67 
5955.59 1608.1 5956.58 1608.08 5958.11 1608.17 5963.65 1608.29 5986.98 1608.76 
5989.17 1608.7 5990.86 1608.77 5993.53 1608.76 5996 1608.76 6095.37 1608.4 
6123.28 1608.9 6124.39 1608.92 6151.41 1608.81 6209.4 1608.28 6224.99 1608.2 
6253.73 1608.1 6260.22 1608.21 6264.96 1608.15 6273.95 1608.29 6319.19 1607.73 
6325.51 1607.8 6361.12 1607.79 6368.72 1607.63 6385.87 1607.52 6391.95 1607.46 
6419.39 1607.1  6424.95 1607.11 6435.53 1607.34 6452.34 1607.53 6478.87 1607.5 
6482.03 1607.5 6494.79 1607.43 6584.91 1607.36 6588.04 1607.37 6602.74 1607.34 
6631.42 1607.8 6667.64 1607.65 6704.5 1607.51 6708.67 1607.52 6717.11 1607.45 
6802.39 1606.6  6823.17 1606.44 6838.83 1606.39 6850.65 1606.13 6852.75 1606.02 
6856.65 1605.9 6902.74 1604.73 6911.69 1605.82 6922.95 1606.36 6936.4 1606.26 
6944.87 1606.3 6951.5 1604.79 6954.8 1604.34 6960.18 1604.93 6970.6 1605.28 
6994.33 1605.4 7016.69 1605.48 7028.45 1604.86 7031.37 1604.66 7048.69 1605.48 
7050.31 1605.6 7066.17 1605.54 7085.55 1605.63 7134.92 1605.33 7177.44 1605.12 
7205.84 1605.3 7206.19 1605.29 7206.74 1605.29 7209.05 1605.32 7326.96 1606.24 
7352.31 1606.6 7375.76 1606.66 7376 1606.59 7377.12 1606.37 7380.52 1605.55 
7389.59 1604.1  7406.25 1604.95 7409.14 1605.1 7424.31 1604.99 7457.64 1604.86 

7481.4 1605 7493.04 1605.06 7517.76 1604.84 7551.33 1604.97 7588.66 1605.55 
7603.68 1605.9 7621.35 1605.96 7682.68 1606.27 7695.37 1606.31 7701.17 1605.82 
7715.92 1606.2 7751.55 1606.72 7771.67 1606.77 7793.63 1606.82 7798.97 1606.68 
7810.77 1606.7 7857.61 1606.8 7870.55 1606.81 7874.1 1606.77 7881.32 1606.83 
7902.04 1606.8 7914.35 1606.79 7929.57 1606.26 7974.23 1606.76 7985.72 1606.66 
7987.64 1606.7 8013.56 1606.82 8013.95 1606.82 8036.66 1606.87 8061.9 1606.83 
8068.42 1606.8 8101.87 1606.95 8143.64 1607.11 8171.88 1607.33 8211.61 1608.11 
8222.19 1608.3 8226.68 1608.36 8228.11 1608.96 8229 1609.24 8231.79 1609.26 
8242.37 1609.5 8242.64 1609.46 8242.91 1609.4 8245.54 1608.55 8253.8 1608.4 
8266.26 1608.2 8272.49 1608.05 8289.31 1607.85 8292.58 1607.83 8297.26 1607.91 
8397.61 1608.6 8417.28 1608.69 8424.3 1608.44 8435.5 1608.6 8439.89 1608.52 
8457.63 1608.6 8461.25 1608.69 8514.97 1609.03 8538.01 1609.05 8556.6 1609.1 

8569.2 1609 8596.34 1608.6 8598.2 1608.56 8598.43 1608.56 8598.49 1608.56 
8600.36 1608.5 8643.72 1608.14 8648.87 1608.22 8656.56 1608.29 8674.12 1608.43 
8701.28 1608.4 8742.05 1608.32 8765.22 1608.18 8772.62 1608.13 8783.57 1608.15 

FCD 9817 Delineation of S p m y  Flow 
For Signal Butte flocd Retarding Sbudure Page 62 
Fun Discharge (Q's Modeled Separately) 

A-N West, Inc 
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";Z ? 
..7,,;.* 
: :  Manning's n Values 

:,..%:.,,?.* 
nun= ~ . . .  6 

-3: >;:j. 
,al..: 

Sta n Val Sta n Val Sta n Val Sta n Val 
<*.>:s, 

Sta n Val 
f;:*cyt* 
. /.I ..._ 

5354.28 .068 7409.14 .15 8061.9 .1 9611.07 .068 9979.04 .045 
;,:.t.: 10027.77 .068 ,. :?:,.A. 

:;$3 .: :A,;*.:;! . . Bank Sta: Left Right Lengths: Left Channel Right 
c?!,.iG:., Coeff Contr. Expan. 
';>::,?! 
L%+. . . 9979.0410027.77 360 404.67 390 .1 .3 
:;.>!;j >:>!.",-, >.:,z. 

.,..,:.:I Blocked Obstructions n u =  
;i<!i$ 1 
M~T,.. Sta L Sta R Elev 
vi.*-., 
isdu; 5354.28 5666.07 1610.34 

CROSS SECTION OUTPUT Profile #PF 1 

.. ., E.G. Elev (ft) 1608.55 Element Left OB Channel Right OB 
Vel Head (ft) 0.11 Wt. n-Val. 0.089 0.045 0.068 
W.S. Elev (ft) 

I 
:. : 1608.44 Reach Len. (ft) 360.00 404.67 390.00 . . . . . . 

Crit W.S. (ft) Flow Area (sq ft) 4516.40 125.99 12.28 
E.G. Slope (ft/ft) 0.009036 Area (sq ft) 4516.40 125.99 12.28 
Q Total (cfs) 11309.00 Flow (cis) 10561.97 737.64 9.39 

. ~ 

Top Width (ft) 3323.96 Top Width (ft) 3220.25 48.73 54.98 
Vel Total (ft/s) 2.43 Avg. Vel. (ft/s) 2.34 5.85 0.76 
Max Chl Dpth (ft) 4.34 Hydr. Depth (ft) 1.40 2.59 0.22 

. . . .. < Conv. Total (cfs) 118970.5 Conv. (cfs) li1111. 8 7760.0 98.8 
.. . . . Length Wtd. (ft) 363.38 Wetted Per. (ft) 3222.36 49.46 54.99 . '. . .,. ~ . ,  . . .  Min Ch El (ft) 1604.70 Shear (lblsq ft) 0.79 1.44 0.13 

, 
..> . . . Alpha 1.24 Stream Power (lb/ft s) 1.85 8.41 0.10 . >' . .  ... . >' .-# . . . ,,. :, . Prctn Loss (ft) 3.39 Cum Volume (acre-ft) 1061.64 22.24 95.84 
.:.,L'<, 
4 .i. , . .,. . .. .:.> C 6 E Loss (ft) 0.01 Cum SA (acres) 586.11 7.89 

. .. 
,L e!;: ..*. ~. :;$><\: FCD 9817 Delineaticn of SpJlway Flow ! :..;a? A-NWesf IN, :c"% For Signal Butte Flood Retarding Sbucture Page a ,:~, 'd 

July, 1999 .. A. Full Oischarge (Q's Modeled Separately) :c<. :$A; < 

;j!j$.;< 

. .: $.u; 
r,, :. 
1 -I 

.,:.hi:-* - .y..,l. -.-- . . . . ... . , . ,  . .. . ... ; .,,;7,:y;<.k ?:L ;kG:*,w >~..gi::::$+-~'..:.*-.-.':~.': ..:' . , -v~ ~ .:..; :.. ~ ..,..., ...,,. .. ...<-w.-y,,vL '. .<~2?yr;~ 
. .,,..: c,: ,s.< :':,': y.:::'~.. . ,- . ..;., ..',. .; : ;.. \..:,., ,.,c,.;. ;' ... d:.:. ..- ... 

. , Y .  ; . ;  >, . ,: :-, ..; ; , :.., , ;, ." :-, ,< , . . , . , . ,;.-:., .; - .. .- .:.,>... - ,-. ..: .* .,;. . . . :,:. ,,:::, ~ :~.~.. ::w;.L>:i.c~& 



. . ..\"$'.. .zt..,,:t 
, .?.?*$ , .. 
.2@ Warning: ~ivided flow'computed for this cross-section. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
-*A:,, ..,,:,? cross section. This may indicate the need for additional cross sections. 
... ..~. ~, . . .  . - .  .:;. " 
. FLOW DISTRIBUTION OUTPUT Profile #PF 1 
: ..-: -,:. , .....~ 

. . .. > 
Left Sta Right' Sta Flow Area W.P. 8 Conv. Hydr D. 

. . .  (ft) (ft) (cfs) (sq ft) (ft) (ft) 
~. . . 5354.28 6510.47 541.86 331.93 443.02 4.79 0.75 

6510.47 7666.66 8407.45 2827.28 1156.88 74.34 2.45 
7666.66. 8822.85 1166.78, 968.48 897.53 10.32 1.08 
8822.85 9979.04 445.89 388.71 724.93 3.94 0.54 
LB 9979.04 RB 10027.77 737.64 125.99 49.46 6.52 2.59 
10027.77 10295.46 9.39 12.28 54.99 0.08 0.22 

Velocity 
(ft/S) 
1.63 
2.97 
1.20 
1.15 
5.85 
0.76 

. Warning: Divided flow computed for this cross-section. 
, .. : . Warning: The energy loss was greater than 1.0 it (0.3 m). between the current and previous 

; $  cross section. This may indicate the need for additional cross sections. 

::.g%j .... CROSS SECTION ,;-.:.z RIVER: SIGNAL BUTTE 
: RJmtH: SPILLWAY 

t i  .: . . z , .  
RS: 2.857 

... ...- I >~ . ,  . .:. .:. . . .. .,:..::: ~ . . : ~ ~  INPUT 1 
: ~.. .. . .. , 

. i . . . j  . Description: RM.2.857 . HORZ. N VALUES USED. AREA TO LT. OF STA. 5591.59 BLOCKED OUT DUE TO 
: !,Y.. . -..;,:; . . RIDGE. 
L-e& . .- ~. ..- .:_< .... .. .- i.;*.<r; .-.".. : .%..*, Station Elevation Data num= 
..*.. 

329 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

..,. li() 5248.42 1604.1 5269.19 1604.52 5274.82 1604.54 5303.67 1604.59 5346.54 1604.71 
::- . . ., < . . ... . 5403.29 1604.8 5442.77 1604.85 5467.1 1604.97 5581.95 1605.15 5591.59 1605.11 
... ,. ...,. .< -, . .  5711.63 1604.5 5725.14 1604.27 5726.98 1604.41 5738.68 1603.43 5744.58 1602.88 

..-*.;> . .:....,: . .. -. 5754.99. 1604.2 5757.68 1604.58 5781.74 1604.4 5833.2 1604.23 5858.05 1605.06 
!% .;>:;;~ . ,..., 

5868.22 1605.3 5875.77 1605.3 5899.6 1604.86 5907.68 1604.74 5910.38 1604.63 
~: -.. ...... . , 5924.23 1604.3 5926.35 1604.28 5948.87 1604.86 5952.25 1604.97 5953.59 1605.04 

i.2:.:.>. 
;;ii . 5974.99 1605.1 6013.21 1604.91 6026.28 1604.85 6029.33 1604.86 6035.25 1604.86 
.. :.! ,~:*;;; 6056.1 1604.1 6060.22 1604.13 6071.93 1604.2 6108.27 16.04.71 6138.69 1604.61 
:,:! .'e: . .  . .-.:. 6153.45 1605.6 6176.67 1606.65 6188.6 1606.7 6206.82 1606.62 6240.47 1606.47 

6261.24 1606.3 6272.76 1605.46 6282.36 1604.75 6305.86 1606.08 6306..34 1606.11 
6306.93 1606.1 6307.74 1606.18 6325.35 1607.14 6342.38 1606.72 6350.28 1606.73 
6379.68 1606.1 6401.88 1605.86 6437.98 1605.49 6451.92 1605.5 6470.86 1605.55 
6558.03 1605.2 6613.39 1603.97 6672.57 1602.93 6676.6 1603.15 6705.97 1602.91 
6729.66 1603 6753.91 1603.17 6766.61 1603.74 6768.51 1603.86 6776.76 1603.28 
6780.7 1603 6781.76 1602.96 6794.1 1602.99 6833.87 1604.07 6864.88 1604.79 
6869.08 1604.8 6888.22 1604.27 6911.22 1603.16 6911.36 1603.16 6931.64 1603.08 
6939.76 1603 6946.99 1603.03 6951.02 1603.07 6980.16 1603.09 6987.12 1603.11 
6995.15 1603 7026.82 1602.92 7031.96 1603.38 7042.03 1603.4 7047.56 1602.38 
7055.65 1600.7 7069.43 1603.37 7069.45 1603.37 7069.46 1603.37 7069.46 1603.4 
7094.86 1603.2 7100.03 1603.23 7101.18 1602.97 7106.2 1602.3 7118.56 1602.1 
7122.13 1602.16 7125.29 1602.07 7129.08 1602.03 7133.45 1602.09 7169.72 1602.8 
7195.67 1602.72 7200.93 1602.6 7231.17 1602.36 7234.38 1602.36 7240.04 1602.4 
7315.25 1602.61 7316.48 1602.6 7338.11 1602.42 7389.24 1601.97 7392.3 1602 
7395.9 1601.93 7430.36 1601.45 7430.99 1601.44 7431.08 1601.44 7431.14 1601.4 
7431.16 1601.44 7431.23 1601.44 7431.64 1601.44 7501.1 1602.12 7509.95 1602.1 
7517.62 1601.85 7538.8 1601.74 7560.18 1602.32 7595.16 1602.64 7612.54 1602.7 
7628.25 1602.75 7633.5 1602.75 7665.31 1602.58 7679.69 1602.24 7701.61 1602.1 
7717.04 1602.26 7730.66 1602.16 7761.47 1602.39 7763.74 1602.4 7777.34 1602.5 

FCD 9817 Delineation of SpiUway Flows AN West inc 
For Signal Butte Rood Refarding Strudure %F 64 July. 1999 
Full Discharge (a's Modeled Separately) 



Manning's n Values num= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

. ..: 
, - 5248.42 .068 7122.13 .15 8544.26 .1 9303.81 .068 9946.06 .045 

10046.72 ,068 . ~. ~. . . . . . , 

I Bank Sta: Left Right Lengths: Left Chamel Right Coeff Contr. Expan. 
9946.0610046.72 320 336.06 320 .1 .3 

, 

: . Blocked Obstructions num= 1 
Sta L Sta R Elev 

. . 5248.42 5591.59 1605.11 
. ,. 

E.G. Elev (ft) 1605.14 Element Left OB Channel Right OB 
Vel Head (ft) 0.07 Wt. n-Val. 0.110 0.045 0.068 
W.S. Elev (ft) 1605.07 Reach Len. (ft) 320.00 336.06 320.00 
Crit W.S. (ft) Flow Area (sq ft) 5523.30 169.62 159.26 
E.G. Slope (ft/ft) 0.009721 Area (sq ft) 5523.30 169.62 159.26 (1 

FCD 58-17 Delineation oiSpisway Flow 
FOI Signal Butte Rood Retarding h d u r e  
Full Dismarge (Q's M o d W  Separate) 

A 4  West, Inc 
July, 1999 



...... -. . ., .-..> ".$k ... :, 2.- c ,,.. < ....... ;-2..<3 Q Total (cfs) 11309.00 . Flow (cfs) 10246.47 779.54 282.99 
'!:* Top Width (ft) 4207.29 Top Width (ft) 3894.01 100.66 212.62 
.<.: Vel Total (ft/s) 1.93 Avg. Vel. (ftfsj 1.86 4.60 1.78 : :-t ";!;A 
.t.$ ,. Max Chl Dpth (it) 4.37 Hydr. Depth (ft) 1.42 1.69 0.75 =*;,- . A', 

:&,@- Conv. Total (cfs) 114699.7 Conv. (cfs) 103923.2 7906.4 2870.2 I 

: '  ~ .- Length Wtd. (ft) 321.84 Wetted Per. (it) 3895.56 101.13 212.63 j .... .,; Kin Ch El (ft) 1601.52 Shear (lb/sq ft) 0.86 1.02 0.45 
. . .  . . .  

Alpha 1.25 Stream Power (lb/ft s) 1.60 4.68 0.81 
. . Frctn Loss (ft) 2.88 Cum Volume (acre-it) 1020.16 20.87 95.07 

C & E Loss (ft) 0.01 Cum SA (acres) 556.72 7.20 65.41 
I 

Warning: Divided flow computed for this cross-section. . . 
- ? .  Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous . . . . .  .: . cross section. This may indicate the need for additional cross sections. 
~,: ; 
..: 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 I 
. " . . , .:.;; 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 
(ft) (cfs) (ss ft) (ft) ( ft (ft/s) 

5248.42 6422.83 322.64 247.93 512.00 2.85 0.48 1.30 

........ ,'>'..' . .,.&:; 
) .~ 
. Warning: Divided flow computed for this cross-section. -.*-.... 
:*,:$<>, Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous ......... 

cross section. This may indicate the need for additional cross sections. 

'<.*??=+ ........ , . : CROSS SECTION . <-* RIVER: SIGNAL BGTTE 
..=...;.< .I . , REACE: SPILLWAY . . ,.- RS: 2.793 

%... .... - ... ; -- . .......... ...I ... :::::.. . INPUT ..... ..*..: i - .. Description: RM.2.793. HORZ. N VALUES USED. AREA TO LT. OF STA. 5350.41 BLOCKED OUT DUE TO 
......... .,** . <*.. RIDGE. 

Station Elevation Data nun= 374 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

5011.3 1601 5109.26 1601.42 5127.7 1601.4 5163.69 1601.18 5231.86 1601.14 
5245.82 1601.3 5272.65 1601.06 5287.85 1600.91 5298.86 1601.18 5327.97 1602.21 
5336.56 1602.4 5346.48 1602.67 5347.89 1602.68 5350.41 1602.69 5419.33 1602.19 

. ' 5470.98 1602.1 5490.08 1602.07 5508.23 1601.56 5554.34 1601.26 5556.83 1601.33 
~ . :  5570.91 1601.6 5591.56 1601.89 5635.46 1602.02 5712.13 1601.98 5808.89 1601.54 

5842.62 1601.7 5855.49 1601.76 5879.6 1601.82 5923.63 1602.17 5953.29 1602.07 
5995.67 1601.9 6058.58 1601.48 6067.29 1601.46 6072.69 1601.52 6093.55 1601.69 
6113.32 1601.6 6117.78 1601.6 6121.35 1601.65 6149.35 1601.84 6153.77 1601.87 
6177.05 1602.1 6196.42 1602.27 6209.12 1602.28 6228.94 1602.56 6279.99 1602.56 
6283.86 1602.6 6290.82 1602.56 6292.03 1602.56 6308.41 1602.85 6311.57 1602.92 
6348.87 1603.1 6390.69 1603.07 6395.99 1603.07 6409.3 1603.07 6410.45 1603.01 
6412.56 1603 6418.43 1603 6423.77 1602.96 6430.3 1602.96 6434.1 1602.96 
6436.83 1603 6441.26 1602.93 6442.26 1602.93 6445.16 1603 6470.5 1603.1 
6540.65 1603.4 6553.14 1603.34 6564.23 1603.2 6571.99 1603.24 6588.24 1603.09 
6589.61 1603.1 6600.9 1602.58 6610.16 1602.33 6615.01 1602.48 6638.25 1602.98 
6656.96 1602.7 6715.94 1601.75 6719.25 1601.83 6722.51 1601.85 6729.1 1601.94 
6731.81 1601.7 6738.8 1601.26 6740.68 1601.01 6745.29 1601.33 6745.72 1601.46 
6757.09 1601.2 6770.61 1600.9 6797.32 1600.77 6878.15 1599.9 6913.59 1599.73 

FCD 9817 Delineation of S p ' i y  Flows 
For Signal Butte Rood Retarding Stntcture 
Fuil M r g e  (Q's ModW Separately) 

Page a 
A-N West, Inc 

Juty, 1999 



6914.98 1599.7 6930.61 1599.98 6979.95 1599.71 7004.27 1599.81 7005.06 1599.81 
7039.97 1599.8 7071.3 1600.15 7077.18 1600.19 7078.22 1600.15 7080.05 1600.16 
7081.67 1600.2 7099.02 1600.01 7108.49 1599.79 7130.77 1599.57 7147.33 1599.2 
7151.19 1599.2 7154.32 1598.99 7157.22 1599.05 7163.47 1598.88 7179.88 1599.04 
7200.59 1599.3 7205.62 1599.24 7212.37 1599.18 7229.31 1599.07 7241.99 1598.88 
7256.41 1598.9 7291.33 1599.09 7292.04 1599.12 7292.82 1599.12 7315.17 1599.27 
7330.44 1599.7 7343.06 1599.96 7390.77 1599.08 7393.63 1599.05 7394.02 1599.07 
7411.93 1599.2 7426.27 1599.03 7492.65 1599.85 7513.14 1599.99 7514.58 1599.96 
7519.24 1599.9 7557.44 1599.7 7600.72 1599.6 7605.94 1599.56 7630.8 1599.51 
7631.22 1599.5 7633.72 1599.54 7635.37 1599.55 7657.9 1599.76 7665.57 1599.75 
7716.98 1599.9 7718.01 1599.92 7736.11 1599.96 7796.11 1599.48 7804.77 1599.38 
7808.61 1599.4 7835.33 1600.07 7838.19 1600.09 7843.8 1600.1 7873.75 1600 
7874.98 1600 7880.27 1600.04 7938.61 1600.38 7951.37 1600.28 7968.21 1600.31 
8010.16 1600.1 8034.76 1600.11 8059.61 1600.37 8066.1 1600.39 8076.44 1600.41 
8092.57 1600.5 8119.11 1600.59 8163.66 1600.72 8172.54 1600.71 8226.94 1600.62 
8233.68 1600.6 8266 1601.1 8275.22 1600.96 8298.38 1600.5 8337.61 1600.69 
8362.92 1600.8 8375.47 1600.74 8393.28 1600.66 8491.1 1600.24 8496.83 1600.26 
8502.89 1600.2 8516.53 1600.4 8534.45 1600.64 8574.6 1600.56 8605.95 1600.52 
8627.92 1600.6 8653.93 1600.59 8701.23 1600.51 8702.35 1600.5 8711.36 1600.47 

8724 1600.6 8727.19 1600.57 8733.04 1600.55 8740.02 1600.57 8741.41 1600.59 
8748.01 1600.6 8750.5 1600.58 8759.54 1600.6 8762.48 1600.55 8767.45 1600.54 
8770.32 1600.5 8781.4 1600.23 8783.81 1600.21 8788.77 1599.87 8800.21 1599.97 
8802.29 1600.1 8808.93 1600.32 8811.6 1600.26 8815.88 1600.11 8826.43 1599.84 
8835.9 1599.7 8845.66 1599.81 8857.19 1599.81 8868.37 1599.79 8875.76 1599.83 
8877.69 1599.9 8882.19 1599.99 8893.36 1600.12 8894.69 1600.13 8904.77 1600.24 
8911.7 1600.4 8947.6 1601.08 8953.03 1601.04 8960.16 1601.15 8971.4 1601.06 
8987.54 1600.8 8996.71 1600.62 9002.77 1600.55 9011.28 1600.55 9016.37 1600.57 
9037.15 1600.3 9038.37 1600.27 9054.97 1600.49 9058.79 1600.46 9065.86 1600.48 
9072.16 1600.5 9085.66 1600.53 9100.28 1600.66 9100.33 1600.66 9100.39 1600.66 
9100.41 1600.7 9109.37 1600.85 9130.24 1601.01 9141.47 1601.07 9153.11 1600.9 
9156.91 1600.9 9208 1601.63 9230.24 1601.65 9236.15 1602.32 9238.4 1602.37 
9242.93 1602.3 9245.1 1602.14 9248.5 1602.19 9259.21 1602.2 9286.46 1602.18 
9304.14 1602.2 9312.93 1602.29 9315.41 1602.31 9345.64 1601.99 9348.15 1601.96 
9350.27 1601.9 9351.33 1601.77 9356.33 1601.33 9365.17 1601.09 9372.91 1600.88 
9378.66 1600.9 9388.71 1600.88 9394.6 1600.94 9403.61 1600.7 9406.3 1600.32 
9414.85 1600.4 9426.7 1600.55 9449.92 1600.63 9458.15 1600.66 9463.5 1600.61 
9475.15 1600.5 9481.36 1600.99 9486.88 1601.18 9493.87 1601.37 9505.53 1601.21 
9529.94 1600.5 9542.97 1600.48 9546.3 1600.54 9548.5 1600.54 9567.45 1600.69 
9583.14 1600.7 9608.39 1600.87 9635.88 1600.68 9651 1600.63 9657.1 1600.67 
9680.27 1600.6 9690.41 1600.57 9700.73 1600.54 9714.58 1600.35 9723.52 1600.29 
9726.03 1600.3 9733.8 1600.27 9775.6 1600.45 9795.55 1600.62 9808.4 1600.91 
9814.53 1601 9817.04 1601.16 9824.29 1601.06 9828.4 1601.02 9835.16 1601.01 

9853 1601.2 9869.04 1601.23 9883.28 1601.46 9887.33 1601.51 9889.69 1601.5 
9897.28 1601.5 9906.04 1601.36 9921.81 1601.15 9925.03 1600.85 9929.83 1600.01 
9940.3 1599.8 9948.53 1599.55 9956.16 1599.35 9963.23 1599.15 9965.88 1599.11 
9967.54 1599.1 9969.18 1599.06 9971.62 1599.27 9988.94 1599.0510009.57 1598.87 
10023.77 1598.910024.51 1598.8710024.74 1598.8710025.15 1598.9110025.81 1598.92 
10037.29 159910039.61 1599.1710041.91 1599.4710062.81 1601.0310070.68 1601.59 
10078.93 1601.4 10101.3 1600.8610105.49 1600.7210110.42 1600.6510116.13 1600.91 
10124.34 1601.310147.02 1601.2910153.71 1601.3 10155.7 1601.9210157.84 1602.46 
10159.07 1600.810162.38 1598.1110165.15 1598.1110166.51 1598.8110171.03 1601.56 
10173.2 1601.210175.01 1601.410378.13 1601.310179.08 1601.510184.09 1601.05 
10185 1600.710235.54 1601.1310241.41 1601.1710307.41 1600.9710310.49 1600.96 

10315.77 160110315.98 1601.02 10316.2 1601.0110316.53 1601.0210317.75 1601.04 
10348.24 1601.710354.09 1601.3810372.41 1601.3410386.48 1601.3410400.16 1601.27 
10431.78 1601.310432.27 1601.310432.67 1601.3110434.24 1601.310435.94 1601.51 
10447.27 1602.710454.14 1602.7410463.75 1602.6210464.22 1602.75 
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Manning's n Values num= 5 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

5011.3 .068 5591.56 .15 8882.19 .1 9948.53 .04510041.91 .068 

....... 
. . . .  - . . . . .  -' Bank Sta: Left Right Lengths: Left Channel Right ., : . . Coeff Contr. Expan. 

~ .:,~. ... . . .  ., 9948.5310041.91 380 384 440 .1 . -, . .3 
. . .  

Blocked Obstructions num= 1 
Sta L Sta R Elev 
5011.3 5350.41 1602.68 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (it) 
W.S. Elev (ft) 
Crit W.S. (it) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Element 
Wt, n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.137 
380.00 
5926.80 
5926.80 
8643.82 
3859.82 

1.46 
1.54 

94289.2 
3860.36 

0.81 
1.17 

978.10 
528.23 

Channel 
0.045 
384.00 
284.85 
284.85 
1813.03 
93.38 
6.36 
3.05 

19777.1 
93.43 
1.60 
10.18 
19.11 
6.45 

Right OB 
0.068 
440.00 
415.31 
415.31 
852.14 
398.29 
2.05 
1.04 

9295.4 
401.29 
0.54 
1.11 
92.96 
63.17 

Warning: Divided flow computed for this cross-section. S . G . . ~  . .  . .. ~.. .~..:.-: Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous F.::?! 
i ;--, .i .......... cross section. This may indicate the need for additional cross sections. 

' ..:. C .: .... . . . . .  . ...... ~~. . >. .< ?-.> .t FLOW DISTRIBUTION OUTPUT Profile #PF 1 
..>h "I ........ ,:. ..~ .<. . . ? ... .... 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and 
cross section. This may indicate the need for additional cross sections. 

Velocity 
(ft/s) 
0.59 
1.57 
1.37 
1.59 
6.36 
2.05 

previous 

CBXS SECTION RIVER: SI(aSLL BUTTE 
PSACE: SPILLRAX RS: 2.720 

. . . ~ .. . . - . INPUT - ~. . . .  - . . Description: RM.2.720. HORZ. N VALUES USED. INEFFECTVE AREA OPTION USED TO BLOCK FLOW TO RT. ... ... 
. ;  OFSTA. 10434.56DUETORIDGE. 
,. . . ,. . . .  

FCD 98-17 Delineation dSpiltway Flows 
For Signal Butte Flood Retarding Wbure  page 68 
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'.$ :" '@ *?&j 
, ii S t a t i o n  E leva t ion  Data n u =  ~39: 457 
- .u~ .&L:  'i:";.., S t a  E lev  S t a  E lev  S t a  E lev  
F,.,!,, 

S t a  E lev  S t a  E lev  

. - 5 -  J 
4895.17 1598 4948.42 1598.54 4955.14 1598.61 5036.32 1598.18 5068.25 1597.96 

",:#'?.< ..,"?.,> - ,'. , ,....it 
5073.77 1598 5126.14 1597.38 5189.65 1597.04 5223.8 1596.74 5231.69 1596.86 

; :  5252.45 1597.3 5254.34 1597.31 5254.86 1597.36 5264.23 1598.05 5274.24 1596.78 
..:,::-,, ... :<..;.:, .. . ,, 5277.1 1596.3 5288.21 1599.11 5293.83 1600.64 5299.08 1599.98 5307.48 1599.33 
.,. . . . .( . . ?  5310.66 1598.5 5327.64 1598.53 5419.86 1598.16 5435.59 1598.13 5443.07 1598.16 . , .. .., . .. ,, ., 

. . 5449.71 1598 5453.73 1597.98 5477.47 1598.21 5497.73 1598.51 5534.46 1598.66 
- 5536.78 1598.5 5547.78 1597.6 5552.96 1597.56 5555.86 1597.51 5596.66 1597.33 

5651.28 1597.2 5653.42 1597.33 5674.09 1597.48 5732.1 1597.78 5765.17 1597.68 
5805.42 1597.4 5876.03 1597.57 5878.6 1597.6 5879.37 1597.6 5880.71 1597.62 
5885.82 1597.7 5942.58 1598.32 5949.82 1597.74 5957.21 1597.45 5975.37 1597.09 
5977.32 1597.6 5979.75 1597.57 5989.3 1598.17 5989.63 1598.22 5992.96 1598.49 
6027.26 1598.5 6027.71 1598.5 6042.23 1598.19 6053.66 1598.35 6088.55 1598.28 

6099.9 1598.5 6115.62 1598.81 6150.65 1597.78 6170.19 1597.33 6174.07 1597.24 
6178.32 1597.3 6204.98 1597.84 6208.63 1597.89 6221.83 1597.66 6240.3 1597.71 
6241.39 1597.7 6252.91 1597.46 6257.1 1597.53 6280.84 1597.56 6338.27 1598.04 
6349.97 1597.9 6362.83 1597.71 6372.62 1597.7 6418.88 1597.07 6457.82 1596.9 
6495.55 1596.6 6500.83 1596.5 6512.79 1596.55 6521.28 1596.49 6571.1 1595.91 
6587.99 1595.7 6594.34 1595.74 6596.61 1595.72 6610.97 1595.68 6632.54 1595.87 

. <.lil 
6661.37 1596 6682.45 1595.97 6701.75 1595.97 6724.33 1596.12 6725 1596.12 

::. . .. :,pFi , ,;>;-,& 6726.67 1596.1 6726.67 1596.12 6773.39 1596.88 6787.57 1597.24 6822.48 1597.76 
;.r.,.s 6838.27 1597.8 6839.29 1597.77 6858.72 1597.9 6865.4 1597 6869.01 1596.9 

X+L? .3. .- 7.:$;.1 
::i.$:;, 6871.81 1596.7 6875.12 1596.8 6886.18 1596.9 6896.89 1596.96 6924.18 1597.3 ..* ,,<c, ,... . 6933.47 1597.8 6942.63 1598.16 6943.33 1598.13 6949.54 1598.07 6964.66 1597.69 :;>:::z.t 
. ..-.,. :. 6979.53 1597.6 6997.68 1597.69 7023.16 1597.87 7024.81 1597.86 7074.13 1597.9 . ,ii :.:;>.-q.; 
v,., ~ > "  

7075.46 1597.9 7075.85 1597.92 7081.31 1597.9 7086.55 1597.6 7091.17 1597.29 .,. .:. ,., 
.,:::;,? 7095.55 1596.6 7102.32 1596.56 7110.54 1596.08 7115.65 1595.74 7126.71 1596.1 
.a ._I .'. ***: 

. c : ~ . .  7142.64 1596.3 7143.87 1596.3 7149.93 1596.3 7165.09 1596.51 7218.21 1596.54 . . . .". 

. . .~.~::.j 7231.44 1596.2 7236.15 1596.43 7240.47 1596.28 7248.36 1594.92 7251.79 1595.22 
;.,,.:.. 

:;&< $3 . .: ;; 7252.2 1595.2 7252.59 1595.15 7256.65 1595.2 7261.92 1595.15 7266.99 1595.17 
7278.02 1595.2 7286.7 1595.29 7316.36 1595.82 7327.04 1595.97 7333.53 1595.74 
7334.97 1595.7 7370.95 1595.82 7388.58 1595.87 7411.6 1595.91 7430.82 1595.9 
7460.82 1596.3 7499.52 1595.9 7520.46 1595.93 7545.41 1595.84 7546.86 1595.85 
7549.78 1595.8 7574.22 1595.97 7600.6 1596.01 7610.8 1596.04 7630.57 1595.91 
7641.39 1595.8 7673.95 1595.66 7687.16 1595.61 7706.05 1595.62 7728.35 1595.4 
7736.51 1595.5 7760.23 1595.88 7765.9 1596 7781.44 1596.03 7810.73 1596.02 
7818.22 1596.1 7855.55 1596.11 7873.24 1596.12 7893.5 1596.25 7921.1 1596.38 
7954.18 1596.4 7969.92 1596.45 7998.13 1596.51 8003.18 1596.56 8007.28 1596.59 
8013.28 1596.6 8059.28 1596.76 8073.69 1596.76 8085.32 1596.84 8090.83 1596.84 
8093.58 1596.8 8099.68 1596.74 8104.77 1596.67 8110.44 1596.66 8113.63 1596.7 
8118.42 1596.8 8124.7 1596.92 8129.84 1596.84 8134.77 1596.7 8167.62 1596.53 
8196.13 1596.3 8209.56 1596.38 8211.37 1596.33 8235.77 1596.31 8242.34 1596.32 
8247.73 1596.3 8296.54 1596.32 8318.98 1596.34 8321.6 1596.34 8331.14 1596.36 
8425.11 1596.5 8444.73 1596.94 8453.32 1597.13 8454.76 1597.11 8456.31 1597.16 
8505.15 1596.6 8547.96 1596.6 8549.83 1596.64 8573.98 1596.71 8576.79 1596.74 
8582.71 1596.7 8668.69 1597.03 8681.73 1597.07 8681.8 1597.07 8681.89 1597.07 
8683.43 1597.1 8722.01 1596.94 8735.05 1596.87 8739.01 1596.8 8744.94 1596.93 
8748.71 1596.9 8752.02 1596.76 8752.15 1596.74 8753.84 1596.72 8754.6 1596.71 
8757.85 1596.8 8786.97 1597.53 8803.38 1597.67 8823.31 1597.41 8836.83 1597.3 
8840.22 1597.2 8842.51 1597.23 8855.53 1597.02 8855.64 1597.02 8855.74 1597.02 
8855.81 1597 8860.54 1597.1 8862.12 1597.09 8863.23 1597.07 8863.97 1597.02 
8869.12 1596.6 8885.53 1596.85 8902.9 1596.92 8910.69 1596.98 8918.83 1596.96 
8933.53 1597.3 8937.83 1597.3 8951.89 1597.69 8966.4 1597.39 8982.16 1597.71 
8986.66 1597.7 8994.48 1597.69 9021.32 1597.28 9040.44 1596.99 9041.81 1596.98 
9042.53 1597 9043.24 1596.99 9044.06 1596.98 9045.6 1596.99 9046.05 1597 
9051.77 1597.3 9068.48 1597.28 9072.23 1597.32 9105.47 1597.09 9137.31 1596.95 

FCD 9817 Wineation cdSpilhvay Flcm 
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... ' ; . 
Manning's n Values nun= 6 

Sta  n V a l  S t a  n Val S t a  n Val S t a  n V a l  S t a  n Val 
4895.17 .068 6115.62 .15 8668.69 .1 9655.59 .068 9981 .01  .045 

10056.67 .068 

Bank Sta :  Lef t  Right Lengths: L e f t  Channel Right Coeff Contr. Expan. 
9981.0110056.67 380  410.52 380 .1 . 3  

I n e f f e c t i v e  Flow nun= 1 
S ta  L S t a  R Elev 

10431.5610956.68 1600  

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev ( f t )  1598 .21  Element L e f t  OB Channel 
. . Vel Head ( f t )  0.29 W t .  n-Val. 0.132 0.045 

K.S. Elev ( f t )  1597.91 Reach Len. ( f t )  380.00 410.52 
C r i t  W.S. ( f t )  1597 .71  Flow Area ( sq  f t )  4453.00 261.78 
E.G. Slope ( f t / f t )  0.013401 Area ( s q f t )  4453.00 261.78 

as:..- @ FCD 98-17 Delineation dSpdhay F l m  
,.;?'f 
-2.;. 
.,,..<? 
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Right OB 
0.068 

380.00 
622.20 

1110.69 

A N  West. Inc. 
July, 1999 



vei Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
c 6 E Loss (ft) 

Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 in). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
4895.17 
6166.63 
7438.09 
8709.55 
LB 9981.01 
10056.67 

Right Sta Flow Area 
(ftl (cfs) (sq ft) 
6166.63 489.17 299.58 
7438.09 1914.40 1432.44 
8709.55 3211.46 1972.64 
9981.01 1212.83 748.34 
RB 10056.67 2269.16 261.78 
10956.68 2211.98 622.20 

W.P. BConv. HydrD. 
(ft) (ft) 

618.62 4.33 0.48 
1223.18 16.93 1.17 
1271.50 28.40 1.55 
1214.71 10.72 0.62 
76.66 20.07 3.46 
373.44 19.56 1.68 

Velocity 
(ft/s) 
1.63 
1.34 
1.63 
1.62 
8.67 
3.56 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIQSLt BUTTE 
REACH: SPILLWAY RS: 2.643 

INPUT 
Description: RM. 2.643. HORZ. N VALUES USED. AREA TO LT OF STA. 4941.8 BLOCKED OUT DUE 
TO RIDGE. 

Station Elevation Data num= 442 
Sta Elev Sta Elev Sta Uev Sta Elev Sta Elev 

4784.71 1593.6 4786.79 1593.45 4797.34 1594.52 4818.03 1595.14 4821.33 1595.26 
4844.11 1595.2 4847.46 1595.22 4852.12 1595.23 4872.45 1595.28 4887.13 1595.23 
4895.74 1595.2 4908.09 1595.25 4931.32 1595.41 4937.95 1595.43 4939.43 1595.43 
4940.35 1595.4 4941.83 1595.43 4951.45 1595.37 4955.79 1593.64 4958.76 1592.05 
4970.47 1592.1 4975.05 1592.17 4982.33 1592.2 4996.02 1594.11 4996.59 1594.23 
4996.6 1594.2 4996.97 1594.22 5019.52 1593.82 5037.37 1593.59 5043.7 1593.44 
5057.34 1593.7 5058.32 1593.67 5058.68 1593.65 5058.97 1593.65 5059.38 1593.62 
5060.19 1593.6 5072.64 1593 5084.54 1593.84 5087.92 1594.13 5095.34 1594.84 
5101.01 1594.6 5108.47 1594.39 5118.94 1594.37 5142.87 1594.25 5158.14 1594.18 
5205.67 1594.1 5244.07 1594.27 5289.53 1594.29 5357.82 1594.39 5415.48 1594.14 
5451.85 1594 5471.56 1593.93 5517.98 1593.42 5573.86 1593.06 5578.11 1593.07 
5585.79 1593 5591.68 1593.51 5593.84 1593.67 5594.17 1593.69 5644.61 1593.81 
5668.07 1593.8 5678.94 1592.46 5679.49 1592.41 5689.18 1593.04 5690.57 1593.11 
5691.29 1593.2 5692.43 1593.3 5693.2 1593.27 5740.74 1593.49 5779.39 1593.68 
5780.45 1593.7 5781.21 1593.7 5781.49 1593.71 5781.63 1593.71 5782.1 1593.72 
5785.93 1593.9 5801.55 1594.45 5806.06 1594.41 5817.42 1593.76 5818.31 1594.3 
5819.24 1594.2 5833.68 1593.52 5835.95 1593.56 5836.77 1593.56 5840.16 1593.55 • . 

! 
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7833.54 1592.4 7882.4 1592.43 7974 .1  1592.34 7978.23 1592.33 7998.74 1592.36 
8054.54 1592 8063.46 1591.95 8075.56 1591.86 8101.18 1591.7 8105.03 1591 .73  
8105.99 1591.7 8108.99 1591.75 8117.93 1591.98 8123.49 1591.99 8128.49 1591.84 
8135.14 1591.8 8141.93 1591.76 8165 .1  1591.74 8218.49 1591.96 8221.99 1592 .01  
8255.87 1591.9 8256.68 1591.87 8257.14 1591.87 8259.46 1591.88 8409.22 1592.5 
8440.58 1592.4  8 4 5 1  1592 .68  8456.81 1592.88 8461.34 1592.97 8506.44 1592.88 
8525.58 1 5 9 3 . 1  8553.14 1593.47 8616.39 1593.14 8626.56 1593.14 8628.75 1593.39 
8632.52 1593.3  8638.49 1 5 9 3 . 3 1  8654.54 1592.55 8660.25 1592.39 8677.92 1592.77 
8692.19 1592.9  8699.69 1592.99 8727.76 1 5 9 3 . 1  8752.54 1592.99 8785 .61  1593.04 
8822.09 1593 .1  8832.57 1593 .1  8836.66 1593.07 8 8 4 3 . 1  1593.09 8844.61 1593.08 
8874.85 1592.6 8882.54 1592.5 8891.16 1592.53 8894.49 1592.55 8908.69 1592.56 
8919.51 1592.6 8924.47 1592.63 8931.73 1592.48 8932.41 1592.5 8932.58 1 5 9 2 . 5 1  
8932.93 1592.5 8942.14 1593 .01  8944.55 1592.93 8951.15 1592.64 8960.09 1592.55 
8971.66 1592.4  8981.65 1592.36 8990 .91  1592.38 8991.19 1592.5 8992 .41  1592.49 
8997.76 1592.6 9001.68 1 5 9 2 . 5 1  9019.66 1592.46 9058.05 1592.52 9061.34 1592.57 
9076.99 1592.8  9079.55 1592.83 9109.36 1593.09 9124.16 1593.03 9128.19 1592.98 
9137.29 1592.8 9144.36 1592.74 9154.69 1592.83 9167.04 1592.49 9168.59 1592.46 

9174.1 1592.5 9179.81 1592.48 9184.73 1592.57 9193.2 1592.58 9194.11 1592 .71  
9215.29 1593.2 9230.35 1593.69 9236.49 1593 .7  9254.6 1594 .1  9259.31 1594.19 

9261.8 1594.2 9263.68 1594.13 9289.32 1593 .85  9303.01 1593.95 9303.83 1593.99 
9319.31 1593.9 9321.42 1594.25 9329.25 1594.28 9347.7 1594.26 9363.57 1594.24 
9376.78 1595.8  9379.37 1596.64 9390.92 1594.94 9391.3 1594.88 9395.73 1594 .61  

9398.1  1594.3  9405.64 1594 .29  9417.27 1594.44 9431.74 1594.36 9436.97 1594.18 
9445.33 1594 9458.88 1593 .95  9467.34 1593.94 9493.05 1593.74 9519.26 1593.63 
9522.83 1593 .6  9533.78 1593.49 9539.68 1593 .51  9539.99 1593.57 9540.26 1593.7 
9540.28 1593.7 9542.72 1593.82 9546.59 1593.95 9554.94 1593.83 9565.44 1594.09 

. . 9570.02 1594 .1  9585.82 1593.93 9594.41 1593.82 9607 .71  1593.84 9619.56 1593.9 
9622.2 1593.8 9634.09 1593.77 9641.14 1593.78 9659.74 1594.07 9661.94 1594 .01  

. . 9669.34 1593.9 9681.11 1593.8  9701.82 1593.38 9705.21 1593.28 9706.35 1593.26 

9713.6 1593 9720.13 1592.86 9721.94 1592.79 9721.97 1592.78 9722.98 1592.75 
9723.03 1592.6  9729.77 1592.58 9739.14 1592.72 9768.94 1592.82 9775.58 1592.64 

FCO 9&17 Delineation of S p M y  Flow 
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. . .  Manning's n Values num= 8 

@, Sta n Val Sta n Val Sta n Val Sta nVal Sta n Val 
4784.71 .15 5037.37 .068 5871.75 .15 8259.46 .1 9329.25 .15 

, < ,t$ '.:..:. 9789.84 .068 9985.51 .04510041.45 .068 
. . . .., . . .! :>..-.. 

.:.<.,; :.? . Bank Sta: Left Right Lengths: Left Channel Right 
. . 

Coeff Contr. Expan. 
:,- . ,, ,~... . , . .. .~ >,. 3 9985.5110041.45 400 468.72 400 .1 .3 ..::. .: ....~, ... 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

4784.71 4941.83 1595.43 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfsl 
Length Wtd. (ftl 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ftl 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/sl 
Hydr. Depth (ftl 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres1 

Left 08 Channel 
0.045 

468.72 
186 .96  
186.96 

1229.99 
55.94 

6 .58 
3 .34  

13626.0 
57.02 

1 . 6 7  
10 .97  
14.59 

5 .08 

Right OB 
0.068 

400.00 
969.79 
969.79 

2770.35 
554.85 

2.86 
1.75 

30690.2 
556.44 

0.89 
2.53 

76.18 
50.66 

I 
Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1 . 0  ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

' . FLOW DISTRIBUTION OUTPUT Profile #PF 1 1 ... . ~. 
. .. . . Left Sta Right Sta Flow Area W.P. %Conv. HydrD. Velocity 

. ~ 

(ft) (ft) (cfsl (sq ft) (ft) (ftl (ft/s) 
..w~&.* 

4784.71 6084.91 400.10 368.07 740 .91  3.54 0.50 1.09 .-.-- a FCO 9817 Delineation of S p W y  Fiom 
For Signal Butte Flood Retarding Sbudure 

: . . .  Full Discharge (Q's Modeled Separately) . t: .:: 
t: .., 
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Warnina: D i v i d e d  f l o w  conwuted  f o r  t h i s  c r o s s - s e c t i o n .  
Warning: The c r o s s - s e c t i o n  e n d  p o i n t s  h a d  t o  b e  e x t e n d e d  v e r t i c a l l y  f o r  t h e  computed w a t e r  
s u r f a c e .  
Warning: The e n e r g y  l o s s  was g r e a t e r  t h a n  1 . 0  f t  ( 0 . 3  rn). be tween  t h e  c u r r e n t  a n d  p r e v i o u s  
c r o s s  s e c t i o n .  T h i s  may i n d i c a t e  t h e  n e e d  f o r  a d d i t i o n a l  c r o s s  s e c t i o n s .  I 
CROSS SECTION RIVER: SI- BlJTPE 
REACH: SPILLAAY RS: 2.554 

INPUT 
D e s c r i p t i o n :  RM. 2.554.  HORZ. N VALUES USED. AREA BLOCKED OUT TO LT. OF STA. 4769,2  . 
S t a t i o n  E l e v a t i o n  Da ta  nun= 487 

S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  
4444.79 1591.7  4454 .3  1 5 9 1 . 6 5  4478.65 1591 .63  4489.69 1591 .11  4492.88 1591 .01  
4504.26 1590.4  4509.49 1590 .46  4532.72 1590.58 4535.85 1590 .65  4541.63 1590 .8  I 
4547.67 1590 .9  4556.23 1591 .03  4561.4 1591 .03  4631 .71  1591 .21  4649.85 1 5 9 1 . 2 6  
4651.02 1591 .3  4652.06 1591 .27  4653.53 1591.27 4656.27 1591.25 4696.01 1590.89 
4697.24 1590.8  4705.55 1590 .44  4708.14 1590.4  4715 1 5 9 0 . 1 1  4721.5 1590 .22  
4743.17 1 5 9 0 . 5  4759.88 1591 .14  4762.35 1 5 9 1 . 1 8  4766.23 1591.15 4769.2 1591 .14  
4823.71 1590 .9  4870.64 1 5 9 0 . 7  4872.8  1590 .7  4873.67 1590.7  4874.97 1590 .7  
4879.09 1590.7  4897.77 1590 .57  4904 .11  1590.33 4925.76 1589.86 4948.36 1589.89 
4953.84 1589 .9  4958.95 1 5 9 0 . 0 1  4960.32 1590 .07  4967.18 1590 .23  4977.86 1590.48 
5000.99 1590.5  5021.62 1590.67 5030.41 1590.'68 5 0 4 4 . 6 5  1590.72 5045.46 1590.72 
5046 .79  1590.7  5047.02 1590 .4  5048.39 1589.04 5056.07 1588 .61  5060 .73  1588 .18  
5061 .72  1588.4  5071 .8  1590.72 5075.38 1590.4  5094.28 1589.46 5101 .12  1 5 8 9 . 9 1  
5101 .31  1 5 8 9 . 9  5140.44 1589.77 5142.44 1589 .77  5185.09 1589 .83  5197.16 1 5 9 0 . 8 9  
5202 .03  1591.2  5203.84 1591.27 5221.67 1591 .47  5224.59 1591.04 5235 .1  1589 .84  
5242.62 1589 .9  5248 .13  1589 .89  5269 .01  1590.02 5288 .26  1 5 9 0 . 1  5312.98 1590 .18  

5327.8  1590 .2  5354.24 1590 .32  5362.24 1589.94 5379 .11  1589.14 5379.97 1 5 8 9 . 0 8  
5380 .61  1589 5381  1589 .02  5382.29 1588 .98  5386.64 1589.04 5421.71 1 5 8 9 . 3 6  
5435.49 1589 .9  5445.04 1590 .19  5455.55 1590 .08  5459.12 1590.16 5467.63 1590 .61  
5477.32 1590 .9  5489.7 1590 .97  5494.03 1 5 9 1 . 0 1  5497 .95  1590.94 5507.27 1 5 9 1 . 0 1  
5532.07 1 5 9 1  5544.07 1 5 9 1 . 0 1  5558 .68  1590.72 5577.94 1590.47 5583.9  1590 .44  

5593 .3  1590 .4  5615 .19  1590 .35  5621 .23  1590 .31  5651.25 1589.97 5653.5  1589 .91  
5 6 6 5 . 2 1  1589 .7  5686.25 1589  5708  1588 .88  5740.14 1588.98 5749 .61  1589 .31  
5753 .77  1589.4  5756.31 1 5 8 9 . 4 3  5762.88 1589 .67  5 7 7 2 . 4 3  1590.18 5782.2 1590 .21  

5782 .9  1590 .2  5824.22 1589 .91  5826 .73  1589 .93  5831 .06  1590 .01  5839 .41  1 5 9 0 . 1  
5365 .55  1589 .9  5893.29 1589 .94  5910.26 1589 .85  5914 .46  1583 .83  5 9 2 3 . 4 1  1589 .92  
5931.07 1590.2  5953.71 1 5 9 0 . 3 1  5958 .23  1590 .36  5961.58 1590.4 5964.06 1590.42 
5970.79 1590.4  6053.16 1590 .16  6070 .28  1 5 9 0 . 2 1  6074.52 1590.01 6076.58 1589.87 
6089.23 1 5 8 9 . 1  6089.58 1 5 8 9 . 1  6092.42 1589  6095 .03  1585.74 6100 .1  1588.34 

, 6132.67 1588.2  6142.16 1588 .28  6148 .31  1588.49 6168.56 1588.77 6174.47 1588 .51  
6190.95 1588.4 6212.31 1 5 8 8 . 5 1  6229.27 1588 .5  6316 .9  1559.82 6320.42 1589.89 
6322.33 1589.9  6322.48 1589.87 6332.62 1589.87 6335.91 1589.87 6343.49 1589.95 
6349.57 1590  6362.31 1590.02 6433.15 1590.11 6445.39 1590.05 6449.45 1590.11 

. . 6475.94 1590 .5  6481.58 1 5 9 0 . 5 5  6525.41 1591.07 6530 .35  1591 .06  6544.25 1590.96 
6567.91 1590.6  6663 1591.72 6 6 9 0 . 4 5 1 5 9 1 . 8 6  6750 .81  1591.13 6812.98 1590 .37  
6822.55 1590.3  6836.08 1590 .07  6906.24 1589.54 6923.29 1589.62 6951.82 1589 .59  
6960.69 1589.6  6966.75 1589.59 6982.17 1589 .45  6996.12 1589 .05  6998.33 1589  
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6999.51 1589  7014.07 1589.54 7023.45 1589.89 7024.03 1589.9 7024.2 1589.9 
7037.33 1589.9 7074.64 1590.05 7078.81 1590.05 7080.5 1589.98 7090.45 1589.49 
7095.62 1589.8 7103.19 1590.35 7109.42 1589.92 7115.34 1589.73 7128.69 1588.91 
7168.54 1589 .1  7177.93 1589.21 7177.97 1589.08 7180.44 1588 .91  7181.23 1588.93 
7181.84 1589 7201.76 1589.81 7210.72 1589.35 7234.76 1588.42 7236.65 1588.4 
7303.07 1588 7355.25 1587.92 7384.73 1588.82 7403.43 1589.51 7462.06 1587.87 
7496 .81  1588 7516.35 1588.16 7531.15 1588.31 7542.7 1590.57 7545.56 1591.14 
7546.41 1591.3 7561.51 1590.45 7574.05 1590.71 7581.49 1590.6 7656.27 1590.13 
7664.72 1590 7669.96 1589.97 7682.45 1589.65 7687.82 1589.94 7701.74 1591.07 
7717.46 1591 .1  7732.65 1590.92 7740.43 1590.45 7752.86 1590.37 7807.54 1590.07 
7808.74 1590 7809.3  1590 7810.6 1589.94 7819.96 1589.58 7835.64 1589.03 
7842.03 1589 7863.94 1588.54 7868 1588.69 7891.51 1589.49 7893 .71  1589.57 
7893.94 1589.6  7894.18 1589.59 7894.35 1589.59 7917.51 1590.41 7944.21 1590 
7981.39 1589.4 7986.28 1588.96 7989.03 1589.13 8000.25 1589.15 8003.3 1589 .1  
8021.28 1588.9 8032.97 1589.29 8043.35 1589.4 8046.22 1589.29 8084.89 1588.34 
8131.88 1588.8 8160.75 1589.43 8172.03 1589.38 8220.56 1589.44 8257.28 1589.45 
8283.27 1589.5 8327.02 1589.45 8393 .1  1589.66 8400.14 1589.67 8406.04 1589.67 
8410.23 1589.7 8468.57 1589.56 8473.95 1589.71 8484.97 1589.7 8488.77 1589.87 
8530.64 1589.8 8542.86 1589.62 8544.77 1589.59 8549.42 1589.57 8551.94 1589.53 

8573.8 1589.2 8621.83 1588.86 8631.27 1588.88 8657.13 1588.81 8665.84 1588.83 
8685.88 1588 .9  8710.18 1588.63 8721.65 1588.56 8727.01 1588.6 8736.68 1589.01 
8741.59 1589 .1  8749.01 1589 8763.71 1589.4 8767.65 1589.46 8776.5 1589.4 
8809.14 1589.3 8817.33 1588.94 8824.45 1589.36 8 8 2 8 . 9 1  1588.92 8833.34 1589.44 
8835.77 1589.8  8837.63 1589.72 8838.13 1589.62 8845.77 1589.67 8863.53 1589.82 
8876.26 1589.9 8879.69 1589.97 8885.71 1590.06 8896.17 1590.37 8897.87 1590.39 
8913.88 1590.8 8916.44 1590.79 8927.03 1590.82 8940.52 1590 .71  8945.92 1590.84 
8959.15 1590.9 8966.83 1590.95 8970.76 1590.97 8991.5 1590.99 9001.27 1590.92 
9010.68 1 5 9 1  9028.92 1590.97 9031.02 1590.94 9038.46 1590.7  9044.18 1590 .46  
9051.19 1590 .3  9051.35 1590.38 9059.35 1590.26 9067.63 1590 .61  9096.52 1590.62 
9096.82 1590.4 9096.84 1590.38 9105.78 1590.57 9110.78 1590 .51  9126.7 1590.64 
9140.66 1590.7 9148.32 1590 .61  9154.42 1590.65 9168.33 1590.67 9173.78 1590.7 
9174.41 1590.7 9177.22 1590.7  9203.53 1590.69 9214.96 1590.71 9224.8 1590.42 
9232.19 1590.3  9252.92 1589.55 9257.74 1589.5  9276.29 1589.14 9304.43 1589.12 

9309.5 1589.3  9321.21 1589.48 9333.44 1589.42 9341.77 1589.29 9345.42 1589.36 
9356.22 1589 .4  9366 .41  1589.34 9381.28 1589.25 9389.87 1589.21 9406.52 1588.58 
9409.36 1588.5 9409.88 1588.5  9440.79 1588.86 9441.12 1588.85 9447.85 1589 .01  
9451.68 1589 .1  9466.26 1589.52 9493.85 1589.3  9495.95 1589.27 9502.15 1589.27 
9516.44 1589.4  9520.56 1589.39 9530.86 1586.92 9535.75 1585.78 9541.41 1587.03 
9549.17 1588.8  9556.56 1588.73 9565.45 1588.35 9571.46 1588.39 9573.29 1588.4 
9590.37 1589 9624.12 1588.88 9626.5 1588.87 9632.37 1588.96 9643.39 1588 .71  
9646.56 1588.7 9647.47 1588.66 9651.6 1588.67 9671.95 1588.21 9684.04 1588.22 

9690.7 1588.3 9697.15 1588.27 9709.04 1588.42 9712.09 1588.54 9730 .01  1588.66 
9764.6 1589 9766.65 1589 9780.2 1588.76 9783.4 1588 .71  9784.14 1588.7 

9796.43 1588.7  9821.99 1588.66 9831.32 1588.74 9836.37 1588.74 9851.2 1588.68 
9852.64 1588 .6  9865.97 1588.22 9872.18 1588.04 9872.39 1588.17 9872.78 1588.22 

9898 .1  1 5 8 8 . 1  9904.69 1588.02 9904.74 1588.02 9912.48 1588.27 9920.81 1588.58 
9925.46 1588.6 9926.73 1588.57 9934.39 1588.57 9948.79 1588.83 9958.83 1588.71 
9966.91 1588.7 9970.88 1588.65 9974.71 1588.69 9978.72 1588.75 9997.96 1589.11 

10009.53 1586.610010.52 1586.12 10012.5 1586.0710019.01 1586.0410028.05 1590.08 
10032.8 1591.610047.84 1590.8810052.13 1590.17 10062.8 1588.7310072.73 1587 .81  

10103.98 1537.410110.61 1587.3110114.55 1587.3510156.37 1586.6510170.45 1586 .43  
10176.11 158610183.97 1585.5510192.35 1585.8510237.16 1586.8810251.81 1586.93 
10255.25 1586.910257.89 1586.8910277.43 1588.67 10285.5 1589.0910297.48 1588.79 
10300.97 1588.710306.85 1588.6710313.95 1588.8110320.35 1589.1510334.16 1589.26 
10339.58 1589.410352.17 1589.5610357.81 1589.6110361.97 1589.5810363.52 1589.63 
10378.79 1589.610381.13 1589.6410392.07 1589.5310405.89 1589.4410420.75 1589 .71  
10426.49 1589.710433.62 1589.710452.64 1589.810457.14 1589.7910461.07 1589.85 
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Manning's n Values num= 5 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4444.79 .15 7863.94 .1 8809.14 .15 9997.96 .045 10032.8 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9997.96 10032.8 400 529.54 400 .l .3 

Blocked Obstructions num= 1 
Sta L Sta R Elev 

4444.79 4769.2 1591.14 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfsl 
Top Width (ftl 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn LOSS (ft) 
C & E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfsl 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.134 
400.00 
6577.70 
6577.70 
8256.64 
4756.99 

1.26 
1.38 

94848.9 
4760.41 

0.65 
0.82 

835.97 
413.61 

Channel Right OB 
0.045 0.150 
529.54 400.00 
107.90 1514.30 
107.90 1514.30 
668.97 2383.39 
32.69 611.95 
6.20 1.57 
3.30 2.47 

7684.8 27379.4 
34.06 614.11 
1.50 1.17 
9.29 1.84 
13.00 64.77 
4.60 45.30 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 rn). between the current and previous I 

cross section. This may indicate the need for additional cross sections. i 
FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. 8 Conv. Hydr D. Velocity 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
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a S S  SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAY R3: 2.454  

INPUT 
D e s c r i p t i o n :  RM. 2 .454.  HORZ. N VALUES USED. INEFFECTIVE AREA OPTION USED TO BLOCK OUT 
FLOW TO RT. OF STA. 10500 TO REDUCE FLOW I N  THIS OVERBANK , WHICH WAS NOT CONSIDERED TO OCCUR. 

S t a t i o n  E l e v a t i o n  Da ta  n m =  485 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

4639.26 1 5 8 8 . 7  4642.64 1588 .71  4681.32 1587 .61  4701.19 1587.45 4711.47 1587 .43  
4732.19 1588  4742.15 1588 .22  4746.23 1588.28 4774.34 1588.72 4778.44 1588.74 
4780.72 1588 .7  4844.29 1588.74 4845 1588 .71  4869.86 1588.11 4907.52 1587 .41  
4923.63 1587 .5  4940.65 1587.57 4958.62 1588.26 4958.94 1588.27 4959.48 1588 .26  
4961.43 1 5 8 8 . 3  5009.37 1588 .05  5027.56 1588 .5  5037 .36  1589.04 5041.08 1588 .95  
5043.19 1 5 8 5 . 9  5044.96 1 5 8 4 . 8 5  5057.03 1585.57 5061 .61  1585.29 5072 .91  1 5 8 8 . 4 6  

5094 .2  1 5 8 7 . 5  5097.03 1 5 8 7 . 2 6  5103.5  1587.24 5134.62 1587.42 5165.01 1587 .7  
5174.42 1587 .6  5181 .58  1587 .66  5192.54 1588.2  5200.65 1588.65 5223.88 1589.9 
5230.73 1 5 9 0 . 3  5233.33 1590.2  5234 .2  1590.19 5257 .15  1589.67 5267.07 1589.47 

5286 .1  1 5 8 9 . 1  5308.64 1588 .59  5317.11 1588 .41  5326.05 1587.83 5343.53 1587.82 
5345.4  1587 .7  5347.55 1587 .65  5364.64 1587 .21  5372.79 1587.01 5382.62 1586.97 

5387.29 1587 5397 .41  1587.12 5412.47 1587.23 5413.18 1587.22 5414.07 1587 .29  
5429 .13  1588 .5  5433.38 1588 .48  5456.52 1588.46 5462.34 1588.46 5 4 6 4 . 5 1  1588 .49  
5517.86 1 5 8 8 . 5  5532.96 1 5 8 8 . 3 8  5548 .03  1588.32 5559.41 1588.44 5588.12 1588 .55  

5597.7 1588 5622.85 1 5 8 6 . 0 3  5626 .89  1586.02 5652.37 1585.9 5666.74 1585.78 
5682.36 1 5 8 5 . 7  5696 .55  1 5 8 5 . 7 3  5716.68 1586 .85  5734.99 1587 .83  5744.53 1587 .55  
5752.12 1 5 8 7 . 5  5799.9  1587.14 5817.7 1586 .99  5821 .61  1586.95 5823.44 1586.94 
5828.85 1586 .9  5885 .72  1586 .36  5899.75 1 5 8 6 . 1 5  5904 .22  1585.97 5921.78 1 5 8 5 . 1 6  
5925.28 1 5 8 5 . 1  5929.24 1585.09 5950 .06  1584.87 5964.74 1584.78 5973.15 1585.37 
5979.25 1585 .9  5992.44 1586 .71  6004.16 1586 .55  6024.7 1586.64 6050.52 1586.85 
6054.38 1586 .6  6064 1 5 8 6 . 6 8  6070.47 1586.62 6104.13 1587.37 6111.76 1587.52 
6112.58 1587 .5  6142.85 1587 .32  6179 .35  1587.09 6182.48 1587.09 6183.81 1587.08 
6184.24 1 5 8 7 . 1  6185.08 1 5 8 7 . 0 8  6187.15 1587.05 6250.99 1586.85 6268 .55  1587.02 
6270.05 1587 6293.06 1586 .04  6300.27 1585.77 6305.28 1585.54 6327 .31  1585 .57  

6341 1 5 8 5 . 6  6351.99 1586.02 6374.41 1586 .15  6383.02 1586.49 6388.77 1586.76 
6398.04 1 5 8 7 . 2  6407.9 1 5 8 7 . 1  6439.17 1586 .89  6448.82 1586.77 6467.18 1587 .12  
6478.83 1587 6492.07 1587.02 6529.62 1586.9  6535.86 1586.89 6540.99 1 5 8 6 . 9  
6547.18 1 5 8 6 . 7  6548.87 1 5 8 6 . 7 3  6555.98 1586.44 6566.33 1 5 8 6 . 1  6568.4 1 5 8 6 . 0 1  
6571.94 1 5 8 5 . 9  6579 .63  1585 .75  6610 .81  1585.29 6624.83 1586 .01  6636.04 1586 .58  
6645.88 1586 .6  6702.8  1 5 8 6 . 9  6742.49 1587.04 6745.19 1586 .95  6768.35 1586 .15  
6776.09 1586 6778.22 1585 .89  6785.81 1585.59 6796.89 1585 .55  6841.75 1585 .6  
6865.65 1586 .7  6869.61 1586 .81  6874.25 1586.84 6898.75 1586.68 6905.32 1 5 8 6 . 6 3  
6905.61 1586 .6  6905.97 1 5 8 6 . 6 3  6906.65 1586 .63  6946.77 1586.72 6960.88 1586.67 
6970.14 1586 .7  6 9 9 6 . 1  1 5 8 6 . 4 3  7004.26 1586 .46  7029 .41  1586 .43  7044.98 1 5 8 6 . 5 1  
7053.98 1586 .5  7056.65 1 5 8 6 . 5 1  7064.87 1587 .28  7066.08 1587.44 7091.66 1 5 8 6 . 1  
7095.04 1585 .9  7095.13 1585 .9  7095.24 1585 .9  7095.48 1585.9  7118.64 1 5 8 6 . 0 6  
7141 .06  1 5 8 6 . 3  7145.31 1586 .7  7160.86 1586.9  7161.15 1586 .9  7161.68 1586.89 
7168.29 1586 .6  7202.96 1586 .47  7258.44 1585.87 7262.84 1585.83 7264.27 1585 .81  

7270.4 1585 .8  7278.38 1585 .95  7299.21 1584 .96  7311.3  1584.36 7316.55 1584.35 
7349.48 1 5 8 4 . 9  7358.67 1585 .13  7388.07 1586.66 7409.46 1536.81 7441.26 1586 .71  
7470.47 1586  7551.14 1584 .5  7555.37 1584.48 7577.43 1584.39 7602.02 1584.28 
7607.21 1 5 8 4 . 2  7609.04 1584 .33  7616.47 1584.49 7627.61 1554.56 7629.11 1584 .56  
7631.73 1 5 8 4 . 6  7710.12 1584 .51  7749.64 1584 .65  7759.95 1534.47 7799.57 1584 .68  
7832.92 1 5 8 5 . 3  7846 .72  1585.62 7858.25 1585 .85  7874.11 1585.86 7885.29 1585 .41  
7915.19 1585.4  7 9 1 7 . 8 1  1585 .39  7921.01 1585.29 7930.56 1585.16 7935.75 1585.24 
7965.52 1585 .2  7976.71 1585 .15  7978.46 1585 .08  7981.97 1584.93 7990 .61  1 5 8 4 . 6 1  
8005.37 1 5 8 5  8010 .35  1585 .16  8014.53 1585 .16  8029.23 1585.39 8049.25 1585 .55  
8067.31 1585 .7  8082.06 1585.84 8085.34 1585.62 8099.67 1584.47 8113.96 1584.99 

FCD 9817 Mineation of Spillway Flows 

a 
A-N West, Inc 

For Signal Butte Flood Retarding Structure Wen July, 1999 
Fun Otscharge (Q's Modeled Separately) 



Manning's n Values nun= 3 
S t a  n Val S t a  n Val S t a  n Val 

4639.26 .15 9966.38 .04510024.19 .15 

Bank Sta :  Lef t  Right Lengths: L e f t  Channel Right Coeff Contr. Expan. 
9966.3810024.19 480 399.74 360  .1 .3 

FCD 9817 Delineation of Spilhvay Flows 
For Signal Butte flood Retarding Structure 
Fun Dscharge (Q's Modeled Separately) 

AN West, Inc. 
Page 78 July. 1999 
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. . . Ineffective Flow nun= 
"( . .  

1 ,,. .,., . . ., .. . <+' Sta L Sta R Elev 
i 

11.3, .. ,. ' 
1050011109.96 1587  

'.. ; 
... . 
. CROSS SECTION OUTPUT Profile #PF 1 . .. . . 

. ,: .~ I . . , E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 

.. . , , Length Wtd. (ft) 

Kin Ch El (ft) ,q . +. Alpha 
,-. ..-, 
..!<,,.;,;;{ 

Frctn Loss (ft) 
.~?.. >.. , . . .>o .-.. .. , C h E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (it) 
Flow Area (sq ft) 
Area lsq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.150 

480.00 
4532.18 
4532.18 
6751.14 
3485.38 

1 . 4 9  
1.30 

56918.1  
3494.65 

1.14 
1.70 

784.96 
375.77 

Channel 
0.045 

399.74 
176.68 
176.68 

1444.98 
57.12 

8.18 
3 .09 

12182.5 
58.55 

2 . 6 5  
21.68 
11.27 

4 . 0 6  

Right OB 
0.150 

360.00 
1333.14 
2498.12 
3112.88 
1053.77 

2.33 
2.80 

26244.3 
475.87 

2.46 
5.75 

46.35 
37.65 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1 . 0  ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

:. .. 
, .:.>... 

.:::x:;< . . FLOW DISTRIBUTION OUTPUT Profile #PF 1 ~ 
Left Sta 
(ft) 
4639.26 
5971.04 
7302.82 
8634.60 
LB 9966.38 
10024.19 

Right Sta 
(ft) 
5971.04 
7302.82 
8634.60 
9966.38 
RB 10024.19 
11109.96 

Flow Area W.P. 8 Conv. Hydr D. Velocity * 
lcfs) (sq ft) (ft) (ft) (ft/s) 

228.12 209.49 236.64 2.02 0.89 1.09 
291.77 365.00 655.60 2.58 0 .56  0.80 

3664.28 2171.75 1272.01 32.40 1 .72 1 .69  
2566.97 1785.94 1330.40 22.70 1 . 3 4  1.44 
1444.98 176.68 58.55 12.78 3.09 8.18 
3112.88 1333.14 475.87 27.53 2 . 8 0  2 .33  

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE 
m C H :  SPILLRAY RS: 2 .378  

INPUT 
Description: RM. 2.378. HORZ. N VALUES USED. 

Station Elevation Data num= 478 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

i 
4470.09 1582.3 4470.98 1582.29 4480.23 1582.54 4485.95 1582.28 4504.07 1582.37 
4545.73 1581.9 4568.5 1582.32 4576.85 1582.32 4585.52 1582.29 4643.63 1582.03 
4656.83 1582 .1  4670.74 1582 .21  4693.67 1582.26 4706.35 1583.11 4723.05 1582.85 
4728.45 1583 .1  4730.89 1582.88 4739.71 1582.7 4745.73 1581.58 4747.22 1581.7 
4750.24 1582.5 4834.72 1581.89 4875.69 1581.88 4876.7 1581.87 4877.89 1581.77 
4899.74 1580.3 4906.92 1580.23 4923.37 1580 .01  4933.35 1579.79 4942.04 1579.75 

4963.8 1579.7 4984.65 1580.96 4988.22 1581.25 5004.48 1581.15 5047.36 1580.95 

FCD 98-17 Mineation of Spllway Flow A-N West. Inc. ; 
For anal Butte Flood Retarding Sbucture Page 79 July, 1999 

... *... . ..: Full OLschaqe (Cis Modeled Separately) 
:,. >??*!, :.\, ., .-Ar*! 
, .~., ..., ..-:* .. i i. 



. ./ ?,.* 
's,''<65, .,. . *< ,, ..a 5068.47 1580.9 5072.85 1580.83 5076.04 1580.83 5081.63 1580.8 5095.23 1580.71 

5113.32 1580.6 5165.08 1580.33 5191.45 1580.07 5192.14 1580.19 5193.75 1580.42 
5209.81 1583.2 5216.35 1583.13 5242.88 1582.92 5284.87 1582.38 5300.55 1582.26 
5323.45 1581 .6  5359.24 1581.54 5401.76 1581.23 5409.36 1580.65 5416.48 1580.17 
5418.68 1 5 8 0  5422.31 1579 .71  5439.83 1579.73 5465.02 1579.77 5473.43 1580.14 
5476.75 1580.4 5485.74 1581.01 5495.73 1581.46 5503.33 1581.36 5506.55 1581.35 
5558.48 1581 .2  5566.97 1581.19 5567.61 1581.19 5568.08 1581.19 5568 .31  1581.19 
5571.28 1581.2  5610.74 1581.47 5619.17 1582.53 5628.74 1583.13 5646.88 1582.79 
5660.09 1582.6  5683.91 1582.26 5697.4 1582 .1  5703.24 1581.97 5734.94 1581 .91  

5743.8 1581.8 5766.27 1581.49 5780.5 1581.45 5782.8 1581.46 5805.84 1580.06 
- 5821.06 1579.2 5830.95 1579.13 5876.95 1579.28 5896.27 1580.25 5903.05 1580.48 

5908.35 1580 .8  5917.86 1581.47 5927.97 1581.5 5931.15 1581.49 5945.51 1581.25 
5972.99 1581.2 5986.44 1581.13 5994.29 1581.15 6015.29 1581.05 6042.84 1581.17 
6052.14 1581.2  6072.15 1581.27 6074.12 1581.28 6082.44 1581.28 6089.72 1580.9 
6120.13 1579.4 6141.9 1579 .71  6185.76 1579.85 6197.25 1580.49 6201.44 1580.69 
6208.02 1 5 8 1 . 1  6214.55 1581.47 6218.48 1581.69 6228.72 1581.67 6241.32 1581.73 
6289.78 1581.5 6293.1  1581.52 6301.7 1581.56 6317.78 1581.64 6336.54 1581.75 
6359.69 1581.9 6374.84 1581.98 6316.49 1581.99 6378.18 1581.98 6382.5 1582  
6399.51 1581.4 6411.02 1581.09 6425.29 1580.8 6436.58 1580.76 6448.47 1580.88 
6460.47 1581.5 6462.2 1581 .61  6464.16 1581.69 6483.09 1581.85 6490.5 1581 .76  
6545.26 1581.9 6578.24 1581.47 6598.8  1581.49 6619.41 1581.49 6659.78 1581.96 
6661.65 1582 6663.23 1582.03 6664.16 1582.17 6670.53 1583.09 6680.41 1583.38 
6686.49 1583.6  6728.82 1583.35 6785.84 1582.74 6787.81 1582.72 6788.57 1582 .71  
6789.15 1582.7 6790.11 1582.7  6807.71 1582.64 6810.05 1582.52 6823.45 1581.87 
6827.25 1581.9 6831.66 1581.53 6845.35 1581.62 6871.12 1581.13 6881.61 1582.19 

6882.9 1582.3 6889.93 1582.22 6892.37 1582.19 6937.22 1581.46 6960.07 1581.25 
6976.05 1581 .2  6988.48 1582.38 6995.92 1583.09 7002.58 1583.24 7007 .06  1583.17 
7020.45 1583.3  7054.25 1583 .11  7082.59 1582.65 7093.17 1582.55 7119.58 1582.39 
7121.45 1582.4 7122.09 1582.35 7131.58 1582.28 7140.26 1582 .11  7172.29 1580.47 
7204.18 1580.5 7218.76 1580.45 7226.98 1580.53 7251.27 1581.28 7270.84 1581.96 
7289.38 1581.8 7294.94 1581.78 7325 .5  1581.27 7341.18 1580.95 7348.52 1580.94 
7369 .31  1580.8  7378.59 1580.78 7397.47 1580 .66  7411 .51  1580.48 7422.39 1581.19 
7430.74 1581.7  7439.29 1582.25 7447.79 1582.2 7 4 5 9 . 6 1  1582.08 7510.21 1581.44 
7515.93 1581.4  7527.37 1581.32 7 5 7 1 . 1 1  1581 .1  7579.54 1 5 8 1 . 1  7586.73 1581 .1  
7592.31 1581 .1  7612.69 1579.77 7614.89 1579.59 7617.86 1579.33 7618 .62  1579.34 
7620.83 1579.3 7625.36 1579 .31  7648.44 1579.52 7653 .61  1579.23 7665.56 1579.75 
7667.26 1579.8 7670.43 1579.93 7715.8 1580.31 7767.08 1580.6 7791.47 1581 .01  
7801.45 1581 .3  7802.39 1577.24 7804.2 1574.82 7817.3 1578.3 7821.44 1578.97 
7823.24 1579.9 7838.61 1579.75 7842.91 1579.7 7847.7 1579.81 7872.3 1580 
7875.48 1580  7885.8 1579.94 7898.22 1580.28 7902.66 1580.54 7903.28 1580.58 
7904.84 1580.6  7988.43 1580 .11  7991.2 1580.12 7996.39 1580.34 8008.2 1580.73 
8019.35 1580.7  8038.29 1580.83 8042 1580.89 8052.85 1580.92 8080.17 1 5 8 1  
8104.65 1581.2  8113.4  1581.03 8135.38 1581.16 8137.54 1581.16 8147.04 1580.63 
8156.35 1580.3 8162.1  1580.33 8167.68 1580.48 8180.25 1580.55 8191.4 1580.75 
8209.63 1580.8 8212.4 1580 .83  8218.73 1580.89 8241 .06  1581.09 8343.86 1581.12 

8246.2 1581.2  8247.59 1581 .21  8261.95 1581.58 8284.67 1581.64 8292.97 1581.74 
8297.4 1581.7 8308.42 1581.96 8313.42 1582.26 8325.4 1582 .1  8364.66 1581.58 

8377.24 1581 .5  8387.59 1581.45 8391.79 1581.47 8393.03 1581.46 8407.7 1581 .31  
8419.83 1581 .3  8424.99 1581.26 8442.48 1581.14 8465.78 1580.94 8467.23 1580.94 
8476.29 1580.8 8484.49 1580.8 8506.46 1580.99 8508.39 1 5 8 1  8509.3 1580.99 
8589.32 1580.3  8607.83 1580.24 8620.31 1580.29 8656.14 1580.33 8682.9 1580.46 
8693.33 1580.4 8706.11 1580.69 8714.37 1580.84 8740.3 1581.62 8765.44 1581.98 
8768.82 1580.6 8785.99 1580.88 8795.26 1581.1  8796.29 1581.09 8796.79 1581.08 
8828.83 1580 .6  8847.84 1580.29 8876.44 1579.8 8924.37 1582.15 8935.7 1582.67 
8939.86 1582.8 8941.83 1582.94 8949.38 1583 .31  8952.34 1583.25 8986.79 1583.27 
8993.87 1583.2  9003.11 1583.24 9011.03 1583.27 9047.92 1583 9088.36 1582.16 
9113.27 1582.1  9140.04 1582.09 9154.31 1582.07 9181.55 1579.68 9192.6 1578.93 

FCO 9817 Ddineation of SpiUway Flows 
For Signal Bulte flood Retarding Structure Page 80 
Fun mcharge (Q's Modeled Separately) 



Manning's n Values nun= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4470.09 .15 7823.24 .1 8589.32 .15 9802.58 .068 9985.72 .045 
10059.07 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9985.7210059.07 520 402.78 320 .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 
E.G. Elev (ft) 1582.34 Element 
Vel Head (ft) 0.10 Wt. n-Val. 
W.S. Elev (ft) 1582.23 Reach Len. ift) 
Crit W.S. (ft) Flow Area (sq ft) 
E.G. Slope (ft/ft) 0.007577 Area (sq ft) 
Q Total (cfs) 11309.00 Flow (cfs) 
Top Width (ft) 5727.35 Top Width (ft) 
Vel Total (ft/s) 1.41 Avg. Vel. (ft/s) 
Max Chl Dpth (ft) 7.41 Hydr. Depth (it) 
Conv. Total (cfs) 129921.2 Conv. (cfs) 
Length Wtd. (ft) 475.42 Wetted Per. (ft) 
Min Ch El (ft) 1576.20 Shear (lb/sq ft) 
Alpha 3.36 Stream Power (lb/ft s) 
Frctn Loss (ft) 5.07 Cum Volume (acre-ft) 
C & E Loss (ft) 0.03 Cum SA (acres) 

FCD W-17 Delineation of Spilhvay Flow 
For Signal Butte Rood Retarding Structure Page 81 
Full Discharge (Q's Modeled Separately) 

Left OB 
0.128 
520.00 
6121.73 
6121.73 
7656.43 
4703.14 

1.25 
1.30 

87959.4 
4710.66 

0.61 
0.77 

726.26 
330.65 

Channel 
0.045 
402.78 
240.40 
240.40 
1512.42 
73.35 
6.29 
3.28 

17375.1 
74.24 
1.53 
9.64 
9.36 
3.46 

Right OB 
0.150 
320.00 1 
1661.61 
1661.61 , 
2140.15 i 
950.86 
1.29 

A-N West, Inc. 
July, 1999 I 
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Warning: Divided flow conputed for this cross-section. 
I 

Wa~ning: The cross-section end points had to be extended vertically for the computed water . . . .  
surface. I 

. . ,  1 I . . 
:I.:.. Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

' :  than 0.7 or greater than 1.4.  This may indicate the need for additional cross sections. 
. - Warning: The energy loss was greater than 1.0 ft (0.3 ml. between the current and previous 

cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 i l 
Left Sta Right Sta Flow Area W.P. 8 Conv. Hvdr D. Velocitv 1. 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4.  This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0 .3  m), between the current and previous 
cross section. This may indicate the need for additional cross sections. 

2. <..>.~? i 
CROSS SECTION RIVER: SIGNAL BUTTE .... ....... . REACH: SPILLWAY 

: - .<I  - ~. RS: 2.302 
<..;.- *. :... . .~ . 
.: .. +..., ;. : INPUT .. .~~ . . . .  .: . . , 
: . .  . . .  ... Description: P.M. 2.302 . HORZ. N VALUES USED. 
:~ ::*: .:; >.-. ......... *~<=>.-; .;i,.;:-? Station Elevation Data nun= 
.:.i.- 

482 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4327.1 1576 .6  4330.78 1576.65 4338.25 1576.69 4344.63 1576.7 4358.84 1576.79 
4368.5 1576.9 4375.49 1576 .79  4402.45 1576.7 4469.44 1576.27 4482.03 1576.24 

4485.85 1576.3 4494.3 1576.2 4498.01 1576.2 4501.43 1576.17 4515.57 1575.63 
4517.44 1575.7 4548.31 1576.08 4563.65 1576.09 4576.09 1576.11 4595.55 1576.07 
4612.07 1576.2 4650.01 1575.86 4666.93 1575.67 4675.99 1575.74 4687.8 1575 .9  

4695.5 1574.6 4 6 9 7 . 8 .  1574.2 4713.25 1574.92 4725.98 1575.45 4740 .71  1575.83 
4743.45 1575 .9  4761.5 1576.9 4763.56 1576.97 4770.06 1577.13 4786.09 1577.46 
4795.54 1577.3 4822.33 1577 4829.67 1576.93 4854.93 1576.14 4859.48 1576.01 

4862.1 1576 4867.05 1575.98 4872.71 1575.94 4888.42 1575.83 4913.44 1575.84 
4918.04 1575 .6  4922.42 1575.65 4929.44 1575.52 4942.86 1575.39 4967.7 1575.15 

4979.7 1575.2  4932.52 1575.23 5000.56 1575.57 5024.64 1576.28 5065.37 1575.82 
5076.38 1575.9 5085.76 1575.92 5094.96 1575.86 5102.52 1575.83 5116.8 1575.82 
5132.29 1575.8 5140.69 1574.15 5152.65 1574.34 5153.65 1574.97 5166.97 1574.75 
5182.33 1573.2 5184.53 1573.85 5186.99 1574 .41  5189.93 1574.49 5226.15 1574.97 
5230.88 1575 5235.01 1574.96 5247.68 1574.98 5277.33 1574.72 5288.5 1574.79 
5342.28 1575 5342.64 1574.97 5343.29 1574.95 5344.34 1574.92 5358.39 1574 .51  
5368.05 1573.6 5370.87 1573.68 5372.67 1573.29 5381.82 1573.23 5423.75 1572.82 
5433.31 1572.9 5438.9 1573.08 5445.99 1573.47 5468.27 1574.47 5473.41 1574 .71  
5492.66 1574.7 5506.5  1574.47 5551.36 1575.07 5557.34 1575.1 5576.93 1575.26 
5592.29 1575.3 5599.31 1575.04 5604.42 1575.04 5614.51 1575.36 5618.35 1575.61 

FCD M-17 Dslineation of Spiltway flows A-N West, In& 
For Signal Butte Flood Rebrding Smcture Page 82 July, 1999 

.:' - Full Ditcharge (Q's Modded Separately) .,>.,??~ 
:c .*. ;,, ..... A- .5  ...... .,. > .-, . . \:3 _: _:: 



- 
5910.46 1574.2 5915.58 1574.29 5936.29 1574.79 5954.68 1574.82 5966.36 1575.02 
5982.72 1575 5995.02 1574.98 6000.3 1574.85 6005.34 1575.56 6008.1  1575.33 

6012.8 1576  6025.05 1 5 7 5 . 3 1  6041.4 1576.8 6058.5 1576.45 6121.64 1578.08 
6126.52 1578.3  6126 .91  1577.96 6151.67 1578.07 6157.9 1578.65 6160.61 1578.64 
6162.93 1578.2  6197.96 1576 .56  6200.24 1576.51 6201.21 1576.41 6215.17 1574.62 
6220.29 1 5 7 5 . 1  6232.48 1575.37 6252.29 1575 .66  6269.26 1577.49 6271.87 1577.72 
6272.86 1577.9  6273.69 1577.87 6288.33 1577.8 6365.8 1577.35 6368 1577.46 
6380.75 1576.7 6386.55 1576.08 6393.68 1575.89 6416 .91  1576.06 6425.76 1576.07 
6431.68 1576.3 6444.53 1576.98 6448.79 1577 6467.53 1576.99 6500.43 1577.27 
6511.37 1577.3 6544.6 1577.03 6609.15 1576.89 6624.83 1576.94 6639.68 1576.98 
6667.25 1 5 7 5 . 1  6667.25 1575.08 6667.26 1575.08 6667.27 1575.08 6694.75 1574.95 
6699.17 1575 .2  6703.44 1575.63 6709.52 1576.46 6714.35 1576.55 6724.11 1576.53 
6739.68 1576.9  6761.33 1577.17 6785.05 1577.02 6806.02 1577.08 6812.65 1577 
6854.93 1576.3  6866.72 1 5 7 6 . 4 1  6870.79 1576.51 6882.77 1576.58 6936.06 1577 .01  
6939.34 1576.8 6944.75 1576.6  6962.19 1575.64 6963.1  1575.7 6964.86 1575.68 
6968.74 1575.5 6989 .21  1575.26 7001.67 1575.09 7005.02 1574.98 7007.1  1575 .1  
7007.56 1575 .1  7008.91 1575.17 7011.85 1575.24 7022.01 1575.76 7033.4  1576.27 
7053.29 1576.2  7073.34 1576.22 7104.4 1576.28 7143.95 1577.01 7160.89 1576.89 
7161.01 1573.4  7165.8 1570.44 7167.78 1573.45 7168.57 1570.85 7174.36 1573 .1  
7178.81 1575.2  7189.35 1 5 7 4 . 9 1  7193.64 1574.82 7194.7 1574.75 7198.85 1 5 7 4 . 7 1  
7203.14 1575 7215 .71  1575.4 7237.06 1575.91 7252.33 1576.48 7258.26 1576.37 
7263.19 1576.4  7271.95 1576 .61  7283.42 1576.7  7318.95 1576.5 7341.17 1576.45 
7356.73 1576.3 7363.29 1576.26 7381.2  1576.22 7478.56 1575.91 7508.44 1575.74 
7548.52 1575.5 7603.28 1575 .51  7715.85 1 5 7 5 . 5 1  7723.42 1575.52 7727.27 1575.54 
7733.93 1575.5  7739.24 1575.48 7810.09 1575.42 7827.58 1575.54 7850.23 1575.69 
7859.09 1575.4  7869.48 1574.57 7882.49 1574.9 7902.1  1575.04 7908.38 1 5 7 5 . 3 1  
7921.93 1574.9  7929.06 1575.44 7956.26 1575.82 8004.84 1576.04 8034.53 1575.9  
8048.39 1 5 7 6 . 1  8073.28 1 5 7 5 . 9 1  8078.35 1575.87 8095.24 1576.05 8125 .91  1576.35 
8126.93 1576.4  8136.37 1576.36 8169.15 1576.17 8173.63 1576.17 8175 .51  1576.17 
8236.55 1576 .2  8271.7 1576.23 8271.92 1576.24 8285 .1  1576.24 8293.25 1576.26 
8294.19 1576.3  8318.22 1576.34 8335.4  1576.45 8340.48 1576.46 8370.82 1576.85 
8379.23 1576.8 8393.68 1576 .61  8408.63 1576.47 8424.16 1576.35 8432.76 1576.35 
8434.45 1576.3  8445 .61  1576.37 8471.48 1576.38 8512.34 1576.48 8550.68 1577.11 
8554.31 1577 .1  8558.94 1577.08 8563.37 1577.08 8599.83 1577.12 8605.66 1577.18 
8612.06 1577.2 8649.6 1576.98 8652.07 1576.93 8663.76 1576.8 8671.98 1576.78 
8700.76 1576.6 8714.55 1576.48 8728.26 1576.42 8733.35 1576.4 8734.57 1576.4 

8754.4 1576.2 8754.92 1576.19 8769.78 1575.79 8782.84 1575.88 8788.09 1575.87 
8811.59 1575.4  8814.02 1 5 7 5 . 4 1  8817.99 1575.42 8831.64 1575.27 8873.08 1575.03 
8874.09 1575 8875.16 1575.03 8881.21 1575.04 8890.21 1575.17 8902.38 1575.58 
8909.67 1575.8  8917.56 1575.74 8923.45 1576.12 8944.52 1576.67 8957.51 1577.05 

8978.4 1577.5 9005.36 1578.24 9018.54 1577.87 9024.37 1578.35 9054.86 1579.88 
9056.16 1579.9  9059.84 1579.93 9072.42 1579.23 9100 .01  1575.85 9157.8 1576.49 
9166.49 1576.8  9201.08 1576 .51  9224.74 1576.53 9230.59 1576.42 9238.35 1576.75 
9245.21 1577 9248.28 1576.97 9319.38 1576.68 9330.45 1576.73 9338.42 1576 .81  
9350.11 1576.8 9365.87 1576.93 9379.29 1576.76 9384.69 1576.79 9419.53 1577.54 
9422.57 1577 .6  9423.07 1577 .61  9426.89 1577.59 9485.8 1577.36 9514.83 1575 .91  
952:.19 1575.7 9537.45 1575.2  9545.74 1574.83 9551.85 1575.34 9563.69 1576.87 
9574.14 1577.5 9575.34 1577.35 9575.82 1577.32 9594.73 1577.09 9601.58 1577 .01  
9617.27 1576.7 9620.22 1576.78 9625.46 1576.81 9633.82 1576.63 9640.62 1576.53 
9640.79 1576.5 9641.42 1576.44 9650.13 1575.88 9661.07 1575.27 9677.44 1575.04 

9678.9 1575  9685.81 1575.04 9725.32 1575.64 9731.82 1575.87 9737.75 1576.56 
9749.99 1576.6 9770.18 1576 .31  9781.51 1576.24 9794.53 1576.15 9817.44 1576.4 
9822.39 1576.4  9839.17 1576.17 9841.89 1576.16 9858.54 1575.78 9864.07 1575.74 
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Manning's n Values num= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4327.1 .1 5226.15 .15 7160.89 .1 8004.84 .15 9928.84 .045 
10016.18 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9928.8410016.18 280 118.36 118 . .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (fti 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ftl 
Conv. Total (cfs) 
Length Wtd. (ftl 
Min Ch El (ft) 
Alpha 
Frctn Loss (it) 
C 6 E Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ftl 
Conv. (cfsl 
Wetted Per. (ft) 
Shear (lb/sq ft) 
Stream Power (lb/ft s )  
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB 
0.128 
280.00 
4640.21 
4640.21 
8005.21 
4352.78 

1.73 
1.07 

62955.3 
4363.89 

1.07 
1.85 

662.03 
276.60 

Channel 
0.045 
118.36 
315.87 
315.87 
3112.91 
87.34 
9.86 
3.62 

24480.8 
87.84 
3.63 
35.77 
6.79 
2.72 

Right OB 
0.150 
118.00 
154.68 
154.68 
190.88 
332.41 
1.23 
0.47 

1501.1 
333.77 
0.47 
0.58 
22.49 
24.66 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 
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Left Sta Right Sta Flow ?uea W.P. % Conv. Hydr D. Velocity 
. . :  

? .  . . . _  . '  (ft) (ft) (cfs) (sq ft) (ft) ( ft ) (ft/s) ..; ,; 4327.10 5727.54 3580.04 1777.34 1308.16 31.66 1 .36  2.01 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water 
surface. 
Warning: The energy loss was greater than 1 . 0  it ( 0 . 3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

CROSS SECTION RIVER: SIGNAL BUTTE ' 1  
RZACw: SPILLWAY 

, .. ... ..-.;>:> 
.?i,:-t.! Description: RM.2.279 . BLOCKED OUT INEFF. AREA BELOW EL.1570 AND BETWEEN STA. 5994 AND 6170 .,.;*_.: .: < - , -. ~.. ., 
.:-, .-... : AT RET. BASIN. HORZ. N VALUES USED. :;.%:;:...: 
',, ... V!.~ :: ' I 

Station Elevation Data nun= 482 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4265.03 1 5 7 3 . 9  4268.87 1 5 7 3 . 7 5  4287 .66  1573 .56  4288.69 1573 .53  4289.44 1573 .51  
4298.34 1573.6  4303.69 1573 .83  4315.59 1573.8  4330.1  1573.63 4334.29 1573 .69  I 
4338.84 1573 .9  4340.61 1 5 7 3 . 9 3  4348.57 1574.18 4351.65 1574.27 4356 .66  1 5 7 4 . 3  

4373.5  1 5 7 4 . 3  4380.22 1 5 7 4 . 3 6  4434 .76  1573.96 4474.83 1573.61 4481.99 1573 .55  
4492.63 1573  4493.55 1 5 7 2 . 9 9  4495.54 1573.03 4540.04 1573.72 4553.5 1573 .69  
4554.34 1573 .7  4557.8  1 5 7 3 . 6 6  4586.72 1573.58 4590.46 1573 .53  4602.05 1573 .54  
4615 .83  1 5 7 3 . 6  4631.18 1 5 7 3 . 6 3  4636.53 1572 .81  4641 .11  1572.14 4660.56 1573.06 
4671.07 1 5 7 3 . 5  4680 .03  1573.62 4729.16 1573 .83  4729.26 1573.83 4729.45 1573 .83  

4740.7  1 5 7 3 . 6  4743.97 1573 .63  4756 .63  1573 .58  4765 .51  1573.42 4784.85 1573.42 
4796.97 1 5 7 3 . 5  4805 .73  1 5 7 3 . 5 3  4808.3  1573 .46  4818.19 1573.16 4868.53 1572.42 

4901.2  1572.2  4913.37 1572 .19  4920.65 1571.89 4927.91 1571 .79  4933.85 1571.89 I 

4938.87 1571 .9  4947.91 1571 .52  4952.96 1571.51 4959.59 1571.67 4961.55 1571 .75  1 
4990.49 1572.2  4993.97 1 5 7 2 . 2  5002.56 1572.24 5012.22 1572.25 5020.96 1572 .35  
5025.28 1572.4  5038.05 1572 .52  5044.34 1572.61 5051.27 1572.66 5112.34 1572.87 
5118.72 1572 .9  5135.47 1572 .67  5145.9  1572.64 5146 .41  1572.63 5149.16 1 5 7 2 . 5 5  
5163.33 1 5 7 2 . 1  5164.32 1572.07 5165.75 1571.98 5166.87 1571.99 5169.33 1571.98 
5170.94 1572 5186.12 1572 .24  5192.75 1572.45 5197.35 1572.5  5212.96 1572 .22  
5230.28 1572.4  5236.67 1 5 7 2 . 5 3  5243.14 1572.67 5250 .71  1572.88 5270.89 1573 .09  
5317.04 1572 .9  5353.24 1572.44 5356.54 1572.6  5360.6  1572.93 5365.06 1572 .75  
5371.62 1572.2  5374.91 1 5 7 1 . 9 6  5385.22 1569.08 5390.98 1567.31 5392.38 1567.44 
5410.85 1572.7  5 4 1 1 . 2 1  1572 .78  5424.49 1572.5  5430 .17  1572.55 5445.28 1572 .66  
5481.83 1572 .3  5486.91 1572 .28  5502.22 1572.27 5515.88 1572.25 5535 .4  1572.19 
5547.71 1572.2  5550.9  1572.17 5569.54 1572.19 5579.35 1571.67 5593.89 1 5 7 1  
5604.44 1570 .6  5608.78 1570 .43  5612.24 1570 .41  5614 .89  1570.37 5660.4 1570.54 
5669.93 1571 .3  5677.33 1571.84 5682.42 1571.75 5693.48 1571.58 5695.98 1571 .63  
5697.48 1571 .6  5723.1 1571.97 5734.02 1572.2 5747.91 1572.75 5757.57 1572 .93  
5762.84 1572.7  5768.17 1572 .66  5775  1572.53 5781.18 1572 .3  5787.75 1 5 7 2 . 0 1  
5796.61 1 5 7 2 . 1  5807.43 1572.22 5826.74 1572.42 5845.62 1572.59 5855.45 1573 .03  
5877.44 1573 .6  5882.05 1573 .77  5884.63 1573.82 5891.39 1573.87 5893.16 1573.82 
5894.83 1573 .8  5908.62 1573 .74  5911.97 1573.74 5916.64 1573.67 5923.32 1573 .61  
5943.84 1573.4  5961.14 1573 .15  5978.13 1572.93 5994 1570.18 6032.47 1563 .13  

6045.5 1563 .3  6105.44 1563 .75  6107.66 1563.77 6113.81 1563.83 6124.62 1564 .15  
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6152.2 1568 .1  6187.85 1572.85 6190.06 1573.48 6199.13 1575.36 6234.23 1575.38 
6240.78 1575.4 6245.43 1575.4 6249.85 1575.44 6293.33 1575.04 6316.47 1574.82 
6332.62 1573.9 6338.59 1573.56 6344.67 1573.26 6364.4 1573.19 6382.37 1573 .1  
6395.53 1573.6  6413.38 1574.19 6427.06 1574.15 6444.68 1574 .1  6492.68 1573.96 
6548.68 1573.5 6574.23 1573.08 6581.39 1573.06 6585.7 1572.77 6603.5 1571.73 
6614.24 1572 6624.23 1571.98 6642.38 1571.87 6654.55 1572.29 6671.24 1572.93 
6671.74 1572.5 6672.18 1572.94 6751.56 1573.88 6753.76 1572.48 6760.82 1571.49 
6770.04 1573.7 6793 .1  1573 .46  6793.16 1573 .31  6797.09 1571 .71  6800.61 1572.85 
6805.21 1572.7 6813.96 1572.43 6818.29 1572.44 6823.27 1572 .41  6829.03 1572.39 
6831.02 1572 .3  6832.56 1572.3 6833.47 1572.32 6837.25 1572.31 6842.97 1572.3 
6867.03 1572.2 6867.27 1572.54 6877.61 1574.04 6882.67 1574.55 6885.5 1 5 7 4 . 2 1  
6904.48 1572 .1  6909.13 1 5 7 2 . 5 1  6921.34 1573.34 6938.98 1573.54 6960.89 1573.8 
6967.16 1573.9 6992.4 1574.04 7103.92 1573.66 7111.58 1573.64 7117.32 1573.63 
7183.05 1573 7242.27 1573.4 7254.09 1573.53 7270.75 1573.5 7336.42 1573.47 
7351.45 1573.3 7374.28 1573.15 7384.69 1573.17 7408.6  1572.95 7420.9 1572.88 
7427.08 1572.4 7438.36 1571.82 7440.32 1571.82 7441.82 1571.83 7466.25 1572  
7484.05 1571.6 7486.87 1571.6 7499.11 1571.48 7505.03 1571.83 7518.99 1572.77 
7 5 2 8 . 1 1  1572.7  7546.9 1572.42 7604 .41  1572 .51  7617.07 1572.5 7654.79 1572.4 
7741.99 1572.2 7769.86 1572.18 7831.94 1572.6 7834.2 1572.47 7837.63 1572.56 
7850.94 1572.4 7870.34 1572.43 7873 .4  1572 .41  7873.83 1572.4 7887.4 1572.22 
7906.57 1572 .1  7909.16 1572 7916.71 1571.79 7931.95 1571.12 7933.08 1571.29 
7936.79 1571.9 7945.34 1573.16 7948.43 1573.47 7964 .36  1572.96 7972.98 1572 .21  
8000.84 1572.3 8031.51 1 5 7 2 . 4 1  8046.04 1572.52 8051.79 1572.52 8055.81 1572.57 
8065.82 1572.5 8073.44 1572.42 8074.22 1572 .41  8076.18 1572.39 8097.58 1571.95 
8109.13 1571.8 8113.3 1571.8 8120.99 1571.73 8143.06 1572.08 8167.9 1572.51 
8182.69 1572.6 8213.02 1573.77 8224 1573 .71  8250.37 1573.67 8251.66 1573.7 
8259.55 1573.7  8276.9 1573 .73  8288.16 1573 .71  8296.58 1573.73 8331.24 1573.62 
8342.31 1573.4 8343.79 1573.7 8357.82 1573.55 8373.55 1573.47 8392.89 1573 .35  
8469.05 1572.6 8477.22 1572 .71  8481.59 1572.67 8513.79 1572.86 8513.88 1572.6 
8529.93 1573.2 8536.85 1573.4 8582.51 1573.02 8602.19 1572.85 8606.52 1572.8 

8608.3 1572.8 8613.27 1572.67 8621.99 1572 .71  8653.24 1572.73 8663.28 1572.7 
8665.51 1572.7  8692.2 1572.09 8694.38 1572.14 8717.8 1572.02 8732.13 1571.95 
8734.45 1571.9  8752.5 1571.84 8769.24 1572.02 8780.44 1572.17 8802.42 1572.4 
8804.67 1572.4 8829.9 1572.43 8835.06 1572.45 8850.35 1572 .51  8862.3  1572.62 
8872.24 1572.6 8880.55 1572.59 8900.72 1572.66 8904.58 1572.67 8925.04 1572.83 
8926.06 1572.8  8929.64 1572.86 8944.83 1572.82 8950.58 1572.87 8971.27 1573.12 
8977.73 1573.2 8981.52 1573.24 9013.99 1573.43 9019.84 1573.26 9045 .96  1573.24 
9052.53 1573.2 9065.07 1573.39 9067.45 1573.35 9069.56 1573.56 9071.41 1573.58 
9088.51 1573.6 9101.67 1573.29 9105.57 1573.48 9115.81 1573.73 9118.95 1573.78 
9120.62 1573.8 9138.79 1573.74 9146.48 1573.68 9167.6 1573.65 9 1 9 9 . 9 1  1573.3 
9211.23 1573.2 9217.39 1573.22 9220.23 1573 .21  9230.09 1573.86 9233.44 1573.74 
9278.65 1573.5 9280.44 1573.52 9288.44 1573.5 9290.76 1573.59 9317.87 1573.99 
9321.61 1574 9322.06 1574.03 9329.75 1574.02 9416.34 1573.53 9422.19 1573.53 
9429.27 1573.5 9438.03 1573.42 9490.03 1573.45 9509.41 1574.34 9521.03 1575.17 
9534.66 1575.2  9561.3  1575.24 9578.83 1574.2  9586.7 1573.96 9594.02 1573.65 
9603.08 1574.7 9616.2 1576.04 9617 .46  1576.08 9621.47 1 5 7 6 . 3 1  9622.98 1576.35 
9653.17 1575.6 9667.41 1575.42 9679.8  1574.24 9686.57 1573.65 9689.45 1574 .31  
9703.33 1577.5 9708.72 1577 .25  9733.93 1577.45 9754.74 1577.33 9769.84 1577.18 

9784.2 1577 .1  9845.72 1576 .9  9875.65 1576.12 9881.9 1575.94 9887.1  1575.75 
9911.99 1575 .1  9931.99 1574 .95  9970.15 1574.23 9975.79 1572.28 9977.5 1571.68 
9986.13 1571.210000.13 1570.4210008.25 1572.1310019.65 1575.2510039.26 1576.05 

10039.39 1576.110040.56 1576.0710032.21 1576.410088.17 1576.5 10089.6  1576.6 
10107.29 1578.210110.49 1578.310117.09 1577.3410118.87 1577.0810126.74 1576 .21  
10135.68 1575.910148.81 1575.8510163.62 157610200.91 1576.3310225.21 1576.55 
10229.41 1576.610235.38 1575.4410238.94 1574.7310240.43 1574.5110252.36 1570.58 
10254.58 1569.9  10255 .1  1569.9810255.54 1570.0710271.73 1574.0210275.12 1574.13 

10286  1574.110315.31 1574.6210334.42 1575.1510336.99 1575.2910341.25 1575.46 
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Manning's n Values num= 8 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

4265.03 .I 5410.85 .15 6800.61 .1 8055.81 .15 8481.59 .1 
9101.67 .15 9911.99 .04510039.39 .15 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9911.9910039.39 800 96.77 96 .1 .3 

- >  .. 

,2s2,.,.:; Ineffective Flow num= 1 
Sta L Sta R Elev 

:,, .:; 5994 6170 1570 .. .., . ., ~. .-? . . .. . . , .,. 
. :s<'  ..;: 

CROSS SECTION OUTPUT 

E.G. Elev (it) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfsl 
Top Width (ftl 
Vel Total (ft/s) 
Max Chl Dpth (ftl 
Conv. Total (cfsl 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ftl 
C & E Loss (ft) 

Profile #PF 1 

1573,68 Element 
0.09 Wt. n-Val. 

1573.60 Reach Len. (ft) 
1570.71 FlowArea (sq ft) 
0.011730 Area (sq ftl 
11309.00 Flow (cfsl 
4053.93 Top Width (it) 

2.14 Avg. Vel. (ft/s) 
10.47 Hydr. Depth (it) 

104418.5 Conv. (cfs) 
779.70 Wetted Per. (ft) 
1570.42 Shear (lb/sq ft) 

1.22 Stream Power (lb/ft sl 
0.10 Cum Volume (acre-ft) 
0.03 Cum SA (acres) 

Left OB 
0.132 
800.00 
5142.16 
5142.16 
10738.50 
3985.49 

Channel 
0.045 
96.77 
85.73 
85.73 
490.52 
41.64 
5.72 
2.06 

4529.1 
42.37 
1.48 
8.48 
6.24 
2.54 

Right 08 
0.150 
96.00 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT 

Left Sta 
(ft) 
4265.03 
5676.77 
7088.51 
8500.25 
LB 9911.99 
10039.39 

Right Sta 
(ftl 
5676.77 
7088.51 
8500.25 
9911.99 
RB 10039.39 
10739.30 

Profile #PF 1 

Flow *ea 
(~£5) (sq ftl 

2530.85 1298.84 
5242.12 2128.41 
2080.44 1184.04 
885.09 530.87 
490.52 85.73 
79.98 50.26 

W.P. 
(ftl 

1078.84 
883.86 
1246.16 
782.44 
42.37 
27.83 

3 Conv. Hydr D. Velocity 
(ft) (ft/s) 

22.38 1.21 1.95 
46.35 2.42 2.46 
18.40 0.95 1.76 
7.83 0.68 1.67 
4.34 2.06 5.72 
0.71 1.88 1.59 

. . 
' . . Warning: Divided flow computed for this cross-section. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
. .  than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. • @+<j 
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CROSS SZCTION RNH1: SIGNAL BUTTE 
. ReAcH: SPILLWS Xi: 2.261 

. . 
, 

~ . .  . . .  . . INPUT 
. . . Description: RM. 2.261. HORZ. N VALUES USED. UPSTREAM EDGE OF CAP CANAL. RAS.I.D.3 =SEC. 
: STA.49+50=CAE' STA.479+00=(51 72"DIA. RAS. I.D.2=SEC. STA.58+10=CAP STA.471+03=(3] 72"DIA . . .  

' RAS.I.D.l=SEC.STA. 73+00=CAF STA.456+50=(2)60" DIA RAS.I.D.4&5=SEC.STA.100+00&102+30=~ . . 
. -- STA.429+206427+15 =(31 72"DIA/FA. 

Statron Elevation Data nw- 499 
Sta Elev Sta Elev Sta Elev Sta Elev ~ t a  Elev 

4349.26 1572.1 4359.98 1572.17 4369.44 1571.81 4383.67 1570.09 4383.82 1570.08 
4395.8 1569.7 4407.82 1569.32 4408.08 1569.31 4420.62 1568.58 4441.8 1568.43 
4481.73 1568.7 4512.79 1569.42 4516.83 1569.85 4537.78 1570.49 4557.27 1571.6 
4560.8 1571.6 4583.03 1573.22 4590.2 1573.75 4592.05 1573.76 4610.53 1572.71 
4623.3 1573.2 4636.58 1573.23 4647.26 1573.2 4661.53 1573.03 4663.08 1572.97 
4663.64 1572.9 4687.6 1571.99 4691.74 1571.86 4719.14 1571.06 4736.33 1573.09 
4737.14 1573.1 4738.25 1573.07 4770.97 1570.81 4793.2 1570.74 4830.14 1568.29 
4830.93 1568.3 4846.29 1568.05 4855.1 1567.98 4882.71 1568.83 4885.98 1568.88 
4891.09 1568.6 4915.77 1566.44 4927.66 1566.75 4940.89 1567.87 4952.23 1567.96 
4967.75 1567.9 4987.23 1570.96 5007.01 1571.12 5016.73 1569.99 5043.63 1569.96 
5047.88 1570 5054.03 1570.11 5056.57 1569.91 5072.53 1569.72 5098.67 1569.81 
5100.76 1569.9 5117.31 1572.8 5125.88 1571.4 5147.11 1573.22 5148.5 1573.77 
5155.24 1573.8 5174.46 1573.84 5178.28 1573.82 5204.95 1574.18 5210.66 1574.21 
5235.24 1574.3 5240.42 1574.27 5249.96 1574.18 5259.22 1574.13 5268.04 1574.09 
5272.46 1574.2 5285.47 1574.66 5303.13 1575.15 5334.89 1575.44 5341.19 1575.4 
5374.3 1574.8 5389.16 1574.9 5391.8 1574.78 5395.95 1574.73 5396.29 1574.71 
5412.32 1574.2 5431.18 1573.37 5437.91 1573.83 5455.32 1573.72 5461.29 1573.77 
5486.08 1573.7 5491.38 1573.38 5496.65 1573.47 5531.03 1573.39 5540.57 1573.18 
5559.47 1573.8 5573.76 1574.1 5591.33 1573.73 5605.51 1573.49 5616.97 1573.51 
5638.66 1573.3 5646.31 1573.34 5674.93 1573.23 5676.13 1573.23 5689.54 1572.88 
5695.24 1572.8 5721.29 1571.79 5762.48 1571.64 5772.68 1571.86 5774.73 1571.86 
5777.8 1571.9 5784.45 1569.26 5808.26 1561.91 5822.47 1561.62 5824.99 1561.44 
5833.61 1561.4 5851.61 1563.04 5859.38 1563.99 5871.66 1565.72 5893.63 1571.36 
5913.91 1572.4 5934.92 1572.89 5953.53 1573.26 5978.13 1572.79 5978.25 1572.79 
5979.01 1572.8 6002.43 1571.95 6006.38 1571.82 6030.54 1570.82 6042.47 1570.45 
6059.83 1570 6073.14 1569.47 6083.99 1569.14 6106.89 1568.03 6107.5 1568.01 
6111.37 1568.1 6133.3 1567.96 6149.22 1567.98 6154.9 1568 6175.28 1567.51 
6179.49 1567.5 6195.27 1567.45 6200.76 1567.47 6225.2 1567.41 6230.84 1567.39 
6250.31 1567.5 6255 1567.55 6278.98 1567.53 6284.2 1567.5 6309.15 1567.26 
6313.04 1567.2 6340.93 1567.33 6346.77 1567.39 6371.83 1567.2 6375.55 1567.12 
6380.62 1567 6407.02 1567.01 6410.5 1567.01 6437.13 1565.96 6441.43 1565.96 
6455.68 1566 6460.75 1566.03 6480.57 1565.95 6508.11 1565.79 6515.66 1565.8 
6541.82 1565.4 6546.76 1565.33 6568.69 1565.25 6574.05 1565.28 6600.43 1564.92 
6603.51 1564.9 6637.13 1565.11 6641.39 1565.06 6645.55 1564.98 6686.6 1564.59 
6692.37 1564.6 6712.92 1564.17 6741.25 1563.9 6745.21 1563.85 6759.59 1563.66 
6763.03 1563.7 6737.79 1563.75 6807.81 1563.47 6810.54 1563.45 6847.55 1562.53 
6849.34 1562.5 6850.23 1562.43 6881.24 1562.26 6882.17 1562.26 6903.18 1562.33 
6905.05 1562.3 6927.87 1560.89 6936.34 1560.67 6937.1 1560.61 6969.07 1560.45 
6969.16 1560.5 6973.81 1560.45 6988.76 1560.57 6989.12 1560.58 6996.22 1561.05 
7013.21 1560.2 7019.04 1560.16 7019.61 1560.21 7022.16 1560.11 7044.06 1561.48 
7049.26 1560.4 7066.49 1558.21 7068.36 1558.22 7069.64 1558.27 7093.1 1561.24 
7105.67 1561.1 7118.57 1560.93 7132.54 1560.87 7146.04 1560.79 7157.28 1561.02 
7171.67 1560.9 7185.79 1560.81 7202.38 1560.56 7213.69 1560.59 7219.5 1560.83 
7235.59 1561.1 7252.02 1560.81 7259.23 1561.13 7273.69 1558.53 7280.83 1558.13 
7299.69 1558 7302.83 1557.89 7314.22 1557.51 7322.79 1557.57 7324.13 1557.58 
7325.41 1557.5 7325.61 1557.5 7325.78 1557.48 7327.92 1557.4 7353.58 1557.89 
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Manning 's  n V a l u e s  n u m  4 
S t a  n V a l  S t a  n V a l  S t a  n V a l  S t a  n V a l  

4349.26 .1 9192.94 . 1 5  9949 .1  .04510039.47 .15 

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  C h a r n e l  R i g h t  Coeff C o n t r .  Expan.  
9949.110039.47 200 2 0 0 . 5 8  200 .1 . 3  

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. E l e v  ( f t l  
V e l  Head ( f t )  
W.S. E l e v  ( f t )  
C r i t  W.S. ( f t )  
E.G. S l o p e  ( f t / f t ) ,  
Q T o t a l  ( c f s )  
Top Width  ( f t )  
V e l  T o t a l  ( f t / s )  
Max C h l  Dpth ( f t l  
Conv. T o t a l  ( c f s )  
Leng th  W t d .  ( f t l  
Min Ch E l  ( f t l  
A lpha  
F r c t n  LOSS ( f t )  
C & E Loss  ( f t )  

E lement  
W t .  n-Val. 
Reach Len. (it) 
Flow A r e a  ( s q  f t )  
A r e a  ( s q  f t )  
Flow ( c f s )  
Top Width  ( f t )  
Avg. V e l .  ( f t / s )  
Hydr.  Depth  ( f t )  
conv .  ( c f s )  
Wetted P e r .  ( f t )  
S h e a r  ( l b / s q  f t )  
S t r e a m  Power ( l b / f t  s )  
Cum Volume ( a c r e - f t )  
Cum SA ( a c r e s )  

FLOW DISTRIBUTION OUTPUT P r o f i l e  #PF 1 

L e f t  S t a  
( f t l  
4349.26 
5749.22 
7149.18 
8549.14 
LB 9949.10 
10039.47 

R i g h t  S t a  
( f t )  
5749.22 
7149.18 
8549 .14  
9949.10 
RB 10039 .47  
10602.07 

Flow A r e a  
(cfsl ( s q  f t )  

428 .02  2691.36 
3598.81 11004.73 
6676.24 15938 .12  

523 .87  2804.58 
54 .06  162 .67  
2 8 . 0 1  353.08 

L e f t  0B 
0.100 

200 .00  
32439.20 
32439.20 
11226.94 

4820.22 
0 .35  
6 .73 

1873419.0  
4829 .91  

0 .02 
0 . 0 1  

285.49 
168.94 

C h a n n e l  
0 . 0 4 5  

2 0 0 . 5 8  
162 .67  
162 .67  

5 4 . 0 6  
7 4 . 1 0  

0 . 3 3  
2 . 2 0  

9020.7  
74 .75  

0 . 0 0  
0 .00 
5 .97  
2 . 4 1  

R i g h t  OB 
0.150 

200.00 
353.08 
353.08 

2 8 . 0 1  
228 .15  

0 .08 
1 . 5 5  

4673.3  
228 .61  

0 . 0 0  
0 . 0 0  

21.77 
23.89 

W.P. S Conv. Hydr D.  V e l o c ~ t y  
( f t )  ( f t l  ( f t / s 1  

1012.02 3 . 7 8  2 . 6 7  0 .16  
1403.34 31.82 7 . 8 6  0 . 3 3  
1402.00 59 .03  1 1 . 3 8  0 .42 
1 0 1 2 . 5 6  4 . 6 3  2 . 7 7  0 .19  

74 .75  0 . 4 8  2 . 2 0  0 . 3 3  
2 2 8 . 6 1  0 . 2 5  1 . 5 5  0 .08 

CULVERT RIVER: SIGNAL BUTTE 
REACH: S P I L L W  RS: 2.252 

INPUT 
D e s c r i p t i o n :  CULVERTS ACROSS CAP ClWAL 
D i s t a n c e  f r o m  Ups t ream XS = 2 5  
Deck/Roadway Width  - - 1 6 0  
Weir C o e f f i c i e n t  - - 2 . 8  
B r i d g e  Deck/Roadway Skew = 
Ups t ream Deck/Roadway C o o r d i n a t e s  

nun= 3 6 
S t a  H i  Cord Lo Cord S t a  H i  Cord Lo Cord S t a  H i  Cord Lo Cord 

3778.9  1573 .16  3935.44 1573 .66  4002.7  1574 
4172.27 1574.22 4291.03 1 5 7 4 . 2 6  4357.67 1574.2  
4390.75 1572 .8  4414.56 1568.95 4491.44 1568.9 
4526.71 1 5 7 2 . 7 1  4562.88 1573 .8  4856.47 1573 .83  
5266.74 1573 .83  5303.49 1 5 7 4 . 9  5398.9 1 5 7 5  
5460.86 1573 .67  5714 .85  1573 .19  5801.62 1572.03 
5824.78 1571 .9  5855.78 1 5 7 2 . 9 1  6153.43 1572.93 
6347.31 1572 .9  6588.98 1572.93 7286.17 1572 .93  
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.., 
, .  . . - Upstream Bridge Cross Section Data 

Station Elevation Data num= 499 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4349.26 1572.1 4359.98 1572.17 4369.44 1571.81 4383.67 1570.09 4383.82 1570.08 
4395.8 1569.7 4407.82 1569.32 4408.08 1569.31 4420.62 1568.58 4441.8 1568.43 
4481.73 1568.7 4512.79 1569.42 4516.83 1569.85 4537.78 1570.49 4557.27 1571.6 
4560.8 1571.6 4583.03 1573.22 4590.2 1573.75 4592.05 1573.76 4610.53 1572.71 
4623.3 1573.2 4636.58 1573.23 4647.26 1573.2 4661.53.1573.03 4663.08 1572.97 
4663.64 1572.9 4687.6 1571.99 4691.74 1571.86 4719.14 1571.06 4736.33 1573.09 
4737.14 1573.1 4738.25 1573.07 4770.97 1570.81 4793.2 1570.74 4830.14 1568.29 
4830.93 1568.3 4846.29 1568.05 4855.1 1567.98 4882.71 1568.83 4885.98 1568.88 
4891.09 1568.6 4915.77 1566.44 4927.66 1566.75 4940.89 1567.87 4952.23 1567.96 
4967.75 1567.9 4987.23 1570.96 5007.01 1571.12 5016.73 1569.99 5043.63 1569.96 
5047.88 1570 5054.03 1570.11 5056.57 1569.91 5072.53 1569.72 5098.67 1569.81 
5100.76 1569.9 5117.31 1572.8 5125.88 1571.4 5147.11 1573.22 5148.5 1573.77 
5155.24 1573.8 5174.46 1573.84 5178.28 1573.82 5204.95 1574.18 5210.66 1574.21 
5235.24 1574.3 5240.42 1574.27 5249.96 1574.18 5259.22 1574.13 5268.04 1574.09 
5272.46 1574.2 5285.47 1574.66 5303.13 1575.15 5334.89 1575.44 5341.19 1575.4 
5374.3 1574.8 5389.16 1574.9 5391.8 1574.78 5395.95 1574.73 5396'.29 1574.71 
5412.32 1574.2 5431.18 1573.37 5437.91 1573.83 5455.32 1573.72 5461.29 1573.77 
5486.08 1573.7 5491.38 1573.38 5496.65 1573.47 5531.03 1573.39 5540.57 1573.18 
5559.47 1573.8 5573.76 1574.1 5591.33 1573.73 5605.51 1573.49 5616.97 1573.51 
5638.66 1573.3 5646.31 1573.34 5674.93 1573.23 5676.13 1573.23 5689.54 1572.88 
5695.24 1572.8 5721.29 1571.79 5762.48 1571.64 5772.68 1571.86 5774.73 1571.86 
5777.8 1571.9 5784.45 1569.26 5808.26 1561.91 5822.47 1561.62 5824.99 1561.44 
5833.61 1561.4 5851.61 1563.04 5859.38 1563.99 5871.66 1565.72 5893.63 1571.36 
5913.91 1572.4 5934.92 1572.89 5953.53 1573.26 5978.13 1572.79 5978.25 1572.79 
5979.01 1572.8 6002.43 1571.95 6006.38 1571.82 6030.54 1570.82 6042.47 1570.45 
6059.83 1570 6073.14 1569.47 6083.99 1569.14 6106.89 1568.03 6107.5 1568.01 
6111.37 1568.1 6133.3 1567.96 6149.22 1567.98 6154.9 1568 6175.28 1567.51 
6179.49 1567.5 6195.27 1567.45 6200.76 1567.41 6225.2 1567.41 6230.84 1567.39 
6250.31 1567.5 6255 1567.55 6278.98 1567.53 6284.2 1567.5 6309.15 1567.26 
6313.04 1567.2 6340.93 1567.33 6346.77 1567.39 6371.83 1567.2 6375.55 1567.12 
6380.62 1567 6407.02 1567.01 6410.5 1567.01 6437.13 1565.96 6441.43 1565.96 
6455.68 1566 6460.75 1566.03 6480.57 1565.95 6508.111565.79 6515.66 1565.8 
6541.82 1565.4 6546.76 1565.33 6568.69 1565.25 6574.05 1565.28 6600.43 1564.92 
6603.51 1564.9 6637.13 1565.11 6641.39 1565.06 6645.55 1564.98 6686.6 1564.59 
6692.37 1564.6 6712.92 1564.17 6741.25 1563.9 6745.21 1563.85 6759.59 1563.66 
6763.03 1563.7 6787.79 1563.75 6807.81 1563.47 6810.54 1563.45 6847.56 1562.53 
6849.34 1562.5 6850.23 1562.48 6881.24 1562.26 6882.17 1562.26 6903.18 1562.33 
6906.05 1562.3 6927.87 1560.89 6936.34 1560.67 6937.1 1560.61 6969.07 1560.45 
6969.16 1560.5 6973.81 1560.45 6988.76 1560.57 6989.12 1560.58 6996.22 1561.05 
7013.21 1560.2 7019.04 1560.16 7019.61 1560.21 7022.16 1560.11 7044.06 1561.48 
7049.26 1560.4,7066.49 1558.21 7068.36 1558.22 7069.64 1558.27 7093.1 1561.24 
7105.67 1561.1 7118.57 1560.93 7132.54 1560.87 7146.04 1560.79 7157.28 1561.02 
7171.67 1560.9 7185.79 1560.81 7202.38 1560.56 7213.69 1560.59 7219.5 1560.83 
7235.59 1561.1 7252.02 1560.81 7259.23 1561.13 7273.69 1558.53 7280.83 1558.13 

. . 7299.69 1558 7302.83 1557.89 7314.22 1557.51 7322.79 1557.57 7324.13 1557.58 
' - 7325.41 1557.5 7325.61 1557.5 7325.78 1557.48 7327.92 1557.4 7353.58 1557.89 
. . 7367.34 1558.9 7374.12 1560.66 7402.17 1560.56 7402.69 1560.54 7423.75 1560.84 

' 7424.87 1560.7 7426.81 1560.53 7446.77 1560.1 7461.74 1560.45 7467.82 1560.9 
7484.9 1561.1 7488.23 1561.24 7503.42 1559.63 7516.04 1559.65 7532.78 1561.48 ::;:A .., _.. 
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Manning's n Values 11- 4 
Sta n Val Sta n Val Sta n Val Sta n Val 

4349.26 .1 9192.94 .15 9949.1 .04510039.47 .15 

FCD 98-17 Delineation of Spihvay Flows 
For Signal Butte Rood Retarriing Sbudure 
Full Dkcharge (Q's Modded Separately) 

A-N West, Inc. 
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Bank Sta: Left Right Coeff Contr. Expan. 
9949.110039.47 .1 .3 

Downstream Deck/Roadway Coordinates 
num= 36 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

3778.9 1572.66 3935.44 1573.16 4002.7 1573.5 
4172.27 1573.72 4291.03 1573.76 4357.67 1573.7 
4390.75 1572.3 4414.56 1568.45 4491.44 1568.4 
4526.71 1572.21 4562.88 1573.3 4856.47 1573.33 
5266.74 1573.33 5303.49 1574.4 5398.9 1574.5 
5460.86 1573.17 5714.85 1572.69 5801.62 1571.53 
5824.78 1571.4 5855.78 1572.41 6153.43 1572.43 
6347.31 1572.4 6588.98 1572.43 7286.17 1572.43 
7403.63 1572.75 7905.82 1572.8 8097.17 1572.61 
8300.29 1572.64 8306.43 1572.3 8410.8 1572.32 
8508.59 1573.29 9436.01 1573.3 9530.22 1573.81 
9716.23 1575.01 9730.42 1576.68 10431.6 1576.78 

Downstream Bridge Cross Section ~ a t a  1 ,  
Station Elevation Data nun= 492 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
3625i97 1565.5 3632.59 1565.55 3656.69 1565.43 3670.32 1565.61 3685.64 1565.83 
3703.88 1565.8 3715.98 1565.84 3731.62 1569.85 3766.14 1568.83 3779.77 1565.5 
3790.08 1565.4 3803.14 1565.47 3851.91 1565.64 3856.4 1565.67 3873.41 1565.52 
3899.75 1565 3925.19 1565.02 3959.9 1570.78 3965.15 1571.13 4006.22 1567.56 
4008.3 1567.6 4012.16 1567.58 4020.39 1567.33 4049.92 1564.77 4078.79 1564.81 
4108.82 1564.7 4133.24 1571.32 4140.44 1571.65 4165.95 1564.07 4166.01 1564.07 
4166.38 1564.1 4208.01 1569.06 4215.59 1568.67 4241.71 1571 4247.24 1570.97 a: 
4253.51 1570.9 4267.78 1570.92 4278.31 1571.37 4292.05 1571.22 4309.15 1569.92 
4323.38 1570.7 4325.23 1570.75 4343.13 1566.91 4362.37 1567.88 4376.85 1567.95 
4401.99 1568.1 4417.09 1567.21 4445.07 1567.73 4469.07 1568.11 4484.02 1567.93 
4492.99 1567.7 4521.03 1568.78 4528.85 1568.41 4539.23 1568.96 4570.77 1572.62 
4571.53 1572.6 4573.76 1572.6 4590.5 1573.89 4613.75 1571.72 4618.83 1571.28 
4622.04 1571.3 4642.73 1572.53 4643.94 1572.5 4645.31 1572.38 4646.77 1572.43 
4663.49 1572.2 4667.67 1572.12 4694.25 1570.5 4704.93 1570.51 4719.91 1571.95 
4729.86 1571.8 4745.36 1572.39 4749.8 1572.43 4762.47 1572.52 4772.53 1572.27 
4774.87 1572.2 4786.1 1572.18 4800.75 1570.65 4808.38 1572.1 4829.71 1571.4 
4838.11 1571.6 4845.85 1571.56 4889.44 1570.56 4889.72 1570.55 4889.81 1570.56 
4921.94 1572.6 4943.64 1571.21 4955.75 1570.45 4970.46 1571.48 4982.07 1572.68 
4988.87 1572.9 4991.39 1572.99 4992.29 1572.97 5005.11 1572.36 5051.7 1569.27 
5073.44 1572.5 5101.78 1572.66 5104.71 1572.83 5108.73 1573.09 5109.43 1573.08 
5112.37 1573.1 5116.5 1572.79 5173.45 1572.91 5175.9 1573.14 5202.46 1573.03 
5218.29 1573 5224.66 1572.58 5236.09 1572.53 5273.97 1572.27 5282.08 1572.4 
5303.03 1572.3 5310.71 1572.19 5324.72 1572.25 5343.71 1572.33 5361.65 1572.1 
5378.57 1572.1 5418.95 1575.17 5433.29 1575.26 5459.13 1575 5493.99 1574.9 
5501.97 1574.9 5509.68 1574.44 5523.68 1573.5 5543.04 1572.13 5557.18 1571.95 
5584.82 1571.4 5598.88 1571.52 5613.49 1571.07 5623.01 1570.67 5626.04 1570.54 
5634.22 1569.7 5655.07 1561.31 5656.41 1560.84 5657.57 1560.81 5660.38 1560.78 

i 
5694.92 1560.9 5702.53 1561.05 5717.56 1566.72 5723.51 1569.79 5746.38 1570.67 
5755.66 1570.8 5758.3 1570.68 5773.84 1569.13 5780.45 1568.87 5807.63 1569.17 
5814.4 1569 5836.64 1567.23 5843.56 1567.1 5862.89 1566.52 5870.07 1566.31 

i 
5884.94 1566.3 5905.94 1566.4 5917.29 1566.3 5968.5 1566.15 6002.79 1565.73 
6005.64 1565.7 6038.78 1565.71 6064.14 1565.82 6081.91 1565.8 6092.63 1565.76 
6130.44 1565.7 6156.9 1565.45 6164.01 1565.45 6176.36 1565.48 6185.14 1565.48 
6235.15 1565.8 6247.71 1565.58 6261.29 1565.46 6270.76 1565.32 6298.34 1564.82 
6303.88 1564.7 6324.98 1565.32 6328.94 1565.41 6334.93 1565.22 6361.44 1564.96 

FCD 98-17 Delineation of Spieway Flom A-N West. Inc. 
For Signal Butte Flood Rstarding Strvdure page 93 July, 1999 
FuU []ischarge (Q's Modeled Separately) 



6384.5 1564.5 6415.25 1564.38 6422.27 1564.4 6427.96 1564.28 6442.94 1564.03 
6 4 7 1  1563.5 6479.55 1563.45 6500.58 1564.08 6502.58 1564.07 6533.37 1563.82 

6536.48 1563.9 6552.68 1563.64 6555.17 1563.63 6573.91 1564.17 6580.08 1564.45 
6597.19 1565 6614.03 1564.92 6622.95 1565.48 6646.12 1565.42 6652.65 1565 .51  
6670.79 1565.8 6682.7 1565.75 6690.91 1566.14 6712.08 1568.49 6727.67 1569.04 
6742.66 1571.9 6746.55 1572.06 6749.03 1572 .01  6774.37 1571.7 6787.31 1571.46 
6791.05 1570.2 6815.76 1566.76 6828.27 1566.11 6841.93 1565.75 6866.03 1565.49 
6878.11 1566.4 6888.09 1566.83 6905.06 1569.94 6907.68 1570.11 6915.25 1569.27 
6943.47 1565.8 6955.47 1562.43 6971.77 1561 .21  6988.03 1560.62 6991.84 1560.7 
6997.15 1560.9 6998.72 1560.91 7010.69 1561.93 7016.98 1562.26 7029.31 1561.08 
7040.96 1562.1 7069.85 1561.53 7075.15 1560.97 7096.87 1561.5 7099.56 1561 .51  
7121.49 1561.3 7123.41 1561.4 7152.34 1561.76 7153.51 1562.02 7163.39 1559.56 
7178.63 1558.6 7208.99 1561.35 7218.73 1562.58 7219.69 1563.06 7247.59 1563.12 
7253.13 1563.4 7266.6 1563.43 7283.43 1562.99 7297.63 1562.55 7305.66 1562.46 
7314.94 1562.2 7346.94 1562.47 7 3 7 1  1562.46 7379.71 1562.57 7387.68 1562.13 
7402.73 1561.2 7407.43 1561.03 7413.07 1561.04 7436.53 1561.34 7447.02 1561.35 
7470.41 1561.3 7479.49 1561.42 7488.6 1561.32 7504.13 1561.88 7508.75 1561.8 
7521.11 1561.2 7539.77 1560.4 7551.18 1560.04 7554.62 1560.11 7571.97 1560 .01  
7575.04 1560.3 7575.86 1560.38 7601.72 1561.12 7605.75 1561.15 7621.82 1561.44 
7625.79 1561.6 7642.46 1561.43 7646.44 1561.4 7665.12 1568.62 7671.4 1568.6 
7696.11 1564.3 7710.83 1563.75 7721.3 1563.32 7729.9 1563.08 7744.93 1562.45 
7764.43 1561.2 7769.12 1560.76 7789.03 1560.12 7793.39 1560.09 7812.32 1559.85 
7827.26 1559.8 7830.3 1559.98 7839.84 1559.15 7858.21 1559.19 7860.85 1559.04 

7867.2 1559 .1  7886.38 1559.95 7912.54 1560.36 7912.67 1560.37 7935.49 1560.59 
7949.09 1560.5 7 9 5 4 . 1  1560.5 7958.26 1560.57 7970.55 1560.53 7994.48 1566.17 
8012.56 1566.2 8029.71 1560.45 8071.64 1560.25 8088.58 1562.76 8098.6 1560.87 
8109.05 1559.7 8118.88 1559.15 8120.58 1559 .11  8143 .22  1559.05 8143.97 1559 .01  

8164.9 1559 .1  8167.44 1559.02 8192.2 1559.89 8211.79 1555.35 8221.94 1553.17 
8223.37 1553 8224.08 1553.02 8245.4 1553 .1  8246.21 1553.14 8247.73 1553.21 

8270.5 1554 .3  8288.83 1555.7 8295.32 1555.89 8307.63 1558.89 8310.76 1560.59 
8314.09 1560.8 8320.01 1560.78 8343.41 1560.9 8348.66 1560.92 8376.41 1561.6 
8377.18 1561.6 8380.27 1561.66 8404 .61  1561 .91  8415.47 1562.14 8436.55 1562.05 
8438.21 1562.1 8459.8 1562.89 8461.09 1562.91 8481.78 1562.83 8484.82 1563.14 
8503.98 1563.6 8505.95 1563.6 8510.97 1563.65 8551.82 1564.36 8557.83 1564.44 
8586.71 1564 .7  8594.85 1564.82 8610.89 1564.96 8623.24 1565.23 8636.44 1565.45 
8642.42 1565.6 8647.67 1565.73 8647.83 1565.74 8677.5 1565.9 8678.77 1565.84 
8694.59 1566.2 8703.7 1566.34 8704.47 1566.32 8723.57 1566.43 8726.34 1566.47 
8745.24 1566 .7  8753.77 1566.79 8772.83 1567.03 8781.01 1567.06 8809.6 1567.28 
8825.79 1567.4 8836.1 1567.34 8848.28 1567.13 8856.1 1567.16 8883.37 1567.63 
8889.52 1567.8 8894.81 1567.75 8901.15 1567.52 8912.17 1567.35 8927.49 1567.78 
8935.05 1567.9 8949.24 1568.22 8956.34 1568.22 8978.6 1568.38 8982.37 1568.66 
9012.09 1568.8 9030.23 1568.57 9049.15 1569.91 9055.98 1570.57 9081.9 1571.86 
9082.04 1571.7 9083.81 1571.67 9108.37 1571.79 9110.85 1571.71 9118.39 1570.78 

9145.4 1570.6 9154.39 1570.31 9164.33 1570.23 9176.86 1569.94 9192.77 1569.7 
9206.85 1569 .9  9223.5 1569.31 9228.29 1567.96 9232.68 1569.12 9261.09 1569.62 
9267.23 1568.2 9277.31 1568.26 9302.75 1568.18 9321.47 1568.1 9332.53 1568.42 
9344.78 1571.4 9347.23 1571.97 9353.68 1571.82 9371.2 1568.93 9376.48 1569.14 

9390.7 1573 9396.19 1572.67 9425.15 1573.18 9430.62 1573.95 9442.4 1573.93 
9455.06 1573.8 9456.43 1573.8 9492.89 1573.78 9492.91 1573.78 9493.13 1573.78 
9516.76 1573.8 9535.52 1572.76 9557.48 1573.19 9561.19 1573.14 9575.22 1572.96 
9599.89 1572.8 9603.16 1572.75 9609.05 1572.62 9632.08 1573.43 9644.83 1572.95 
9675.34 1573 .1  9684.59 1573.3 9687.16 1573.46 9695.67 1573.48 9716.26 1573.95 
9727.97 1573.9 9734.41 1573.94 9737.25 1573.91 9742.93 1573.85 9779.14 1575.73 
9781.05 1575.8 9781.25 1575.72 9782.91 1575.88 9813.37 1568.4 9817.33 1568.12 

9822.3 1567.6 9832.96 1568.6 9854.98 1566 .21  9855.44 1566.21 9860.61 1566.22 
9877.06 1567 9878.67 1567.04 9898.07 1568.33 9911.74 1569.02 9923.22 1569.07 
9941.11 1569 9948.16 1569.71 9965.35 1570.68 9977.72 1575.36 9985.5 1575.6 

FCO 9817 Delineahon of SpEBway Flows A-NWesf Inc 
For Signal Butte Flood Retarding Sbucture Page 94 July, 1999 
Full Discharge (as Modded Separately) i 



Manning's n  Values n u =  3 1 
Sta  n  Val S ta  n  Val S ta  n  Val 

3625.97 .08 9994.4 .04510040.06 .08 

Bank Sta :  Lef t  Right Coeff Contr. Expan. 
9994.410040.06 .1 .3 

Blocked Obstruct ions  nun= 2 
S t a  L S t a  R Elev S t a  L S t a  R Elev 

3625.97 7300 1560.5 850010348.82 1560.5 

Upstream Embankment s i d e  s lope  - - . . 2 hor iz .  t o  1.0 v e r t i c a l  
,..pK =+., Downstream Embankment s i d e  s lope - - * .', 2 h o r i z .  t o  1.0 v e r t i c a l  

..~:~-r.% Maximum al lowable  submergence f o r  weir  flow = 
.<~.: . .,..;i . .95 
.~ t..... ..,. (. .:., . Elevat ion a t  which weir  flow begins - - 
,,*'":." 
..~<.*.,.. ... -.., , . Energy head used i n  spi l lway des ign - - 

.::,.a;. 2 Spillway height  used i n  des ign - ,,.:-::..>. - 
... ;,. , ,:;;.* .,.r:i,v Weir c r e s t  shape = Broad Crested 

2"':. ' r.,<r,a? 

Number of  Culver ts  = 5 

Culver t  Name Shape Rise Span 
Culver t  #3 Ci rcu la r  6  
FHWA Chart # 1 - Concrete Pipe Culvert  
FHWA Scale  # 3 - Groove end entrance;  p ipe  p r o j e c t i n g  from f i l l  
Solut ion C r i t e r i a  = Highest U.S. EG 
Culver t  Upstrm Dis t  Length n  Value Entrance LOSS Coef Exi t  LOSS Coef 

1 9  162 .012 . 9  1 
Number of Bar re l s  = 5 
Upstream Elevat ion = 1561 
Cen te r l ine  S t a t i o n s  

Sta .  s t a .  S ta .  S t a .  s t a .  
4920 4928 4936 4944 4952 

Downstream Elevat ion = 1560 
Cen te r l ine  S t a t i o n s  

S ta .  S t a .  S ta .  S t a .  S t a .  
4860 4868 4876 4884 4892 

Culvert  Name Shape Rise Span 
Culver t  #2 Ci rcu la r  6  
FHWA Chart  # 1 - Concrete Pipe Culvert  
FHWA Sca le  # 3 - Groove end entrance;  p i p e  p r o j e c t i n g  from f i l l  

. Solu t ion  C r i t e r i a  = Highest U.S. EG 
. . Culver t  Upstrm D i s t  Length n  Value Entrance Loss Coef Ex i t  Loss Coef 

. . ,. 10 180 .012 . 9  1 
. . Number of  Bar re l s  = 3 

Upstream Elevat ion = 1560 

,- 
:..*<,,. < FCD 98-17 Delineation of Spiawsy Flows 
. For Signal Butte Flood Retarding Structure .'< ,.:a 
. .. .. ; , Full Dbcharge (a's Modeled Separately) 

. . ,,. : .  .,,.; 
. .. . . 

A-N West, Inc. 
July, 1999 

I 



. -* .-.-... .. .." .r .. i.,u.r.u+_?i ,..;.:;",:,_i.r .->-x.. .~-.> .a,..: 51.51-51, . ..: 1.. . 

C e n t e r l i n e  S t a t i o n s  
Sta .  S ta .  S t a .  
5790 5798 5806 

Downstream Elevat ion = 1558.7 
Cen te r l ine  S t a t i o n s  

S t a .  Sta .  S ta .  t 

5680 5688 5696 

Culver t  Name Shape Rise  Span 
Culver t  #1 C i r c u l a r  5  
FHWA Chart  # 1 - Concrete Pipe Culver t  

i I 

FHWA Sca le  # 3 - Groove end entrance;  p i p e  p r o j e c t i n g  from f i l l  I 

So lu t ion  C r i t e r i a  = Highest  U.S. EG 
Culver t  Upstrm D i s t  Length n  Value Entrance Loss Coef Ex i t  Loss Coef 

i 
5 190 .012 .9 1 

Number of  Bar re l s  = 2 
Upstream Elevat ion = 1555.2 
C e n t e r l i n e  S t a t i o n s  

S ta .  S t a .  
7300 7306 

Downstream Elevat ion = 1554.4 
Cen te r l ine  S t a t i o n s  

S t a .  S t a .  
7200 7206 

Culver t  Name Shape Rise Span 
Culver t  #4  C i r c u l a r  6  
FHWA Chart  # 2 - Corrugated Metal Pipe Culver t  ! 
FHWA Scale  # 3 - Pipe p r o j e c t i n g  from f i l l  
Solut ion C r i t e r i a  = Highest U.S. EG 
Culver t  Upstrm Dis t  Length n  Value Entrance Loss Coef Exi t  Loss Coef 

10 180 .024 .9 1 
Number of Bar re l s  = 3 
Upstream Elevat ion = 1567.8 

I, 
Cente r l ine  S t a t i o n s  

S ta .  S t a .  S t a .  
9990 9998 10006 

Downstream Elevat ion = 1567 
Cen te r l ine  S t a t i o n s  

S t a .  Sta .  S t a .  
9990 9998 10006 

Culver t  Name Shape Rise  Span 

. , Culver t  #5 C i r c u l a r  6  
FHWA Chart  # 2 - Corrugated Metal Pipe Culver t  
FHWA Sca le  # 3 - Pipe p r o j e c t i n g  from f i l l  
Solut ion C r i t e r i a  = Highest U.S. EG 
Culver t  U p s t n  D i s t  Length n  Value Entrance Loss Coef Exit Loss Coef 

10 180 .024 .9 1 
Number of  B a r r e l s  = 3 
Upstream Elevat ion = 1567.7 
Cen te r l ine  S t a t i o n s  

S t a .  S t a .  Sta .  
10220 10228 10236 

Downstream Elevat ion = 1567 

FCD 9817 Delineation c i s p h a y  Flows A-N West, Inc 
For Signat Butte Flood Retarding Sbudure 

m..- . .p, Pase 93 July. 1999 
: Full Discharge (Q's Modeled Separately) 
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.. .... ... :.. .:. .< 
~. . . . S t a .  S t a .  S t a .  
".. . . ,.  . . 10170 10178 10186 

INPUT 
D e s c r i p t i o n :  FM. 2.223 . DOWNSTREAM EDGE OF CAP CANAL. 

S t a t i o n  E l e v a t i o n  Da ta  nun= 492 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  

3625.97 1565 .5  3632.59 1565 .55  3656 .69  1 5 6 5 . 4 3  3670.32 1565.61 3685.64 1 5 6 5 . 8 3  
3703.88 1565 .8  3715.98 1565.84 3731.62 1569.85 3766.14 1568.83 3779.77 1565.5  
3790.08 1565.4  3803.14 1565.47 3851 .91  1565.64 3856.4  1565.67 3873.41 1565.52 
3899.75 1565  3925.19 1565 .02  3959.9 1570.78 3965 .15  1571.13 4006.22 1567 .56  

4008.3  1 5 6 7 . 6  4012.16 1567 .58  4020.39 1567 .33  4049.92 1564.77 4078.79 1 5 6 4 . 8 1  
4108.82 1564.7  4133.24 1571.32 4140.44 1571 .65  4165.95 1564.07 4166.01 1564 .07  
4166.38 1 5 6 4 . 1  4208.01 1569 .06  4215.59 1568.67 4241.71 1571  4247.24 1570 .97  
4253 .51  1570 .9  4267.78 1570.92 4278.31 1571.37 4292.05 1571.22 4309.15 1569.92 
4323.38 1570.7  4325.23 1570 .75  4343.13 1566 .91  4362.37 1567.88 4376.85 1567 .95  
4401.99 1 5 6 8 . 1  4417.09 1567.21 4445.07 1567.73 4469.07 1568.11 4484.02 1567 .93  
4492.99 1 5 6 7 . 7  4521.03 1568 .78  4528.85 1568 .41  4539.23 1568.96 4570.77 1572.62 
4571.53 1572.6  4573.76 1572 .6  4590.5  1573.89 4613.75 1571.72 4618.83 1571.28 
4622.04 1 5 7 1 . 3  4642.73 1572 .53  4643.94 1 5 7 2 . 5  4645 .31  1572.38 4646.77 1 5 7 2 . 4 3  
4663.49 1572.2  4667.67 1572 .12  4694.25 1570 .5  4704.93 1570 .51  4719.91 1571 .95  
4729.86 1571 .8  4745.36 1572.39 4749.8  1572 .43  4762.47 1572.52 4772.53 1572.27 
4774.87 1572 .2  4786.1  1572 .18  4800.75 1570 .65  4808.38 1572.1 4829.71 1571.4  
4838.11 1 5 7 1 . 6  4845.85 1571 .56  4889.44 1570 .56  4889.72 1570.55 4889.81 1570 .56  
4921.94 1 5 7 2 . 6  4943.64 1571.21 4955.75 1570 .45  4970 .46  1571.48 4982.07 1572.68 
4988.87 1 5 7 2 . 9  4991.39 1572.99 4992 .29  1572 .97  5 0 0 5 . 1 1  1572.36 5051 .7  1569.27 
5073.44 1 5 7 2 . 5  5101.78 1572 .66  5104 .71  1572 .83  5 1 0 8 . 7 3  1573.09 5109.43 1573 .08  
5112.37 1 5 7 3 . 1  5116.5  1572.79 5173.45 1 5 7 2 . 9 1  5175.9  1573.14 5202 .46  1573 .03  
5218.29 1573  5224.66 1572 .58  5236 .09  1572 .53  5273.97 1572.27 5282.08 1572.4  
5303 .03  1 5 7 2 . 3  5310.71 1572 .19  5324.72 1572 .25  5343 .71  1572 .33  5361 .65  1 5 7 2 . 1  
5378.57 1 5 7 2 . 1  5418.95 1575.17 5433.29 1575.26 5459 .13  1575  5493 .99  1574 .9  
5501.97 1574 .9  5509.68 1574.44 5523.68 1573 .5  5543.04 1572.13 5557.18 1571 .95  
5584.82 1571.4  5598.88 1571.52 5613.49 1571.07 5623 .01  1570.67 5626.04 1570.54 
5634.22 1569 .7  5655.07 1561 .31  5656 .41  1560.84 5657.57 1560.81 5660.38 1560 .78  
5694.92 1560 .9  5702.53 1561 .05  5717.56 1566.72 5723 .51  1569.79 5746.38 1570 .67  

~ ... 5755.66 1570 .8  5 7 5 8 . 3  1570 .68  5773.84 1569 .13  5780.45 1568.87 5807.63 1569.17 
5814.4 1569 5836.64 1567.23 5843.56 1567.1  5862.89 1566.52 5870.07 1566 .31  

5884.94 1566 .3  5905.94 1566.4  5917 .29  1566.3  5968 .5  1566.15 6002.79 1565 .73  
6005.64 1565 .7  6038.78 1565 .71  6064.14 1565.82 6081.91 1565.8  6092.63 1565 .76  
6130.44 1565.7  6156.9 1565 .45  6164.01 1565 .45  6176.36 1565.48 6185.14 1565.48 
6235.15 1565.8  6247.71 1565 .58  6261.29 1565 .46  6270 .76  1565.32 6298.34 1564.82 
6303.88 1564.7  6324.98 1565.32 6328.94 1565.41 6334.93 1565.22 6361.44 1564 .96  

6384.5  1564 .5  6415.25 1564.38 6422.27 1564.4  6427.96 1564.28 6442.94 1564 .03  
6471 1 5 6 3 . 5  6479.55 1 5 6 3 . 4 5  6500.58 1564.08 6502.58 1564.07 6533.37 1563 .82  

6536.48 1563 .9  6552.68 1563.64 6555.17 1563 .63  6573.91 1564.17 6580.08 1564 .45  
6597.19 1565  6614.03 1564.92 6622.95 1565.48 6646.12 1565.42 6652.65 1565 .51  
6670.79 1565 .8  6682.7 1565.75 6690.91 1566.14 6712.08 1568.49 6727.67 1569.04 

. . .  : 6742.66 1571 .9  6746.55 1572.06 6749.03 1572.01 6774.37 1571.7 6787.31 1571.46 
' 6791.05 1570.2  6815.76 1566 .76  6828.27 1566.11 6841.93 1565.75 6866.03 1565 .49  . .  . 

6878.11 1566.4  6888.09 1566.83 6905.06 1569.94 6907.68 1570.11 6915.25 1569.27 
.y.i: 6943.47 1565.8  6955.47 1562.43 6971.77 1561.21 6988.03 1560.62 6991.84 1560.7 
.!L*. 

. FCO 9817 Delineation of S p i i y  FI- A-N West Inc. 
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FCD 9g17 Dellneat~on of Spahvay Flows 
For Sianal W e  flood Retardina Srudure 
Full &charge (Q's Modded Grate ly )  

A-N West, Inc 
Juiy, 1999 



Manning's n Values nun= 3 
Sta n Val Sta n Val Sta nVal 

3625.97 .08 9994.4 .04510040.06 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9994.410040.06 400 1069.12 900 .1 .3 

Blocked Obstructions nu~a= 2 
Sta L Sta R Elev Sta L Sta R Elev 

3625.97 7300 1560.5 850010348.82 1560.5 

CROSS SECTION OUTPUT Profile #PF 1 

E.G. Elev (ft) 1563.85 Element Left OB Channel Right OB 
Vel Head (ft) 0.10 Wt. n-Val. 0.080 
W.S. Elev (it) 1563.75 Reach Len. (it) 400.00 1069.12 900.00 

.. -. :, . 
... .%, 

Crit W.S. (ft) 1561.49 Flow Area (sq ft) 4516.87 
~ ,; . .. ~ 

I E.G. Slope (ft/ft) 0.003990 Area (sq ft) 4516.87 
Q Total (cfs) 11309.00 Flow (cfs) 11309.00 

..2s:;&$ Top Width (ft) 1579.16 Top Width (ft) 1579.16 
..& ,:.<,,, 
I. ;. ,.: ... .;.: . . . ,'. . .*. Vel Total (ft/s) 2.50 Avg. Vel. (ft/s) 2.50 
:;;>,>: 
:..? '..< ... '. Max Chl Dpth (it) 10.75 Hydr. Depth (it) 2.86 
.r: :::,: 

..$.',j".,..* > . .. ,.. . , 
Conv. Total (cis) 179027.8 Conv. (cfs) . .. 179027.8 

.. %...I 

:~,;~<f.: Length Wtd. (ft) 403.79 Wetted Per. (ft) 1584.94 
,.;:;,,:,:; Min Ch El (ft) 1569.54 Shear (lb/sq ft) 0.71 
:: .-... ;.! ., ,..- Alpha 1.00 Stream Power (lb/ft s) 1.78 

;\ :,%" .. . , , .--, Frctn Loss (ft) 1.75 Cum Volume (acre-ft) 200.65 5.59 20.96 
0.01 Cum SA (acres) 

..<<!:*,- 
; .  Warning: Divided flow computed for this cross-section. 
',;<; ::::< . Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
.. . .. :< p:; 
,..:.,. cross section. This may indicate the need for additional cross sections. 

'..'.',.!*".,fi . . .. . 
6.: 

:J::r'. <: .  
. , ,  FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta Flow Area W.P. % Conv. Hydr D. Velocity 
(ft) (ft) (cis) (sq it.) (it) (ft) (ft/s) 
5218.08 6810.19 253.66 160.83 107.83 2.24 1.51 1.58 
6810.19 8402.29 10909.28 4237.66 1362.41 96.47 3.12 2.57 
8402.29 9994.40 146.06 118.38 114.71 1.29 1.03 1.23 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

W S S  SECTION RIVER: SIGNAL BUTTE 
REACB: SPILLWAY RS: 2.020 

.. 2 INPUT 
Description: RM. 2.020 HYDRAULIC BASELINE CROSSES NEAR APACHE TRAIL. 

. .. . . Station Elevation Data num= 497 
Sta Elev Sta Elev Sta Elev Sta Elev Sta FJev 

4416.03 1564.7 4419.76 1564.68 4427.4 1564.64 4478.38 1564.37 4487.59 1564.26 
. . 4512.93 1564.1 4528.39 1564.09 4531.87 1564.42 4536.52 1564.52 4543.78 1564.77 

4551.69 1565.8 4564.13 1566.02 4580.37 1566.02 4581.22 1565.98 4582.47 1565.98 
,..A< ?.:..&. 
. . .. FCD 98-17 Delineaticn of Spilhvay Flows . . ..!Q , , For Splnaf Butte F l d  Retsrding Strudure 
.- ... i 
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4632.37 1565.3 4651.33 1564.52 4651.47 1564.51 4651.58 1564.51 4651.85 1564.5 
4663.64 1564.2 4668.38 1563.98 4675.87 1563.66 4696.32 1564.08 4699.99 1564.17 
4707.97 1564 4719.09 1563.86 4725.98 1563.82 4727.53 1563.83 4804.25 1563 .5  
4824.99 1563 .1  4836.57 1563 .21  4870.07 1562 .71  4873.06 1562.62 4883.14 1561.74 
4883.67 1561.7 4883.8 1561.69 4901.53 1562.5 4908.73 1562.63 4940.66 1562.54 
4969.42 1562.5 5012.29 1562.15 5022.34 1562.06 5025.97 1562.62 5048.24 1565.68 
5054.13 1565.6 5072.06 1565.45 5080.52 1565.42 5101.59 1565.09 5113.22 1564.86 
5118.64 1564.3 5127.53 1562.98 5132.7 1562.43 5184.75 1562.05 5206.87 1562 
5228.41 1562.1 5236.62 1561.86 5237.16 1561.84 5237.94 1561.88 5242.23 1562.12 
5261.11 1563 .1  5271.58 1562.89 5293.88 1562.42 5300.62 1562.4 5310.37 1562.45 
5319.79 1562.7 5332.69 1562.95 5344.87 1562.7 5366.12 1562.29 5413.64 1561.57 
5439.89 1561 .1  5456.03 1561.16 5459.38 1561 .1  5471.54 1561.15 5483.08 1561.19 
5517.43 1561.3 5526.3 1561 .41  5569.71 1562.12 5579 .31  1562.3 5582.62 1562.34 
5593.06 1562.4 5622.23 1562.39 5635.67 1561.27 5642.42 1560.86 5646.08 1560.47 
5654.72 1560.3 5659.38 1560.48 5660.17 1560.47 5669.61 1560.46 5712.05 1560.34 
5721.16 1559 5725.68 1558.12 5731.78 1559.4 5738.32 1561.07 5752.6 1561.41 
5772.83 1561.4 5789.07 1561 .01  5808.36 1562.06 5834.45 1563.46 5847.45 1562.8 
5852.59 1562.6 5859.1  1562.45 5903.95 1562 .01  5934.26 1561.58 5945.12 1561.4 
5962.01 1561.3 6008.96 1560.78 6019.74 1561.29 6049.6 1562.7 6052.87 1562.83 
6073.49 1563 .1  6107.82 1562.85 6145.96 1562 .11  6182.97 1561.94 6184.27 1561.93 
6185.89 1561.9 6191.97 1561.94 6242.7 1562.22 6263.54 1562.06 6266.24 1562.06 
6271.41 1562.2 6287.57 1562 6301.58 1561.95 6307.39 1561.96 6340.53 1562.57 

6379.1 1563.5 6409.55 1562.43 6429.48 1561.97 6436.61 1562.11 6481.23 1563.42 
6497.46 1563 .9  6512.13 1564.17 6512.56 1564.17 6528.06 1561.99 6535.33 1560.93 
6555.96 1563.1 6556.71 1563.15 6557.11 1563.15 6597.45 1562.79 6610.75 1562.9 
6624.53 1563.1 6628.57 1563.07 6652.13 1563.18 6659.71 1563.21 6666.11 1563.17 
6695.65 1563 .1  6708.51 1563.14 6728.89 1563.27 6730.52 1563.3 6751.65 1563 .51  
6767.88 1563.7 6802.96 1563.97 6804.89 1563.99 6840.18 1563.18 6853.92 1562.91 
6891.71 1563.2 6897.73 1563.14 6901.62 1563.22 6904.2 1563.3 6904.99 1563 .31  
6906.68 1563.3 6911.08 1563.3 6934.2 1563.38 6939.88 1562.65 6960.12 1562 .41  

6967.4 1563.5 6997.8 1563.83 7003.54 1563 .81  7006.74 1563.8 7036.76 1563.73 
7042.45 1563.8 7068.93 1563.64 7085.04 1563.62 7090.07 1563.49 7098.84 1563.46 
7119.04 1563.5 7132.08 1563.42 7142.8 1563 .31  7155.49 1563.26 7177.52 1562.82 
7183.47 1562.8 7205.68 1562.13 7212.72 1 5 6 2 . 1  7224.16 1561.79 7231.82 1561.72 

7261.2 1562 7281.11 1561.75 7288.92 1561.68 7305.12 1561.46 7320.57 1561.01 
7324.32 1 5 6 1  7328.21 1560.96 7344.46 1561 .01  7349.29 1561.25 7373.9 1560.66 
7381.67 1560.4 7401.74 1560.3 7408.27 1560.93 7417.42 1562.23 7440.46 1563.42 
7441.68 1563.5 7443.91 1563.56 7448.94 1562.55 7458.24 1560.82 7465.48 1560.68 
7484.34 1560.2 7538.29 1559.36 7563.41 1559.19 7617.81 1559.01 7634.77 1559.28 
7638.55 1559.3 7650.23 1559.32 7661.22 1559.38 7675.85 1558.7 7694.35 1558.73 
7711.09 1559.3 7731.88 1559.29 7734.08 1559.41 7739.34 1559.26 7762.81 1559.34 
7767.51 1559.4 7781.64 1558.92 7789.61 1558.78 7793.19 1558.86 7794.39 1558.87 
7803.71 1559 .1  7827.63 1559.93 7839.51 1560.25 7846.92 1562.16 7850.54 1562.76 
7865.35 1557 7867.04 1556.07 7872.06 1556.06 7914.63 1555.73 7915.76 1556.27 
7925.26 1560.7 7926.95 1561.49 7943.88 1561.77 7948.8 1561.8 7974.14 1561.98 
8002.17 1561.6 8011.3 1561.76 8025.62 1561.5 8029.53 1561.45 8033.6 1561.3 
8042.88 1559.7 8069.25 1559.5 8071.56 1559.38 8074.05 1559.28 8081.25 1559.46 
8087.89 1559.5 8090.8 1559.69 8091.04 1559.69 8091.32 1559.69 8112.61 1558.85 

8122.6 1558.9 8136.87 1558.57 8145.51 1558.62 8166.35 1558.19 8169.19 1558.2 
8173.24 1558.2 8183.14 1558.6 8189.88 1558.69 8198.4 1558.08 8209.99 1557.9 
8228.93 1558.2 8232.41 1558.24 8235.05 1558.27 8247.7 1558.3 8253.43 1558.32 
8254.23 1558.3 8272.17 1558.61 8273.58 1558 .61  8277.31 1558.62 8298.11 1559.09 
8314.21 1558.7 8329.54 1558.99 8340.69 1559.07 8349.78 1558.95 8359.56 1559.16 
8369.87 1559.2 8403.57 1560.53 8415.35 1560.89 8420.7 1560.84 8436.23 1560.04 
8442.36 1560 8448.83 1559.65 8458.26 1559.53 8466.34 1559.28 8514.84 1558.96 
8527.37 1558.9 8540.77 1558 .71  8557.29 1559.36 8574.95 1559.38 8587.84 1558.67 
8614.95 1558.7 8619.29 1558.74 8624.34 1558.93 8630.51 1559.22 8642.77 1559.81 
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Manning's n Values n u =  3 
Sta n Val Sta n Val Sta n Val 

4416.03 .08 9929.31 .04510025.45 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9929.3110025.45 500 646.55 500 .1 .3 

Ineffective Flow nun= 1 
Sta L Sta R Elev 
8100 8400 1560 

CROSS SECTION OUTPUT Profile #PF 1 I 
E.G. Elev (ft) 1562.09 Element Left OB Channel Right OB 
Vel Head (ft) 0.08 Wt. n-Val. 0.080 0.045 
W.S. Elev (ft) 1562.01 Reach Len. (it) 500.00 646.55 500.00 0.080 

FCD 9817  eli in eat ion of So18iwav Flom 
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Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (it) 
Alpha 
Frctn Loss (ft) 
C & E Loss (ft) 

Flow Area (sq ft) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
Conv. (cfs) 
Wetted Per. (it) 
Shear (lb/sq ft) 
Stream Power (lb/ft s1 
Cum Volume (acre-ft) 
Cum SA (acres) 

Warning: Divided flow computed for this cross-section. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 
Warning: The parabolic search method failed to converge on critical depth. The program will 
try the cross section slice/secant method to find critical depth. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta Right Sta 
(ft) (ft) 
4416.03 5794.35 
5794.35 7172.67 
7172.67 8550.99 
8550.99 9929.31 
LB 9929.31 RB 10025.45 
10025.45 11026.78 

Flow 
(cfs) 

420.64 
80.24 

7314.70 
3344.89 
67.60 
80.92 

Area 
(sq ft) 
338.16 
102.63 
3078.50 
1481.24 
25.09 
49.56 

W.P. % Conv. Hydr D. Velocity 
(ft) (it) (ft/s) 

375.94 3.72 0.90 1.24 
228.95 0.71 0.45 0.78 
1296.39 64.68 2.38 2.38 
673.24 29.58 2.20 2.26 
19.39 0.60 1.35 2.69 
34.25 0.72 1.47 1.63 

,:.; :.. .;-:. -, LC;. 
. Warning: Divided flow computed for this cross-section. ~-s.+ 

.:,> Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
, .. .:.: . .~.. , than 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
.. . .. 

. Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
.:%:<- .i.. . .,,,,. cross section. This may indicate the need for additional cross sections. 
., >? 

$ 2  Warning: The parabolic search method failed to converge on critical depth. The program will 
try the cross section slice/secant method to find critical depth. 

i. 

CROSS SECTION RIVER: SIGNAL BulTE 
REACH: SPILLWAY RS: 1.898 

INPUT 
. Description: RM .1.898 

Station Elevation Data nun= 492 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4844.98 1559.8 4853.05 1559.81 4868.58 1559.9 4871.63 1559.82 4881.93 1559.91 
4891.47 1559.9 4913.16 1559.71 4938.3 1559.77 4951.15 1559.75 4955.54 1559.77 
4962.12 1559.7 4963.86 1559.52 4969.01 1559.4 4991.64 1558.63 4997.02 1558.74 
5003.56 1558.9 5009.1 1558.94 5020.05 1558.87 5024.48 1558.95 5028.6 1559 
5041.07 1559 5048.47 1559.11 5077.56 1558.92 5079.15 1558.91 5086.68 1558.82 
5094.78 1558.9 5096.83 1558.9 5114.98 1559.32 5130.87 1559.51 5140.39 1559.62 
5157.29 1559.7 5162.12 1559.66 5190.51 1559.89 5191.99 1559.88 5193.84 1559.88 
5206.76 1559.9 5208.91 1559.89 5232.07 1559.77 5262.76 1559.99 5264.07 1560 

1- I' . . FCD 98-17 Dslineation of SpJIway Flow ...... .>....< A-N West. Inc. I 
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5271.31 1560.1  5273.65 1560.07 5280.87 1560.06 5292.09 1559.92 5295.51 1559.85 
5302.67 1559.5 5304.33 1559.54 5311.57 1559.38 5318.04 1559.22 5325.47 1558.97 
5342.29 1558.4 5353.02 1558.42 5404.06 1557.89 5415.79 1555.21 5422.97 1553.45 
5425.95 1553.4 5433.08 1553.52 5455.19 1557.8 5455.35 1557.83 5455.6 1557.82 
5472.63 1557.6  5478.73 1557.38 5482.9 1557.65 5492.59 1557.98 5496.46 1557.97 
5533.95 1557.9 5535.27 1557.82 5535.84 1557.8 5545.03 1557.23 5548.42 1557.04 
5548.72 1557 5550.05 1557.05 5553.38 1557.14 5572.82 1557.62 5578.03 1557.51 
5582.61 1557.4  5596.96 1557 5611.01 1556.89 5611.15 1556.9 5626.23 1557 .21  
5629.93 1557.2  5630.92 1557.24 5664.04 1557.3 5675.75 1557.4 5685 .06  1557.43 
5691.57 1557.5 5700.46 1557.57 5755.17 1556 .61  5756.4 1556.59 5756.64 1556.59 

5764.6 1556.7 5806.21 1556.79 5824.09 1556.79 5827.56 1556.77 5832.65 1556 .81  
5901.84 1557.2  5924.44 1557.32 5952.42 1557.07 5972.72 1556.94 6003.79 1556.69 

6062.2 1556.3  6079.37 1556 .31  6080.31 1556.2 6089.66 1555.38 6091.83 1555.56 
6095.41 1555.8 6100.93 1556 .1  6102.61 1556.16 6106.62 1556.3 6108.59 1556.26 
6113.93 1556.2 6186.62 1556.49 6187.15 1556.49 6187.32 1556.49 6187.34 1556.49 
6187.38 1556.5 6187.67 1556.49 6235.88 1556.87 6235.89 1556.87 6235.95 1556.87 

6236.3 1556.9 6250.68 1556.99 6255.64 1557.08 6270.87 1557.31 6290.18 1557.62 
6303.45 1557.9 6316.34 1558 .1  6327.48 1557.86 6351.01 1557.43 6370.91 1557.43 
6381.94 1557.5 6395.91 1557.45 6429.42 1557.37 6475.23 1557.09 6542.35 1556.92 

6547 .1  1556.8 6547.98 1556.79 6552.93 1556.35 6565.86 1557 6590.71 1558.63 
6601.18 1558.7 6604.87 1558.74 6610.52 1558.87 6618.52 1558.96 6627.93 1558.88 
6637.74 1559 6644.15 1558.97 6649.1  1558.96 6664.8 1559.06 6670.33 1559.07 

6674.5 1559 6678.69 1 5 5 8 . 9 1  6701.21 1558.98 6715.08 1559.11 6735.16 1558 .31  
6780.65 1557 6794.4 1557.15 6814.09 1557.35 6829.13 1557.55 6850.77 1557.63 
6869.08 1557.2 6881.15 1557.26 6888.35 1555.59 6890.31 1555.03 6893.6 1555.54 

6902.7 1557.6 6908.77 1557.74 6927.7 1557.79 6940.28 1557.8 6941.88 1557.79 
6942.79 1557.8  6947.6 1557.77 6965.31 1557.74 6979.95 1557.66 6985.96 1557.93 
7009.46 1559.3 7026.72 1559.45 7050.52 1559.67 7074.47 1558.94 7075.42 1558 .91  
7076.77 1558.9  7155.78 1558.62 7194.82 1558 .61  7252.02 1558.78 7278.03 1558.7 
7282 .61  1558.7 7314.16 1558.35 7322.41 1558.47 7351.68 1558.93 7376.25 1559.23 
7389.08 1559.3 7394.16 1559.4 7410.62 1559.41 7429.48 1559.36 7518.97 1558.88 
7537.55 1558.5 7581.35 1558.13 7590.84 1558.12 7603.09 1558.45 7619.65 1558.89 
7621.43 1558.8 7640.02 1558.62 7709.83 1558.39 7754.63 1557.33 7766.02 1557.5 
7788.58 1 5 5 8 . 1  7799.39 1558.29 7810.49 1558 .46  7821.18 1558.67 7836.86 1558.93 
7850.69 1558.7  7872.21 1558.14 7882.24 1558.39 7889.02 1558.64 7893.49 1558.73 
7900.96 1558.9 7921.43 1559.08 7983.31 1558 .81  8007.16 1558.22 8046.86 1557.43 
8052.88 1557.3 8056.28 1557.27 8061.51 1557.18 8082.85 1556.87 8091.25 1556.99 
8097.87 1556.9 8108.52 1556 .9  8121.9 1556.95 8122.86 1556.94 8131.17 1557.01 
8153.49 1557.4 8161.24 1557.43 8168.99 1557.6 8178 1557.68 8183 1557.48 
8184.12 1557.5 8188.5 1557.61 8197.29 1557.95 8224.71 1558.27 8230.22 1558.34 
8233.72 1558.4 8242.54 1558.59 8248.34 1558.7 8250.42 1558.72 8268.4 1556.67 
8279.25 1555.3  8290.14 1556.58 0296.86 1557.25 8301.63 1557.79 8304.49 1558.05 

8304.9 1558 .1  8310.74 1557.84 0317.04 1557.53 8331.71 1555.83 8332.25 1555.77 
8332.65 1555.8 8332.73 1555.77 8346.53 1555.78 8352.87 1555.73 8364.66 1555.87 
8372.54 1556.2  8378.85 1556.57 8383.16 1556.74 8387.58 1556.8 8389.29 1556.77 

8469 1556.7 8487.25 1556.69 8487.82 1556.68 8488.53 1556.69 8489.03 1556.69 
8491.63 1556.7 8492.99 1556.72 8496.61 1556.75 8537.09 1556.99 8553.04 1557 .01  
8594.81 1557 8611.6 1557.04 8615.64 1557.03 8616.47 1557 8637.31 1556.32 
8643.02 1556.2  8648.72 1556 .36  8653.43 1556.44 8670.97 1556.87 8685.36 1557.16 
8694.59 1557.4 8697.67 1557.38 8710.11 1557.56 8712.43 1557.59 8712.78 1557.59 
8713.22 1557.6 8728.75 1557.27 8740.77 1556.98 8746.59 1556.82 8807.12 1556.85 
8828.69 1556.9 8841.88 1556.98 8843.52 1556.96 8845.46 1556.98 8861.98 1556.9 
8867.01 1556.8 8880.73 1556 .71  8964.21 1556.74 8973.01 1556.71 8986.68 1556.85 
9002.33 1556.9 9070.12 1557.07 9084.44 1557.12 9088.58 1557.05 9117.8 1556.76 
9126.36 1556.8 9128.85 1556.76 9189.62 1556.57 9201.39 1556.56 9212.14 1556.54 
9244.68 1556.4 9249.74 1556.39 9254.13 1556.68 9257.22 1556.57 9279.41 1557 .1  
9283.38 1557.3 9288.05 1557.29 9358.31 1556.89 9373.35 1556.94 9393.24 1556.84 
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Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

4844.98 .08 9987.91 .04510010.42 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9987.9110010.42 500 542.03 500 .1 .3 

CROSS SECTION OUTPUT Profile #PF I 

E.G. Elev (it) 1558.35 
Vel Head (ft) 0.09 
W.S. Elev (ft) 1558.26 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 0.013506 
Q Total (cfs) 11309.00 
Top Width (ft) 4466.49 
Vel Total (ft/s) 2.36 
Max Chl Dpth (ft) 4.86 
Conv. Total (cfs) 97311.0 
Length Wtd. (ft) 503.20 
Min Ch El (ft) 1554.60 
Alpha 1.06 

FCD 98-17 W~neatim of Spillway Flow 
For Sqnal Butte FIoad Retarding Structure 
FuU Discharge (Cl's Modeled Separately) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq it) 
Area (sq it) 
Flow (cis) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (it) 
Conv. (cfs) 
Wetted Per. (it) 
Shear (lb/sq ft) 
Stream Power (lb/ft s )  

Page 104 

Left OB 
0.080 
500.00 
4036.26 
4036.26 
9808.24 
3525.42 

2.43 

Channel 
0.045 
542.03 
26.83 
26.83 
142.14 
14.76 
5.30 
1.82 

1223.1 
16.54 
1.37 
7.24 

1 
Right OB 

0.080 
500.00 
728.65 
728.65 
1358.62 j 
926.31 
1.86 
0.79 

11690.6 
927.24 
0.66 
1.24 

A-N West, Inc. 
July, 1999 



. . 
a;<,.,,; 

.,.+ l.+. 
:;,.%, ,; ' .- .. 
.. t+2 9 * 
< $3 3/rlri qp-3 
rlL ;$?,.:<: Frctn Loss (ft) 5.02 cum volume (acre-ft) 105.09 4.90 15.98 a 

.,. -;j C & E Loss (ft) 0.00 Cum SA (acres) 100.22 1.77 17.51 
;j.:; : &,:; 
..-;i. 

, Warning: Divided flow computed for this cross-section. 
. . .  ...... ..: Warning: The energy loss was greater than 1.0 ft (0.3 m), between the current and previous 
~. . , .> ,  cross section. This may indicate the need for additional cross sections. 
2:. ' 
. ~ 

. . FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ft) 
4844.98 
6130.71 
7416.45 
8702.18 
LB 9987.91 
10010.42 

Right Sta 
(ft) 
6130.71 
7416.45 
8702.18 
9987.91 
RB 10010.42 
11216.87 

Flow 
(cfs) 

2641.27 
1601.80 
2166.41 
3398.76 
142.14 
1358.62 

Ared 
(sq ft) 
998.16 
718.17 
897.69 
1422.24 
26.83 
728.65 

W.P. 
(ft) 

763.31 
709.72 
788.18 
1267.30 
16.54 
927.24 

% Conv. Hydr D. Velocity 
(ft) (ft/s) 

23.36 1.31 2.65 
14.16 1.01 2.23 
19.16 1.14 2.41 
30.05 1.12 2.39 
1.26 1.82 5.30 
12.01 0.79 1.86 

Warning: Divided flow computed for this cross-section. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

.. >... .. :*i.?.j . -9.. . .,, . CROSS SECTION :",$%;.,:: RIVER: SIGUAL BDTTE 
,;J;:,:, REACH: SPILLWAY 
" . . I '  

RS: 1.795 

INPUT 
Description: RM 1.795 

Station Elevation Data num= 4 62 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

4479.61 1554.9 4490.24 1554.7 4504.08 1554.4 4507.84 1554.34 4512.4 1554.43 
4513.34 1554.4 4515.48 1553.5 4517.78 1552.75 4520.22 1552.48 4543.75 1552.66 
4634.43 1552.9 4659.27 1552.87 4697.2 1552.73 4729.91 1553.03 4737.15 1552.99 
4756.53 1553 4774.75 1552.85 4804.97 1552.78 4831.66 1553.12 4860.29 1553.5 
4862.16 1553.5 4873.86 1553.63 4875.9 1553.64 4878.62 1553.68 4979.06 1553.93 
4979.53 1553.9 4993.96 1552.74 4995.4 1552.68 4997.3 1552.66 5020.17 1552.32 
5022.7 1552.2 5030.04 1550.89 5032.64 1550.45 5035.63 1550.65 5047.99 1551.46 
5050.71 1551.9 5058.83 1552.76 5090.69 1552.26 5094.38 1552.22 5096.24 1552.28 ! 
5110.14 1552.7 5190.37 1553.01 5197.59 1553.05 5199.79 1553.05 5209.36 1552.94 
5235.19 1552.7 5242.61 1552.71 5251.58 1552.75 5266.84 1552.79 5275.91 1552.79 i I 
5277.07 1552.8 5278.66 1552.84 5295 1552.7 5316.69 1552.51 5321.18 1552.44 
5329.96 1552.3 5335.31 1552.34 5339.59 1552.25 5358.89 1552.34 5359.2 1552.34 
5359.6 1552.3 5375.38 1552.52 5376.68 1552.46 5383.3 1552.41 5458.14 1551.5 
5460.89 1551.5 5461.12 1551.46 5494.91 1551.46 5496.42 1551.46 5498.68 1551.41 
5516.05 1551.1 5521.4 1551.19 5523.27 1551.25 5547.93 1551.77 5550.6 1551.8 
5559.37 1551.9 5581.63 1552.29 5585.07 1552.37 5588.92 1552.48 5589.41 1552.42 
5623.19 1552.1 5634.52 1552.12 5653.74 1552.13 5695.13 1551.88 5733.25 1551.64 
5742.79 1551.6 5748.32 1551.55 5754.55 1551.22 5763.35 1550.99 5767.09 1551.1 
5776.05 1551.3 5809.89 1551.17 5843.64 1551.17 5853.8 1550.84 5856.79 1550.71 

. . 
5859.96 1550.9 5866.17 1551.07 5867.65 1551.18 5917.29 1551.57 5969.13 1550.85 
5975.97 1550.7 6007.22 1551.15 6025.13 1551.12 6061.93 1551.57 6093.71 1552 
6094.9 1552 6117.03 1552.04 6118.3 1552.04 6119.12 1551.'99 6130.63 1551.23 
6136.64 1551.4 6137.83 1551.46 6185.14 1551.46 6221.62 1551.53 6247.81 1551.5 
6258.64 1551.5 6272.7 1551.86 6277.52 1551.94 6327.98 1552.24 6364.64 1552.18 
6367.66 1552.2 6376.73 1552.19 6383.7 1552.02 6411.2 1551.12 6435.07 1549.89 
6440.32 1549.2 6442.98 1548.67 6450.65 1550.13 6454.45 1551.15 6456.31 1551.2 .... 

, . 
T FCD 9817 Mineation of SpaEnay Flom A-N West. Inc 
, For Signal Butte Rood Retarding Sbucture Page105 . July, 1999 : 

.... .;' Full Discharge (a's Modeled Separately) .... 
'. i.< 

:,y$ ... ,. , . . . .  



6460.19 1551.3 6465.81 1551.16 6527.07 1551.32 6587.91 1551.54 6602.17 1551.7 
6605.56 1551.7 6609.39 1 5 5 1 . 7 1  6613.07 1551.71 6616 .71  1551.74 6625.69 1551.84 
6635.77 1552  6684.81 1552.33 6706.87 1552.75 6711.56 1552.81 6715.18 1552.72 
6726.77 1552.4 6731.82 1552.36 6746.66 1552.14 6760.75 1552 6770.7 1552.17 
6779.06 1552.4 6799.63 1552.84 6809.69 1553.06 6816.58 1553.28 6821.5 1553 .31  
6826.86 1553.3 6858.75 1553.48 6860.53 1553 .51  6873.25 1553.61 6877.61 1553.64 
6877.88 1553.6 6880.77 1553.64 6920.15 1553.64 6927 1553.06 6940.52 1552.3 
6951.43 1552.6 6957.59 1552.84 6962.6 1552.95 6975.12 1553.27 6988.35 1553.33 
7041.64 1554.3 7076.26 1553 .41  7137.42 1552.76 7152.24 1553.08 7185.55 1552.93 
7190.14 1552.4 7192.56 1552.5 7204.25 1552.76 7212.26 1552.95 7220.69 1553.14 
7238.39 1552.2 7249.97 1551.53 7253.26 1551.63 7285.13 1552.84 7311.59 1551.79 
7313.08 1551.7 7320.46 1551.73 7333 .89  1551.87 7354.18 1552.39 7370.89 1550.96 
7373.64 1550.5  7384.09 1549.45 7389 .61  1549.01 7395.6  1549.05 7405.97 1547.63 
7409.74 1547.9 7412.54 1548.26 7424.63 1549.52 7435.97 1550.26 7443.35 1551 .31  
7448.91 1551.8 7457.79 1553.04 7457.85 1553.05 7457.98 1553.06 7480.59 1553.04 
7483.72 1553 .1  7489.86 1553.06 7514.19 1553.06 7519.69 1552.99 7525.13 1553.04 
7556.53 1552.7 7561.85 1552.74 7575.11 1552.54 7583 .81  1554.64 7594.76 1557.43 
7595.53 1557.4 7596.01 1557.43 7618.37 1557 .31  7624.85 1557.25 7649.55 1556.5 
7652.81 1555.5 7654.5 1554.73 7661.2  1552.33 7669.22 1552.3  7676.78 1552.35 
7678.81 1552.7 7752.25 1553.4 7789.27 1553.67 7807.08 1553.19 7812.73 1553.12 
7834.61 1552.9 7917.1  1552.36 7925.67 1552.36 7944.35 1551.98 7948.8 1551.83 
7956.08 1552 .1  7976.57 1551.59 8003.78 1552.53 8005.67 1552.59 8023.45 1552.08 
8053.01 1552 8077.13 1552.32 8097.86 1552.52 8163.97 1552.95 8170.6 1553 

8175.1 1553 8179.33 1553.07 8181.26 1553.08 8187.47 1553 .1  8196.69 1553 .11  
8215.03 1553 .1  8221.65 1552.49 8226.58 1552.07 8245.33 1550 .31  8249 .1  1549.85 
8253.83 1550.6 8265.83 1552.37 8272.65 1553 .01  8276.08 1553.25 8278.92 1553.58 
8319.69 1553.5 8323.86 1553.45 8361.76 1553.07 8377.2 1552.28 8383.06 1551.97 
8387.66 1551.8  8405.09 1552.19 8422.56 1552.48 8429.85 1552.46 8464.18 1551.95 
8469.75 1551.9 8478.91 1551.59 8480.35 1551.6  8491.77 1549.9 8502.42 1552.48 
8502.49 1552.5 8502.61 1552.53 8502.86 1552.54 8535.84 1553.08 8540.37 1552.98 
8545.84 1552.8 8558.77 1552.57 8563.13 1552.52 8576 .11  1552.32 8591.32 1551.95 
8593.59 1551.9  8614.49 1551.75 8620.72 1551.7 8647.39 1551.9 8683.93 1552 .09  
8721.45 1552.6 8743.21 1552.45 8744.73 1552.46 8754.17 1552.58 8779.28 1552.6 
8796.69 1552.9 8798.21 1552 .67  8800.12 1552.76 8827.58 1552.87 8845.06 1552.78 
8854.24 1552.8  8859.81 1552 .81  8870.45 1552.88 8871.86 1552.89 8881.66 1552.88 
8895.54 1552.9 8907.8 1552.98 8912.7 1552.98 8928.05 1 5 5 2 . 9 1  8964.12 1552.74 
8967.68 1552.8 8980.32 1552.6  9003.03 1552.33 9062.99 1552.64 9070.67 1552.66 
9092.94 1552.4 9097.57 1552.39 9105.4 1552.23 9182.14 1552.98 9215.62 1552.7  
9218.96 1552.7 9219.03 1552.67 9220.53 1552.62 9221.79 1552.92 9229.5 1552.48 
9242.38 1552 9243.74 1552.03 9251.99 1552.16 9255.93 1552.34 9269.01 1551.78 
9282.98 1552 .1  9309.37 1552.57 9354.31 1552.6 9369.07 1552.6 9371.36 1552.59 
9371.95 1552.6  9372.09 1552.63 9372.31 1552.64 9381.59 1553.26 9382.36 1553.32 
9382.71 1553 .3  9408.78 1553.12 9453.55 1552.79 9453.86 1552.79 9453.97 1552.79 
9454.24 1552.8 9454.33 1552.79 9454.51 1552.79 9497.73 1552.94 9504.4 1552.86 
9511.24 1552.8 9523.22 1552.64 9531.17 1552.36 9534.36 1552.32 9542.42 1552.26 
9548.86 1552 .3  9559.22 1552.36 9604.67 1552.53 9608.22 1552.49 9610.88 1552.44 
9616.24 1552.5 9672.02 1552 .61  9740.74 1552.89 9743.34 1552.9 9743.68 1552.9 
9744.79 1552.9 9748.1  1552 .91  9751.1  1552.89 9798.59 1552.84 9809.71 1552.81 
9811.35 1552.8 9827.51 1549.2 9839.04 1552.72 9860.3 1552.28 9860.43 1552.28 
9860.72 1552 .3  9878.33 1551.04 9901.96 1549.82 9903.07 1549.83 9904.21 1549 .81  
9949.44 1549.3 9949.94 1549.35 9953.19 1549.38 9959.43 1549.6 9963.65 1549.68 
9965.01 1549.7 9969.76 1549.46 9975.67 1549.68 9982.47 1549.78 9993.78 1548 .11  
9994.14 1548  9994.71 1547.9510008.91 154810017.95 1547.95 1 0 0 3 1  1551.4 

10032.14 1551.710032.97 1551.7310046.02 1552.3310054.72 1552.7310055.41 1552.77 
10055.86 1552.810081.86 1553.0210085.42 1552.9710095.92 1553.0210100.05 1552.83 

10148 1552.210154.08 1552.48 10162.8 1552.4110169.12 1552.36 10178 1552.38 
10242.45 1551.710251.24 1551.4710258.07 1552.3310260.59 1552.2910262.79 1552.25 

FCO 9g17 Delineation of S p h y  Flows AN West. Inc. 
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$.;. 
<, >I :,*..A. 

c p,, 
;.,::$:> 

..*.,.ij 
; ','?*3 ~*.;ctj 
:+p,?> ;'. ?+J .,p,. ..: 
cY. b ? ;..??: 10375.41 1551.510391.54 1551.5310400.87 1551.5410414.69 1551.510426.77 1551.52 
, .: 
".l ' 
; 10427.31 1551.5 10498 1551.9310509.46 155210525.11 1552.0510529.17 1552.08 
3 .- '< 10536.67 1552.110545.41 1552.210576.09 1552.3310579.01 1552.3410579.88 1552.37 . ... . . , .., 10593.22 1552.710622.25 1552.8710640.67 1553.0310675.77 1553.310679.22 1553.25 

10690.67 155310697.05 1552.9710700.39 1552.7410701.39 1552.5510708.06 1550.57 
I... ! . . . ~ ,  ,. .~,, 
,.. . . 10720.3 1553.610721.45 1553.7910739.12 1553.3410754.13 1553.2110766.23 1553.36 
. . 10788.15 1553.710806.66 1553.5110832.15 1553.1810857.38 1553.1710863.99 1553.13 ... . . 

10867.04 1553.710870.11 1554.3310878.55 1554.4110879.99 1554.4110891.72 1554.38 
10898.73 1554.410905.95 1554.5710911.12 1554.5510919.02 1554.4610935.67 1554.6 

- 10978.87 1554.9111004.65 1555.03 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

4479.61 .08 9982.47 .04510054.72 .08 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
9982.4710054.72 520 524.67 500  .1 .3 

CROSS SECTION OUTPUT Profile #PF 1 

; .... . ,*;g 
,.::s.:. , 

E.G. Elev (ft) 1553.33 Element Left OB Channel 
:,,.;<; 
:\. ,,:.: 

Vel Head (ft) 0.13 Wt. n-Val. 0.080 0.045 
.. . )i. ., .*:.. . 
j::':*,." 

W.S. Elev (it) 1553.20 Reach Len. (ft) 520.00 524.67 
, . , .r, .. . . : Crit W.S. (ft) Flow Area (sq ft) 4964.23 244 .46  . '. . 
'A E :; ,-. ,.... - -.".' E.G. Slope (ft/ft) 0.007629 Area (sq ft) 4964.23 244 .46  
... < '.','! >C!l> Q Total (cfs) 11309.00 Flow (cfs) 8655.42 1579.58 
.',..*;,<% ;. Top Width (ft) 5 5 8 3 . 7 4  Top Width (ft) 4833.01 72.25 ,<>;:;<; -.:.\-., ,c>.,:.: Vel Total (ft/s) 1 .93  Avg. Vel. (ft/s) 1.74 6 .46  
:.: :. ... - .. ::' .*?. Max Chl Dpth (ft) 5.57 Hydr. Depth (ft) 1.03 3.38 

~ 
:!!& . ., . .- - . .;>..., 

Conv. Total (cfsl 129476.4 Conv. (cfs) 99095.6 18084.6 
.:xT:.< 
.. .. 

Length Wtd. (ft) 518.45 Wetted Per. (ft) 4837.15 72 .90  
<- i .  *?:< . .. .., .,..: Min Ch El (ft) 1547.95 Shear (lb/sq ft) 0.49 1.60 

'...:v,;.. .. . , 
: .. .<.; Alpha 2.26 Stream Power (lb/ft s) 0.85 10.32 

._I 

.;>:.., ,:: :.>:,..: Frctn Loss (ft) 4.71 Cum Volume (acre-ft) 53.43 3 . 2 1  
.{<;..<i 
22Lz:;i C 6 E Loss (ft) 0.00 Cum SA (acres) 52.25 1.23 ... *. : 

Right OB 
0.080 

500.00 
655.44 
655.44 

1074.00 
678.48 

" ... ..., 
F.'.< .:, .*.*:. :.," : , .< .-.. .-. Warning: Divided flow computed for this cross-section. 
.,;.i..:i 

Warning: The energy loss was greater than 1 . 0  ft (0 .3  m). between the current and previous 
cross section. This may indicate the need for additional cross sections. 

FLOW DISTRIBUTION OUTPUT Profile #PF 1 

Left Sta 
(ftl 
4479.61 
5855.32 

,. . . . 
7231.04 

. . 8606.75 
LB 9982.47 

. . ,  10054.72 

Right Sta 
(ft) 
5855.32 
7231.04 
8606.75 
9982.47 
RB 10054.72 
11004.65 

Flow 
(cfs) 

1712.38 
3254.45 
1883.18 
1805.40 
1579.58 
1074.00 

Area 
(sq ft) 
1084.03 
1567.73 
1131.52 
1180.94 

244.46 
655.44 

W.P. 
(ft) 

1188.67 
1141.09 
1147.29 
1360.10 

72.90 
679.22 

% Conv. Hydr D. 
(ftl 

15.14 0 .91 
28.78 1 . 3 7  
16.65 0.99 
15.96 0.87 
13.97 3.38 

9.50 0.97 

Velocity 
(ft/sl 

1.58 
2.08 
1 . 6 6  
1.53 
6.46 
1.64 

~. .. .. .. .. Warning: Divided flow computed for this cross-section. . . . ., . Warning: The energy loss was greater than 1 .0  ft (0.3 m). between the current and previous 
. . 

. : '  cross section. This may indicate the need for additional cross sections. . . , ,.:. 

i... 

FCD 98-17 Delineation of SpJlway Flow 
For Signal Butte Flood Retarding Wcture 
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CROSS SECTION RIVER: SIGNAL BUTTE 
REACH: SPILLWAX RS: 1.696 

INPUT 
D e s c r i p t i o n :  RM 1.696 . DOWNSTREAM END OF STUDY. SECTION I .D.NO. 'S ARE I N  RIVER MILES ALONG 
HYDRAULIC BASELINE WITH R.M. 5.00 ASSUMED AT UPSTREAM END OF PROJECT AT SPILLWAY. CROSS- 
SECTIONS ARE CODED FROM LT. TO RT., LOOKING DOWNSTREAM WITH STA. 10,000 AT THE HYDRWLIC 
BASELINE. STARTING D/S WSEL BASED ON NORMAL DEPTH (SLOPE AREA METHOD) WITH 0 .011  f f . / f f  SLOPE. 

S t a t i o n  E l e v a t i o n  D a t a  nun= 490 
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  Elev S t a  E l e v  

4413 1 5 5 1  4425.04 1550.94 4437.83 1550.57 4442.29 1550.52 4449.88 1550 .43  
4452.11 1550.4 4457.96 1550 .41  4460.25 1550.33 4465.96 1550 .31  4501.97 1550.44 

4550.8 1550.7 4553.36 1550.58 4556.28 1550.47 4561 .86  1550.21 4567.75 1548.08 
4579.92 1549.6 4612.64 1550.09 4617.28 1550 .21  4626.38 1550.36 4628.82 1550 .41  
4659.48 1551.2  4664.15 1551.13 4679.26 1550.96 4699.13 1550.25 4699.94 1550 .21  
4701.62 1 5 5 0 . 1  4705.35 1550.1  4748.3 1549.6 4796.19 1549 .21  4828.49 1549.22 

4862.4 1549 .1  4873.56 1549 .21  4884.8 1549.16 4923.57 1549.79 4968.43 1548.96 
4989.62 1548.9  4994.46 1548.96 5001.32 1549.04 5021.72 1549.12 5060.43 1549.19 
5096.01 1549  5107.84 1549  5127.86 1548.98 5132.21 1549.06 5143.39 1549.09 
5202.31 1549  5235.78 1549  5269.68 1548.73 5318.34 1548.76 5343.85 1548.56 
5346.75 1548.6  5347.97 1548.56 5363.86 1548.76 5370.64 1548.77 5380.01 1548.67 
5410.62 1548.4 5430.2  1548.21 5440.8 1548.12 5449.46 1547.4 5456.49 1546.8 

5457.5 1546.9 5458.42 1546 .91  5466.29 1547.31 5479.5  1547.18 5494.13 1546.87 
5497.27 1546.8 5498.42 1546.65 5507.6 1545.21 5515.68 1546.29 5518.86 1546.74 
5530.55 1547.4 5533.68 1547.47 5564.47 1547.25 5582.57 1547.07 5586.98 1546.02 
5594.63 1546  5605.87 1547.36 5617.28 1547.47 5622.24 1547.32 5630.09 1547.33 
5645.45 1547.5 5662.84 1547.39 5668.87 1547.39 5674.33 1547.35 5696.11 1547.57 
5708.81 1547.5 5713.28 1547.45 5717.42 1547.21 5722.88 1547 .01  5729.34 1546.96 
5731.48 1547 5731.94 1546.97 5732.82 1546.92 5738.2 1547.23 5751.11 1547.8 
5774.28 1548 5780.29 1548.06 5787.65 1547.59 5807.99 1547.28 5814.56 1547.05 
5822.29 1546.8 5824 .31  1546.98 5834.27 1547.47 5843.83 1547.44 5845.84 1547.47 
5891.47 1548 5905.97 1548.27 5931.37 1549.19 5933.12 1549.25 5934.14 1549.29 
5953.62 1549.4 5956.53 1549.44 5970.12 1549.82 5972.5 1549.77 5982.91 1549.24 
5991.28 1549 5992.56 1549 .01  5994.15 1548.98 6014.69 1548.39 6020.82 1548 .2  
6028.31 1547.9 6098.54 1546.55 6099.38 1546.52 6099.73 1546.52 6099.95 1546.45 
6103.51 1545.4 6107.99 1544.06 6 1 0 9 . 1  1544.22 6124.96 1546.6 6133.04 1546.58 
6139.15 1546 .6  6148.78 1546.7 6158.6 1547.33 6170.14 1547.82 6186.7 1547.53 
6196.13 1547.5 6199.03 1547.52 6213.06 1547.42 6228.15 1547 .11  6259.46 1546.89 
6264.71 1546.8 6267.57 1546.79 6273.55 1546.7 6306.93 1547.09 6316.45 1547.3 
6322.04 1547.3 6334.42 1547.06 6337.61 1546.58 6340.8 1547 .01  6341.47 1546 .81  
6357.92 1547 .1  6362.57 1547.23 6366.26 1547.3 6397.7 1547.71 6405.23 1547.93 

i 
6427.98 1548.7 6433.87 1548.7 6439.41 1548.7 6 4 5 8 . 3 1  1548.7 6467.54 1547.72 
6475.65 1546.9 6483.6 1545.94 6492.62 1545.05 6511.77 1543.17 6524.31 1544.27 I 
6540.17 1545.5 6558.95 1547.34 6568.66 1547.52 6574.02 1547.57 6598.48 1547.78 
6615.12 1548 6632.78 1548.41 6659.94 1548.66 6664.62 1548.73 6675.9 1549.33 
6678.93 1549.8 6684.45 1550.41 6702.31 1551.14 6710.51 1552.59 6715.56 1552.46 
6721.42 1552.3 6732.92 1551.93 6734.44 1551.59 6744.59 1550  6752.92 1548.66 
6753.55 1548.6 6778.93 1548.93 6818.11 1545.49 6826.68 1548.42 6845.23 1548.22 
6846.62 1548.2  6848.14 1548.18 6851.33 1548.14 6852.56 1548.15 6894.04 1548 .15  
6941.92 1548.2  6951.75 1548.12 6985.98 1548.22 6993.98 1548.18 6995.51 1548.2 
7060.73 1546.9 7062.68 1546.9  7066.04 1546.83 7067.72 1546.77 7078.71 1546.33 
7087.54 1546.5 7099.63 1546.69 7110.5 1546.69 7129.61 1546.7 7185.65 1546.86 i 

7242.88 1547 7299.42 1546.92 7310.78 1546.81 7318.51 1546.78 7354.73 1547.25 
7387.72 1547.7 7396.37 1547.76 7418.36 1547.73 742'4.04 1547.75 7425.72 1547 .71  i 

7429.4 1547.7  7456.28 1547.88 7533 1548.28 7567.26 1548.25 7568.18 1548.25 
7568.71 1548.3 7600.95 1548.32 7664.85 1548.36 7672.44 1548.31 7681.17 1548.22 ! 

FCD 9817 Delineation ofspilhvay Flow A-N West, Inc. 
For Signal B M e  Flood Retarding Structure W e  $08 July. 1399 1 , 
Full Discharge (Q's Modeled Separately) ! 



Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 
4413 .08 9938.42 .04510069.72 .08 

. - 
, . .l'i :-\..; 
? ?  FCD 9817 Delineation of S p i h y  Flows 

. , . Y . . i  
.\ ...; . , . For Signal Butte Flood Retarding Structure 
<. .,;: Page 109 

,.. Fun k d m r g e  (Q's Modeled Separately) 



Bank Sta:  Lef t  Right Lengths: Lef t  Chamel Right Coeff Contr. Expan. 
9938.4210069.72 0 0 0 .1 .3 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev ( f t )  
Vel Head ( f t )  
W.S. Elev ( f t )  
C r i t  W . S .  ( f t )  
E.G. Slope ( f t / f t l  
Q Total  ( c f s )  
Top Width ( f t )  
ve l  Total  ( f t / s )  
Max Chl Dpth ( f t )  
Conv. Total  ( c f s )  
Length Wtd. ( f t )  
Min Ch E l  ( f t )  
Alpha 
Frctn Loss ( f t )  
C h E Loss ( f t )  

Element 
W t .  n-Val. 
Reach Len. ( f t )  
Flow Area ( sq  f t )  
Area .(sq f t l  
Flow ( c f s )  
Top Width ( f t )  
Avg. Vel. ( f t / s )  
Hydr. Depth ( f t )  
Conv. ( c f s )  
Wetted Per. ( f t )  
Shear ( l b / sq  f t )  
Stream Power ( l b / f t  s) 
Cum Volume ( ac r e - f t )  
Cum SA (acres )  

Warning: Divided flow computed f o r  t h i s  cross-section.  

FLOW DISTRIBUTION OUTPUT 

Left  Sta Right Sta 
( f t )  ( f t )  
4413.00 5794.35 
5794.35 7175.71 
7175.71 8557.06 
8557.06 9938.42 
LB 9938.42 RB 10069.72 
10069.72 10998.36 

Pro f i l e  #PF 1 

Flow Area 
( c f s l  ( sq  f t )  

971.26 448.43 
3029.22 1315.73 
2525.98 1286.49 
1649.82 936.92 
1688.12 288.85 
1444.59 744.36 

W.P. 
( i t )  

398.29 
1066.32 
1323.84 
1135.20 

131.80 
767.79 

Warning: Divided flow computed f o r  t h i s  cross-section.  

FCD 98-17 Delineation of SpAlway Flcws 
For Signal Butte flwd Retarding Sbudure 
FUN Discharge (Q's Modefed Separately) 

Left  OB 
0.080 

3987.56 
3987.56 
8176.29 
3920.04 

2 .05  
1 .02 

77943.2 
3923.65 

0.70 
1.43 

Channel 
0.045 

Right OB 
0.080 

SConv. HydrD. Velocity 
( f t )  ( f t / s )  

8.59 1 .13 2.17 
26.79 1 . 2 4  2.30 
22.34 0.97 1.96 
14 .59  0 . 8 3  1 .76 
14.93 2 . 2 0  5.84 
12.77 0 .97  1 .94  

A N  W e  Inc. 
July. 1999 



S-Y OF MANNING'S N VALVES 

River: SIGNAL 

Reach 

SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

,.,' SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY ,, 

SPILLWAY 
., . SPILLWAY 
? SPILLWAY 
L: 

BUTTE 

I3ivcr Stn. 

5.000 
4.994 
4 . 9 9 1  
4 .986 
4.968 
4.929 

FCD 98-17 Dellneat~on of Sp llway Flows 
For Slgnal Bune Flood Retarding Structure 
Full Discharge (Q's Moaeled Separately) 

Page 711 
A-N West, Inc. 

July, 1999 



.15 .1 
.1 .15 
.1 .15 
.1 .15 

Culvert 
.08 .045 
.08 .045 
.08 .045 
.08 .045 
.08 .045 



. . 
,.,*..,l . ..,, . . .  . . .:. I .,* .. .. ;,.. ' .  

SU&BlXtY OF REACH LENGTHS 
R i v e r :  SIGNAL BUTTE 

Reach River Sta. . . 
.. . .. 

... 
, .  . SPILLWAY 

SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

L e f t  Channe l  R i g h t  

SPILLWAY 4.914 1 2 0  67 .17  2 5  
SPILLWAY 4.902 350 261.94 230 
SPILLWAY 4.852 330 402.55 425 

i ! 
i 

. . SPILLWAY 4 . 7 7 6  490 418.55 365 
SPILLWAY 4.697 425  406 .56  380 

I 
SPILLWAY 4.620 1 6 0  235 .25  230 
SPILLWAY 4 .575  275  3 0 0 . 4 1  290 

I 
SPILLWAY 4.518 370 3 9 4 . 8 1  390 
SPILLWAY 4.443 380 401 .96  390 
SPILLWAY 4 .367  275  294 .8  290 

I 
SPILLWAY 4 . 3 1 1  3 2 5  379.86 380 
SPILLWAY 4.239 225  363.96 440 i 

r 
SPILLWAY 4 .171  290 364.78 370 
SPILLWAY 4 . 1 0 1  450 400.93 315 
SPILLWAY 4 . 0 2 6  340 365 .6  370 
SPILLWAY 3 .956  310 377 .63  300 
SPILLWAY 3 . 8 8 5  320 3 5 9 . 4 1  280 
SPILLWAY 3 .817  400 370.17 365 

i ! 
SPILLWAY 3.747 390 385 .69  400 
SPILLWAY 3.674 430 372 .11  425 I 

1 
SPILLWAY 3 .603  3 7 5  374.47 300 
SPILLWAY 3 . 5 3 2  260 371.74 350 
SPILLWAY 3.462 400 399.38 400 
SPILLWAY 3 .386  450 404 .63  380 
SPILLWAY 3 .310  380 395 .59  410 ! 

SPILLWAY 3 .235  375 388 .39  390 
SPILLWAY 3 .161  425 416.26 3 7 5  
SPILLWAY 3.082 370 403 .32  390 
SPILLWAY 3.006 300 382.27 400 
SPILLWAY 2 . 9 3 3  360 404.67 390 
SPILLWAY 2.857 320 3 3 6 . 0 6  320 
SPILLWAY 2.793 380 384 440 

. . SPILLWAY 2 . 7 2 0  380 410.52 380 
SPILLWAY 2 .643  400 468.72 400 
SPILLWAY 2.554 400 529 .54  400 
SPILLWAY 2.454 480 399.74 360 
SPILLWAY 2 .378  520 402.78 320 

I 
SPILLWAY 2.302 280  118 .36  118 

200  200 .58  200 

SPILLWAY 2 . 2 2 3  400 1069 .12  900 
500  646.55 500  
500  542.03 500  
520  524.67 500  

SPILLWAY 1 .696  0 0 0 

FCD 98-17 Delineation of SpiRway Flows 
For SgnaI Butte flood Retarding Sbudure Page 113 
Full Discharge (Q's Modeled Separately) 



S- OF CONTRACTIOX AND EXPANSIOX COEFFTCIEElTS 
R i v e r :  SIGNAL BUTTE 

Reach R i v e r  Sta. 

SPILLWAY 5 .000  
SPILLWAY 4.994 
SPILLWAY 4 .991  
SPILLWAY 4.986 
SPILLWAY 4.968 
SPILLWAY 4.929 
SPILLWAY 4.914 
SPILLWAY 4.902 
SPILLWAY 4.852 
SPILLWAY 4.776 
SPILLWAY 4.697 
SPILLWAY 4.620 
SPILLWAY 4.575 
SPILLWAY 4.518 
SPILLWAY 4.443 
SPILLWAY 4.367 
SPILLWAY 4 .311  
SPILLWAY 4.239 
SPILLWAY 4 .171  
SPILLWAY 4 . 1 0 1  
SPILLWAY 4.026 
SPILLWAY 3 . 9 5 6  
SPILLWAY 3.885 
SPILLWAY 3.817 
SPILLWAY 3.747 
SPILLWAY 3.674 
SPILLWAY 3 .603  
SPILLWAY 3.532 
SPILLWAY 3.462 
SPILLWAY 3 .386  
SPILLWAY 3 .310  
SPILLWAY 3.235 
SPILLWAY 3 . 1 6 1  
SPILLWAY 3.082 
SPILLWAY 3 .006  
SPILLWAY 2 .933  
SPILLWAY 2.857 
SPILLWAY 2 .793  
SPILLWAY 2 .720  
SPILLWAY 2 .643  
SPILLWAY 2.554 
SPILLWAY 2 .454  
SPILLWAY 2.378 
SPILLWAY 2.302 
SPILLWAY 2.279 
SPILLWAY 2 . 2 6 1  
SPILLWAY 2.252 
SPILLWAY 2 .223  
SPILLWAY 2 .020  
SPILLWAY 1 . 8 9 8  
SPILLWAY 1 .795  
SPILLWAY 1 .696  

FCD 98-17 Delineation of SpHtway Flow 
For Signal Butte Flood Retarding Simdure 
Full Discharge (Q's Modeled Separately) 

Contr .  

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.l 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 
C u l v e r t  

.1 

.1 

.1 

.1 

.1 

AN West, Inc. 
Juiy, 1999 
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P r o f i l e  Output T a b l e  - Standard T a b l e  1 

Reach River Sta Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl 
( ~ £ 5 )  (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) 

SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 4.443 11309.00 1672.10 1678.53 1679.16 0.015819 10.33 2647.94 1961.70 0.92 
SPILLWAY 4.367 11309.00 1667.22 1674.78 1674.42 1675.04 0.007293 8.31 3904.47 2428.58 0.64 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

FCD 98-17 Delineation of Spit way Flows 
For Signal Bune Flood Recard.ng Struct~re 
Full Dscnarge (Q's Modeled Separately) 

Page 115 

0.95 
0.58 ,.. 
0.71 

" .  
. . 

0.66 , . 
0.73 
0.73 I: 
0.61 
0.61 , , 

, , 

0.68 ,' 
0.57 ;.;. 
0.63 ,. % I.:. 
0.60 $; 
0.65 
0.60 g 
0.70 

8 
0.68 &< 

*>I 
0.60 $3 &: 
0.63 ~""9 
0.57 :c 

q 
A-N West, Inc. $L+, 

July. 1999 $i 
,i ; 

8~ 
t. 



SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

, SPILLWAY 

2.933 11309.00 1604.70 1608.44 
2.857 11309.00 1601.52 1605.07 
2.793 11309.00 1598.87 1602.12 
2.720 11309.00 1592.82 1597.91 
2,643 11309.00 1589.64 1594.06 
2,554 11309.00 1586.04 1590.91 
2.454 11309.00 1580.99 1586.63 
2.318 11309.00 1576.20 1582.23 
2.302 11309.00 1571.72 1576.79 
2.279 11309.00 1570.42 1573.60 
2.261 11309.00 1570.01 1573.56 
2.252 Culvert 
2.223 11309.00 1569.54 1563.75 
2.020 11309.00 1559.30 1562.01 

3,. 

. ' 
'X . ,,,i 
I .  
:: 

:. FCD 98-17 Dellneatlon of Spillway Flows 
. For Signal Butte Flood Retarding Structure 
.' Full Discharge (Q's Modeled Seperately) 

Page 118 

f'. ,: 
* ; P  

A-N West, Inc. v ? . ;$ > 

July, 1999 ! ,: 



Reach R ive r  Sta E.G. E l e v  
(ft) 

SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

' SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

: SPILLWAY 
. SPILLWAY 

SPILLWAY 
: SPILLWAY 
' SPILLWAY 

SPILLWAY 
, SPILLWAY 

. SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPI LLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 
SPILLWAY 

, . '. 
' ' 

FCD 9&17 Delineation of Spillway Flow 
' For Signs1 ~ u t t e  ~ ~ o o d  Retarding Gtrudure 
$: ,, Full Discharge (Q's Modeled Separately) 
,!$ ' 

P r o f i l e  Output T a b l e  - Standard T a b l e  2 

W.S. E l e v  Vel Head Frctn Loss C & E Loss Q Left 
(it) (ft) (ft) (ft) (cfs) 

Page I I 7  

Q Channel Q Right  
(cf5) ( c f s )  

11309.00 
11309.00 
11309.00 
11309.00 
11309.00 
11309.00 

8998.20 
11019.06 

8153.26 503.78 
5500.44 4914.59 
4674.44 3877.76 
4323.43 1004.55 
3695.88 3984.82 
5183.30 476.08 
3284.25 2490.12 
1850.32 1657.35 
3784.79 118.90 
1294.66 1128.66 
2303.62 222.04 
1761.12 1970.77 
2029.41 2150.90 
1175.06 3685.66 

769.95 4562.69 
2727.59 1947.19 
3253.97 1602.04 
1360.55 2146.29 

426.02 2016.83 
514.05 333.67 

2193.09 0.23 
1322.38 0 .70  
1579.62 0.00 

654.16 43 .41  
621.59 106.65  
242.83 70.70 
580.10 
737.64 9.39 

Top Width 
(ft) 

297.57 
140.72 
138.58 
137.61  
210.14 
176.75 
477.83 
314.32 
963.84 

1358.66 
1857.09 
1954.57 
2075.47 
2199.10 
1961.70 
2428.58 
1938.63 
2617.09 
2376.29 
3110.87 
2568.15 
3043.55 
2892.68 

3006.37 
3354.27 
3473.16 
3600.59 
3233.20 
3144.29 
3244.86 
3322.66 
2878.43 
3043.69 
3323.96 

A-N West, lric. 
July, 1999 



SPILLWAY 2.857 
SPILLWAY 2.793 
SPILLWAY 2.720 
SPILLWAY 2.643 
SPILLWAY 2.554 
SPILLWAY 2.454 
SPILLWAY 2.378 
SPILLWAY 2.302 
SPILLWAY 2.279 
SPILLWAY 2.261 
SPILLWAY 2.252 
SPILLWAY 2.223 
SPILLWAY 2.020 
SPILLWAY 1.898 
SPILLWAY 1.795 
SPILLWAY 1.696 

1605.14 1605.07 
1602.25 1602.12 
1598.21 1597.91 
1594.18 1594.06 
1590.97 1590.91 
1586.81 1586.63 
1582.34 1582.23 
1577.23 1576.79 
1573.68 1573.60 
1573.56 1573.56 
Culvert 
1563.85 1563.75 
1562.09 1562.01  
1558.35 1558.26 
1553.33 1553.20 
1548.62 1548.48 

I FCD 98-17 Delineatlon of Spillway Flow 
For Slgnal Butte Flood Retarding Structure 
Full Discharge (Q's Modeled Separately) 

Page 118 
A-N West. Inc. 

July, 1999 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 

1554- 

1552- 

1550- 

- 
P 
r 

1548- 
E 
iii 

1546- 

1544- 

15421 
4000 

RM 1.696. DOWNSTREAM END OF STUDY. 
k .08 - P(6/C_.08+ 

4 ------ 
5 EG PF 1 

WS PF 1 
~.~ ~~ . ~ ~ + ~ . ~ ~ ~  ~ ~~ 

Crit PF 1 

Ground 

Bank Sta 

, , , , , , , , , , , , , , , , . . , , , , , , , , , , , ,--, 

5000 60W 7000 8000 9000 10000 11000 

Station (R) 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 
RM 1.795 

1558- k .08 # . J b - - . 0 8 4  
0 
4 
5 EG PF 1 

WS PF 1 

Ground 

1556 

- 
P 
c 

1552- 
B m 
iI7 

J 
1548 I 

4WO 5MX) MXXf 7000 8MX) 9MX) 10000 l lwo 
Station ( f f )  



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 
RM 1 898 

1561 - F 08 08+ 
0 
4 
5 EG PF 1 

@ WS PF 1 

1560 - Ground 

1559- 

1558- 

E. 
c g 1557- 
b; 
i3 

1556- 

1555 - 

1554- 

1553 3 
4000 5MX) 6000 7WO 8WO 9000 10MW) I1000 12000 

Statlon (fl) 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 
RM. 2.OM HYDRAULIC BASELINE CROSSES N. 

1568- k .08 .i.+.os+ 
0 Legend 
4 ------ 
5 EG PF 1 

WS PF 1 
..... ~ .... ..... ~~... 

Crit PF 1 

Ground 

Bank Sta 

- 
P 
C 
0 I 

2 iz 

1556- 

15543 
4MX) 5000 6000 7000 8MX1 9000 1033l 11000 12x4 

station (R) 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 
RM 2 223 DOWNSTREAM EDGE OF CAP CA 

08 4k 084 
0 Legend 
4 ------ 
5 EG PF 1 

WS PF 1 

Crlt PF 1 
1575- 

Ground 

Bank Sta 

1560- 

1555- 

1550-1 
3000 4000 SWO f3@00 7000 8000 1 1 m  

Statlon (R) 



i 

1550 
3000 m 50W 6WO 7 m  8WO 9000 1WW llm 

statlon (ft) 

SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 
CULVERTS ACROSS CAP CANAL 

1580- 

1575 - 

1570- 

- 
P 
C 

1565- 
.$ iz 

1560- 

k .08 )//408* 0 Legend 
4 ------ 
5 EG PF 1 

WS PF 1 
...... ~ . . + ~ ~ ~ ~ ~ . ~ ~ ~ ~  

Crit PF 1 

Bank Sta 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 
CULVERTS ACROSS CAP CANAL 
.I . 1 5 * . i e . 1 5 4  

~~ ........ + ....... ~ 

- 
33 
C 
0 x5 

: iz 

4000 5WO 6000 7000 1WW 

Station (17) 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 
RM 2 261 HORZ N VALUES USED UPSTREA 

1580- 
4 1 

Legend 

--a 

1575- Bank Sta 

P 
C 
B - 
E - 
W 

1565- 

\ 

1560- 

15558 ' '  , ' t ' 
4M#) 5WO 6000 7090 8WO 90W IWW 11m 

Statson (ff) 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 
RM.2.279. BLOCKED OUT INEFF. AREA BELO 

Isso- 
ie----- .I .15-.1 ~ . 1 5 - - t k - - . l - - - " i e - - - . 1 5 ~ .  b . 1 5 - 4  

1578- 
~ ....... +~ ..... . . ~  

1576- 

- 1572- 
P 
C 
0 I 

B a, iz 
1570- 

1568- 

1566- 

1564- I 
i; 

1562 T--, 
4000 50M) 6000 7000 8WO 90W lWOO. 11000 

Station (fl) 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 
RM 2 302 HORZ N VALUES USED . * + - 1 ~ l s  I--- 15' + 15- 

----- 
EG PF I 

WS PF I 

Bank Sta 
1578 

- 
5 
C 
0 L 

E 
ii 

1574- 

1572- 

1 
1570, 

4000 sow 6WO 7 m  8WO 90W 1W00 llM30 

StatLon (17) 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 

1586 - 

1584- 

1582- 

e 
c 
2 1580- : 
E 

1578 - 

1576 - 

1574-1 
4WO 

RM 2 378 HORZ N VALUES USED 
a 15 1- 15+ 1 Is--* 

0 0 Legend 
6 4 
8 5 

----- 
EG PF 1 

WS PF 1 

Ground 

Bank Sta 

1 

50W 60W 7000 8000 9WO 1MX)O 11WO 120W 

Statlon (ft) 



SIGNAL BUTTE FRS STUDY (FULL FLOW) Imported Plan 01 7/6/99 

1592- 

1590- 

1 

1588- 

1586- 

e 
s - - m s 
iG 

1584 - 

1582- 

1580- 

1578 

RM. 2.454. HORZ. N VALUES USED. IN 
k .I5 4.- .IS---+ 
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Transmittal RZTEC 
Date: November 20.1999 

To: Mr. Greg Schuelke 
A-N- West, Inc. Consulting Engineers 
7600 North 15" Street, Suite 200 
Phoenix, Arizona, 85020 

Re: Signal Butte F.R.S. Spillway Delineation Study 
F.C.D. # 98-17 

From: A1 Reece 

AZTEC ENGINEERING 
45 15 N. 16" Street, Suite 202 
Phoenix, AZ 85016-5363 
TELEPHONE (602) 263-9640 
FAX (602) 263-9649 

Items Sent: 

Memo describing revisions to Survey Report 
Revised Survey Report 
Hard Copy of spread sheets (3 total) 
1 floppy diskette containing the following files: 

Comers.xls (section comer spread sheet) 
Ctrl.xls (aerial panel point spread sheet) 
FPCTLFCD.xls (ERM spread sheet) 

Remarks: 

-- - 

\\pro)-swWraw,ng\9839Koi~\I 1209911adr doc 



RZTEC ENGINEERING 
3747 East Grove Street 
Phoenix, Arizona 85040-3982 
[602] 454-0402 telephone 
[602] 454-0403 fax 

TO: Mr. Greg Shuelke DATE: 1 1120199 

FROM: Al Reece Job No. 983900 

SUBJECT: Signal Butte FRS Revised Survey Report 

I spoke with Mark Brewer of the Maricopa County Flood Control District on November 18,1999 
regarding the review comments for this project. The issue of grid coordinates vs. ground 
coordinates in the Survey Report seemed not to be completely resolved. I mentioned to Mr. Brewer 
that I thought the County GIs database required grid coordinates, but that the aerial mapping 
required ground coordinates to be scaled correctly. He confirmed that the County database 
requires grid coordinates and suggested that we submit only the spread sheets containing grid 
coordinates with the Survey Report. The ground mrdinates shown on pages F-4 and F-7 can be 
submitted separately for information purposes, but should not be put into the GIs database. 

a I am including with this correspondence a revised Survey Report to replace the previously 
submitted report. Pages F-2 and F-3 are identical with those previously submitted. The grid 
coordinates shown for points 5002 and 5005 are correct. The ground coordinates for those points 
shown on page F-7 will not be included in this report. Page F-4 will not be included in this report. 
Page F-5 contains grid coordinates and was revised to change CTLVER-LID values from 8 to 13. 
Both codes refer to 3d order surveys, but code 13 is the appropriate one for vertical work. Minor 
corrections were made to the descriptions to correct spelling. Points Double 2, A365 and B 365 
were added. Page F-6 contains gild coordinates and was revised to change CTLVER-LID values 
from 8 to 13 as above. Also added points Double 2, A 365 and B 365 and inserted space before 
direction value in CNRNAME. A page for FPCTLFCD.xls was added to the report. The ERM 
numbering scheme matches the hard copy maps. CLTVER-LID values are 13 as above and grid 
coordinates are shown. Pages F-7 through F10 will not be included in this report. 



I 

I 
I 
i 

flZTEc ENGINEERING 
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3747 East Grove Street, Phoenix. AZ 850403982 
Tel (602)  454-0402  Fax (602)  454-0403  

i 

SURVEY REPORT 
for 

SIGNAL BUTTE F.R.S. SPILLWAY DELINEATION 

This report will detail the results of a survey conducted by Aztec Engineering during the 
month of October, 1998 to establish horizontal and vertical control for the aerial mapping 
on the above project. The horizontal coordinates are NAD 83 State Plane Coordinates and 
were established using NGS control point "Double 2" located on the double knolls to the 
West of the project as a basis. Additional NGS control points "A-365" and "B-365" were 
also tied to the project as a check. The basis of elevation is NGVD 29 elevation 1569.83 
on NGS control point "B-365". Using NGS data, the shift from the NGVD 29 datum to 
the NAVD 88 datum is +1.98 feet. 

Along with setting the aerial control points, ktec Engineering made ties to Maricopa 
County Flood Control District control points 5002 and 5005 from the GIs data base for 
the study area. Also included are elevation measurements on the Signal Butte Flood 
Control Structure for the Top of Dam and Invert of the Emergency Spillway at Station 
205+00. Record coordinates were compared to measured using grid coordinates for the 
horizontal and the 1.98 foot shift from N G M  29 for the NAVD 88 vertical, as follows: 

POINT LD. XNAD83 YNAD83 NAVD88 

5002 (Record) 802512.790 888342.450 1709.141 
5002 (Measured) 802512.877 888342.460 1708.985 

5005 (Record) 802512.880 889642.910 1727.281 
5005 (Measured) 802512.942 889642.893 1727.1 11 

Record and measured elevations at the Emergency Spillway at 205MO are as follows: 

Top of Dam El. (from construction plans) 1721.60 
Top of Dam El. (NGVD 29 from this survey) 1721.40 
Top of Dam El. (NAVD 88 from this survey) 1723.38 

Invert of Spillway (from construction plans) 1712.40 
Invert of Spillway (NGVD 29 from this survey) 1712.55 
Invert of Spillway (NAVD 88 from this survey) 1714.53 



At the CAP Canal, Aztec Engineering made ties to two bench marks that are part of a Bureau 
of Reclamation circuit along the right-of-way line of the canal. Although these bench 
marks are also on the NGVD 29 Datum and were used for the construction of the canal, 
we have been informed by CAP Survey personnel that considerable ground subsidence 
has been detected in the area and the elevations may not be reliable. The monuments are 
U.S. Bureau of Reclamation brass cap R/W markers that were found beneath 
approximately three feet of fill dirt. Record and measured data is as follows: 

DESCRIPTION STATION OFFSET EL.(Record) EL.(Measured) 

T440+9 440+93.290 125.00' RT. 1565.069 1564.66 

C449+4 449+46.267 100.00 RT. 1560.745 1560.25 

Topograghic measurements to pipe inverts and gutter elevations at the four comers of 
bridges along the CAP were collected by holding elevations established by the Aztec 
Engineering control survey. Coordinates for the CAP topograghy are ground coordinates. 



CORNERSXLS 



CTRLXLS 











THESE ARE TRANSMITED as checked below: 

For approval Approved as submitted 

A-N Nes tEngineer ing  

7600 North 15th S t r e e t ,  S u i t e  200 
Phoenix, AZ 85020 

GENTLEMEN: 

WE ARE SENDING YOU Attached Under separate cover via 

Shop drawings 

0 Copy of letter Change order _. .n 
.. . . .. 

Initial Submittal Resubmittal 

rn Resubmit copies for approval 

COPIES- 

1 

1 . 

For your use Approved as noted Submit copies for distribution 

As requested Returned for corrections Return corrected prints 

, . 

' . DRAWING NO. 

344-330-1184 

Data 

For review and comment 

REMARKS: Per vour request  throueh David Gunn 

. . . ' . DESCRIPTION 

sa l t -Gi la  ' ~ q u e d u c t ,  Reach 1, Pro tec t ive  Works 

Hydrology Data 

. . .  

. . 



INPUT DATA FOR FLOOD ROUTING 
SALT- GILA AQUEDUCT REACH 1 

STATION STRUCT. SIZE INVERT CREST STORAGE CAPACITY DATA 
TYPE ELEV. ELEV. ELEV. .AC. FT ELEV. AC .FT. 

14t95.07 
Protected by Spook Hill Flood Retarding Structure. 
Designed by Soil Conservation Service and Operated by 
Maricopa County Flood Control District. Emergency 
spillway located at Station 127t62.3. Principle spillway 
is on east side of the aqueduct and pumping plant.778 

- 
331tOO . - . . .. 

$ 5- 7 .- 
. . ... 

I 
345t30 Pipe OC 3-54" 1565.90 1575.0 No routing considered for 
..-. this area, due to lack of . .' , ;. . 

1 374t00 Flume 40'-10" 1565.08 1571.83 Right-of-way available. 
j .: - 7- 9 7 - 2 

396t00 Flume 40'-10" 1564.90 1571.65 0 

< , : :~. 
. 2. 

427t15' Pipe OC 3-72" 1568.32 1577.9 11 

-l 5 
i- . 
429t20 Pipe OC 3-72" 1568.32 1577.9 ,t 

< .,̂ . 
1-, .'-' 

456t50 Pipe OC 2560" 1556.16 1574.0 I* 

. ' - ~ 

' . .+S; 
8 , & ! . : ,  

471t03 Pipe OC 3-72" 1560.68 1573.9 ,, 

I 479t00 Pipe OC 5-72" 1562.20 1573.9 
, 2  

504t25 Pipe & 5-72" 1562.26 1573.6 
- ,  , > - .  
529t50 Pipe OC 5-72" 1562.59 1576.4 - - - > 

542t50 Pipe OC 5-72" 1562.59 1577.8 1' 

552t50 Pipe OC 5-72" 1563.76 1577.7 9, 

563t50 Pipe OC 5-72" 1563.76 1577.6 ,, 

574t50 Pipe OC 3-54" 1566.08 1577.5 
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works 
Worksheet for Irregular Channel 

Project Description 
Project File c:\fmw\sigbutt.fm2 
Worksheet SEC.,LOOKING E ALONG C.L. SIGNAL BUTE RD / 

Flow Element Irregular Channel 4 7 ~ 8 /  2 hnd& 
Method Manning's Formula & S&L 2. /f73, / For 
Solve For Water Elevation #3 _ . r ~ , / / ~ q  h/ - OW 

1 

Input Data -+SEC 7/0 f l ~  &UJV G G/G 6 0 7-7k- - C t - M  72??L/a/ 
Channel Slope 0.020000 Wft 1/PS~P.Fd&' OR CRP @#M&L,Loo~/uL 
Elevation range: 1571.30 ft to 1574.00 ft. E l 5  7- (DO w N ~ ~ I Z E & / / ; T ) ,  . 

Station (ft) Elevation (ft) Start Station End Station Roughness 
0.00 1574.00 0.00 1250.00 0.01 5 

130.00 1573.10 
300.00 1572.00 
670.00 1571.30 

1000.00 1572.00 
1230.00 1572.50 
1250.00 1574.00 

Discharge 2600.00 PIS + D)S CM$R G E- T-cRo5s 5 ~ 5 ~ f i ~  
BVTTF-RO A D  A 7  C ~ P P  @&&&L 

Results 
Wtd. Mannings Coefficient 0.015 
Water Surface Elevation 1572.1 1 ft 
Flow Area 327.76 fP 
Wetted Perimeter 769.24 ft 
Top Width 769.23 ft 
Depth 0.81 ft 
Critical Water Elev. 1572.41 ft 
Critical Slope 0.003858 Wft 
Velocity 7.93 Ws 
velocity Head 
Specific Energy 
Froude Number 
Full Flow Capacity 50770.78 f f ls 
Flow is supercritical. 

Aug 17.1999 
10:54:37 Hastad Methods. lno. 37 Brookside Road Waterbury. CT 06708 (203) 755.1868 



Worksheet 
Worksheet for Irregular Channel 

a 
Project Description 
Project File c:\fmwlsigbutt.frn2 
Woiksheet SEC..LOOKING E ALONG C.L. SIGNAL BUTE RD 
Flow Element Irregular Channel 
Method Manning's Formula 
Solve For Water Elevation 

Input Data 
Channel S lo~e 0.020000 Wfl 
Elevation range: 1571.30 fl to 1574.00 fl. 

Station (fl) Elevation (fl) Start Station End Station Roughness 
0.00 1574.00 0.00 1250.00 0.01 5 

130.00 1573.1 0 
300.00 1572.00 
670.00 1571.30 

1000.00 1572.00 
1230.00 1572.50 
1250.00 1574.00 

Discharge 3750.00 f f ls < ~ISC/JARGL-- -  #e#oss SIGA/ALL 
~ U T T ~ F  P o R P  AT- ~ i 9 P  C H ~ A L  
F ~ O A L  n, PPPPdx. c - ~ P  o F  

Results 
10 - 7% " fips i o  F45X 

Wtd. Manninas Coefficient 0.015 - 
Water Surface Elevation 1572.23 fl 
Flow Area 423.38 R 
Wetted perimeter 842.17 fl 
Top Width 842.16 fl 
Depth 0.93 fl 
Critical Water Elev. 1572.59 fl 
Critical Slope 0.003612 Wfl 
Velocity 8.86 Ws 
Velocity Head 
Specific Energy 

fl PonJeQ E L  A ~ ~ / ~ X , , K $ U / &  
1573.45 fl < 

Froude Number 2.20 ~h F F~' /UI~XJ fwd& 
Full Flow Capacity 50770.78 f f ls & S R  = /57 -6 - 
Flow is supercriical. 

Aug 17.1999 
11:37:15 
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