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Consulting Engineers 
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Alexandria, VA 22314 

Attn: Dr. Chandra Pathak 

Re: FEMA Case 888-09-25R 
IA-RA-RS (316A)(3B) 
Camelback Ranch 
Conditional LOMR 
Maricopa County, AZ (Community 040037) 

Gentlemen: 

With this letter, we are slbmitting a copy of an addendum to the 
report submitted to FEMA inlJanuary of 1988. This addendum addresses 
the items requested by FEMAlwith a "Data Request Checklist" dated 
April 18, 1988. To expedite processing, the attached addendum is 
being sent directly to Michael Baker, Jr., Inc. Consulting Engineers, 
FEMA's Technical Evaluation Contractor (TEC). 

In phone conversations with the TEC, dlarification was made about the 
items requested. Accordingly, this addendum should satisfy the 
"Required Datatt i tems from the checklist. 

The attached addendum includes: 

1. Detailed description of the proposed interior drainage system. 

2. Engineering analysis that demonstrates that no appreciable ero- 
sion of the levee embankment can be expected. 

3. Engineering analysis that evaluates the embankment and foundation 
stability of the proposed levee system. 

4. Engineering analysis that assesses future settlement of the levee 
sys tem. 

COE AND VAN LOO CONSULTINQ ENQINEEAS, INC. 4550 NORTH 12TH STREET PHOENIX. ARIZONA 85014.4291 TELEPHONE (802) 284.8831 I 



Michael Baker, Jr. Consulting Engineers 
Re: FEMA Case No. 88-09-25R Camelback Ranch 
Page 2 
May 10, 1988 

If you have any questions or comments, please call me or Mr. David 
Dust of my office at (602) 264-6831. 

Very truly yours, 

COE & VAN LOO 
Cqnsulting Engineers, Inc. 

A &+- o c Pat 1, P.E. L.S 
Senior Vice President 
ACP/ j s 
CVL-2-0799 

Enclosure 

cc: Mr. Ray Lenaburg, FEMA Region IX 
Mr. William Judkins, FEMA 
Mr. Dan Sagramoso, FCDMC 
Mr. John Rodriguez, FCDMC 
Mr. Paul Kienow, City of Phoenix 
Mr. Fred Farr, Willden Invest. 
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1.0 INTRODUCTION 

This report is an addendum to the report titled Vamelback 

Ranch - Floodplain Study and Conditional LOMR Reques tw (dated 
January 1988). The above mentioned report was submitted to FEMA 

in January of 1988. This report is in response to FEMA's "Data 

Request Checklist (Case #88-09-25R) dated April 18, 1988. The 

checklist is included as Appendix I. 

2.0 PROPOSED FLOOD CONTROL AND DRAINAGE IHPROVMENTS 

The proposed flood control improvements for Camelback Ranch 

include the following: 

A) A soil cement leveelalong the Agua Fria River and a soil ce- 

ment levee with chadnel improvements along the New River; 

B) Interior drainage facilities comprised of a system of reten- 

tion basins, an open channel, and basin bleed-off systems. 

The Flood Control District of Maricopa County is currently in 

the design phase of a New River channelization project that ex- 

tends north from approximately Bethany Home Road to olive Avenue. 

At approximately Bethany Home Boad, the FCDMC channelization 

project will tie into the proposed Camelback Ranch improvements 

and the existing Glendale Municipal Airport improvements; The . 
FCDMC channelization project is scheduled to move into the con- 

struction phase in September of 1988. 



2.1 Interior Drainage Facilities 

This section of the report addresses Items 7b and 7f of 

the checklist. Appendix I1 includes hydrologic and hydraulic 

analyses of the proposed interior drainage facilities. 

The elevated Camelback Road divides the project site into 

a north and a south parcel, with respect to drainage. 

Approximately 175 acres of off-site drainage area contributes 

to the retention facilities located in the north parcel. 

However, Camelback Road and the existing R. I. D. Canal along 

107th Avenue effectively prevents off-site flows from enter- 

ing the south parcel (Ref. 1). 

The proposed levee system will include interior drainage 

facilities with a mtnimum capacity for the 100-year 24-hour 

I event generated on both on-site and adjacent off-site 

drainage areas. The proposed drainage facilities have been 

conservatively designed for the worse case scenario; that is, 

the propopsed interior drainage,facilities will have capacity 

to drain the 100-year interior drainage event into the Agua 

Pria River, during a coincident 100-year flow event in the 

ad j acent river. . 
The proposed interior drainage facility configuration for 

the project is shown in Exhibit A (Appendix V) and involves a 

system of retention basins, bleed-off systems, and an open 

channel. Hydrologic and hydraulic analyses for the proposed 

interior drainage facilities are included as Appendix 11. 

The hydrologic computer model TR-20 (SCS) was used to 

evaluate off-site and on-site flows corresponding to the 100 



year - 24 hour precipitation event. The model was also used 

to evaluate the retention basin system. The results of the 

TR-20 model are summarized in Figure 1 and given in Appendix 

11. 

The hydraulic computer model WSPG (Los Angeles County 

Flood Control District) was used to model the detention basin 

bleed-of f pipe sys tems. The results of the WSPG model were 

used to develop the detention basin storage-discharge curves 

used in the TR-20 model (See Appendix 11). 

The proposed detention basin system involves gravity 

bleed-off lines for the basins north of Camelback Road and 

pump station for draining the south basin. The gravity 

bleed-off system for the north basins will not have closures, 

since the inlet invbrts are set above the 100-year water sur- 

face elevations at the outlet. However, the pump station 

discharge line from the south Basin ( 8 4 )  will include in line 

check valves (See Exhibit A). 

2.2 Levee System . 
This section of the report addresses Items 7c through 7e 

of the checklist. Apendices.111 and IV contain the requested 

engineering analyses for the proposed levee system. 

The proposed levee system is shown schematically in 

Exhibit A. As indicated in Exhibit A, the proposed levee 

system is protected by 8-foot thick soil cement bank 

tion, except along Campbell Road. The portion of the 
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proposed levee system adjacent to Campbell Road is an earthen 

embankment without soil cement, since this portion of the 

levee is in a dead water area and is not subject to high 

velocities. 

Along the Agua Fria River, the proposed levee system is 

located on the east overbank outside of the designated 

floodway. This portion of the levee will only be impacted by 

relatively high magnitude flow events corresponding to 

releases from the Lake Pleasant Reservoir located ap- 

proximately 20 miles upstream of the project site. 

Along the New River, the proposed improvements include 

widening the exis t ing main channel from approximately 400 

feet to approximatejly 800 feet and construction of the soil 

cement levee. AS \ indicated in the hydraulic analyses sub- 
mitted in the main report ( ~ a n u a k ~  1988) ,  the proposed 

improvements significantly reduces flow depths and 

velocities. 

In response to Item 7c of the checklist, soil' cement bank 

protection is highiy resistant to erosion. In addition, the 

mass of soil cement bank protection and the relatively low 

permeability of soil cement bank protection enhance the 

stability of the proposed levee system. In addition, the 

levee system proposed as part of this project is consistent 

in design with the existing and future soil cement bankllevee 

projects (by the corps of Engineers and the FCDMC) upstream 

and downstream of the project site. Immediately upstream' of 

the project site, the FCDMC,is currently in the design phase 



of the New River channelization project involving soil cement 

bank protection. Approximately 0.5 miles downstream of the 

project site, several miles of the Agua Fria River have been 

channelized using soil cement bank protection. In support of 

the toe down depths indicated in the Preliminary Levee Plans 

(Jan. 1988), local scour computations for the proposed levee 

system adjacent to the Agua Fria and New Rivers are included 

as Appendix 111. 

Included as part of this report is a "Geotechnical 

Investigation Reportw (Appendix IV). The geotechnical report 

i n c l u d e s  e n g i n e e r i n g  a n a l y s e s  t h a t  evalu'ate 

embankment/foundation stability and the potential for settle- 

ment of the propose,d levee system.  h he analyses presented in 

the tlGeotechnical $rives tiga tion Repor t w  are in accordance 

with section 65.10 (b)(4) and (b)(5) of the NFIP regulations 

(Ref. 2). 

3.0 SUHHARY/CONCLUSIONS 

h i s  addendum addresses i tems request by FEHA vi'th a "Data 

Request Checklist" (dated April 18, 1988). Items 7b through 7f 

are requested in the aforementioned FEMA checklist. Items 7c 

through 7e are addressed in Section 2.2 of this report. Whereas, 

items 7b and 7f of the checklist are addressed in Section 2.1. 

In conclusion, the analyses presented in this report are in ac- 

cordance with Section 65.10 of the NPIP regulations. 
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#L$Y Washington, D.C. 20472 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

IN REPLY REFER TO: 
IA-RA-RS (316A) (38)  
Case # 88-09-25R 

RE: Agua Fria River/Nev River 
Mr. Ashok Patel, P.E., L.S. Maricepa County, Arizona 
Senior Vice President 
Coe & Van Loo Consulting Engineers, Inc. 
4550 North 12th Street 
Phoenix, Arizona 85014-4291 

Dear Mr. Patel: 

This is in response to your request for a conditional Letter of Map Revision 
(LOMR) dated January 20, 1988. Our initial review of your request indicates 
that additional data are required in order to adequately review your 
request. The additional data required are listed on the enclosed checklist 
and should be submitted to us within 60 days of the date of this letter. If 
we do not receive the requested data within 60 days, your request for a 
conditional LOMR will be dedied due to insufficient data. 

1 
You have provided the correct initial fee for this type of request. Please 
note that the initial fee is the minimum charge for a review of this type; 
additional costs could be required upon completion of our review and prior 
to issuance of a conditional LOMR, depending on the complexity of the 
required review. You will be notified of the estimated total processing 
cost if it is anticipated that, due to the extent of the review required, 
the total cost will exceed $1,500. In that situation, our review would be 
suspended pending written authorization from you to proceed. 

If you have any questions concerning Federal Emergency Management Agency 
(FEMA) policy, or the National Flood Insurance Program in general, please 
contact our Regional Office staff in San Francisco, California, at 
(415) 923-7175, or Mr. William Judkins of my staff in Washington, D.C., at 
(202) 646-3458. 

Sincerely, 

ies Division 
Federal Insurance Administration 

Enclosure 



Federal Emergency Management Agency 
Washington, D.C. 20472 Case # 88-09-25R 
DATA REQUEST CHECKLIST 

FOR A CONDITIONAL LETTER OF MAP REVISION 

Requestor: Mr. Ashok C. Patel. P.E.. L.S. Date: April 18, 1988 

The information checked below in Column 1 is required to process your request 
for a conditional Letter of Map Revision. Information checked in Column 2 has 
been received and should not be resubmitted unless specifically requested. 

Re: Agua Fria ~ i v e r / ~ e v  River 
Maricopa County, Arizona 

1. A technical report entitled "camelback Ranch, 
Floodplain Study and Conditional LOMR Request, 
January 1988," prepared by Coe & Van Loo Consulting 
Engineers, Inc. 

(1) 
REQ'D 
DATA 

2. ~rihtouts from a calibration model that duplicates 
the, hydraulic computer model used to develop the 100- 
year flood profile along the New River and Agua Fria 
River, including full input and output listings. 

(2) 
REC'D 
DATA 

X 

X 

X 

X 

X 

3. Printouts from a calibration model that duplicates 
the hydraulic computer model used to develop the 100- 
year floodway boundaries along the New River and Agua 
Fria River, including full input and output listings. 

4. Printouts from a hydraulic computer model 
representing the proposed lo-, 50-, loo-, and 500- 
year flood profiles along the New River and Agua Fria 
River, includ.ing full input and output listings and a 
zone determination. The original model should be 
modified to include proposed conditions as well as 
any encroachments that may have occurred since the 
original model was developed. In addition, the 
revised hydraulic analysis must be continued upstream 
and downstream of the revised area until the revised 
water-surface elevations tie into the existing lo-, 
50-, loo-, and 500-year flood profiles. 

5. Printouts ,from a hydraulic computer model 
representing the proposed 100-year floodway 
boundaries along the New River and Agua Fria River, 
including full input and output listings. The 
original model shoul-d be modified to include proposed 
conditions as well as any encroachments that may have 
occurred since the original model was developed, with 



all input changes highlighted. The equal-conveyance 
reduction method should be used to compute the revised 
floodway limits unless agreements have been made with 
affected property owners to uti1ize.a different method. 
The net effect of the proposed modifications, the 
encroachments made subsequent to the establishment of 
the original floodway, and the proposed floodway limits 
must not increase the water-surface elevations by more 
than 1.0 foot above the elevations computed in Item 2 
and also must not exceed 1.0 foot above the new 100-year., 
water-surface elevations computed in Item 4. 

(1) 
REQ'D 
DATA 

X 

X 

6. A map of suitable scale and topographic definition 
showing : 

( 2 )  
REC'D 
DATA 

X 

X 

X 

X 

a. Delineations of the 100-and 500-year floodplain 
boundaries. 

b. Delineations of the 100-year floodway boundaries. 

c. The location and alignment of all cross sections used 
in the revised hydraulic model. 

1 
The revised delineations must tie into the .existing 
floodplain and floodway boundaries upstream and 
downstream of the revised reach. This information must 
be certified by a registered professional engineer. 

7. Other: The technical report listed in Item 1 indicates 
a proposed levee system along the east bank of the Agua 
Fria River and the south bank of the New River. The 
100-year water-surface elevations are contained in the 
channels of the two rivers by the levee system but 
exceed the elevation of the ground outside of the Levee 
system. Therefore, the levee system must meet the 
minimum design and maintenance standards outlined in 44 
CFR 65.10 of the enclosed National Flood Insurance 
Program (NFIP) regulations. Specifically, the following 
items listed below need to be addressed. 

a. Evidence must be submitted that shows the levee 
system meets the minimum freeboard requirements as 
outlined in Section 65.10(b)(l). of the NFIP 
regulations. 

b. If drainage structures through the levee system are 
included in the overall design, closure devices that 
are structrual parts of the system during operation 
must be provided in accordance with Section 
65.10(b)(2) of the NFIP regulations. 



c. An engineering analysis must be submitted that 
demonstrates that no appreciable erosion of the 
levee embankment can be expected during the base 
flood. This analysis must be performed in 
accordance with Section 65.10(b)(3) of the NFIP 
regulations. 

d. An engineering analysis must be prepared that 
evaluates the embankment and foundation stability 
of the levee system. This analysis must be 
performed in accordance with Section 65.10(b) (4) 
of the NFIP regulations. 

. . 
e. An engineering analysis must be submitted which 

assesses the potential and magnitude of future 
losses of freeboard as a result of levee 
settlement of the proposed levee system. This 
analysis must be performed in accordance with . 
Section 65.10(b)(5) of the NFIP regulations. 

1 
f. ,The proposed levee system creates a condition that 

l prohibits local drainage and overland flow from 
the land adjacent to the proposed levee (exterior 
drainage) from entering the Agua Fria River and 
the New River. Information is required to 
indicate how the above-mentioned floodwaters will 
be controlled. This analysis must be performed in 
accordance with Section 654.10(b)(6) of the NIFP 
regulations. 
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. . .-,::..::<,:, ...-a !,:.- .! % 28 ..... .. -itL:_;. .;. ... : .  . .  .3..: :... , ,Q.. 

.. ........ ,. .'.' ,.:. . " .. I. -. : 
C.- 1'1 42.71 0.00154 .000148 0.01 

.:.r 
C.851 . . . .  . .  C.r)l' . . . .  . . . . . . . . . .  ..... 10. 

. . . .  . .: : . ,*. . . . .  . . ' . .  n; 1909.4 8. 1 0 5 9 0  19.889 5.0 1.31 0.027 19.916 0.00 0.730 3.00 0-PO SIOG O- O.?O . . . . .  '. ' . . .  . . . .: C 11; . , 
, . . . . . .  1. 41.6: O*:Ol:: *OP0169 @.El 0.851 C - O C  

. . . .  . . . .  . . 18.36 1.533 19.894 5.0 1 -38  0.030 19.924 0.00 C.76C 3.00 0.tO 9-33  3 D . I J  . . . . . .  .. , . . . . . . . . .  
I . . .  . . . .  .... .00194 0.01 - 

. . l 000191 0.851 F.0: 
. . . . . . .  . . . . .  . . 18.42 1.474 190898 5.0 1 4 5  b . 0 3 2  19.930 0.00 0.7CC 5 - 0 0  c .Pn c . ~ t  o 0.20 - 

. . , 01.. 141 3 7 - 5 1  0.00154 . o o a z i 7  0.01 c.85 1 c.23 . . b l  
. . .  111' 2027.89 18.48 1.421 19.903 . 5.0 1.52 0.036 0.700 3.30 9 9 ? 5.CO 

--- - 
19.939 6.01 

(. ?, 
. ,a 3 7 - 5 5  0.00154 -090246 0.01 @.A51 9 .CF 

y,, . .  - . . Liar! 2065.24 18.54 1.369 . 19.909 .., 5.0 1.59 0.939 19.948 n.on 0 . 7 ~ ~  3 . ~ 9  -.tar c . c i  c n.sa 



I . .  

- 
FIJ515P PAGE 3 

(. MITER SURFACE PROFILE LISTING 
CAMELBACK RANCH: 36" BLEEDOFF L I V E  FOR NORTH EASINtS)  
1 0 0  YEAR EVENT YSEL AT OUTLET I S  19.8 
H A Y  1 9 8 ~  ( S D J ~ A )  

. ' 1  STATION INVERT DEPTH Y.S. B VfL VEL ENERGY SUPER CRIT ICAL HGT/  B A S E /  ZL NO A V @ P ~ -  
- f '  , 
2 ELEV OF FLOY ELEV HEID GRO.EL. ELEV DEPTH DIA  I D N O .  P IER 
p , ?  - 

L l E L E M  S 0 SF AYE HF NORM OEPlH ZP 
! I...... **.+.tt+.*t.*.********+.tC+*.*t+****+**************..i+*******..******.t********.**+..**..*.b*****.*...*..******.**..**.*.**.** 



FOC, 15P 
UATER SURFACE PROFILE L ISTING 

CAMELBACK RAtJcH: 36. BLEEOOFF L I N E  FOR NORTH eASINtS) 
113  YEAR EVENT VSEL AT OUTLET I S  19.8 
MAY 1988 (SOS6A) 

PAGE t 

-- 
- STATION INVERT DEPTH U.S. P VEL VEL ENEFGY SUFER C R I T I C A L  HGT/ BASE/ ZL NO AVBPR 
3'. ELEV OF FLOU ELEV HEAD 6RD.EL. ELEV OEPTM DIA I D N O .  PIER s .- -- 

: L/ELEM SO SF A V  NORM C E P ~ H  R a ................................................................ : ..... :: ............................................... : ............ 
e 

. z  2514.2+ 19.23 0.896 29.129 5.0 2.82 0.123 20.252 0.00 0.700 3.00 5 . ~ 0  c.05 F 0.03 
1 

I 94.19  0.00154 .OF1355 0.13 0.851 "OP 

>' :,: 

4 I;: 2788.36 19.66 0.851 20.507 5.0 3.03 0.143 20.650 0.00 0.7CO 3.00 0.170 C.Cq1 0 S.CO 

01 ,411 871.64 0.00154 .001551 1.35 0.85 1 9-03 
. . . . . 

. - .  1: 3660.00 21.00.  0.851 21.851 5.0 - 3 A 3 - 0 . 1 4 3  21.99t 0 - 0 0  0.700 3 . 9 0  n.PO 3 - 0 9  3 5.60 
. _ * .  . . . . .  . . ( Ill 

. . . . WALL ENTRANCE 3.03 
. . . . . . .  . . . . .  . . .  . .  . . . . . . . . . .  3660.00 21.00 0.852 21.852 5.0 3 - 0 2  0.142 21.994 0 0  0.700 3.00 0.C9 O.OP 0 0.G0 . . ..' .. 2 : .  .: .. .:.: ..-. . .  . . . . . .  :.. . . .  . . . . .  . .__ ,  ..'. ..................: . .' - . 7- . . . . . . . . .  : ...:.. . . . . . . .  : . .  . .;..:. .,.. :.;e' .. . . . .  . . .., - :  . . 

.,,, >.." . . "  ' :.. is . - . . . . . . . . .  . . ' .  ;. . . . . . . .  , . , j . :  ;..... , *  . . . .  . . . .  . . . .  . . . . . . . . . . . . . . . . -  . . . . . . . .  .: . .  0. 
' . '  . . i - 

15' . . . 
1,; . . .  
111 . 

2s: 

,*,: 
. . . . . . .  . . . a .  . . . .  . . .  
, . /  ' . I . _ .  . - . . I ;I: 



F J 5  15P 
WATER SURFACE PROFILE L I S T I N G  

CANELBACK RANCH: 3 6 "  BLEEDOFF L I N E  FOR NORTH E A S I N t S )  
1 0 0  YEAR EVEYT USEL AT OUTLET I S  19.8 r 

NAY 1 9 8 8  ( S 0 3 6 A l  
5 

S T ~ T I O N  INVERT DEPTH U.S. Q VEL VEL ENERGY SUPER CRITICPL 
hf i 

HGT/ BbSE/ ZL NO LVBPR 
i: ELEv OF FLOU ELEV HEAD GRD.LL. CLLV DEPTH 0 x 1  I D  110. PIER 

SO SF AVE H F . 

. . . ' I  

!as 6 5 - 9 8  0.OC154 ' .050125 C.01 1.014 3.00 
. . . . . .  iu 

C;" 1 6 0 2 0 2 1  17.83 2.109 19.934 7.0 1.32 0.027 19.961 0 6.832 3.00 O.CS E o C 3  0.20 

1 j:: 61.53 0.00154 .000140 0.91 1.014 C .OO 
- 

-2. c G  



. . '  

F251SP PAGF 2 
(- UATER SURFACE PROFILE L I S T I N G  

CAHELBACK RANCH: 36. BLEEDOFF L I N E  FOR NORTH B A S I H t S l  
10'3 YEAR EVENT USEL AT OUTLET I S  19.8 

( RbY 1 9 8 9  (SD36A) 
a 

- STATION INVERT DEPTH U.S. 0 VEL VEL ENEPGY SUPER CRITICAL HST/ B A S E /  ZL NO LVBFR- 
k1 1 2  ELEV OF FLOU ELEV HEAD GRDmLLo ELEY DEPTH DIA I D N O .  PIER 
& 1 :  e 

t r o ~ r  D E ~ V H  -z R l a  L/ELEH S 0 SF AVE F 
, ................*..*.............. ;. ................................. 1..............*...............**....*..**...*....**....*****. 



F CS l5P 
YATER SURFACE PROFILE L I S T I N G  

CAHELBACK RANCH: 36' BLEEDOFF L I N E  FOR NORTH eASIN(S3 
1 0 0  YEAR EVENT USEL AT OUTLET I S  19.9 
HAY 1983 (S036A) 

a 

= STATION INVERT DEPTH U.S. Q VCL VEL ENERGY SUPER CRITICAL HGT/ BASE/ ZL NO AV8FR 
3 :; ELEV OF FLOU ELEV HE40 GR0.EL. ELEV OEPTH 0 1 1  I D  tdG*  PIER 

- -- 
L/ELEtl S 0 SF AVE HF t1=?( OEFTH ZS 

2183.99 18.72 1.320 20.043 7.0 2.33 0.285 20.12R 0.30 0.832 3.03 0 . t 3  o.C3 E t.JO 

: . . . -  . ( 1;s 2615.81 19.39 1.029 29.418 7.0 3.26 0.165 20.583 C O O  0.832 3.09 O.r0 0 . t '  0 9.CO 

. . .  . . .  2268.87 18.85 1.228 2 ' ~ . 0 8 2  7.0 2 - 5 7  0.102 2c.184 O.JO 0.852 s.no O . C ~  ~ 1 . 3 ~  3 0.00 . . . . . . .  . . . .  
. / -  . . . . . .  44.71 0.00154 . . .  .000810 0.04 1.914 0 .PO 

, . ." _ . '  . . . . . .  . . . . .  . . .  . . .  . . .  . . .  . . . . . . . . . .  18.92 1.185 20.108 7.0 -2.4-69- 0.113 20.221 0.00 P.BSZ 3 - 0 9  n.oc 9.02 G 0.30 . . . . . . .  .... . .  ' :.: 
. . . . . . . . . . . .  . . . . .  . . . . .  48.00 0.00154 -000924 0.04 1.014 r?.CC : -  . ..' ' . . -- 

, . . . . . -  

Y !M 

0 ;.I . . 842.99 0.00154 .001548 1.30 1.514 0 .C6 
'41 

. . . . . . . . . . . . . . . .  . . .  3660.00 21.00 1.014 22. 014 7.0 3.33 0.172 22.186 0.05 0.852 3 . 0 ~  I c (. ~;m-' 
f ..' 

4 5  MALL ENTRANCE - 0.00 -- 
;u 

! 3663.00 21.00 1.015 22.015 7.0 3 -33  0.172 22.187 0.00 0.832 3.Pl  0.90 ;.?O 0 O.FO 
1 -- -- 

. I 3  

. . . . . .  . . . . .  . . . . . . . .  .- . . . : .  ; , , , . .  , ,  ( - 0 ' . . . .  C . .__ . :- .:.:>-.. :".. . :.,:;:. _ .  . . . . . . . . a .  

. , s  ..:.,.,-,.... -*:. :,is . . . .  
a: - . . .  - . . . . . . . . . .  ,all: ..?. . .  .'. .... '. '.';.,;;.,;:<:: L -' ... ...... ,. .'. 8 . .  

2. .. .!.. .... -.: ..:. ..;r-.,$ 
" .......... .< .:.. - . .- ..  ;:. :-::. . . . . .  

C, . : ,:. '-:-'.. ,: 

.:. !,. . . .  .... . . . . .  ' . ..... . . . . . . . . .  C. .. . .- ... . . .  - . 
. . .  . . . . .  .. ' 

: .  . ' 

I 2361.58 19.00 1.144 20.141 7.0 2.83 0.124 20.265 0.00 0.832 3 0  0-CO S.09 G O - t O  
1,1 

56.31 0.00154 . -001053 0.06 1.014 0.00 
lDi . . , . .  
27! . 2417.89 19.08 1.104 20.188 7.0 2.96 0.136 20.324 0.00 0.832 5 - 0 0  O.C9 0.06 il O.PO - 
I D !  

*,; 7 1 - 1 6  0.00154 .OD1200 0.09 1.014 C.0B 
' II. 

.- . . , , (I!' . .  . 2489.05 19.19 1.066 20.260 7.0 3.11 0.150 20.415 3.00 0.832 3 - 0 5  J.TO S.O? u ?.IJ 



F 05 15P PAGF 1 
I UATER SURFACE PROFILE L I S T I N G  

CAMELBACK RANCH: 36"  BLEEOOFF L I N E  FOR NORTH EASIN(S) 
1 0 0  YEAR EVENT USEL AT OUTLET I S  19.8 

I MAY 1 9 8 9  tSD36A l  
8 

- 7 STATION INVERT DEPTH U .S. P VEL VEL CNERGI SUPER C R I T I C 4 L  HGT/Ks~ / 2 L  NO AV?.S;?C-- 
ELEV OF FLOU ELEV HEAD GPO.tL. ELEV DEPTH D l 4  I C  940. PIER - -- 
SO SF AYE NOR~PTH LR ::.... ............................................................... ........................................................ 

I 1: UALL E X I T  0.OP -- 
I 0  

I I i l f  100.00 15.53 4.301 19.801 1 1.41 0.C31 19.832 0.50 1.009 3.00 0 . 3 0  1 . 2 9  0 3.CO 
182 

+ i l l  50.00 0.00160 .000192 0.01 1.216 s.cc 



FZ515P 
UATER SURFACE PROFILE LISTING 

CARELBACK RANCH: 36. BLEEDOFF L I N E  FOR NORTH BASIN(S) 
100 YEAR EVENT USEL AT OUTLET I S  19.8 
RbY 1988 (SD36h) 

6 

: STAT,ION INVERT DEPTH Y.S. Q VEL VEL ENERGY SUPER C R I T I C l L  hGT/ BASE/ ZL N3 AVBPR 
pf ' I  ELEV OF FLOY ELEV HEAD 6RD.LL. ELCV DEPTH DIA I D N O .  PIER 

< I 1  

x L/ELER SO SF AYE HF l r o R n n F T -  Z I? 
o r j ,  ........*.....*.......*.~*... ..........................................*......*.......*.........*.*..***..............*...*....~... 

, 
. . . . , , I 1896.03 1 8 - 2 8  1.859 20.138 10.0 2.17 0.073 20.211 9.OE 1.OJO- 3.00 01dE C.fJl! B 0.00 - 

: . 3: - , 

. . .  .' . . . . . . ,  . 
.:x 1ci 

. . . . .  . . '.i 0: 57.92 0.00154 .000409 0.02 1.23 C 
. . . . . . . .  G.JO 

. . . . . . . . . . . .  . . .  . . :. .. . . .. e.'. . .  . . . 1953.95 18.37 1.786 20.154 10.0 . -2.28- 0.081 20.235 0.00 1.000 3.00 0 .1~0  :.cn 1 D.CO ,.: . . ' . . .  . .  : . . . ' . .  .... . . . .  . . . . .  . . .  . . . . . .  56-39 0.00154 . OrJ04 62  . . . . .  0.03 1.23 0 I).0(! .-. 
9 ,  . . . . 
. . .  . . . . . .  4 . .  ': . . i: 

, . .  . . _  .. l . , z a :  2010.34 18.45 1.717 20.172 10.0 2.39 0.089 20.261 0.02 1 . O C O  3.90 0.:0 ?.OC 0 0.CO .! ..... .:... . . . . . . .  ., . _ .  
,..* .: :.,, , , , d .  :: .. ..: '_ 

1.i . . . . . . . . . . . .  . . . .  ::..::" :-{,.. ,.:.-. :;. -.,;--.:, . . .  21; 55.06 .0.00154 . .000523 0.03 1.23C C.00 
,, . :.:! :-<; l a [  ....:... . . . .  $.5;.:,:;:: -. . ,; .- 3 . ;:.. . -, , . .  . . . .  .... ;.. . . . .  2 , ' : .  ..: . . ,. . . , , : 2065.40 18-54 ' ' 1.652 20.192 1 5 . 0 .  2.51 0.098 20.290 0.00 1.000 5 - 0 0  O.CO P.OC 0 0.00 - .:. .: . ::.. ...: . . . . . - . . . . .  .::.'!* 2a, 
:V ....... .-:,..:. ... .., ...... . . . . . . . .  .:. . . . . . . . . . .  : :Q< 2,: 55.00 0.00154 .000593 0.03 1.230 9.00 . . . . . . . .  C.; . .  .:-: . . . . . . . . . . .  . . .  . . . . . . . . .  ;' - .  .:. - . . . . . .  . . . .  

: : .  . . . .  . . 2120.40 1 6 - 6 2  1.590 ,,.2'J.215 10.0 2.63 0.107 20.322 0.00 1.000 3.00 3.30 0 . 0 3  C O.@O . . . . . . .  - .  . . . . . . . . . . .  ., ........ 
. . . . . . .  *.. . . . .  56.59 0.00154 .000672 0.04 1.230 G e C @  ' 

. . . . . .  . . 
, . . '  . . . . . . .  . . . .  . . . . . .  _ . -  . . . 1.530 20.242 10.0 2.76 8 2C.553 0.00 1.000 0 F.P0 ?.OP 0 3.20 

. . . . . . . . . . .  . . ... . . . . .  . . . . _ .  ' . . . i .000764 -6.04 1.23 0 9.00 



FC515P PCQE 3 
I W A T E R  SURFACE PROFILE LISTING 

CARELBACK RkNCH: 36- BLEEDOFF LINE FOR NORTH CbSIt4tS) 
100 YEAR EVENT USEL AT OUTLET I S  19.8 
PAY 1988 (SD36A) 

4 - . 7 STATION INVERT DEPTH W.S. Q VEL VEL ENERGY SUPER CRITICAL HGT/ BASE/ ZL YO AVBPR . \ * 1 ' .  ELEV OF FLOW ELEV HEAD GRD-EL. ELEV DLPTV DIA I D  N O .  PIE?  
p 1 3 ,  

N C ~ ~ # F T Y  ----- 4, 1'1 L /ELEH SO SF AVE HF ZR 
i:; *4tt*****t+tt**4+*++**+t*t*t**t~~+Clt++tt*.l*.~+.tt*ttt*t+~..4t.*~*4e*~~tt*4**t***e4**t***444t*44****444*4.~~~~4..~~+t+**tt~44~**t*. 

. ! 
2439.33 19.12 1.320 20.437 10.0 3.34 0.173 20.610 0.00 1.493 3.CO 0.CD 0.30 3 0 . ~ 0 - -  

' 1:' 110.98 0.00154 .001275 0.14 1.239 G . C ?  - 
110' 

2812.31 19.69 1.230 20.923 10.0 5 -66  0.209 21.132 0.t0 1* . . .  3 . 0 0 0 . r Q  3.C'l 3 C.C0 
. , 

. . .  847.69 0.00154 .001549 1 - 3 1  1.235 P.OJ 
11, - . . ,  --- - 

. . . .  . . . - IS! 3660.00 21 -00  1.230 22.230 13.0 3.66.-0.209 22.439 0.00 1.936 3.00 O.CC Q . C J  0 3.PO 
. . . . .  . - .  . :  . . ;  . . . .  

i -. - . . .  . I.' ., _ ..'. ' . . l a ;  
n! MALL ENTRANCE --- ?.CP 

', jl., 
l'¶l 

. . -  
I,.; ---- 



FO51.P 
UATER SURFACE PROFILE L I S T 1  NG 

CAMELBACK RANCH: 36" BLEEDOFF L I N E  FOR-NORTH EASIN~S)  
1 0 0  YEAR EVENT USEL AT OUTLET I S  19.9 

PAGE 1 

6 

STATION INVERT DEPTH U.S. B VEL V EL El4ERGY SUPER CRITICAL H S T I  BASE/ ZL NO AVBFR 
2 9  . J ELEV OF FLOU ELEV HE40 GRDmEL. ELEV DEPTH DIA I Q N O .  PIER 

SO SF AVE H F NORM IlEPTH Z R 
*******t*****************************b*********t****************b****************************~*******~**************o~************* 

i: - 
100.00 15.50 4.300 19.8GO 12.0 1.73 0.945 19.845 OoOJ 1.100 3.r)O 3.00 G . C F  9 O . O G  

( 1 8  

1 1 ,  UALL EXIT 3.59 

100.00 15.50 4.3C1 19.801 12.0 1 - 7 9  0.045 19.846 F.00 1.1PJ 3 - 3 0  O . @ G  P.00 0 01tD 

. . .. . ' ' 1::: 100.24 0.00154 .00C270 0.03 1.360 C.00 
! 1. 

. 1. 111 1563.17 17.77 2.427 20.192 12.0 1.96 0.060 2C.252 0 1.176 3.OP F.3C 9.09 3 O.UO 

j 1:; 89.15 0.00154 4 P 



F 05 15P PAGE 2 
(- WATER SURFACE PROFILE L I S T 1  kG 

CAHELEACK RANCH: 36"  BLEEDOFF L I N E  FOR NORTH E A s I N ~ s )  
100 YEAR EVENT YSEL AT OUTLET I S  19.8 

( n b y  1988 (SD36A) 
6 .- - .. STATION INVERT DEPTH W.S. P VCL VEL ENLFGY SUPER CRITICAL HGT/ BASE/ ZL NO AVBPR 

1'' il. ELEV OF FLOW ELEV HEAD 6RO.EL. ELEV DEPTH D I h  I D  NO. PIER . . 
is.- 2 R 

-- 
Y i a :  L/ELEM S 0 SF AVE HF kORH OEPTH 

Q f - j l ;  ~ ~ * ~ ~ ~ ~ ~ * * 4 t * t * t t t t * t ~ * * t t t * ~ * * ~ * ~ * t t * ~ * . ) * * t ~ ~ ~ * t * * * t * ~ * * * * t * * t * ~ * * * ~ * ~ ~ ~ t * * . 1 4 0 * 4 * * * * * * * * ~ ~ * * . ) * * * * * * * * * * * * * * * b * * t * * * * t * * t * . * * * * * * * * *  

h'. I1 8 in 2 4 4 8 6 3  19.13 1.474 23.605 12.0 3.47 0.187 21.792 0.OC 1.190 3.00 3.C3 C.09 0 0.00- 
x rc 
on, i., 116.49 0000154 . GB124E 0.15 1.363 a .qn  



F 05 15P PLGE 3 
UATER SURFACE PROFILE LISTING 

CAHELBACK RANCH: 36" BLEEDOFF L I N E  FOR NORTH EASINtS) 
100 YEAR EVENT USEL AT OUTLET I S  19.8 
RAY 1988 tSO36A) 

6 

- '. STATION INVERT DEPTH U.S. P VEL V EL ENfRGY SUPER CRITICAL HGT/ BASE/ ZL N ' 3 A V B P R  
-<- , 
C' ELEV OF FLOU ELEV HEAD GRD-EL. ELEV DEPTH 011 IDNO.  PIER 
3 : ' 

L/ELEH SO SF AVE HF NORM DEPTH Z R 
- ..............................*..............................................*......................*...................**......... 

.- . . .  . . ' i,: 499.67 0.00154 -001548 0.77 1.360 O.OC . . .  .:. . . . .  . . . .  : 110. 
. . . . .  . . .  . . . . . . . . . .  .,:*.. .< . _ . . . . . . . . . . .  . . ._. . . .  '-. :. . . .  : 3660.00 21.00 1.360 22.360 12.0 5 -85  0.230 22.593 0.0C 1.10Z 3.00 U . ? C  9 . 0 ~  9 c.rt . . .  . . . . 

j l2 - 
. . MALL ENTRANCE f! . 

. . 
, ' .  . ' .  -. 

3660.00 .21.00 1.361 22.361 12.0 5 -85  0.230 22.591 0.00 1.100 3.00 0.30 9.09 G 0 . ~  . .  .._. . . . . . . .  .* ..-;........ - : .  . . . . . . .  : x  11; . . . . . . .  ..... ......... . . . . . .  :,> - '- : . . . . ..: .:;,Q(T ,I! 
2 :. .. *-.  . . . . . . . . . . . .  . . . . .  - . - . .  . . . . . . . . . . . . . .  II . . . . . . . .  . . . . .  . . . .  . . .  . ' . Y . .  . . . .  :. t 19' - -  .... . . . . .  . . .  . . - ;.:; F., .. . . - .  :: 1: . . . . .  . .: ". I,, . . * . .  , . . . . . . . . . . . .  .. _ . . . . . . .  : 

Ill + .  

. . 

... 
...... . .  

. . . . .  :. . . . . .  . . . . . . . . .  ... ..: ,; . .... ." .: - '.f.' ; .  . . . . . . . . . . . . . . .  . . .  ..'.:' 
.- ' .:-:.', < . ; I ,  . . . . . . . . a .  . " . ' .  . "  ,<.  . _ .  : . II .... . .a . _ !Ir .:. . . . . . . . .  . . . . . .  



. . 
F 15 1 5 ~  P r t L  1 

WATER SURF4CE PROFILE L I S T I N G  
CAUELEACK RANCH: 36. BLEEDOFF L I N E  FOR NORTH EAS1t:tS) 
190 YEAR EVENT USEL AT OUTLET I S  19.8 

I nrr 198s ( S D ~ L I )  
I 

: 6 STATION INVERT DEPTH MIS. Q VEL VEL EtlCRSY SUPER CRITICAL HGTl BLSE/ ZL NO AVBPR- 
3' . I  ELEV OF FLOW ELEV HE40 6RD.EL. ELEV DEPTH DIA I D  DO. P I E R  

l O O . O @  15.50 4.300 19.800 15.0 2.12 0.373 19.870 0.3C 1.235 3.CO 0.30 J.DF 0 O . G F -  
I 1:; UALL E X I T  . . C.OF -- 

i t ~ ,  . . ' I 100.00 15.50 4.301 l q . 8 C l  ' 15.0 2.12 OeQ78 19.871 0.00 1.235 3.03 G.fJ " .DC 0 C.'*J 

. . . . 
1 1 2 0 * 1 8  0.00154 e000428 0.48 1.55C 0.00 - 

. . . . . . . .  
.k. . . . . . . . . .  . . .  . . 1280.18 17.33 3.000 20.328 15.0 2.12 0.070 28.398 J - 0 0  , 1.235 5 -09  0.00 3.C" 9.56 . . . .  ........ r... . . .  .: . . . . . . .  7 ' .  , I 
i ..- . . . . . . . . . . . .  - ... 

, , ............................. ! -. . v; . .  

p . . . . . . . . . . . . . a .  . . I.. ..:. 
,, ................ { -.:., . . . . .  - . . . .  ..... _ . :  . . _ : .  . . .  .I . . .-; . 
2. , ,;.:* ..' - .  . 

. . . . . . .  .' :1..~.:..-6~~4 
. . . . . .  : . ,. - .  . . .  . ,. . . 

. . . . I  . ' 

. . . . ! : . . . . .  . . . . ... 
. . . . . .  . 

. . . . . .  . . . .  ' . . 
, . . . . : 

. . .  . . 
. - .. S 

'p .. 
. g 

- , ' . a .  

111 

2% 

,I 

. 237.14 0.00154 .000400 0 09 1.550 0.01) 
: . . 

1 1517.32 17.69 2.721 20.415 15.0 2 - 2 5  0.077 20.492 0.00 1.235 3.00 0-CO 9.0? 0 0.00 
11 . 

112.98 O.OCl(4 60039'? 0.05 1.550 h e ?  
10' 

11; 1650.30 17.90 2.560 29.460 15.0 2.33 0.085 20.545 0.00 1.235 3.00 0.QU 0 . 9 0  3 O.CO 
11: 
1% 111.13 00OC154 000422 0.05 1.553 n . 0 ~  
14: 

I 1761.43 1 8 - 0 7  2.427 20.498 15.0 2.45 0.093 20.591 0.00 1-23: 3.OJ 0.CO '.C9 1 C.OC 
II! 

111 99.87 0.00154 -000464 0 .OS 1-550 3.09 

11i 
19 1861.38 l e . 2 2  2 . 3 1 0  20.535 1 5 0  2.57 0.102 20.637 0.00 1.235 3.00 0.00 0.09 0 0.00 

z: 92.24 0090154 • OOG515 0.05 1.553 !'.PO 



FS515P 
UATER SURFACE PROFILE L ISTING 

CARELeACK RANCH: 36. BLEEDOFF L I N E  FOR NOPTH EASINtS) 
160 YEAR EVENT USEL AT OUTLET I S  19.8 
RAY 1988 (SD36A) 

PAGE 2 

0 

STATION IKVERT DEPTH U.S. 0 VE L VEL ENERGY SUFER CRITICAL HGT/ BASE/ ZL NO AVBPR 
>f 1: ELEV OF FLOW ELEV HEAD 6RD.EL. ELEV DEPTH DIA I D h ' O .  PIER 2 1 , '  
Y 1 1 1  L/ELER SO SF AVE H F PJORR DEPTH ZR 
Q(- i i l  .+++++++++++.++++++++++++++++++..+++++.+~+++++..++++.+++++++++++++*+++.~+.++++*+.++++.+**+++++.++++++.++.~+++**+.+++.*+++.++++*..+~ 

' 3 '  

0.0 0 ! r i  2126.42 18.63 2.020 .... 20.654 15.0 2.96 0.136 20.790 0.00 1.235 3.0 3 ? . n ti 0.;.3- 
. . .  , I 8 !  

i q ;  . . .  84.75 0.00154 .Oil0724 0.06 l.55C 0.OC . . ,  .. . . . . 110. . . . _ .  ._.. . . . .  . . . .  . . 1 2211.17 18.77 1.937 20.702 15.0 3.11 0.150 20.852 0 .33  1.235 . 3.q0 O.^C C.02 J O . t O  
. . .  

: 4 . . 111. 
0 6 - 6 6  0.00154 0008 16 0.07 1.550 3 - 9 0  

- .  
, . ... . . . . . . . . . .  . . 4 1st 

2297.83 18.90 1.859 20.758 15.0 3.26 0.165 20.923 0.30 1.235 3.9J 3.OC O.Q? E 0-CO- 
. . . .  . . .  . . .  . . . . . .  90.80 0.00154 , 003921 0 08 1.550 ?.OF 

. 18 
1 '  -.: . . .  . . . .  . . . . .  . . .  . . .  . . . . . . . . . . . . . . .  . . . . ..  t :. . : i:. . . . . . . .  - . .  . . .  . . . . . . .  , : '  . '  ....... A , . .  . . 

(9  2388.63 19.04 1.786 20.825 15.0 3.f2 0.181 1.235 3.00 0 .?. C C 0 - 0  - -. 21.D06 0.00 

20: 
11 i 101.22 0.00154 -001041) 0.11 1.550 0.00 
1); 

. . . . .  2489.85 1 9 * 1 ?  1.717 20-912  5 3.58 8.199 21.111 3.0B 1.235 3.20 0.50 :J.@c 3 0-CO 

123.30 .0.00154 .,. - .001177 9-15 1.550 0.09 
a!.: . * . .  : .  . . . . .  

2611.15 ' 1 4 . 3 8 -  1 2  - 1 0 3 7  15.0 1.76 0.219 21.256 0 1.235 3.00 0.00 0.00 0 O.CO 

192.01 0.00154 .001335 0.26 1.550 0.00 . - ,  . . . . . . . . . . .  . . . .  . ' .  . . . .  
, - 2805016 1 9 - 6 6  1.590 ,21*271 15.0 3.94 0.241 21.'J12 9-09 1.235 3.00 O.PG e.oo a o -60  

. . . . . .  . , .  . . . . . . .  ...: . 1 -  . 
. . .  . . . . .  . . . . .  _.. . .  _ .  384.28 0.00154 .001480 0-57  1.559 C.90 

- .  . : . . . .  .. - !t. . . .  . .  , , .  , . . . .  1, ' 3  3189.4$ 20.27 1.550 21.824 15.0 4 - 0 7  0.257 22.081 0 -09  1.235 3.03 9 . ~ 0  P O C O  n C.FO 
. . .  ' . . : . . .  . . . . .  . . . . .  '.. . . . . . .  . . a  . . .  

. . >(.. . _ . . -  . 
. . 

. r( 

I+ 
31, 0.00 470.56 0.00154 . . .Oil1543 0.73 1.550 
18: 

1 3660.0(1 21.00 1.550 2 2 0 5 5 0  5 0  4 0 7  0.257 22.807 0.0a 1.235 5 - 0 3  0.CO ? * E l  t 0 . 9 0  
19 

O!. 1,- YALL ENTRANCE 
. . 8.02 

. . 
.. ;.r 

. . . . . . . . .  . . . . . .  .- - . . .  3 6 6 0 0 0 0  21.00 1.551 22.551 15.0 4 -07  0.257 22.808 0.00 1.235 3.00 3.iO 9 . F i  0 0.iO 
. . ;. ( .u 

. . :s 

jll . . . .  . . I l.1 

I 8  

: '3 

=i :; 
5 - ? >  

\ -- - - - A - - - . 
!-t .. 

Tq 
L- .. 

I ---- - -. - - - - - - 



PAGE 1 Fn515P 
i UITER SURFACE PROFILE L I S T 1  NG 

C A ~ E L B A C K  RANCH: 36*  BLEEDOFF LINE FOR NORTH e r s I n t s )  
100 YEAR EVENT USEL AT OUTLET I S  19.8 

< nrr 1988 ( ~ 0 3 6 ~ )  
a 

I STATION INVERT DEPTH U.S. 0 VEL VEL ENERGY SUPER C R I T I C A L  H6T/ BASCl  ZL YO AVBPR 
-1 11 ELEV OF FLOU ELEV HEAD 6RD.EL. ELEV DEPTH O lA  I D  NO. PIER 
C 1,: -. L l E L E n  S 0 SF AVE HF NORII O E P T I ~  ZR -- 
3( r l  +**++**++*r******+**+t++++++t**++r.+*+++++t*.+*+**++**++*+.+*+*++**~++++**t***+**+**..+~*+**+*+..+.*+*+..~.*.t..+.*..*****.+.** /I 100.00 15.50 4.300 19.800 17.0 2.4C 0.090 19.890 0.00 1.318 3.00 0.PU 0.09 0 0 . r ~ -  

1:: MALL E X I T  -- l . G @  -- 
. .. , ( 1:;' 100.00 15.50 4.301 19.801 17.0 2 4  0.090 19.891 0.00 1.318 3.00 O.PU 9 . 3 ~  0.c~ 

11. 



F t S  15P 
WATER SURFACE PROFILE L I S T 1  NG 

CARELBACK RANCH: 36. BLEEDOFF L I N E  FOR tdORTH BASIMfS)  
1 0 0  YEAR EVENT USEL A T  OUTLET I S  19.8 
M b Y  198B t S 0 3 6 A l  

PAGE 2 

6 

'1 STATION INVERT DEPTH. U.S. 0 VEL VEL ENERGY SUPER C R I T ~ ~ ~ L  H G l f  BASEf  ZL-~ 4VBPR 
- 1  . ELEV OF FLOU ELEV HEAD 6RDIEL- ELEV DEPTH DIA I O E O .  P I E R  

< 
LIELE~ SO SF AVE ti F NORM DEPTH Z R . . .  .*.**.****..***********.*...***.**..*......*.....**..**....,**..*.. ..........................................................**.. 

. . . . .  . . . . . . . . . . . . . .  
. . . . . . .  - .  - .  .., , ''1; UALL ENTRANCE . . '2 .'If> 

. . . .  . _ .  . . :..._ . . .  . . .. . '  . . . -  . ,. . 
.( . .... . , ,  3660.00 21.00 1.675 22.673 1 7  4.20 0.273 22.946 3.06 1.318 3.F9 0.30  7 . C C  0 0."0 

. . . . .  . . . . . .  .. 
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F 15 15P 

f .  YATER SURFICE PROFILE L I S T I N 6  
CAMEL8ACK RANCH: 36. BLEEDOFF L I N E  FOR NORTH CASIN(S) 
100  YEA9 EVENT USEL AT OUTLET I S  19.8 
M A Y  1988 (SO3611 
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I 

.- S T A T I O N  INVERT DEPTH Y.S. 0 VEL VEL ENERGY SUPER CRITICAL HGTl 8bSEl ZL NO AVBFR 

3 1 1 1  CLEV OF FLOU €LEV HEAD 6RD.ELo ELEV DEPTH DIA I O Y O .  PIER 
3 ' 1 ;  

N ~ G T H  
-- > !*i L/ELER s o SF A V E  HF ZR 

01 ! 5 /  .... *.**~***.*.*..**.*...*.*...*.*.~....tt....*****.t...*.*......*.........t...........**......**....*.*.*....*.*...~.**...*.~~ 

. . . . . . .  . . . . . . . .  : . . . . . . .  . . .  . . . . . . . .  
.' . . .. . . . .  . . . . . . .  . . 

. . ,  .. '. . . . .  . , .. r . . . . . .  . . 
'.. 

' : . . . . . . . .  : . .  . . . .  -! . . . . . .  
I' , . . . . . .  . .;. .'.,<." ' 

, , . '  . - ... . . . , . , , ': :,; :,;. , .' .,-.. ... 
i. . . . .  >.;&c: 

.... :- ..: . .;. : .. . . .  -.-:.::-, . 
. . . a  .. . .  .:: :.I:, /.:.,; , :Q . . , .  . . ..... . . a ' . .  - .-.: . ; . . . .  . . . .  . . . . . . .  . . . . 

. . . . .  ' .. . . . . . . . . . . .  : 

ni 1658.08 0.00154 0900763 1 - 2 6  1.857 1 a00 
21; 

Y 1818.98 18.16 3.000 21.158 26.0 2.83 0.124 21.282 0.00 1.435 3.00 O . P t  0.00 0 0-CO 
141 

,YI; .. 2311.04 18.92 2.560 , 2 1 0 4 7 9  

a 

rt  

. . .  . ' 

319.52 0.00154 .100712 .Ow23 1.857 0 .  Jil 
. . 

2137.60 .18 .65  . 2.721 21.372 20.0 . "2 .97  0.137 21.509 0.00 1.435 3.00 O . O C  Q.00 0 0.30 
I 

20.0 3.11 0.150 21.629 3.00 1.435 3.00 O , J L  ?.OC 0 t . tO 

.000693 0.12 1.857 ?.oil 173.44 0.00154 
10; - , 

. - 



F0515P PbGE 2 
/ -  UATER SURFACE PROFILE L I s T I  NG 

CAMELBACK RANCH: 36. BLEEDOFF L I N E  FOR NORTH EASINtS) 
100 YEAR EVENT USEL AT OUTLET I S  19.8 

(. R P Y  1988 ( ~ 0 3 6 ~ )  
4 

STATION INVERT DEPTH Y.S. 0 VEL VEL ENERGY SUPER CRITICbL HGT/ BASE/ ZL NO A V B ~  
ELEV OF FLOU ELEV HEAD GRD-EL. ELEV DEPTH CIA I D N O *  PIER 

,$ : 1  

% 1 4  L/ELEM S 0 SF AVE HF NORfl DEPTH Z R ................................................................................................................................... Q 5 

3053.63 20.07 2.025 22.085 20.0 3.95 0.242 22.327 0.00 1.435 3 . E O  ".GO J.00 0 C . C O - -  . - 
. - . . . . .  . . 3 1  230.44 0.00154 001288 1.30 1.857 3 .OO 

. . . .  . . -_ . _ .  ilO, . . . . . . . . . .  . . . . . . . . . .  . - .  1. 11,. 3284.07 20.42 1.937 22.357 . . . .  .. ) . . . . . : . .  26.0 4.14 9.266 22.623 C.00 1.435 3.03 Q . t P  9 . C 2  C 0.30 . . . 1121 

r .CO 
- 

i. I!] 375.93 0.00154 .081+32 C .S4 1.851 
I .  el. it.! 

... . . . . .  
'. , b . 19 *: 3660.00 21.90 1.875 22.875 20.0 4 - 5 0  0.287 23.162 0.00 1.455 3.00 o.nc r .eo  o 0.20 

4 :. . 
. . . . . .  . . . . . . . . . . . . . .  : . . . . .  Y ALL ENTRANCE n.oo ..:-. . . . . . . . .  . . :, -.:. . ....... . ._ih. . . _ . ,  . -  ' . 

' \  . . .:, ' i  . . . . .  . . . . . . . . . . . . . . .  . . . . . . .  n; 3660.00 21.00 1.876 22.876 20.C *.30 - 0.287 23.163 0.00 1.435 3-30  D.00 @ . C G  0 0.30 .. ., ... .  _: . . . . . . . : .  ..; ; .  . . . .  ( : . l o :  
: . . _ _  I ._, .  . : . . . . . .  .: :.; . . .  . - .  . . . . "  (' .:.:.:. . ...... _ . . . . . . . . . . .  

21. -- 
21. 

. 

. .  I . .  - . . 

.... 

. . .. . . . .  ., . . . 41:. 



FC515P PAGE 1 
f UATER SURFACE PROFILE L I S T 1  NG 

CAHELBACK RANCH: 36" BLEEDOFF L INE  FOR NORTH EASIN(S3 
1 0 0  YEAR EVENT USEL AT OUTLET I S  19.8 

. - I RAY 1989 (SO36A) 
6 

: STATION INVERT OEPTH U.S. 0 VEL VEL ENERGY SUPER CRITICAL HGTI BASE/ ZL NO AVBPR 
3' $ 1 ;  ELfV OF FLOW ELEV HEAD 6RO.EL. ELEV DEPTH I IDNO.  PIER p ili - -- 
rc l a ;  LIELEU SO SF AVE HF NOKP DEPTH Z R 

0 1 -  ( s i  ...............................................................................*.........*..*....................*.*............... 
. - 
. . . : . . .? . . .  . . .  . . . , . ! MALL E X I T  !).GO 

. . . . . . . .  . . .  . . !loi 
. - 4 . : .  .. ..<.:., ;. . . . . . . . .  . . . . . .  . , ri. . j l l j  _ .  - _.... . '_ .  . . . . . .  100.00 15.50 4.351 19.801 22.0 3.11 0.150 19.951 D.30 1.5F9 3 . n ~  0 . ~ 0  ?.fin 0 0.90 . . . . . . .  . . .  I,,. 

. . .  . . 3660-0@ 21.00 2.113 23.115 22.0 4 3  0.265 23.578 0.03 1.539 3.C9 0.tC C.LC O 0.t; 

I .as MALL ENTRANC - 
11.O'J 

3:. l* 

. . 

. . . . . t . . 
111 50.00 0.00160 .000927 0.05 1.960 0.00 
I - 

. . . . .  . . .  : pc:,.; . . . . . .  . . . . . .  
... .. ..:. : . . _ .  . . .  _ . . . . . . . . . .  . . . . .  . . .  . . - % ; - -.: . . . . . .  -. - .. 

..3 . - 
,>. . .  : * . . . . . . .  . .- . . . 0,. - 

- .  . . . . . . .  .I_. . . . . . . . . . . .  . . .  . . -... .:. 
. . 

. . . .  .. . . . .  . - " - .......... . . 
C* . . .; ..;:- . . " . . .  . . . .  . : . .  f.. .. 1 

. 
150.00 15.58 4.267 19.847 22.0 3.11 0.150 19.997 0-OG 1.509 3.00 0.CO ? * P C  O O.tO-- 

11; 

"I 
10.00 0.00290 moo0927 0.01 1.815 P.00 I,, 

,,I - 
I ¶ .  160.00 15 -60  4.278 19.878 22.0 3 . n - 0 . 1 5 0  20.028 0.00 1.509 3 - 0 3  0.CO 5 0 0  C. 9.GD 
,"! 



F 3 5 1 5 P  
WATER SURFACE PROFILE L I S T I N G  

CLHCLBACK RANCH: 30" BLEEOOFF L I M E  FOR NORTH EASI t i tS )  
1 0 0  YEAR EVENT YSEL AT OUTLET I S  19.8 
M A Y  isea ( ~ 0 3 6 ~ )  

PAGE 2 

6 - / I  STATION INVERT DEPTH Y.S. Q VEL VEL ENERGY SUPER C R I T I C 4 L  HST/ B A S E /  ZL t I0 AVEPR 
' - I .  :; ELEV OF FLOU ELEV HEAD 6RD.EL. €LEV DEPTH DIA 1 0  KO. P IER  s I.  

.... .lo, 

. .':. ...: .; ; :  ...!. . . .. . : . .  .. . . . .  . . . . 
'11. 

. - i l l ,  

'E( I!.: 



F0515P 
( UATER SURFACE P R O F I L E  L I S T  1 NG 

CAMELBACK RAYCH: 36. BLEEDOFF L I N E  FOR NORTH EASINCS) 
100  YE4R EVENT USEL AT OUTLET I S  19.8 
MAY 1988 ( 5 0 5 6 6 )  

. . . . 

PAGE 1 

8 

r. I;, S T A T I O N  INVERT DEPTH u.S. a VEL v EL ENERGY SUPER CRITICAL HGT/  B A S E /  ZL NO A V B P R  
> I  ' : a ,  ELEV OF FLOY ELEV H E 4 0  GRO-EL. ELEV DEPTH C I A  I D  NO. PIER 

.%(- :>c 

$ ' 5 1  - --- 
4 I:: .., ------ . 

I 

! 3r 

] s i  UALL EXIT . . .  n.00 
. . . . .  -- 

l l0l 
. . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  :..: . . .  100.00 15.50 4.301 19.801 25.0 3.54 0.194 19.995 O.OC 1.613 3.04 0.90 0.00 0 0.35 : . (. .iIli 
. . . . 

. .4  :.J i l l :  

5 l l l i  
- 

50.00 o.00160.  .a01197 o .06 2.153 0.00 
. . .. 

. . . . .  
, . I . _  . 2 . . .  * . . . . . .  . . . .  . . .  . O ( - - I I !  . . . . . .  . . . . . . . . . .  . . . . . 

- . . ,  . - .: . . . .  . . . . . .  . . .  ... ... . . . 
. . . . . . . . . . : .  C . . . . .  . . . . . . . . . . . . . . . .  . . .  ... - .  . . _ .  . 
. : <  

. . 
- .  ,..: . . . . . _ . .  , . I 

...... -':'. ...... : ...... .. ' C; . ;-..:. .........:. f.. . . .  ,>, ..:,,-,;..:.:.'.:;. ...-. 
.3:.:: .. :.:: . . . . . . . . . . . . .  i ... .. ,. ..i..'.. :.*-'. - . . -...... .,..... :::I. .fP ," . . . . . . . .  >.;, ,:! ..-.. F..,? :. .-:::-.-:-. . , :... ;:. . .  *-.; -.:>..@(.: ,.; : .. - . .; _.. ._ . .  
:,.. :-<:..: ,<.. ?:..,.;,:::::G;;'~;* . . 
.; 

,: -... ..,'4.;;i: .;- .... .;, .; ..;:;,;::. 8 4 ........ .;.. . .- .:. . . .  . : . . . .  : . .'....? ..- .,.. c ..-, Qc . .  " , ' ,  . . . . . . . . . . . . . a .  

_ . '  . . . . .  . ......'........ 
.: .. . . .  ;:-, .......... , .. 

. . . . .  :-. . .  

IS; 150.00 15.58 4.281 19.861 25.0 3.54 0.194 20.055 0.80 1.613 3.00 O . C O  O . C 1  0 O.CO 
I'! 

10.00 0.00290 .001197 8.01 1.980 n.pg 
381 

1s; 160.00 15.60 4.300 19.900 25.0 3.54 - 0.194 2C.094 0.00 1.613 3.00 0.30 3.iJO 0 C-CO 

11' 

22 

12 

I' 

11 

I1 

I8 

19 

3500.00 0.00154 .001197 4.19 2.185 b.00 

Y ALL ENTRANCE C.DU 

. . .  . .  . . . 3660.00.  .21.00 3.168 24.168 25.0 3.54 0.194 24.362 0.00 1.613 
. . .  3.00 0.30 0.00 0 C.03 
. . . . . . . . . . .  . . . . . . . . .  - .  . . . . . . . .- . . 

I I  
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PAGE 1 ,- F 35 15P 

UATER SURFACE PPOFILE L I S T I N G  
CAMELBACK RANCH: 36" BLEEDOFF L I N E  FOR NORTH EASINCS) 
1 Q O  YEAR EVENT USEL AT OUTLET I S  19.8 
HAY I S 8 8  (SD36A) 

4 

- 5 STATION INVERT DEPTH U.S. 0 VEL VEL ENERGY SUPER CRITICAL HGTl A A S L /  ZL NO AVBPR 
>i 1 2 '  ELEV OF FLOU ELEV HEAD GRD.EL. ELEV DEPTH O I A  I D  NO- PIER 

. - -  
. . .. I 

i 
L/ELEM S 0 SF AVC HF NORU DEPTH ZR *............**....... .*...... ........**....*..**........... .................................. - .  ,... ..*.. *....*.......*...*..*** 

. , 

. . . . . .  100.00 15.50 4.500 19.800 35.0 4.95 0.381 20.181 0.00 1.923 3.00 0 . 3 0  0.00 0 0-FG 
' * ; . .  . . . . .  ,.. 
. . . . .  . . . . .  . . . . . . .  . . . . . . .  . . 

0.00 
. . . .  
. 15.50 r . 3 ~ 1  19.801 35.0 4.95 0.381 20.182 c.on 1.923 3.00 C . L P  9.08 D O . C G  

. . 
. . - . 

. . . .  ; >t i l . # . j  
. . .  . . . .  ' ,:. . 

. . . .  . . ' 4 . . . . . . . . . . .  . . . .  .. ' . . . . .  z 
. .  . . . .  . _ _  - Q(:,, -.. . . .  . .  .- . . .  . . 

* .  
"- 

. . . . . .  : -, . . . .  . ,  , . ,  -.:._ ' . . . . . .  ....:. ; .. . . . . .  . . .  . .  . . . . . . . . . . . .  ..; :. (:'.lo! . . . .  . . . . . .  . . . . . . . . . . . .  . . I .  

. . . . . . . .  
. . .  . . . . . . . . . . . :  , . . _ . . . . . . . .  , . . . . .  .. ....._ .: .... ..... .,..:;; ..-... . .. 

... 7::; :;< r. ;:.': :=.,,.. .f:7. : ?,.::.' 
-1.. ::.I--. --.-. j.. _: ._ . .. . ..... ..:;.-.. .: ; .--'! . - 
; , , . . 
.SS.. ..-. :,<, ..;.. .......... :y ... ::: .... ;.:., . . ,: ,$.;:%. .: ,-..+-.?'-., +:<.: 3:-.:- . .  .:............ ,,,;; ;\- ,.L...! . -. . . .  * 
. 4 . . . . - . . : . 7  ... . .:-... ;;; <.,., ie ---. ,, .. ,.::.,. ;..:: . . . .  -.:'::".:;~;;:;.. Y ._ . . ~ , ..-.- . - .. ........... .. . .,.... 0: .: ..- :..;; Q< ............. :., . ; . . . .  ..". ;. - .: . . ....:.. : _: .._ _. _;. .:!. . . . . - . . . . - . . . . . . .  :.. ... _ . . :  . . . . . .  
a -  . . . . .  . . . . . . . . . . . . . . . . . . .  . . , ;. . . .  . . . . . .  :, .. . . . . . . . . . .  . . . . . . . . . . . . . .  : . . . . . . . .  . . . .  

111 50.00 0.00160 . OD2346 0.12 3.000 a.03 

11, 150.00 15.58 4.338 19-918  35.0 4.95 0.381 20.299 0.00 1.923 3.00 O.?G 0-CO 0 0.00 
16 

11 

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

10.00 O.bO200 002346 0.02 3.000 C.00 

. . . . .  . ' . . . .  . . . . . . . . . .  , . : . . . . . . . . . .  . , . I  .... : . ' , g . ~ l ;  . . . . . . . . . .  
. . . . . '  . . . . . . .  :. p:.. . . .  . . . - , e  

. . . . .  . . 

18; 
. 

"I 

28, 

IS) 160.00 15.60 4.396 19.996 35.0 4.95 0.381 20.377 0 .00  1.923 3.00 b.JO 3.CO C 9.00 

n, 3500.00 0.00154 . 002346 8.21 3.000 0.00 
21' 

I 
fl UALL ENTRANCE c . 9 ~  

. . .. z ! 4 9  
: .:,0 >-.a, . . . . . . .  

. .- j.2 . . .............. . . !d l l  . ,.. 

2I 

2' 

11' 

2 1  

. 3 6 6 0 - 0 0  21.00 7.360 28.360 , . 35.0 4.95 0.381 .. 28.741 0.00 . 1.923 3 - 0 0  0.00 0.00 C 0 . F  
. . . . . .  . , - . .  , . ' .  ;-;,: : . ... . . - . - .. 

. . . .  . - .. ... . . . . .  

ti 

" r 
. 

$I, 
11: 

11: 
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5' . z  
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PAGE NO 2 

I - 'rr 
jrl 

' 1 !., --. 

UATER SURFACE PROFILE - E L E M E ~ T  C4RO L I S T I h 6  

(' ELEMENT NO 1 I S  A SYSTEM OUTLET t t t 

o U/S  OATA STATION INVERT SECT Y S ELEV 
f; 103 .00  15.50 1 19.89 

3' , :  

1 ELEMENT NO 2 I S  A UALL E X I T  
. . 

. &,:' U/S DATA STbTION IIJVERT SECT , 

', 1: 
10C.Og 15.50 1 

. . . . 

. - .  . . 8 : 
.. !I. ELEMENT NO 3 I S  A REACH t t 

. . . . .  
. . .  

(21 
. . . . . .,.I;; U I S  DATA STAT ION INVERT SECT h RAOIUS AN6LE ANG PT PAN H 

. . . . . . .  . . . ., . 140.00 15-58  I  0.012 O . O E  b.OC 0.30 C 
. . . . . . . . .  . . . . .  ' . '  . . 110: 
, : :  . .: .. . . . . . . .  :: ..:. ,:.: : ;..::.. I G lit. ELEHENT NO 4 IS A JUNCTION t + t b . . .  - . :  

. . i ~ t  U I S  DATA S T I T I O N  INVERT SECT LAT-1  LAT-2 L Q 2 . . . . .  C4 IVVERT-3 Il4VERT-4 P H I  3 PI11 4 
. . . . .  Z. 111. 140 .00  15.58 I 2 8 c .Cl2  16 .3  0 . 6  1 6 . ~ 8  o . 0 ~  7 5 . 5 0  c. 00--- 

/ .  ' : . .  . . 3Cil.j THE ABOVE ELEMENT CONTAINED AN INVERT ELEV YHICH M A S  MOT GREATER THAN THE PREVIOUS INVERT ELEV -YARYING . . .  
: . . . . . _  . . . , 1st THE ABOVE ELEMENT CONTAINED AN INVERT ELEV UHICH UAS NOT GREATER THAN THE PREVIOUS INVERT ELEV -UARMIYG 
. . . , --- 
. . .  . , ,.; .; . x I1 
,.? . . - . . .  . ,  . . ... 

' .  . "i" 'e .' ' : ~ 6 '  
ELEMENT NO 5 I S  A TRANSITION * . . .  t . , .<; -; : ; .- * .  .: . _. : _ .  . . . . .  . . .  : . . . . . . . .  . . . $8: UIS D A T A  STATION INVERT SECT h I'.; .' :. . . . . . . . . .  .. --, . .':, ..: ...... ... ......... .......... 11: 145 .00  16.09 - 2- - 0 . ~ 1 2  

* . . . . .  . . . . . . .  :. .... I:'. 20. .-.. .....:.......... : . . . :  
.a - ELEMENT NO 6 I S  A REACH t t ., .: . . \  . ,.. . . . . .  . . .  . . . . . .  _ _  ., . 7. . . . .  . ........ U /S  DATA STATION INVERT SECT h RAOIUS bRlGLE llHG PT HAN t l  

..... .-. .$ :$;;::,",:: ..:,.,:; ;,,.., :,\:;., .,-: .;:. , ,; :..- 150 .00  16.10 2 0.012 0 .00  45.CC OeC0 C. 
4. . .>:,, ;:..;.~:-:: ,.;y -.-...3:..:.*: . 
3.. : -... ,: I..', ...- .. . 
, ........... . ; :  , .. ,.. . :  3 15: . ELEMENT NO . 7 I S  A REACH . *  . - e  . . 

L-,,. ....>..: :.<.i.<.,;-ii... -., . ::::::?>%..-. :*:' . 
-.' 

f,? :.:. ?:. ; , r s.. : .. ..- :. .;:: :s:. . ;! 8 
A - .'.':-.,.'... >.:.;.'+ . . . . . . .  ..... .'; .:.'.;'*...!- ..:-.:.*.: .;',, :- ... ;.-;-;: .z. .  ;&, . 
& . :. ,.' .... ' ..: . . .  
I. . _ . . . .  

. . 281 ' . . . . . .  ,U/S OATA STATION INVERT SECT . . - .  I RADIUS ANGLE ANG PT PAN H 
. . . .  2769.00 21.00 2 0 . 0 1 2 -  - 0 C . @ C  O e C O  8 Ire 

", 

.,%.,. ; .:.. .:., ...'.': .': -- 14 ELEHENT NO 8 I S  A UALL ENTRANCE ....... . " * . .  , : . . . . . .  ;;.., ...: ., ,la: 
,. . ' . ;. .!- . " ' U/S DATA STATION INVERT SECT F P 

. . .  . . ; , . . . . . .  . . , : In; ,. 2760 .00  21.00 2 0.Z00 , . . . . _  . . . .  . . . . . . .  . . ,' , (..'lll; 
:: .. ; . . .  . . .  

, . . ' I  
.:'-. .-' :11. ELEMENT NO 9 I S  A SYSTEM HEAOUORKS t . . .  

r: I '. . . . - .. . . . . . . . 1 U/S DATA STATION INVERT SECT -.. : (: 15i w S ELEV 
. . .  . . .-. .' .. . . 2760 .00  2 1 - 0 8  2 0.CO . . . . . .  . . . . . .  .._. . . . . .  :.. NO E O I T  ERRORS CNCOUHTERED-COHPUTATfON I S  NOW BE61NNIN6 . . . . . . . . . . . . . . . . . .  .: . . . . . . . . .  ' B  11: . 
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FCS 1 5 P  
f WATER SURFACE PROFILE  - CHANNEL D E F I Y I T I O H  L I S l I p u G  PLGE 1 

C A R D  SECT CHN NO OF AVE PIER HEIGHT i BASE ZL ZR XNV ~ ( 1 )  ~ ( 2 1  ~ ( 3 )  Y O )  Y ~ S )  ~ ( 6 )  ~ ( 7 )  ~ ( 6 )  Y ( ? )  y c i r )  
. - ! CODE NO TYPE P I E R S  U I D T H  DIAHETER U IDTH DROP 

. . 
. . . I1  

. . 
. . 
. 111. ... . :  . . . . . . .  -1 

. . . . . . . . . . . . .  : . . . . . . . . .  . . . . . .  ::. ;: . . . . . . . . .  . . .  . . -  . . . .  ... 
,:,; 

. :- . . - ' . . . . . . .  - . . :.. . . .  :.. 
f .  ; . .  . . . . . . . . . .  . . . . . . . . . . . .  ... . "  . .......:...... . . - ;. :...-. . .  :. .: .... . . . .  - .  . A - 

. . . . . . . . .  i . _: . . . . .  . . . - :... . . . . . . .  .......... 1". -- . . . . . . .  . . . . . . .  . . . . . . . .  ..":: i 20 . 'i . . . . . : . . . . . .  -. . . . . . . . . .  ..:.. . . : . . . . . : . . . . . . . .  It 
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F r 5  15P 
/ 

PAZE 1 
UATER SURFACE PROFILE L I S T 1  NG 

CAMELBACK RANCH - 36.124. BLEEDOFF PIPE SYSTEC 
lO0YEAR USEL AT OUTLET IS 19.8 
MAY 1988 (SDZIA) 

8 

: ,: STATION INVERT DEPTH U.S. Q VE L VEL ENERGY SUPER CRITICAL 
.-: 1 

HGTl BASE/ ZL NO AVRPR 
+ ELEV OF FLOU ELEV HEAO GRo.EL. €LEV DEPTH DlA I D  G ! : .  PIER 

L/ELEM S 0 SF AVE HF NORM DEPTH ZR ................................................................................................................................... 
100.00 15.50 4.300 19-800  21.0 2.97 0.137 19.937 0.00 1.472 3.G3 3 ~ 9  c.00 0 3.00 

I r i  MALL E X I T  
. . .  . . .  

8 - 9 0  
. (to: 

. . :  .................I :... c. II; i o o . ~ n  15.511 4.301 i9.801 21.0 2.97 . 0.137 1 9 - 9 3  J.CE . 1 . + 7 2  3 - 3 0  3 . c ~  ? . B G  o C.G; . . . . . . .  I,,! 
49.00 0.00200 -000845 0 -0.3 1.761 :l.tc 

. . i~ 
. . 

.,. . :,$ Iq 140.00 15.58 4.255 19.835 21.0 2.97 0.137 19.972 0.00 1.472 3.00 0.00 C.P3 0 0.CC - 
. . . . . . .  - .  

. . . . 
.000446 0.00 1.02 

. . . . .  . . .  '.. -, . .  . . . - . . . . . . .  IS: . 140.00 15.58 . 4.384 19.964 5.0 -0.71- 0.008 19.972 0.00 0.735 . . .  . . . . 3 * B 5  O.CO 0.Ot 0 O.CO . . . .  . . .  . . . . . .  . ' . . . ,  1 a. . . . . . .  . . . . . . . .  n: TRANS STR 0.10200 -000232 0.00 0.00 
. . . . . . . .  - . , . :  . . ... 11, 
. . . . . . . . . . .  . . . . . .  . . . . .  (.' ,l/ . . . . . . . .  . ;: ; .;:. .- *...: 

145.03 16.09 3.850 19.940 5.0 1.59 @.C39 190979 0.00 0.78ll 2.00 C.00 ?. la J 0.00 ...:... .. . . . . . .  . - . . I*! .............. . . .  . . . . . . . . . . . . . . . . . . . . .  .!.. . . . .  131 :.. 5.00 0.00200 .000416 0.00 
.. . 

0.950 
(... : :, .:.,.::. . . . . . . :  ': A':' ' ..;..nar, 11 . . . . .  . . 

0.00 

:.: :. :. :.,,::.: 1 b 
. . . . ,  . .:........ . . . . ,  . ., .- . . . . . .  . . . . . . .  , . .-.,.:;* 21 .... 150.00 16.10 . - 3 . 8 4 8 .  19.948'  . 5.0 1.59 0.039 ' 19.987 0.00 0.788 .- '+ .* . . . . . . . . . .  . 2.00 0." 00OC 0 0.00 . ..,... 

;, . .i . . . . .  : ..... :;, ..il X 1' . . . . .  
'.i. . . . . . .  . . . . . .  - . .  . . I 1270.07 0.00188 ........ . . .  . - .  _ _  .000412 . 0.52 0.963 G.00 . . .  ... . . . .  . ,. .:,.. . . . .  . a)! 

. . . . .  . . . . .  r . . ' ;  ...:. n' 14290 07 18.48 2.000 , 20.484 5.0 1.59 0.039 2 m  0.00 0.788 2.00 q.PO n.00 5 L . G T  
? . . . : ;.: ..; (; y 

13: 121  - 39  0.00188 . . . . . . . . .  
I. ._ ' . . . . . .  .OOOJ86 0.05 0.963 0.08 

. . .  , . . . . .  . a*; . . . . .  . . . . . .  . . . ' .  1 %  1541.46 18.71 1.814 23.526 ... . . . . . . . .  ,:, . ' .  5 1.67 0.G43 20.569 0.09 0.788 2.00 @ . 9 t  ?.02 0 2 . to  
. . . .  . . . . . 21. 

. . . .  , . ............ !? . ]I[ 69.11 0.00188 .000376 . . . . .  
. '  . . 0.03 0.963 ? .OC 

. . . .  . p!- . . . . . . . .  
. , 1610.57 18.84 1.706 25.547 5.0 1.75 !l*E48 29.595 0.00 0.788 2.00 0.91 3-02 P 0-CO 

.' . o(~ 'u 5 6 - 6 6  0.00188 O'J0407 0.02 0.963 i . C O  



F 0 5 1 S P  PAGE 2 
r' UATER SURFACE PROFILE  L I S T I K G  

CIHELBACK RANCH - 3 6 * 1 2 4 *  BLEEDOFF P I P E  SYSTEM 
1OOYEAR USEL AT OUTLET I S  19.8 

f H A Y  1 9 8 8  (SO2411 
8 

- 5 .  S T A T I O N  I N V E R T  DEPTH U.S. 0 VCL VEL EtlERGY SUPER C R I T I C A L  HGTl  B A S E /  ZL NO ~ V B P R -  

. . 3' ili ELEV OF FLOU ELEV HE40  6RO.EL. ELEV DEPTH OIA I D  143. P I E R  



FC515P  
WATER SURFACE PROFILE L I S T I N G  

CAMELBACK RANCH - 36"124.  BLEEOOFF P I P E  SYSTtU  
lOOYEAR USEL AT OUTLET I S  19.8 
RAY 1988 (S024A)  

s 
- 5 STATION INVERT DEPTH U.S. a VE L VEL ENERGY SUPER CRI TICAL HGTI B A S E /  ZL NO AVBPR 

F 1; ELEV OF FLOU ELEV HEAO 6RO.EL. ELEV DEPTH OfA 1 0 N O .  PIER 

9 r / a /  L/ELEM so s A V  N R 
. o , ........................................................... I...: ..... 11... .................. I+:."F. ....... ...... T H Z R .................. 

1.1 

5 - 11;. MALL ENTRANCE . - ;.er 

. , .  . : .  . . 
I-;--.. . . . .  . . .  .... * .. 

4 l,i 
. ~- - . . .  . . . . . . .  . . . . 

(.: 20; . . . . . .  - . . . . . : . .  
. . . . . . . . . .  

,:': :?;. :; . . Ill . . .  .. . . . . . . . . . . . . . . .  

. . - ,  : .  . . 
. . . . . . .  . - 

. . ,  . . . . . . .  . . . . . .  . . .  . . . .  - .  . . 1 .  . - . . . . .  

. - .a:, I .  

. . . .  . . . . . . . . .  . . . . . . .  

' .  I .  . . . 

. . . . 
-- 
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F 35 15P PAGE 1 

, UATER SURFACE PROFILE LISTI %G 
CAUELBACK RANCH - 36./24. BLEEDOFF PIPE SYSTEP 
lCOYEAR YSEL AT OUTLET I S  19.8 

I RPY 1988 (S024A) 

- !+TATION I N V E R T  DEPTH u.s. o vEL VEL EtiERGr SUPER C R ~ T I C ~ ~ L  tier/ BASE/ LL No LvopR 
3'' 1 ELEV OF FLOU ELEV HEAD GRO-EL. ELEV DEPTH A 10 NO. PIER 
4 1:- 

L/ELEIl S 0 SF AVE Z R .......* ......*....*........ *+..**+.* 

' :  Is; 100.00 15.50 4.300 19.800 23.0 3.25 0.164 19.964 0.00 1.544 3.30 0 . 0 0  C.OP 0 0.00 . . .  . . .  , , . ;  C(I .  
. . . . .  . . . . . . 9 .  YALL EX17 . 'I.CC 
. . . . . . .  , . . . II0 ... : . . . . . . . . . . . . . .  ': .:. (:.ill' . . . . .  -. - . .. . . . . . . : . :  100.00 15.5y 4.331 19.801 23.0 3.25 0.164 19.965 1.00 1.544 3.30 0.JO 0.00 C 0.PJ 

. . . . ill .. I + '11 40.00 0.0020' C01013 P -04 1.870 C . O Q  
>f- :I. . . 

. . . . . . . . .  . $ 
. . .  . . y ; .  . "  . . _ .  . . O(' 

; .  . . . . . .  . . . .  _ . . ,  *. . " . . - . . _I_. .,_ . . . a  . . . .  . . . . . . . . . . .  . . .  . . . . . . . .  . . \ :  . . . .  . . ::; i.: 
. <  . ' . . . .  

I, 140.00 1 5 - 5 8  4.262 19.842 23.0 3.25 0.164 20.096 0 1.544 3.00 0.60 C-CO C 0.OU 
11: 

I,! JUNCT STR 0.0000C 000553 0.00 0.00 
11 j 
19' 140.00 15.58 4.411 19.991 7.0 -0i;99 '3 15 2C.006 9 - 0 0  0.H32 3.00 0.00 O.OC G 0.70 - 
10: 

n' 'TRANS STR 0.10209 . . :..'.- . : - . '  .' .000455 0.00 E e C O  ... . . . . . .  . . . . . . . . .  I . . . . . . . .  . . .  211 . . . . . . . . . .  -. . : 145.03 ' 16.09 3.853 19.943 7.0 2.23 0.977 20.023 3.00 0.939 2.09 0 . ~ 0  e.00 9 9.30 
- 

5.00 ; 0.00201 000816 0.00 1.160 C.00 

150.00 '16 .19 .  .' 3.858 .19.958 . 7.0 2.23 8.077 ' 20.035 0.00 0.939 2.00 O.Ee 0.00 0 0.00 

1771.04 0.0018fl .000808 1.43 1.183 9.OC 

. . 1921.04 19.42 2.300 . 21.424 7.0 2 -25  0.677 21.501 0.00 0 -939 2.00 O.Dt P.00 C C - 0 0  . . .  . .  . . . .  . . . . . . .  , . 
11, 158.25 0.00188 e300757 0.12 1.183 

. . . . . . . .  6.69 . . . . .  . , . 11, 
. . .  - . . :  .:....,. ... . : ;. -. . I? 2079.24 19.72 1.814 21.535 7.0 2.34 0.085 21.620 0 0.939 2.00 0.CO C.OC C @.FU . . . . . : . .  . . . .: . ' I#' . . .  . . . . . . .  - _ . .  . . , T. 1,' , . 8 1 - 4 1  0.00188 .00073B 0.06 1.183 0.00 

. . .. % . . . .  -2%- 31, . . . . . . . .  . . . . . . . .  19 ' 2166.65 1 9 - 8 8  1.706 21.591 7.0 2 - 4 5  C.093 21.684 J.00 0.939 2.00 9.00 9.C9 ? 0.C0 
. . .  

- .  . 
, . . . 73.01 0.00188 . OC0800 0.06 l . l R 3  L.3P 

. . .  . . . . .  ... . . .  / .. - 
. . . . . . . .  . . . . .  2239.65 20.02 1.618 21.640 7.0 2.57 0.103 21.743 0.00 0.939 2.90 0.*9 c . 0 9  c n.t0 . . i .. 



FP5 15P 
UATCR SURFACE PROFILE L I S T 1  hG 

CAMELBACK RANCH - 3bm/24. BLEEDOFF PIPE SYSTEP 
1OCYEAR YSEL AT OUTLET I S  19.8 
HLY 1988 (SOZ4A) 

PAGE 2 

5 

; f STATION INVERT, DEPTH U.S. Q VEL VEL ENERGY SUFER CRf l C P L  HGT/ BASE/ ZL MO AVRPR 
5 '; ELEV OF FLOb ELEV HEAD GRD.EL. €LEV DEPTH DIZ .  I D  F!O. PIER 

-- -- 
L/ELEM S 0 SF AVE HF H O R M  DEPTH 2R ................................................................................................................................... 

. ~ . . . .  . , .  . .  .:. . . . .  . . . .  -. . . . . . . . . . . . . .  :. . 11 : 106.59 0.00188 .001544 0.16 1.185 9.OC . . . . . . . .  
. . . : .  , . . 

. . .  
2694.44 20.88 1.239 22.115 7.0 3.42 0.182 22.297 9 - 0 0  0.939 2.00 9.00 n . 0 ~  o 0.90 

65.56 . 0.00188 . .001679 .. 0 - 1 1  1.183 5.00 
. . . .  . - .  

2760.00'- 21.00 ' ' - 1 i 2 1 9  22.219 7.0 ' 3.49 ' 0.189 22.408 0.00 0.959 2.CO 9.Ce 0.JC 0 O.G3 

YALL ENTRANCE P.00 

-. . . . . . . - .  _ . . . : . . .  ,. . : ;..r ::. y..; . . . . . . . . . .  . . . . .  
-)....; .: .;,/, ; .: n. , 2760.00 21.00. 1.220 , 22.220 

7.0 3.49 3.189 22.409 0.00 0.939 2.00 0.90 o.oo 3 a - t a  
.. .-. ' I . .  . . . .  . . . .  . . . .  .. : CI", 

. . . . . . I:: 
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UATER SURFACE PROFILE L I S T 1  NG 
CARELBACU RANCH - 36-/24- BLEEOOFF PIPE SYSTEP 
IOOYEAR YSEL AT OUTLET I S  19.8 

( - RAY 19R8 fS024h l  

I !  STATION INVERT . DEPTH Y.S. Q VEL v CL ENERGY SUPEP C R I T ~ C A L  HGT/  B A S E /  ZL NO A V B P R  5 : ELEV OF FLOY ELEV HEAD GRDoEL. ELEV DEPTH 0 1 1  I D N O .  PIER 
1 1  
1' LIELEM S 9 SF AVE HF NORI'! OLPTH -m 
s ~.***********.********** ******t**************************************~****************.******.******..****************************** 
I -- I 100.00 15.50 4.300 19.800 26.0 3.68 0.210 20.010 0.03 1.647 3.00 0.PC O . C t  3 O.SJ 
I I 

MALL E X I T  0.OC 
-. 

ni MALL ENTRANCE C - C O  
u! 
nl 2760.00 21.00 3.374 24.374 10.0 3 -10  0.157 24.531 0.00 1.132 2.00 3-20 12.00 n mil 
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F5515P PAGE 1 
(- UATER SURFACE PROFILE L I S T I N G  

1 .  CAMELBACK RANCH - 36* /24*  BLEEDOFF PIPE SySfEP 
IOOYEAR YSEL AT OUTLET I S  19.8 

! ' ~ A Y  1988 tSD24A) 
e 

STATION INVERT DEPTH U.S. Q VEL VEL EtJCRGY SUPER CRITICAL H G ~ /  BASE/ ZL NO AVC- 
ELEV OF FLOU ELEV HEAD 6RDeEL. ELEV DEPTH OIL, I D h O .  PIER 

--- 
L./El.Cn S 0 SF 4VE H F NORH DEPTP Z R ................................................................................................................................... 

---- 
100.00 15.50 4.300 19.800 28.0 3.96 3.244 20.014 3.00 1.712 3.01 0-CO C . C C  3 O.f,I? 

. . . . .  < .  - .  . . . . . . . . . .  . . . . -.; . . . .  . . . . .  . . , . . . . . . .  'I:. "ALL ENTRANCE 4.01) . . . . .  Iiz: 

. . . . . .  . . . . ..' . .  .... . . .  . . . .  . . . . . .  . . .:. . .  (;- 
- .  . . .:. . . . .  . . . . .  . . .  . . . . . . .  , .  . .- . . . . . . .  . . I . .' .. . . . . . . . . . . . . . . .  . . . . .  ....,.:.... :. . .' : (-. 

...... I :; .......... ..,;..'," " ..... . .  , :..:. ,;: . .: <' 3 . .  ,.. . .'?.% . . . . . . . .  
: ;  , . . : . . -  , .......: 
- . I . '  ...... .< ,..: .(r. .t:: ;I.: .... 1*(7 .. ...... 2 - '. :. ,.,, :. - .  I .  C . ., .. 1 ' . . . . . .  ....... ..,-, .,:. .. ..::.: ... ..: ,;=; :.- . . : . 8 ~  

:- : . .  .;..: :... : - :. ...... ; ,, , ;; ; :; .s . . .  .., - -. ............:......:.:..... : . .  , , . , .  '., ..'. '. : .  

- 
19; 140.00 1 5 - 5 8  4.480 2 0 0 0 6 0  12.0 1.+O - E.045 20.105 0.00 1.109 3.00 0.PO 0.0t  S 3.00 

n! TRANS STR 0.10200 .001337 0.01 9 . C C  
N' 

t i  145.00 16.09 3.831 19.921 12.0 3.82 0.226 29.147 0.00 1.245 2 -80  'J.30 0.00 P 0.CO 
tb! 

.2'1 . .  5.00 0 * 0 0 2 0 0  . . . . . :  . . 002398 0.01 2.000 C.00 . . . . 
111 . . .  . . . . 
I T :  150.00 ' 16.10 : 3.865 '19.965 ' 12.0 ' 3.82 . 0.226 20.191 0.00 1.245 2.00 0.00 0.00 0 @.EO - 
10; 
2.1 2610.00 0.00188 - l 002398 6 -26 2.000 C.00 



. . 
FES15P PAGE 1 

( -  MITER SURFACE PROFILE L I S T 1  NG 
CAflELBACK RANCH - 36"/24. BLEEOOFF PIPE SYSTEV 
l f I 9 y E l ~  USEL AT OUTLET I S  19.8 

(a NAY 1988 (SO24111 
b 

- STATION INVERT DEPTH Y.S. Q VEL VEL ENERGY SUPER C A I  T ICAL  HGT/ B A S E /  ZL No AVBFR- 

2' ELEV OF FLOW ELEV HEAD 6RO.EL. ELEV OEPTH 014 1 0 1 0 .  PIER 

c L/ELEM s o 
SF AVE HF NORM OEPTH ZT- 

Q (I, .... *.*...**~*.~**.***.*******..**********....*...***.****.**....*****.*....****.******.*************.***..**.*.*..***.**.***.*.**. 

. . ,  
. . 1: MALL EXIT e.ac 

. . .  . . . . . . . . . . .  . . .  :..:I:..:.:.... ........ (: . . . .  _. . . . . . .  .: . . . . . .  ..: . . . . 100.00 15.50 4.301 19.e01 31.0 ' 4.39 0.299 20.100 U.Pn l .@?S 3.1J V .9P  4.0C C 1 . C O  

. . 
f.'!,., 

. . . . . .  ,, $ . . . . .  . . . .  : . . ' .  . *  . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  0 - . . . .  . . .  , C _ 1 7 (  
: . . . . . .  . . . . - . .  . . .  

. .-: . . . . . . ' . . . . .  ..! . . 
d.'. . . . . . .  , , y ,  ". :...- .:...:. : . . . . . .  : . .  ' . . - .  (-1' . . . . . . .  ..:. . . . .  . . . . . . . .  . . .  . . .., ' . - . I '  . . . _ a  . . .  ;_ _.. . . .  ! I ...: . . . . .  .............. . . . . . . . I . . . .  ..- : . . . , . . . .  A. .:.:. ..: ..;;-: ,- ....;...: ; ,--..' , ""'. - ; : ..L .. ....... ....... 
, ,  ....... : ; . . ~  -. -. .: : --.: .: ..: ,, . .:I;; 

.> 2.;. ,;: '.'.. a' " 

. . . .  .;:;-,,;; ...: P,., :.. . . . . . . . .  ..:.......... --.... ............ 1% 
.... .. '.. . . . . . .  1:. .:!.i&C. . 2.. ..; ,". . . . .  :. I 

. . ... .  . . .  . . . . . . . . . .  ;.. . . . - . . . . . . . . . .  ,i'! 
I .-. . . . . . .  . . . . . . . .  . -., .; 

1 . . . , . . . . . .  ' . . . .  . . . . :  . . . . . .  . . . .  . 
. . ,  . , -  . -  : ; , . ,  . ' .  . :  . . .  . . . . . .: . 

id 1+0.00 15 .51  . 4.295 19.875 31.0 4.59 0.299 20.174 2.00 1.8G5 3.00 0.9C 2.00 3 0.oiI 
18 

JUNCT STR 0.00000 .'I01136 0.00 C.00 
I1 

t r i  
140.00 15.58 4.499 20.079 15.0 - 2 3 2  0.070 20.149 0.00 1.233 3.00 C . G O  5.00 0 .0 .00  - 

. 
In! 
181 TRANS STR 0.10200 .092088 0.01 (?.on 
11' 

145.00 16.09 3.772 . 19.862 15.0 4 - 7 7  0.354 20.216 0.00 1.396 2.00 0.20 5.00 o e.00 
"1 
I l l  5 . 0 0 .  0.00200 . . . . . . .  . . .  003746 . 0.02 2.000 0.00 1 . . . .  - . . .  ; . . . . . : . . . . : . . .  . . . . . . .  7 . . . 

159.00 : 16.10 ' 5.831 19.931 ' ' 1  15.0 . 4 - 7 7  . 0.354 20.285 0.00 1.396 2.n0 0.00 1 . o ~  o O.CO 
. I 1  

2610.00 0.00188 I .003746 9.78 2.000 3.@0 
10 

ni UALL ENTRANCE G * G S  

12; 
. > I .  2760.00 21.00 8.850 29.850 15.0 4 7 7  0.354 30.204 3 - 0 0  1.596 2.00 9.30 1.@C D 0-CJ 

16, 



F 05 15P PAGE 1 
(' WATER SLRFACE PROFILE L I S T I N G  

CAMELBACK RANCH - 36"/24. BLEEDOFF P I P E  SYSTEM 
~ O O Y E A R  YSEL AT OUTLET I S  19.8 , 

( MAY 1 9 8 8  t S 0 2 Q h )  
6 

STATION INVERT DEPTH U.S. P VEL VEL ENERGY SUPER CRIT ICAL HGT/ B A S E /  ZL  NO AV2Pi3 
ELEV OF FLOW ELEV HEAD GRD-EL. ELEV DEPTH DIA  I@ NO. PIER 

L I E L E M  S 0 SF AVE HF NORM OEPTH Z R 
0- 9 ............*.....*...............*..........*.......................*.................*........................................... 



. . 
- -- . - - .  . - 

FOS13P PAGE 1 
f UATER SURFACE PROFILE L I S T 1  N6 

CAHELBACK RANCH - 36"/2g9 BLEEDOFF PIPE SYSTEP 
lOOYEAR USEL AT OUTLET I S  19.8 
UCY 1988 CSD24A) 

4 

U.S. 0 VEL VEL ENERGY SUPER CRITICAL H6T/ BASE/ ZL NO AVBFR 
ELEV OF PLOY €LEV HEAD 6RD.EL. ELEV DEPTH 0111 I D  NO. P I  € 9  

. . 

14 ,  

15' 140.00 15.58 4.320 19.900 36.0 5 - 0 9  0.403 20.303 0.00 1.951 3.20 0.60 J.F3 0 6-20 
I' 

11 JUNCT STR 0.00009 001624 0.00 r i . 9 ~  

101 
111 TRAPIS STR 0.10200 .003713 F.02 '1.10 
11 

I0 

n MALL ENTRANCE c .1?0 
11 

311 ~ 7 6 0 . 0 0  t t . 0 0  1e .57~  37.57s 20.0 6.37 0.629 58.204 0.09 1.606 2.30 O.GP C.OP a c.ro 
U 

IS ' 
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. . .  
CAEELBACK RANCH( 1 0 1 1 2 2 A S A )  ( 3  PUBPS) 

T R - 2 0  HYDROLOGY 

TR-20: CAMELBACK RANCH -. PROPOSED CONDITIONS 



. (-' EXECUTIVE CONTROL CARD 

( LISTING OF D A T A  IN CORE 

OPERATION LIST 

- _  $ ' I  
Y l a /  

O'-' s 9 CAMELBACK RANCH(I01122A5A)(S PUMPS) ' . . 1:: - 
. . .  

, ' . . . . . .  . . . . 8 . .  
VELOCITY INCREMENT 

. . . .  . . . .  . . . .  . . .  . . ! 1 CTABLE C.2300 
. . .  . . .  . . . . . . . .  

- ,  - . ._; . . ...:.... 0.0000 9.08oO 0.1800 0.2530 0.3200 . . . .  . . 
. . . . . .  0.37CO C.4100 0.4500 0.4901) 0.510G .- 

. . 0.5400 E.57CO 0.5900 0.6100 0.6500 
. . 

0 - 6 5 9 0  0.6630 0.6700 0.69GO 0.700C 
. . . .  . . 
. - 0.7100 0.7200 0*7300 0.7400 0.750C 

0.76CO 0.7700 0.7700 0.7800 
: . . 

0.7900 
. . . . . . . . . .  0.7900 0.8000 0.8190 . 0.8100 0.823C . . .  

0.82qC 0.8300 0.R300 O.84E9 0.8400 
. 0.8400 0 .8500 0.8570 - -018500 0 .860O 

0.8600 0.8600 0.8700 0.8700 0.879C . '  ' .. : ... 0.880C 0.8891 0.88CO 0.8990 0 -8900 - 
. . 0.8900 0.8930 0.8900 0.8930 0 e9090 -. . .  0.9000 0.9300 C.9090 0.91PO 0.9tP0 

0.9100 0.9100 0.9100 0.9190 0.9100 
0.9200 0.9200 .0.9200 0.9200 . 0.9200 

. .  .0 .9200 ' 0.9200 0.9230 0.9300 :, .. 0.9300 
. . 

: . . .  
,.; ..: 

C . . . .  
v . . . . . . . . . . . :  : _ ,. , . . :. . . .,. ST RUCT NO. . . . . . . . .  . . . . . . .  . . . I . ,  :: (. 

,nf a STRUCT 1 
. . . .  C , '  . . . .  . . . . . . : . .  . . . . . . .  . . . . . . .  . . 

ELEVATION DISCHARGE STORAGE 
. . . .  . . !rl 8 l l l22.7530 O.OCO0 G.OCJ1 - 

. . pt. Is1 8 1026.0000 74.0000 15.4001) 
A .  .g Ilr 9 ENDTBL 

Y ?a 
. ot 

STRUCT NO. . - . . _ .  . ! :  : STRUCT 2 
( 'a. 

:I¶ ELEvATIOW DISCHARGE STORAGE E N  %Ms/r) S f - z  -- 
!re 8 1021.0000 O.OC3U iI.JOD1 

1 . 3 STRUCT ' 3 J-J- 
5i '-3 -- 

E L ~ T ~ ~ R J , ~ E  
' 8 1021.0000 O.OCO9 0.9001 



9 ENDTBL 

[ . . . . 8 STRUCl NO* 
2 STRUCT 4 

ELEVATION DISCHARGE STORAGE 
1008.5000 O.OP50 0.0091 I 

1909.0003 1.0000 1.80G0 
. . 8 1013.5000 16.00C0 3.5000 

8 1015.0000 16.1000 29.0090 
. . 8 1016.00CC 17.0000 44.0009 

. . . _. lE16.SO00 24.0000 50.0000 -- 
. . .  . . 

, . ...... - _  ' 
. . 

111: 

i 111; TIME I~ICREUENT 

. . . ?J(. 'I,/ 4 DIHHYD . . . . 8 ' 
. . .  

- . . .'. .. 
. . .  . . . : . . . . .  

. . (.-IT . ,  . . . .  . . . . . .  
_I_ 

. ' A  , . . . . .  . . . .  . . 
i 

. . . . . .  . . - . . .  . , ( ' 1 0  .: . . . . .  ..... . . . . .  .... . . . .  ' ._  . 
. . . . . . . . . . -  . _  . . . .  ..: . (!. . , 

. -$  .. .-.. ..: . . . .  .: . . . . .  . . . . . .  . . I.. . . . . . . . . . . . . . . . .  : .... : i . . . . .  :... : ...... ;-.. . 9 . . . .  .., . _ .  ; ... .  . .,. 
&.. , .. . .  , . .: - 2.:. : - .-.:.: . ::;%c . . '. ..." - . . . . . . .  . . . . . . . . . . . .  

, , 
1 '  9 ENDTBL'-  1 :  . . . : . . .  ... ......... . . . . .  .;,... ; _ ,  _ ,.. _.- . . . . . . .  . .  .- . .  ' . .  .;,:I.' . . . . . . . . .  / . . !: : :': . ..;.. ... . . . . .  . . . . .  CONPUTEO PEAK K FACTOR = 484.00 i. .....-.. . . . .  2 . . . .  ...... 

i. . --... . . . . , % ,  '4 

. . 

1 1 1  "1 8 O.OCO0 0.030 0 6.1900 O.3lOC 0.19JO 
0.4700 0.6609 0.8200 . 0.9300 0.991 0 8 

18 

IY 

8 1.0000 E a990 0 0.9310 0.8630 0.7808 - 
e 0.6800 0 . 5 6 0 ~  0 . 4 6 0 0  - -- O & O O  0*330C 
8 0.2800 8.2410 0.2170 0.1740 0.147C 

nl 8 0.1260 0.1070 0.0910 0.0770 0.066C --. 
11: 8 C.0550 0.0470 0.0430 0.0340 0.0290 
J 8 0.0250 0.0210 0.0180 0.0150 0.0130 

I' 

13 

2' 

a 010110 0.0090 0.0980 0.0070 O.OE6C 
, : . 8 0.0050 . 0.0040 . 0.0030 0 1 0 0 2 0 .  0.001: 

8 . -. . - 0.0.000 0.0000 . 0.0000 . 0 . 0 0 0 0 ~  . 0 . 0 0 0 ~  



STANDARO CONTROL I N S T R U C T I O N S  

I 6 R U N O F F  1 1Ll 5' 0.310'0 77.OCUO 0.63301 0 0 1 0 1 
8 .  € R E A C H  3 1 5  5 6 :LG?.O'J?C 0.7500 O . G J ~ C I  o 0 1 o 1 
6 6 R U N O F F  1 2 2  5 0.16'30 81.CgCO 0.44001 'I 0 1 0  1 
i 6 AODHYO 4 2 5  5 6 7 1 1 0 1 0 1  
1 6 RUNOFF 1 2 1  5 0.2100 76.0C00 0.54001 0 0 1 0 1 -- 

. x i r (  6 RESVOR 2 1 5 6 1022.7510 1 l l l O l  
I € AOOHYO 4 23 6 7 4  1 0 0 1 0 1  

6 RESVOR 2 2 4 5 1021.00ilO 1 1 1 1 0 1  1:: 6 RUNOFF 1 3 5  7 0.1600 83.0000 0.45001 0 0 1 0 1 
1 1 1 1 0 1  f" I 6 RESVOR 2 3 7 5 1021.C000 

' 1 1  6 R U N O F F  1 5C 6 0.3800 85.0COO 0 .56501  0 0 1 9 1 
. I 6 RESVOR 2 4 6  5 108.50(10 1 1 1 1 0 1  - .  - (.;*I, ENDATA 



. . . . . .  . . . .  : : . .  . . . . . . . .  " . . . . . . . . . .  . . .  ' . :. . . . . .  . . . . . . . . , . . . . . . . . . .  . . . . .  . . . . .  
PASS= 1 

c '  ' EXECUTIVE CONTROL CARD OPERATION INCAEM* MAIN TIME INCkEHENT= 0.lC 
EXECUTIVE CONTROL CARD OPERATION COPPUT* FROM XSECTNISTRUCT 1 0 /  C TO XSECTNlSTRUCT 0/ 4 

STARTING TIUE= 0.00 RbIN DEPTH= 4-00 RAIN DURATIOY= 1.3C RAIN TARLE NO.= 4 SOIL CONOITION= 2 

. . 
(* ALTER~IAT E NO.= 1 STORM NO.= 3 

6 

r /I; 
SUBROUTINE RUNOFF CROSS SECTION 10  

AREA= 0.31 INPUT RUNOFF CURVE= 77.0 TIME OF CONCENTRATION= C.63 

PEAK TIHES PEAK DISCHARGES PEAK ELEVATIONS 
. . . .  . . .  12.63 280.567 (RUMOFF) 

. . . . . . .  16.65 5.746 (RUNOFF) 
. . . I ,  . 18.02 6.032 (RUNOFF) . . .  . . . .  . . . . . . . . . . .  . . .  . . 19.15 5.803 (RUNOFF) . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . .  - .  20.67 5.788 (RUNOFF) . . . . . .  . . . . .  :..:.;-: . ; j:.:.: . :.:::. ;..'.!ll~ 
. , , . . - . . . . . . 1 ; 21.66 5.854 (RUNOFF) 

. . :. : .  111 22.66 5.859 (RUNOFF) . . .  . . . . .  . . . . : .I3 . . .  ,. 'E"I 24.05 5.695 (RUNOFF) 
/ -. . . . . 14. 

TOTAL WATER* I N  INCHES ON DRAINAGE AREA= 1.8078 CFS-HRS= 361 -67 ACRE-F T= 29.89 

SUBROUTINE REACH CROSS SECTION 15 . 
. . . LENGTH= 3600.00 INPUT COEFFICIENT=- -4.7540 INPUT ROUT INSS= 0.00 

. . .  : .  . . . .  . . . . . . . .  -. .: . . ' ...*. ..$ 
i .,_;. . _  . . . . . .  .. . . . . , . . Y . . . .  ... . . . . . . . . .  -- ..;:.- .... :.'. ..,or . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . .  .. ..:. .. . j , % ; - ; , .  . . .  . . . . . . . .  . . . . .  . . .  -. ...:..., . 5:':; : ..... ; . . . . . .  .. .-... 7 , ;  ..... :::;:;:: '.: i' . . .  .- .. . . . . .  

13, 

11 

,, 
8 

I, 

lo . ' .  . . . . . .  . . . . . .  .. . - .: , ,i !.- :. :... -'a'..... . . . . . ;  . .......... . . . . . . . . . . .  .- . .  . . .  ..... . . .  . . . . . . . . .  . ., - : :: 
> . .  . "........ . -. .. * -::, ,:; -.: :.: .: ,.,; :,-: ;..-,- ; .,!. ...; (.-; 
.-.:.; ..-.. ;,::;: -..:-.:. 

I.<... ..... x.,: ,..%-. ..::.-. :, .,.,,. y;...X,,-+.,.<?..! 
:;: ?'. :;..-,<>,2. ., ..:;;.,;.!.?:. !.;::.:.: 1- 
+ .;.. .&; .. :' 2.2-..d.-..,,,.... - 7 ~ ' ~  -<:.:: i:.. L,?+-:>.. , .;," ~&y~;lj" :-..: -.* . ......"....... 
, . * . , . , : :  

:5.+.!r2;\.: ;...:~::~:;<:;.~::~ . . :.,,, :::&, . -;, ..,.. .. .; .;.. :.: ....... 6.-. ...... " .. ..; ,,. ..,-:: ;.. -.;;<.'i I L :. . ::.;.:; ,:, : . .  :.,-.: ...... :; - .y ; !. .?-. ;.;. 1 . . ... ....... ... . . . .  . . - I  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . .  , , ( 
. . . . , . :  2 .  - j . . . . . .  . . * '  . : . 

.\.. .--;: ..:: '.': . .......:.. . . .. . . . . .  . . . . . .  ....... . . . . I . . . . . .  

.;. .....: - .  ..-. . . . . . . .  . . (.. . . . . . . . . . . . . . . .  :; ....... . . . . .  . . .  . . < ............ ': . .".'. . . .  . . ,. . . .  .............. . . . .  T I ~ E  OF CONCENTRATION= 6.44 ..... .... L , .  . . . . . . .  . . . . . . .  , .:: . . - . . . 
. . . . PEAK TIMES PEAK DISCHARGES PEAK ELEVATIONS 

. . . .  12 -55  . . . .  186.828 (RUNOFF) 

. . 14.55 I . . . .  . . 9.349 (RUNOFF) 
. . . . . . . .  42: 16.57 3.291 (RUNOFF) . . . . . . .  . .  :-,. . -... . .  17 -96  3.453 (RUNOFF) 

19.06 3.318 (RUNOFF) _ . . I .  , . _ .  . . . . 20.57 3.325 (RUNOFF) 
. i 

2 1  036 3.338 (RUNOFF) 
22.56 3.342 (RU%OFF) 

. . 23 a99 5.320 (RUNOFF) . . . . . . .  
>( :qa.  TOTAL WATER* I N  INCHES ON DRAINAGE AREA= 2.1171 CFS-HRS= 218061 ACRE-F T= le.07 
2 ; -,, 

:I: - .--- - 
. . 

;:i SUBROUTINE AODHYD CROSS SECTION 25 
.>I .  . . 

INPUT HYOROGRAPHS= 5.6 OUTPUT HYDROGRAPH= 7 
$5. 

------ - . - - - - - 
(. !w. PEAK TIUES PEAK DISCHARGES PEAK ELEV bT IONS 

L . . 12.65 423.247 (NULL 3 
16.68 8 - 8 1  i 

, : I .  18.97 9.376 t NULL 1 
1 9 - 1 9  , 8.998 t NULL I 

* 

Ill AVERAGE WATER VELOCITY= 5.100 AVERAGE ROUTING COEFF= 0.7593 NUMBER OF ROUTINGS= 1.47 

23 

1' 

Is 

n 
" 
18 

I' lo 

PEAK TIUES PEAK DISCHAR6ES PEAK ELEVATIONS 
12.81 272.990 (NULL 1 

. . . . 16.83 5.711 C NULL 
.- :. - ,  . . . l a b 1 9  : ;. ,:; 6.018 . (NULL) 

- , . 19.34 . ' .. . .  . 50764 1 - (NULL) 
20.86 5.747 (NULL 1 
21 -64  5.812 (NULL) 
22-84  5.819 (NULL ) 
24 -20  5.629 , t NULL ) 

,( 
11: TOTAL WATER* I N  INCHES ON DRAINAGE AREA= 1.8077 CFS-HRS= 361.66 ACRE-FT= 29.89 
I., 

1 
as A SUBROUTINE RUNOFF CROSS SECTION 22 

AREA= . 0.16 INPUT RUNOFF CURVE= 81.0 



. . .  . . . . . . . . . . . . . . . .  . . . . . . .  . . .  . . . . .  
. . . . 

. . .  . . .  . . . . . . , . .  . . - 
. . 

20.72 8.874 !" 
(NULL ) 

. . .  . . 21.70 8.967 f NULL ) 
22.70 8.985 ( kULL ) 
24-06  -8.739 f NULL 1 

. - 
a '  

. < *  T I n E  H Y O R O G R A P H ~  TZERO= 9.00 CELTA T =  c.1? ORAINAGE A R E A =  n.47 . ,.  
. . 

0.00 OISCHG 0.03 0.00 ~ 0 3 0  0.00 0 .OC OoGC 0.03 0.C0 0.80 0. lJ 
1.00 OISCHG 0.00 5.30 0.00 0.03 0.00 0.00 C.13 0.30 0.00 C.: J 
2.00 OISCHG o .OO 0.90 0 . c ~  0.00 o .go 0.30 0.02 0.30 3 - 0 0  9.70 
3.00 OISCHG 0.00 0.00 0.33 0.30 0.OC 3.5 G 6.:: G .GO 5 .33 f . ? 9  

. . 4 - 0 0  OISCHG o .oo O.CO . 0 . ~ 0 '  o .co  ' 0.00 0 . t ~  0.03 0.05 0.00 t.00 
. . 

. . .  
5.00 OISCHG 0.00 0.00 6.60 O.JC 3 .CO 0.90 0.2C t .3C J.00 0..)0 

. . .  - 
Cot0 

. '  . I ' , "  

6.00 OISCHG 0.00 0.00 0.00 0.00 0-3C 0.02 6.01 0 . O O  0 . J I  . . . . . . . .  
. . 7.CO OISCHG 0.00 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.90 

. . .  ._ .  . . . 8.00 OISCHG ... 0.00 . 0.00 0.00 0.00 0.00 0.3 0 C.00 0.00 GIOI) :.33 
. . . .  . . .  . . . . . ,  . . . 9.00 OISCHG . . . . . .  0.00 0.60 P.OO 3. u 0 0 . 3 ~  o.;c o.c.? O.CC 0.312 0. J O  

10.90 DISCHG 0.00 0.35 9 .CO 0.00 0.00 0.00 2.02 0.G8 0 e l 9  C.34 
. . . . . .  

. . . . 1 1 1 - 0 0  DISCHG 0 -52 0.75 1-08 1.5 'I 1.97 2 - 8 0  6.61 19.58 45-12  82.27 . . . . :  1121 12.00 OISCHG 126.91 1 7 1 . 0 7  231.18 286.22 338.87 386.47 419.46 419.75 39C.92 344.58 
. . _ .  . ' % 1 13.00 OISCHG . 292.78 2 3 9 - 3 1  188.45 145.83 113.43 - . & ' :  9 5 - 2 9  73  - 7 1  61.29 5 1  -79  44.55 . . . . .  . . . . . . . . .  . . . . 1 s  14.00 OISCHG 39 -06 34.87 31.78 29.6d 28.16 27.25 26.67 26.25 25.93 25.66 

. . . . .  . .1 .:. 15.00 OISCHG 25.39 24.82 23 -49 21.46 19.11 16.75 14 -54 12.60 11.37 9.95 
. . . .  . ,  - . . i  . . 9.19 8.70 8.47 . 8. *4  8 *52 8.68 8.81 8.85 8.77 8.62 

.:.......... : ...... 17.30 OISCHG 8 044 8.29 8-24 8.3 1 8.46 8.64 8 -34  9 - 3 2  9.17 9.28 
18.00 OISCHG 9.35 9.37 9.28 - - 9c99 8 -86 8.62 8 -43  8.35 6 - 4 0  8-53 

. . .  . . .  19.00 OISCHG 8.71 8.86 8 - 9 1  8.84 8 -70 8 .51  8 -32  8.14 8 - 0 0  7.59 .. 
20.00 OISCHG 7.82 7.81 7.91 8.10 8.33 8 05 9 8 -79  8.87 8 - 8 3  8.70 
21.tG OISCHG 8.53 8.39 a 035 8.42 8 -56 6 - 7 5  8.91 8.97 8 m91 8 . 7 6  
22.00 OISCHG 8.58 8.42 8-58 8.45 8.60 8.78 8 - 9 5  8.98 8.92 8-18 
2 3 - 0 6  OISCHG 8 - 6 0  8.41 8-25 8.08 7.98 7.91 7 - 9 9  8.00 8.19 8.43 

- .  24.00 OISCHG . . 8 -67 8 - 7 0  8.27 7.38 6 -24 . 5 . 0 1  3.82 2.77 1 - 9 3  1.52 

: 
25.00 . OISCHG . 0.90 , , 0.61 .Om41 0.27 . 0.19 0.13 0.08 . 0.96 0 -04 D.C2 
26.00 - DISCHG -' . -0.01 ' . -.0.00 - 

TOTAL YATERI I N  INCHES ON ORAINAQE AREA= 1.9130 CFS-HRS= 580.27 AC RE-F T= 47.?5 

. SUB ROUT IN^ RUNOFF CROSS SECTION 2 1  
. . - '  _ . . . ,,.- : , - . :  . . . . . - . . . .  ... . . . '  AREA. 0.21 INPUT RUNOFF CURVE= 76.0 TIME OF CONCENTRAT ION= 6-54 . . . .  .... . . _ . * _ .  :.:,.. 1.1 . . . .  . . . _ . . . . .  . . . > . .i . : . . . . .  .... . . . .  - (:..zsi PEAK TIMES PEAK DISCHARGES PEAK ELEVATIOMS 

: .. .i, ,. .,..:.., .:..:. I,: . . . . . . .  L ,a . . . . . .  :.. - 12.60 ..... 196.300 (RUNOFF) 
. . . . . : . . : . . . . . . . .  ,n . 11e053 (RUNOF t ) . . . .  14 -54  

. . .  . . . .  . . 16.61'  3.840 . . . .  (RUNOFF) 
. . . .  . . 1 7 - 9 8  4.020 (RUNOFF) 

1 9 - 1 1  3.886 (RUNOFF) . . . .  -. . . . . . .  20.62 3.895 (RUNOFF) 
. . . . . . .  ...; ,...... . . . . . . .  21.61 3.920 (RUNOFF) 

. . .  22.61 3.940 ---- 
. . (RUNrlFF) . . . .  . . .  24.51 3.859 (ROYOFF) . . .  . . 

TOTAL YATERI I N  INCHES ON DRAINAGE AREA= 1.7382 
-- 

CFS-HRS= 235.57 ACPE-F T= 19.47 
. . .  . . 

. . 
. i SUBROUTINE RESVOR STRUCTURE 1 

- 
2. . . ,sl' SURFACE ELEVATION= 1022.75 
9 " 

i: . P c ~ I p E 1 3 C H ~ R X t ~ ~ I R T I I E J T t l T N S  ----.----- - 
3: 13.15 55.348 1025.68 

.I1 

xi' TIHE H Y O R ~ H I  TZERO= G L I ~ L ~ A ~ ~ ~  DRT~NA-G;~'E-AR~A= @. 2 -- - - -- . . - . - - - . - .OD 
( 33' 0.03 OISCHG 0.00 0.00 0.00 0.00 0.00 0.30 0.90 C.10 ?. 09 O.?O 
e 0.00 ELEV 1022.75 1C22.75 1022.75 11322.75 1922.75 l t 2 2 . 7 5  1022.75 1022.75 1022.75 C 2 2 . 7 5  

1 - 0 0  OISCHG 0.02 0.1~5 0.00 0.90 ?.no O.J 9 b.oa c o b ;  ~ . J C  C.;U 
---- 

? I.- 1.00 ELEV 1022.75 1022.75 1322.75 1022.75 1022.75 1122.75 1 C 2 2 . 7 5 .  1022.75 1022.75 1E22.75 , 
2.00 OISCHG . . 0.00 . . 0.00 0.00 0.00 o .a0 3 . ~ 9  n . 0 ~  8 .00  o .*ln J..:o 

# 



2.00 E L E V  1022.75 1022.75 -1022.75 1022.75 1022.75 1322.75 1022.75 1022.75 1022.75 1222.75 
f- 5.00 O I S C H G  0 .OU 0.OC 0.00 0.00 C .OO 3.00 0.03 C.00 9. J G  0.10 

3.00 E L E V  1022.75 1P22.75 1022.75 1022.75 1022.75 1E22.75 1022.75 l"22.75 1922.75 1'22.75 
4.c~ DISCHG 0.03 0.30 0.00 C.CI 0.00 0.99 0.06 1.3~' 3 .on o.ro 

( 4.00 E L E V  la22075 1C22.75 1022.75 l"22.75 1022.75 1022.75 1022.75 1722.75 lC22.75 l"22.75 
6 5.00 O I S C H G  8 -00 0.00 G .OO 0.00 3 -00 0.0 C 0.33 C.0; 9.33 0.qD 

5.00 E L E V  lP22.75 1322.75 1522.75 1022.75 1022.75 1522.75 1022.75 1322.75 1522.75 1022.75 i f  6' 6-JG O I S C H G  0.09 0.00 0.00 0.90 8.00 0.00 0.03 0.03 0.00 9.9 3 

3 1; 6.0 0 E L E V  1022.75 1022.75 1022.75 1022.75 1022.75 lC22.75 1022.75 1022.75 1022.75 1122.75 
7.00 O I S C H G  C.OJ 0.00 0.00 0.00 0.00 0.00 0.OC 0.03 0.00 0.*:3 

or / s f  7.00 E L E V  1022.75 1322.75 1022.75 1022.75 1022.75 1322.15 1022.75 1522.75 1322.75 1922.75 

- .. ,-. - . . -  .-. . * . : . . .  13 -49 13.31 13-15 12.95 12 075 12. , . - 2, E L E V  . - . . . . . . . . . .  1024.81 1024.79 1024.77 1024.74 1024.72 1024. 
*:. . - . . 18.00 O I S C H G  . 11.71 -11.55 11 -39 11-24 11.08 10. 

. I11 8.00 O I S C H G  OoOG 0.00 
. . _  0.e 

i 8-00 E L E v  1022.75 1022.75 1022.7 
9.00 O I S C H G  .0 000 0.00 C O O  

. . . . . . I:! 9.00 E L E V  1022.75 1022.75 1022.7 
. 10.00 O I S C H G  .- 0.02 0.00 0.0 . . . . . .  . . .  ....... ;:.:;. .. . . . . .  . . . . . . . . . . . . .  10.00 E L E V  1022.75 1022.75 1022.7 !ill 11.00 O I S C H G  0 100 3.00 0.0 

. 111i 11.00 E L E V  1022.75 1022.75 1022.7 

E L E V  1024.60 1024.58 - 1024.56 1024.54 -- 1024.52 1024. 
..... SCHG 10.19 10.06 9 093 9.81 9.68 9. . . . . .  - . .  _ . . .  E L E V  in24042 1024.40 1024.39 1024.37 1024.36 1024. 

. ' 

. . 
. . ' . . $  

. ,  N 
. . . .  . . ..,O(.: 

. . . . . .  

1 20.00 O I S C H G  8 -93 8-02 8.70 8.60 8.49 8. 
n 20.00 E L E V  1024027 , 1024.26 1024.24 1024.23 1024.22 1924. 
12, 21.00 O I S C H O  7 093 7.84 7.75 7.66 7 -58 70 
1% - 21.00 E L C V  1024.15 1024.14 1024.13 1024.12 1024.11 1024. 
11 22.30 O I S C H B  7 -13 7.06 6 -98 6.91 6.C4 6. 
3 .  22.00 € L E V  1024.06 1324.55 1024.04 1024.03 1024.03 10240 

23.00 O I S C H G  6 -48 6.42 6 -36 6-30 6 -24 6 1:;; 23.00 € L E V  1023 098 1023.98 1023.97 1023.96 1023.95 10230 

- .  . .  
.f .. '. . . 

E L E  1025.46 1025.42 1023.3 
. . . . . . . : . . .  27.04 25.98 24.9 . . . . . . . . .  . . . . . . . .  ' . .  n 15-00 € L E V  1025.20 1025- 19 1025.1 

. . . .  . . . .  , . . . . . ' .  n 16.00 O I S C H G  16 .83 15.97 15.1 . : ' .  . . . .  . . . .  ( ; . I , /  16.00 E L E V  1025.33 1025.02 1025.0 

4 '  12-00 O I S C H G  - 2.14 3.78 5 09 

. . . .  . . .  
. . - . 5-91 5.87 5.82 5.77 5.70 ' 5- 

E L E V  1023.92 1023.91 1023.91 1023.90 1023.89 1023. 
5.13 5.30 4.9J 4.80 9-70 4- 

1023.82 1023.81 1023.89 1023.78 1923.77 1923. 
. . .  4 el4 4-65 3.97 3.88 3.80 3. . . . .  . . . . . . . . . .  26.00 . E L E V  1023.67 1023.65 1023.63 1023.61 1023.59 1323- 

27-00 O I S C H G  3.35 3.28 3 021 3.14 3.07 3. 
. . . . ' E L E V  1023.49 1C23.48 1023.46 1023.45 1023.43 1323. 

• O I S C H G  2 071 2.65 2 059 2-54 2 048 2. . : . . . E L E V  1023.35 1923.34 1023.33 1023.31 1023.30. 1523. 

1 1 ,  
11 

11 

n 

- 
I 29.00 D I S C H S  2 -19 2-14 2.13 2.C5 2.01 1. 

,; Id,' 29.00 E L E V  1C23.24 1023.23 1023.22 1023.21 1023.20 1123. 
7zc *so' 

12.00 E L E V  1023.23 1023.59 1023.9 
13.03 O I S C H G  53.95 55.25 55.2 
13.00 E L E V  1025.66 1025.68 1025.6 
14.00 OISCHG 41 093 40.04 38.2 

G - ,  . 2 :> T O T A L  YATER.  IN I N C H E S  ON DRAINAGE AREA= 1.6748 " CFS-HRS= 226.99 ACRE-F T =  18.76 
I. x 111 

-- 

'.:I S U B R O U T I N E  AOOHJD CROSS S E C T I O N  23 --- 
~ . ~ ~ P U T  HYDROGRAPH.$= 6.7 , o i ~ t ~ i n - i i r n ~ ~ ~ =  4 

as" 
PEAK TIMES PEAK DISCHARGES PEAK ELEVATIONS 

456.353 I N U L L  3 . ". : ( .  17.68 21.230 i I U L L  1 
19.C7 18.921 ( N U L L  1 - 



- 
20.64 17.110 (NULL ) 

c 21.64 16.339 (NULL ) 
22.65 15.663 (NULL I 
24.54 14.6CO (NULL I 

I 
a TOTAL UATERt I N  INCHES ON DRAINAGE AREA= 1.8395 CFZ-HHS= 807.26 ACRE-F T= 6 6 - 7 1  

= 6, 
31- 

1 .  
' 1  SUBROUTINE RESVOR STRUCTURE 2 

.- X 1 4 1  . . SURFACE ELEVATION= 1021.OC - Qf ;,, 
PEAK TIHES PEIK DISCHARGES PEAK ELEVATIONS - --- 

1 5 - 7 7  26.816 1024.61 

-. 

23.00 ELEV 1024.32 1024.31 1024.31 1024.30 1024.29 1024.25 1024.28 1024.27 1024.27 1024.26 
24.00 DISCHG 25.77 2 5  a 5 1  25.56 

: !- 24.00 E L ~ v  1024.26 1024.25 1624.24 1824.24 1024123 1924.22 1024.22 1524.21 1324.29 1624.19 
- 2 5 - 6 0  DISCHG -25 .5 3 25.50 25.47 25.44 25.41 25.3 7 25.34 25.31 25 - 2 7  25.24 

* 

. . . . . . , . '  TIME HYDROGRAPH* TZERO= 0.00 CELTA T= 0.10 DRAINAGE AREA= 9 - 6 8  
'J-no . . 0.00 0.00 1.00 : . . . . . . . . . . . . .  0.90 0.00 0.0 0 0.110 0.Il.J 0.19 . . . . . . .  . .  ._ . . . . . .  ; .  ; .. . . . . . . . . . . :  0.00 ELEV ld21.00 1021.30 1021.09 1021.00 1021.30 1J21.3C 1021.09 1321.00 1921.00 1521.J3 . . .  . . . . .  1.00 OISCHG O.Co 0.00 0.00 0.30 0 .oc 9.30 0 .a9 0.I)C 0.09 n . 2 ~  ' :  

1.00 ELEV 1021.00 1021.00 1021.09 , 1 0 2 1 . 0 0  1021.00 1021.OC 1021.00 1 0 2 1 . 0 6  1921.00 11l21.2G 
. . 0.00 0.00 0.00 O.LYO 0.OC 0.03 0.00 0.03 0.00 0.53 . . . . . .  . . . . .  . . . . .  . . 2.00 ELEY 1021.00 1921.03 1021.00 1021.00 1921.00 1021." 1021.05 1021.03 1021.0*1 1621.09 

. .  
. . . - , 3.30 OISCHG 0.00 0.00 0.00 0.00 0.00 0.00 T . 3 3  0.9a . .:.-... . . : .  0.39 c.;o 

. . . . . . .  . . . . . . . . .  . . . .  . . . .  . . . . . .  ELEV 102l.OJ 1021.00 1021.00 .1021.00 1021.00 1021.50 1321 .00  1321.01 1021.00 1521.30 
. . . . . . . .  . . . . . . . . .  0.00 0.00 0.00 0.90 0.00 0.0 a 0.03 c.00 0 . c ~  0 . ~ 0  . . . . . . . . .  : . - :- .. . .  ...:.. ..... . . . . -. . . . .  .. ', ,, .'.>.- ' .. ..., . . .  . . . . . . . . . . . . . . . . .  .,. . : ! . . . .  ';. . . . _ - .  :<.. . . . . . . . . .  . . . .  . . . . . . . . .  

~ Y I  . 4.00 ELEV 1021.00 1G21.00 1021.00 -1921-40  1021.00 lOZ1.30 1021.00 1021.00 1C21.03 1521.00 
5.00 DISCHG 0.00 0.00 O.CO 0.10 0.00 0.J 0 0.00 0.00 0.50 0.35 

116 5.00 ELEV 1021.00 1021.00 1021.00 1021.00 1021.00 1021.3C 1021.00 1021.00 1021.00 1P21.20 
. ' ..; . ' . . . . .  - .  '.,C,.'..... 

,It 6 . ~ 0  DISCHG 0.00 0.00 3.05 0.00 o.oe B.J; . . . . . :  ..... 0.00 0.30 0 - 3 3  0.10 
. . . . . . . .  .... . . ?...,. (:..:. .. .I., ..... : : . . 6.130 ELEV 1021.00 1021.00 1021.00 1021.00 1021.00 1021.00 1021.00 1021-00  1C21.23 1021.30 

I :.._,_. i ..... :........ ir.. . .:,.;.: . . .  *..-, ; ..<;: ....;, :>- -1, ....... '''.*.'.' 14 . . 7.00 DISCHG J.00 0.00 0.00 0.00 0 .d0 0.3 0 0.36 0.00 0 .OO 0.30 ,.. ., .; -: :;.a . . , : ::*., ., .+; ..,.:5 111 7.00 ELEV . 1021.00 . 1021.00 1021.00 1021.00 1021.00 1021.00 1021.00 1021.00 1021000  1021.00 
.:.- 

..y: . . . . .  
, :  .... - Y . 8.00 . OISCHG ' : 0.00 . -  . . o . o o  , # -  . .o.oo . 0.00 .'. -- 0.00 0.0 0 0.00 0.00 0.00 0.80 
*.- * .. ,< ;;- ; ;-.:j2.? :: ..:.... ..5! 8.00 ELEV 1021.33 1021.00 . . 1 0 2 1 . 0 0  1021.00 - 1 0 2 1 . 0 0  1021.30 1021 .00  1021.00 1 1021.CO . .::..:;.f ..&' 4 1 ~ 1  .i l: 1'- ............. 
. . . . . .  . :';:;; f. . :, .%.. . ...):: :3,.';.?4, :, 1: : . . ..-. 9.00 OISCHG ' 0.00 0.00 0. 30 0.00 0.00 0.00 0.00 0.00 0.00 

......... ... 
0.0'3 

..... . . . . . . . . . . . . . . .  , . . . . . . ~ . . . .  . . - . .-.~.~i 9.00 ELEV . . . . . .  1021.00 1C21.00 1021.00 1021.00 1021.00 10210JO 1021.05 1021.60 1021.C3 lC'21.CO 
: ,- . . .  . . . .  . . . . . . . - .  . . : . . . .  ......,, * : lo  - 1 0 * 0 0  - DISCHG 0.OG 0.20 0.00 0. C 0 0.00 0.00 0.40 0.00 0.03 0.01 
. ,  . . 

1 
. . :. . . . . . . . .  

111 . 1 0 . 0 0  . . .  -.  . . . .  . . ELEV 1021.00 . 1021.LJ 1021.00 1021.0a 1021.00 1021.00 1021.00 1021.00 lC21.00 1021.00 . . .  . . . . .  :. . 2 -,  .. : . . : . . . . . . . .  .11 .00  OISCHG 0.01 0 -02  0.03 0.05 0 *07 0.1 1 0.17 0.35 0.81 1.71 . . . . . . .  . . . . .  . . . ,  . . .  . . , . . . . . . . . . . .  : . . . . .  , .  . . .  8 . .: . . . . . . . . .  . . . .  .: . '..' ... (a  . . . .  . . . . .  , . . .  . . . - - .  ..... . . . . .  . . . .  . . . .  . . _ . : 
. :- :: 3 

. . . . . . .  
. ? .  : ' y s  i gc . . . .  . . . . . .  

1 11.00 ELEY 1021.00 1021.30 1021.00 1021.01 1921.01 1021.52 1021.02 1021.05 1021.12 1021.24 
: 12.00 DISCHG 3 17 5.30 7.56 9.32 11.46 13.9 4 16.74 1 9 - 6 9  21.01 22-15  
3 12.00 CLEV 1921.45 1021.76 ,1022.34 1022 .18  1022.34 1022.53 1022.75 1922.98 1023.20 1723.41 
*I 13.03 DISCHG 2 2  -98 23.76 24.41 24.93 25.21 25.4 1 25.58 25.73 25 - 9 5  25.96 
1 . 13.00 LLEV 1023.59 1023.75 1023.88 1023.99 1024.07 1024.14 1024.19 lb24.24 1024.28 1024.32 
W . 1 4 . 0 0 ,  OISCHG 2 6  005 2 6 - 1 3  26.23 26.27 26.33 2 6 - 5 9  26.44 26.49 26 - 5 3  26.58 

. . , , ' 14.05 ELEV 1924.35 1024.38 1024.45 1024.42 1024.44 1824.46 1024.48 lC24.50 1024.51 1024.53 
OISCHG 2 6 0 6 2  26.66 26.71 26.73 26.75 26.78 26.-1~.85 26 .81  26.81 

. . ' i 41' ::::: 16.00 DISCHG ELE V 1524.54 1024.55 1024.56 1024.58 1024.58 1924.55 1024.60 1924.60 1024..69 11'24.60 
. . .  . . 26.81 26.81 26.81 26.8 0 26.79 26.79 ' 2 6  078 26-18 26.77 26 -1 6 

.I' ..-, . . . . . . . . . . . .  ...... . . . .  . 16.0 ELEV 1024.60 1024.60 1024.60 1024.60 1024.60 1F24.6G 1 024.59 1 9 2 G ' ! i 1 O 2 4 X 9 1 2 4 . 5 9  
-- 

. . ("Iu 1 7 0  DISCHG 2 6  -76 26.75 26.74 26.73 26.72 26.71 26.71 26-10  26 - 6 9  26.68 
4 17.00 €LEV . 1024.59 1b24.58 1024.58 1024.58 1024.97 1 0 2 4 . 5 1  1024.57 1024.57 1024.56 1024.56 

. . '  
r 18.00 DISCHG 26.67 26.66 26 -65  26.64 26.63 2 6 - 6 2  26 .61  26.60 26.59 26.57 

. . 
7 18.50 . ELEV 1024.56 1224.55 1024.55 1024.55 1024.54 1J24.54 1024.54 1 ? 2 4 - 5 3  1024.53 1C24.52 

19.00 DISCHG 26.56 26.55 26.54 26.53 26.51 26.5 0 26.49 26.47 26.46 26.44 
; !as 19.00 . . ELEV 1024.52 1024.52 1024.51 1024.51 1024.50 1024.5 C 1024.50 lC24.49 1024.49 lC24.48 . . =(. 5% 20.00 DISCHG 2 6  -43 26.41 26.40 26.38 26 -37  26.5: 26.34 26.32 2 6  0 3 1  26.29 

1 '  20.00 ELEV 1324.48 1024._47 1024.47 1024.46 1024.46 1924.45 1024.45 1024.44 1324.44 132!..43 " 
,k + l .  21.00 .0I3i?Hn2b>8 26.26 26-25  2 6 x  26.21 26.2 9 2 & ; 1 8 ~ 2 & ; i 7 2 6 . 1 5  . Z6 ;T) ----- 
( : :  21.30 ELEV 1924.43 1024.42 1024.42 1024.4 1 1024.4C lC24.4 3 1024.3s lP24.33 1024.38 1224.38 

. . 2 2 - 0 0  DISCHG 26.12 26.10 26.09 a 2 6 - 0 7  26.05 26.54 26.32 26.?C 2: .9e 
a5 22.00 ELEV 102iT31,1r2i;37 1024.36 1C24.36 1 3 2 i > - S - ~ ~ * . f 4 1 2 5 5 3 4 7 2 4 . 3 3  1 5 1  . . 4.33 1 

. - \ 5 1  23.00 DISCHG 25.95 . 25.93 25.92 25.90 25 -88 25.8 6 2 5  -84 25.83 25 - 8 1  25 - 7 9  



. . . .  . . . . . . .  . . .  . . . : . . . . . .  . . . . . . .  . . _ : . . . .  . . . . .  . . . . . . . . . . .  . . . . . . .  ... . . . . . . . . I. 

. . .  . . 
25.00 ELE v '102i.18 i o z 4 . i i  1024.16 IOZ+.II~ I .  1024.12 ' 1 0 ~ 4 . 1 1  1 . 1  1924.99 1024.38 ' 

. . (: 
26.03 DISCHG 

. . .  
25.21 25.17 25.14 25.11 25 -07 25.0 4 25.01 24.96 24.9rJ 24eR4 

26.0 0 ELEV 1024.07 1024.06 1024.05 1024.04 1024.02 1924.31 1024.99 1C23.99 1923.98 1025.77 

. . 27.00 DISCHG 24 e79 24.73 24 -67 24.61 24.56 24.50 24.4. 24.39 24.33 24.27 
i . . 27.00 ELEV 1523.96 1523.95 1123.93 1923.92 1023.91 1923.9C 1923.89 1023.88 1923.87 l t 2 3 . 8 5  

6 2 8 - 0 0  OISCHG 24.22 24.16 24.19 24.05 23 a99 23.95 23.87 23.82 23.75 23.7? 
. :- . '11 28.03 ELEV 1023.84 1C23.83 1923.82 1123.81  1023.80 1023.79 1323.77 1523.76 1023.75 l"3.74 
" . I '  29.00 DISCHG 23.65 23.59 23.53 23.48 23.42 2 3 - 5 6  23.31 23.25 23.19 23.14 . $ 1i 29.00 ELEV 1023.73 1023.72 1023.71 1023.70 1323.68 1023.67 1023.65 1323.65 1a23.64 1C23.63 

. . .  
TOTAL YATER* I N  INCHES ON DRAINAGE AREA= 1.0240 CFS-HRS= 449.39 ACRE-FT= 37.1 4 

. . . . 
. . 

. . . .  . . SUBROUTINE RUNOFF CROSS SECTION 35 
" .  AREA= 0.16 INPUT RUNOFF CURVE= 83.0 TIME OF CONCENTRAT ION= 0.45 . . -- 

.,: .: . .  PEAK TIMES PEAK DISCHARGES PEAK ELEVATIONS 
. . 12.54 196.242 (RULYOF F) . . .  - 
. . . . . .  14.55 9.713 (RUNOFF) 

... 16-57  . 3.402 (RUNOFF) . . .  
. . a .  . .  17.96 3.522 (RUNOFF) . . . . .  . . . . . .  . . .  . . . . . . . .  . . . . . .  1 9 - 0 7  3.424 (RUNOFF) 

. . . . .  . . . . . . .  . . , .  20.58 3.434. (RUNOFF) 
. . . . . . . .  . . . . . .  . . .... . . . .  

, . ,  -:.. . . . . . . . . . . . . . .  . .. .:.:- ;:I . . . . . .  . . .  :, ...... .: :. . ;. ...... ; (. . . . . . .  .. - . 2 . ;  
. . TOTAL YATERI I N  INCHES ON DRAINA6E AREA= 2.2818 CFt'HRS= 235.61 ACRE-F T= 19.47 

. . 

PEAK TIMES PEAK DISCHARGES PEAK ELEV A t  IONS 
15.18 8.091 1023. 00 

TIME . HYDROGRAPH* TZERO= 0.00 OELTA T= 0.10 DRAINAGE AREA= 0.16 
. . . . :  _ . .  . . .  . . .  0.00 . OISCHG 0.00 ' - o.co 0.00 o.oa . 0.00 0.0 o 0.00 C . O C  0.03 O.JO 

ELEV . . . . . .  1021.00 1021.00 1 0 2 1 . ~ 1  1021.00 1021.00 1 i ~ z 1 . 0 0  1021.00 1 ~ 2 1 . 0 0  1021.00 1 ~ 2 1 . 3 0  
. . . .  OISCHG 0.00 0.00 0.00 0.00 9 - 0 0  0.00 O.O@ 0.00 0.00 0.CO 

. . 
. 1' ; ..'.., ' . ELEV 1021.00 IO21.CO 1021.00 1021.00 1021.00 1021.00 1021.00 1021.00 1021.00 1921.03 . . .  . . -  . . I1 . . .  . , . .  ..: . 2.00 OISCHG 0.00 0.00 0.0a 0.0 C 0.00 0.00 0.00 O.CO 0.09 0.33 . . . . . .  . ! O  a t  . . .  . - 2000 ELEV . .  1921.00 1021000 1021000 1021.50 1021.00 1021.00 1021.00 1021.00 1021.00 1021.00 . . . . . . . .  

- .  : .  . : . - . . @ - l S  3.00 . OISCHG 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.GU . . . . . .  . . . - .  . .' .:g IS 5 - 0 0  ELEV 1021.00 1021.CO 1021.CO 1 0 2 1 - 0 0  1021.00 1021.00 1021.01 1G21.00 1c21.01 1021.30 
. . .  4.40 DISCHG 0 .OO 0.00 0.00 0.00 0.00 0.00 DOC? 0.00 0.0C 3.30 

. . 
4.00 ELEV 1021-GO 1021.10 1021.00 1021.00 1021.0C 1G21.3C 1021.03 1021.0C IO21.DE 1 9 2 1 . ? j  . . 5.50 OISCHG 0.01 0.00 F.00 0.90 0 .DO 0.30 0 .0'1 0.00 0.GO ' l . ? O  ;. . . . . . .  : . .  5.00 ELEV 1021.03 1J21.10 1021*OO 1521.50 1021.00 1021.30 1021.00 1021.0G 1921.30 10Z1..3G 

. . . ,., 6.00 OISCHG . O.OC 0.00 0.00 0.00 0.00 0.130 0.00 0.00 0.00 0.00 
. . . . . .  . . . . . .  €LEV 1021.00 1021.00 1021.00 1821.00 1021.00 1021.nO 1021-CO 1021.PO lC21oJO 1021.00 

. . OISCHG 0.40 0.00 0-GJ 0.30 0.00 U . 9 1  6.00 0.GJ 9 . C 9  . . .  . . 
ELEV 1021.00 1021.00 1021.23 1321.00 1021.00 1321.05 1021.00 1Q21.3C 1G21.03 1521.83 

0 .JO 0.00 0.00 0.00 0.00 0 - 5 0  0.00 0.00 0.00 0.30 
.OO ELEV 1021.00 1021.00 1021.00 1021.10 1021.00 1021.00 1021.50 1 ~ Z l . J U  1 0 2 1  . "9 u 1 b21.90 

5 . t .  1q 9 - 0 6  OISCHG o.oa 0.00 3.01 0.00 0.00 0.90 c.03 O . C G  0.90 C.JB g 9 - 0 0  ELEV 1021.00 to21.00 1 0 2 1 . 0 ~  io21.no 1oz1.00 1 0 2 1 . ~ 0  IWI.CO 1r121.00 1021.00 1~21.:0 
x ' i z P . 0  DISCHG 00 0.00 0.01) 0.00 o . C I l . ~ l  5 . 0 2 D . C Z -  0 -04  O.IS--'--- 

ELEV 1021.OG 1721.00 1021.13 1321.00 1021.30 1921.CC l ? Z l . O t  1321.60 1021001 1021.21 
.q* 11.00 DISCHG 0.07 0.09 0.11 0. 15 0.19 0.24 Q.32 

\. ,v 1 x o m i X v  
8.55 1.05 . 1.95 

. . 1 ~ 2 1 . J 1 1 0 i i . 0 2  1021*r)2 1021.33 1021.04 1 3 Z f 3 - ~ 2 l . e b I n f f . l 1  i 7 2 i ; T I - - - -  
12.00 OISCHG 3.26 4.95 5.28 ' 5 - 6 1  5.97 6.35 . 6.74 7.1 1 7 - 4 1  7.61 

. c 7 '  12.00 ELEV . . .  1021.65 1021.99 .  1022.09 1022.20 1022.31 1022.44 1022.56 lC22.68 1022.78 1 U 2 . 8 4  . - 13.OJ DISCHG . .  - 8 4 7.90 . .' . . " i  . 13.00 ELEV - .  . 

. . 14.00 ' OISCHG 8.36 0. n6 8.06 lItO7 8.07 8.67 8.98 8 . 0 8 .  A 08 R.r.9 
* 

I S  

I' 

20 

n 

2 1 - 5 7  3.447 (RUNOFF) 
. 2 2 * 5 7  3.453--- - (RUNOFF) 

2 3 - 9 9  3.424 (RUNOFF) 



- 
14.00  ELEV 1022.99 1322.99 1522.99 1 0 2 2 . 9 9  1522.99 1 0 2 2 . 9 9  1022.99 1C22.99 1512.99 1:23.ib 

(- 15.03  OISCHG 8.09 8.09 8 .09  8 . 0 9  8.G8 8 . 3 8  8 -07 8 .06  8 .65 8 C 4  
15.JC ELEV 1323*00 1023.00 1023.00 1623.OE 1C22.99 1122.99  1022.99 1022.99  1922.98 1022.58 
16 .00  OISCHG 8 . 0 3  8.02 8 .81  7 .99  7.98 7 . 9 7  7.97 7 . 9 6  7.95 7-94 

(. 16.00  t L E V  1022.98  1022.97 1022.97 1 3 2 2 . 9 7  1522.96  1322.96  1022.96 1022.95 1022.95 1322.95 
e 1 7 - 9 0  DISCHG 7.93  7.91 7 . 9 0  7 . 8 9  7 .88  7 . 8 7  1 - 8 7  7 .86  7 -85 7.R4 

a i l  17.00  ELEV 1322.94 1022.94 1022.94 1 0 2 2 . 9 3  1022.93  1 b 2 2 . 9 3  1022.92 1022.92 1322.92 1J22.42 
<f , t '  18.00  DISCHG 7 -83  7.82 7 . 8 1  7 .80  7.79 7 . 7 8  7.77 7 .76  7.75 7.74 . . 

18.90  ELEV 1022.91 1022.91 lC22.91 1022.90  1022.90 1922.90  1022.89 1022.e9  1022.-89 1t22 .88  
19 .00  DISCHG 7.73  7.72 7 -71 7.7 1 7.70 7 . 6 9  7.68 7.67 7.66 7.65 
19 .00  

. . 
ELEV ,1022 .88  1022.88  1022.88 1G22.87 1022.87 1 3 2 2 . 8 7  1022.86 1522.86 1622.86 1C22.85 

. . 20.03  OISCHG 7 -64 7 - 6 3  7 . 6 2  7.6 1 7 .60  7 . 5 9  7 -58 7 .57  7 -56 7.55- -- 
. . . .  20000 ELEV 1022.85 1022.85  1022.84 1022.84  1022.84 . 1 0 2 2 . 8 3  1022.83 1022.83  f m . 8 3  1522.82 . . .  2 1 . 0 0  OISCHG 7.54  . 7.53  7 .52  7 .51  7.51 7 . 5 0  7.49 7.48 7.47 7 - 4 6  . . .  

: . . :  . . . ELEV 1022.82 1022.82 1022.81 1022.81  1fl22.81 1 0 2 2 . 8 1  1022.80 1022.80 1022.80 1022.79 . . . . . .  . . . .  . . DISCHG 7.45 1-44  7 .43  7 . 4 3  7 .42 7 . 4 1  7.40 7.39 7 -38 . J . . ...; :, :-; ;.-..,: : ..' ,.::,. .... ; . . . .  . . . . . . . . .  . . . . .  . . . . .  : 2 2 . 0 1  ELEV 1022.79  1022.79 1022.79 1522.78  1022.78 1022.78  1622.77 3022.77  1022.77 1322.77  . . . . '111 23.06 OISCHG 
. t 7.36 7 .36  7.35 7 . 3 4  7 a33 7 . 3 2  7.31 7 . 3 0  7 - 2 9  7.21 

' . . .  .J' 111. 23.03  ELEV 1922.76 1522.76  1022.76 1022.75 1022.75 1 2 2 2 . 7 5  1022.74 lC22.74 1022.74 1022.74 
. ~ % ( ' . l a /  24.00  OISCHG . 7 -27  7.27 7 .26  7 .25  7 .24  7 . 2 2  7 -21 7.19 . 7.18 7.:6 

. . . . . . . .  . . , .: 1 : ..: 8 ... . . .  . . . . . . .  . . . . . . - .  . , :> . . 
. . 

. . .  . : . . .  . ;Oc. . . :  - - ' . '' 9 :  :..; ,.. . . . . . . .  . . .  . ..: . . . - .  * 

. ........:,..... . : %  ..I 
. . . . - ., .!. .-. " .. -- . . . .  . . .:. : , (..zD/ . . .  . . . .  i.' .... .: ... ...:.'..I : ,  n; 27.00 ELEV 1022.60  1022.59  1022.59 1022.58  1022.58 1 0 2 2 . 5 8  1022.57 1022.57  1022.56 In22056 . . . . . . . . . . .  . . . 28.00  DISCHG 6 -71 6.70 6 .68  6 - 6 7  6.66 6.6 4 6 . 6 3  6 .61  6 . 6 3  6 .59  

ELLV 1022.55  1022.55  1022.54 1022.54  1022.53 1 0 2 2 . 5 3  1022.53 1322.52 1022.52 lC22.51 
6 -57 6-56  6 .55  6 - 5 5  6.52 6 . 5 0  6 .49  6 .48  6.46 6 -4 5 

E L E V .  l t 2 2 . 5 1  1022.50  1 0 2 2 . 5 0 .  1022 .49  1022.49 1 0 2 2 . 4 9  1022.48 1022.48 1022.47 1922.47 
. . . . . _ . . .  . . 

11 TOTAL UATER* I N  INCHES ON DRAINAGE A R E A =  1 . 2 8 4 8 '  CFS-HRS= 132.67 ACRE-FT= 15.96 

... 
... 

. . . . . . .  RUNOFF CROSS SECTION 55 
... . .  AREAS 0.38  INPUT  RUtJOFF CURVE= 85.0 TIME OF CONCENTRATION= 0.56 .... . . . 

. :  PEAK T IMES PEAK 0 1  SCHARCES PEAK ELEVATIONS .. 
' 1  . . . . . . .  1.1 12 .57  . . . . .  468.741 (RUNOFF) . . . . . . . . .  

, .. ,.. ,- ..-Ti. . . . . . . . . . . .  . - '. . . . . .  . : ... i: 131 1 4 . 4 5  23.937 
.C. . .  - \ . . . . .  (RUNOFF) 
.... . . . . . .  : _ . -  :. I1 . . . l 6 . 6 2  8.226 (RUNOFF) . . . . . . . .  - . . . . . . . . . .  : 8 11 17 .98  8.582 (RUNOFF) ..,. . . . . .  ...... . . . . . . . . .  . . . .  . 1 9 - 1 2  8.285 . .  tRUNOFF)  . . . .  . . . . . .  . . . .  - . 2 0 . 6 3  8.239 (RUNOFF) 

.- 21 06  2 8.323 (RUNOFF) 
22.62  8.304 . . .  (RUNOFF) 

. . - . . 24.33  8.176 . . .  .. (RUNOFF) ... . . . .  . . . . . .  . . . . 
. . TOTAL UATER. I N  INCHES ON DRAINAGE AREA= 2.4539 CFI-HRS= 601.78 ACRE-Ff= 49.73 

. . . . .  . . 
. i SUBROUTINE RESVOR STRUCTURE 4 

I -  . SURFACE ELEVATION= 108.50 

FC ;lo PEAK T IMES PEAK DISCHAR6ES PEAK ELEVATIONS 
$ $1 23.61 16.338 ' 1 215.26 

-. - 5, ,:: 
. . L " T I M E  HYOR~GRAPHI TZERO= 0.00 DELTA T =  0 . l f  ORAlNASE &SEA= 9 - 2 9  

52 0.00 OISCHG 3.00  0.: 3 o 3 - 0 0  9 .20  0.00 J . O C  c.ao 0 .60  3.110 
.i* 0.60 ELE V ' ? * ' t -  - 

1408.SC , 1308.50 1 0 6 8 . 5 C I C 0 8 . 5 9  1C08.5; 1 3 6 8 . 5 6  10C8.5C 1k08.50 1 3 8 . 5 C  1 0 1 ~ 8 . 5 0  . . . .  
( .>& 1.00 DISCHG 9 - 0 0  0.90 0.00 O . G O  0.60 0 . 0 0  O . O E  0 .06  C.00 . C . 3 C  

. . \' 1.09 E L.E V 1338.53 1Gb8.59 lO'l8.53 1U08.50 1008.50 1 1 n a e 5 0  1 0 0 8 . 5 ~  1 ~ ~ 0 8 . 5 0  1 9 8 . 5 5  1 3 5 8 . 5 ~  
2 - 5 0  Q ~ ~ C H G  3.00 U.90 0.00 0.90 0 .00 0.JO O . O C  0 .00 . f? -- 

' Ii- 0.60 
2.00 LLEV lGS8.5C 1008-50  lOE8.50 l J 0 8 . 5 0  1008*1C 1 0 3 8 . 5 0  1008.5E lJC8.5G 1 8  1 0 8 . 5 G  
3 .03  DISCHG r).Oa - 0.00 0.09 0 . 0 0  6.00 0 . 0 0  G o C C  - J.Cb 0.02 C.I.0 

15 

l a  

,# 

24.0 0 ELEV 1022.73  1022.73  1022.73 1 0 2 2 . 7 2  1022.72 , 1 0 2 2 . 7 2  1022.71 1022.71 1022.78 1n22.70 
2 5 - 9 3  DISCHG 7.15 7.13 7 . 1 2  7.10 7.09 7 . 0 7  7.06 7.04 7.03 7rP2 

ELEV 1022.69 1022.69  1022.68 . 1 0 2 2 . 6 8  1022.67 1 3 2 2 . 6 7  1022.66 1022.66  1822.65 1522.65 2 5 . 0 0  
26.00 DISCHG 7 e00  6.99 6 -97 6 . 9 6  6.94 6 . 9 3  6 .91  6 .90  6 -88 6.37 

191 2 6 . 0 0  ELEV 1022.65  1022.64  1022.64 - l a 2 2 1 6 3  1022.63 1 5 2 2 . 6 2  1022.62 1022.61 1022.61 1022.60 
27 .00  DISCHG 6.86  6.84 6 .83  6 . 8 1  , 6.80  6 - 7 0  6.77 6 . 7 6  6 -74 6 .73  



. . .  . . . . .  . . .  . . . . .  .. , . . . .  . . . . . .  . . .  . . . .  . . .  . . . . . . .  . . 
. . 

3 .00  ELEV i o o e . 5 9  i e o e . 5 0  i o c . 8 . s ~ .  isas.so 1 0 ~ 8 . 5 ~  i o o 8 . 5 a  1000.53 1 ~ 0 8 . 5 ~  1 0 0 8 .  1?58 .50  c. 4.00 D I S C H G  0.00 0.06 0.00 9 .00  0 .00  0 .50  0 .00  9.90 0.90 0 . 5 3  
. . 4 .90  ELEV 1008 .53  1 9 0 8 . 5 0  1008.51 1 0 0 8 . 5 0  1008.5U 1G01.50 1008 .50  l i 0 8 . 5 0  19J8.59 1'08.50 

5 .00  D I S C H G  0.00 O . t O  0.00 9 .00  O . O C  0 .00  0.00 O . O t  9 .03  C.5 0 
I- 5 .00  ELEV 1 0 t 8 . 5 1  1308 .50  1CC8.50 10C8.50 1008 .50  1308 .56  1008.5C 1.1C8.53 lGJ8.53 l(rbR.50 

8 6.0C D I S C H G  0 .91  0.06 0.00 0.30 2.06 J 1 3 C  0.06 0.01; C.C5 0.23 
- 

$ 1  
6 . 0 0  ELEV 1308 .50  10G8.50 1008.50 1008 .50  1008.50 1 0 0 8 . 5 0  1098 .5Q 1kC8.50 1098.53 1 0 4 8 . 5 9  
7 - 0 0  D I S C H G  C.03 0 .00  0.00 0.30 0 . O C  0.CO 3 .03  0.00 C.00 2 .30  

4 i l l  7 . 0 0  ELEV 1008 .53  1008 .50  1008.50 1008 .Sa  1008.5C 1308 .50  1008 .50  IcG8.50 1008 .5o  1C09.50 
% y /  8 .50  D I S C H G  OeCJ 0.CO 0.00 0 .30  0.20 C w P G  U - S E  0.06 c .B? g.----- 
Qf ; Y :  8 . 0 0  ELEV 1'008.53 1008 .53  10E8.50 1 0 0 8 . 5 0  1008.50 1 0 0 8 . 5 0  1008 .53  1?08 .50  10@8.5.? 1 9 0 8 . 5 3  

9 - 0 3  D I S C H G  0.39 0.00 0.00 0 . 3 0  0.00 0 . 0 0  0.00 0.00 0.00 0.CO 
. . .  9.0 0 ELEV 1008 .53  1008 .50  1008.50 1 0 0 8 . 5 0  1CC8.50 1 3 0 8 . 5 0  1008 .53  1808.5E 1008.50 1 9 5 8 . 5 0  

. . . . .  10 .00  . D I S C H G  0 .01 0.01 0.02 0.03 0 . 0 3  0 . 0 4  C. 35 C.07 0 0 8  , 0 .12  . . . . .  . . .  .... . . .  10 .30  ELEV 1 3 0 8 . 5 0  1008 .51  1008.51 1008 .51  1008.52 1 0 0 8 . 5 2  1008 .53  1008 .53  1008.54 1108 .55  
. . . . .  . . ' .  . : lo;  11 .00  D I S C H G  0.12 0.14 0.17 0 .21  0 -25  0.3 G 0 .37  0.52 5 .84  7 . 4 3  . . .  . . . .  : . :. ;::. . .': _ . . . . . . . . . .  . ,. _. , i - : . : . :  .? C.!tt/ 1 1 . 0 0  ELEV 1CJ8.56 lC08.57 1058.59 1008 .60  1008 .62  1 0 0 8 . 6 5  1008 .68  1CO8.76 1588.92 1C09.64 

. . . .  . . . . i l l '  12.G0 D I S C H G  16  . C D  16.01 16-02  ' 1 6 . 3 3  1 6 - 0 4  16.C6 16 .17  16.C9 1611')  16 .24  . . . . 
. . i 111 . 1 2 . 0 0  ELEV 1a10 .59  1110 .95  1011.39 1 0 1 1 . 9 1  1012 .49  1'313.11 1013 .74  1P14.40 1914 .95  1P15.16 

' - 1 5 - 0 0  D I S C H G  . 16 .36  16 .44  16.50 1 6 . 5 4  16 -57  1 6 . 6 0  1 6 . 6 2  16.63 16.64 1 6 . 6 5  
L 

. . . .  13 .00  . . . . .  ELEV 1315 .29  1915.38 i015 .44  1015 .49  1015 .53  1 0 1 5 . 5 5  1015 .57  1915 .59  1015 .63  1 0 1 5 . 6 1  - . .  
. *  

./. 
. . 1+.00 O I S C H G  16 .66  16.66 16 -67  1 6 . 6 7  16 -67  1 6 . 6 8  16 .68  16.69 

. . 
1 6 . 6 P T - 6 9  

. . . . . . .  . . .  . . .  ELEV 1015 .62  1015 .62  1015.63 .1015 .63  1015.64 1 0 1 5 . 6 4  1015 .65  1015 .65  1 9 1 5 6 5  lC15.66  
16 .70  1 6 - 7 9  16.70 1 6 - 7 0  16 .70  16.7 0 16 .70  16.69 16 - 6 9  1 6 . 6 9  

. . . . . .  1015 .66  1015 .66  1015.67 - 1 a 5 & 7  1015.67 1015 .67  1015 .66  1015.66 1015 .66  1015 .65  
16.68 16.68 16 -67 1 6 . 6 7  16 e66 1 6 . 6 6  16 .65  16.65 16  -65 1 6 . 6 4  

- 1015.65 1015.64 1015.64 1 0 1 5 . 6 3  1 0 1 5 * 6 3  1 0 1 5 . 6 2  1 0 1 5 . 6 2 2 1 5 . 6 1  1015 .61  1 2 1 5 . 6 9  
.- . 16  -64 16 .63  16 -63 1 6 . 6 2  16 -62  1 6 - 6 1  1 6 - 6 1  16.61 16 .6?  16 .62  

. .  17 .00  ELEV 1 0 1 5 - 6 0  1015 .59  1015.59 1 3 1 5 . 5 8  1015.58 1 0 1 5 . 5 7  1015 .57  1015 .56  1015 .56  l n 1 5 . 5 5  
16 .59  16 .59  16.59 1 6 . 5 8  ' 16.58 1 6 . 5 7  16.57 16.56 1 6 . 5 6  1 6 . 5 6  - 

18 .00  ELEV . 1015 .55  . 1015 .54  1015.54 . 1 0 1 5 . 5 4  1 0 1 5 . 5 3 .  1 0 1 5 . 5 3  1015 .52  1015 .52  1015 .51  1015 .51  ;... 1 6 5 5  : . 16.55 1' 16.54 . .  1 6 - 5 4  . 16 .53  1 6 . 5 3  16 .53  16 .52  16  052  16 .51  
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... . ,. 
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! .  . . . . . . . . . . . . . . . .  24.OG D I S C H G  16 .33  16.33 16.33 1 6 . 3 2  16 - 3 1  1 6 . 3 1  16-SC 16.29 1 6 . 2 9  
. . . . . . . . . . . . . . . . ; . .  . . . . .  . . ELEV 1015.26 1015 .26  1015.25 1 0 1 5 . 2 4  1015.24 1D15.23 1015 .22  1015 .22  l u 1 5 * 2 1  1015.2C 16.28 
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. . . . .  Ill 
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%( 
3 
Qf . , 
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- .  ! 1: 
1 3 3 5  0.16 4 2 0.10 0.00 4.0t  24.00 196.24 12.54 0.09 2.28 1226.51 
1 3 -3  0.16 4 2 0.10 0.00 4 - 1 0  24.OC 8.39 15.18 1923.CO 1.28 5 3 - 5 7  
1 3 SO 0.38 4 2 0.10 0.00 4.CO 24.00 468.74 12.57 O.CO 2.45 1253.53 . . 1~ 1 3 -4 0.38 4 2 0.10 O.OC 4.00 24.00 1 6 - 5 4  23.61 1015.26 1 . 2 3 n . : B  
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1. INTRODUCTION 

T h i s  r e p o r t  is s u b m i t t e d  p u r s u a n t  t o  a g e o t e c h n i c a l  

i n v e s t i g a t i o n  made by t h i s  f i r m  of t h e  s i t e  o f  t h e  

p r o p o s e d  l e v e e  a l i g n m e n t  f o r  Camelback Ranch t o  be  lo- 

c a t e d  s o u t h  o f  N e w  R i v e r  a n d  east  o f  t h e  Agua F r i a  R i v e r  

i n  Mar i copa  Coun ty ,  A r i z o n a .  The o b j e c t  o f  t h i s  i n v e s t i -  

g a t i o n  was t o  e v a l u a t e  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  

s u b s o i l s  u n d e r l y i n g  t h e  s i t e  t o  p r o v i d e  recommenda t ions  

f o r  t h e  d e s i g n  o f  t h e  l e v e e s  a n d  r e l a t e d  e a r t h w o r k .  

2.  PROPOSED CONSTRUCTION 
1 

P r e l i m i n a r y  d e t a ' i l s  o f  t h e  p r o j e c t  were p r o v i d e d  by 

Ashok C. P a t e l ,  P.E., R.L.S., a n d  David  W. D u s t ,  P.E., 

o f  Coe and  Van Loo C o n s u l t i n g  E n g i n e e r s ,  I n c .  I t  is 

u n d e r s t o o d  t h a t  a b o u t  13 ,000  l i n e a r  f e e t  o f  e a r t h e n  

l e v e e s  are p l a n n e d  f o r  t h e  s i t e .  T h e s e  d i k e s  w i l l  p r o -  

v i d e  f l o o d  p r o t e c t i o n  f r o m  b o t h  t h e  N e w  R i v e r  a n d  t h e  

Agua F r i a  R i v e r .  The e x i s t i n g  c h a n n e l  o f  t h e  N e w  R i v e r  

w i l l  b e  widened  t o  a c c e p t  f l o o d  w a t e r s .  

The l e v e e s  w i l l  b e  a b o u t  8 t o  1 0  f e e t  i n  h e i g h t .  I t  is 

p r o p o s e d  t h a t  t h e  r i v e r  s i d e  o f  t h e  embankment b e  'pro- 

t e c t e d  a g a i n s t  e r o s i o n  w i t h  s o i l - c e m e n t  t h a t  w i l l  e x t e n d  

a b o u t  6 t o  8 f e e t  below c h a n n e l  g r a d e .  Where s t a b i l i z e d  

l e v e e  embankments are p l a n n e d ,  2 1 /2:1  ( h o r i z o n t a l  t o  

SERGENT, HAUSKINS & BECKWITH 
I COHSUlUO OFOTFCMWZU EffiHZERS -, - -  ~ ~ ( x . n r m . ~ ~ u ~ . w r r r ~ . w ~ ~ s m . ~ ~ r r s o  
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v e r t i c a l )  s l o p e s  a r e  p l a n n e d  f o r  t h e  l a n d  s i d e  and  a b o u t  

1:l s l o p e s  a r e  p l a n n e d  f o r  t h e  r i v e r  s i d e .  Where 

u n p r o t e c t e d  l e v e e  embankment s e c t i o n s  a r e  p l a n n e d ,  t h e  

u p s t r e a m  and  downstream s l o p e s  w i l l  b o t h  be  3 : l .  

A l e v e e  f r e e b o a r d  o f  5  f e e t  is a n t i c i p a t e d  f o r  t h e  100- 

y e a r  f l o o d .  The 100-year  f l o o d  w i l l  r e s u l t  i n  f l o w s  o f  

a b o u t  95,000 c u b i c  f e e t  p e r  s econd  ( c f s )  i n  t h e  Agua 

F r i a  R i v e r  and  39,000 c i s  i n  t h e  New R i v e r .  S t r e a m  f l o w  

v e l o c i t i e s  a r e  e s t i m a t e d  t o  be  a b o u t  5 1/2 t o  8  1/2 f e e t  

p e r  s e c o n d  ( f p s )  i n  t h e  Agua F r i a  R i v e r  and  6 t o  7 1/2  

f p s  i n  t h e  New R i v e r .  I t  is f u r t h e r  u n d e r s t o o d  t h a t  t h e  

d u r a t i o n  of the1 100-year  f l o o d  i n  t h e  N e w  R i v e r  w i l l  b e  

less  t h a n  s i x  houks.  

Shou ld  d e t a i l s  i n v o l v e d  i n  f i n a l  d e s i g n  v a r y  s i g n i f i -  

c a n t l y  f rom t h o s e  o u t l i n e d  above ,  t h i s  f i r m  s h o u l d  be 

n o t i f i e d  f o r  r e v i e w  and p o s s i b l e  r e v i s i o n  o f  recommen- 

d a t i o n s .  

3. INVESTIGATION 

3.1 S u b s u r f a c e  E x p l o r a t i o n  

Twenty-two e x p l o r a t o r y  b o r i n g s  were d r i l l e d  t o  d e p t h s  o f  

11 t o  26 f e e t  below e x i s t i n g  g r a d e .  A l l  b o r i n g s  were 

d r i l l e d  w i t h  o u r  CME-55 d r i l l  r i g  a d v a n c i n g  G 5/8-inch 

O.D. ho l low s t e m  a u g e r .  S t a n d a r d  p e n e t r a t i o n  t e s t i n g  

; SERGENT. HAUSKlNS & BECKWITH 
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and  open-end d r i v e  s a m p l i n g  were pe r fo rmed  a t  s e l e c t e d  

i n t e r v a l s  i n  t h e  h o r i n g s .  

The r e s u l t s  of t h e  f i e l d  i n v e s t i g a t i o n  a r e  p r e s e n t e d  i n  

Appendix A,  which i n c l u d e s  a  b r i e f  d e s c r i p t i o n  o f  d r i l l -  

i n g  and  s a m p l i n g  equipment  and p r o c e d u r e s ,  a  s i t e  p l a n  

showing t h e  b o r i n g  l o c a t i o n s  and  l o g s  of t h e  t e s t  bo r -  

i n g s .  The f i e l d  i n v e s t i g a t i o n  was s u p e r v i s e d  by Roman 

Y. J a u r e g u i ,  s t a f f  e n g i n e e r  of  t h i s  f i r m .  

3 .2  L a b o r a t o r y  A n a l y s i s  

1 The m o i s t u r e  c o n t e n t  and d r y  d e n s i t y  of  s e l e c t e d  samples  

r e c o v e r e d  were b e t e r m i n e d .  The r e s u l t s  o f  t h e s e  tests 

a r e  shown on t h e  b o r i n g  l o g s  i n  Appendix A. G r a i n - s i z e  

a n a l y s i s ,  A t t e r b e r g  l i m i t s  and  d i r e c t  s h e a r  tests were 

pe r fo rmed  on s e l e c t e d  samples .  The r e s u l t s  of  t h e s e  

tests a r e  p r e s e n t e d  i n  Appendix B. 

4 .  SITE CONDITIONS & GEOTECHNICAL PROFILE 

4 . 1  S i t e  C o n d i t i o n s  

The g e n e r a l  s i t e  a r e a  is r e l a t i v e l y  l e v e l  and  is c u r -  

r e n t l y  f a r m l a n d  c o n s i s t i n g  of  i r r i g a t e d  f i e l d s .  N o  

c r o p s  were p l a n t e d  a t  t h e  t ime  of  o u r  f i e l d  i n v e s t i -  

g a t i o n ,  b u t  i r r i g a t i o n  d i t c h e s  a r e  l o c a t e d  a l o n g  t h e  

f r i n g e s  o f  t h e  i r r i g a t e d  f i e l d s .  The p r o p e r t y  d o e s  

; SERGENT. HAUSKINS L BECKWITH 
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i n c l u d e  some undeve loped  a r e a s  a d j a c e n t  t o  t h e  Agua F r i a  

R i v e r  and  t h e  N e w  R i v e r .  The l a n d  s u r f a c e  g e n e r a l l y  

s l o p e s  toward  t h e  r i v e r  c h a n n e l  i n  t h e s e  a r e a s  and 

c o n t a i n s  a  l i g h t  t o  modera t e  growth o f  g r a s s ,  b r u s h  and  

some s c a t t e r e d  t r e e s .  I t  a p p e a r e d  t h a t  s o m e ' g r a d i n g  had 

t a k e n  p l a c e  i n  t h e  n o r t h e a s t  p o r t i o n  of  t h e  p r o p e r t y  

a l o n g  t h e  banks  of t h e  N e w  R i v e r .  

4.2 G e o t e c h n i c a l  P r o f i l e  

A s  i n d i c a t e d  by t h e  b o r i n g  l o g s ,  t h e  s u b s u r f a c e  p r o f i l e  

can  g e n e r a l l y  be d e s c r i b e d  a s  a  t w o - s t r a t a  s y s t e m  a s  

f o l l o w s :  1 
1 

A .  From t h e  s u r f a c e  t o  a  d e p t h  of  2  t o  5 f e e t ,  s andy  
s i l ts  and sandy  c l a y s  o f  low p l a s t i c i t y  were 
e n c o u n t e r e d .  The p l a s t i c i t y  i n d e x  o f  t h e s e  s o i l s  
v a r i e d  f rom 2  t o  20. The s o i l s  a r e  g e n e r a l l y  
weakly  cemented and  s o f t  t o  m o d e r a t e l y  f i r m  a t  
t h e i r  p r e s e n t  m o i s t u r e  c o n t e n t s .  

B. Benea th  S t r a t u m  A ,  s i l t y  t o  c l a y e y  s a n d s  and  
c l e a n  s a n d s  w i t h  some g r a v e l  were e n c o u n t e r e d  t o  
t h e  f u l l  d e p t h  of  t h e  b o r i n g s .  These  s o i l s  a r e  
medium d e n s e  t o  v e r y  d e n s e  and  a r e  g e n e r a l l y  
weakly  cemented.  

4.3 Groundwater  & S o i l  M o i s t u r e  C o n d i t i o n s  

No f r e e  g roundwa te r  was e n c o u n t e r e d  i n  t h e  b o r i n g s .  

S o i l  m o i s t u r e  c o n t e n t s  v a r i e d  f rom 6 t o  20  p e r c e n t  i n  

S t r a t u m  A and from 2 t o  11 p e r c e n t  i n  S t r a t u m  B. 
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5 .1  A n a l y s i s  o f  R e s u l t s  

A s  i n d i c a t e d  by t h e i r  i n d e x  p r o p e r t i e s ,  t h e  s o i l s  o f  

S t r a t u m  A,  p a r t i c u l a r l y ,  a r e  somewhat m o i s t u r e  s e n s i -  

t i v e .  Assuming a  volume change  on w e t t i n g  of 5 p e r c e n t  

and  a  5-Eoot d e p t h  of  m o i s t u r e  s e n s i t i v e  s o i l s ,  a  s e t -  

t l e m e n t  o f  3 .0  i n c h e s  is c a l c u l a t e d .  I t  is l i k e l y  t h a t  

t h e  v a r i a t i o n  i n  p o t e n t i a l  s e t t l e m e n t  on w e t t i n g  i s  1 t o  

4 i n c h e s ,  and t h a t  d i f f e r e n t i a l  s e t t l e m e n t s  of  2 t o  3 

i n c h e s  c o u l d  o c c u r  o v e r  r e l a t i v e l y  s h o r t  d i s t a n c e s .  

Because  of  t h e  p A t e n t i a 1  f o r  s e t t l e m e n t  and d i f f e r e n t i a l  

s e t t l e m e n t ,  i t  i 4  recommended t h a t  t h e  u p p e r  4 t o  5 f e e t  

o f  n a t i v e  s o i l  be removed and  recompacted  t o  p r e v e n t  

damage t o  t h e  p r o p o s e d  s o i l - c e m e n t  e r o s i o n  p r o t e c t i o n .  

Most of  t h e  sampled  m a t e r i a l s  a r e  a c c e p t a b l e  f o r  u s e  a s  

b a c k f i l l  and s o i l - c e m e n t .  B lend ing  and  mix ing  may b e  

r e q u i r e d  depend ing  on t h e  e x a c t  g r a d a t i o n  o f  m a t e r i a l  

g e n e r a t e d  f o r  embankments. C a r e f u l  s e l e c t i o n  and  some 

b l e n d i n g  w i l l  be  r e q u i r e d  f o r  s e l e c t i o n  of  s o i l s  t o  be  

u s e d  i n  s o i l - c e m e n t .  I t  is a n t i c i p a t e d  t h a t  m a t e r i a l  

c a n  be mixed d u r i n g  g r a d i n g  o p e r a t i o n s ,  a t  t h e  d i s -  

c r e t i o n  of  t h e  r e p r e s e n t a t i v e  of  t h e  g e o t e c h n i c a l  

e n g i n e e r ,  t o  p r o v i d e  h i g h  q u a l i t y  embankments. S i t e  

g r a d i n g ,  embankment d e s i g n  and s o i l - c e m e n t  d e s i g n  cr i -  

t e r i a  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

SERBENT HAUSKNS 81 BECKWITH 
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I t  is recommended t h a t  a l l  v e g e t a t i o n ,  d e b r i s  and t r a s h  

be removed f rom t h e  s i t e .  A t  t h e  d i s c r e t i o n  of  t h e  

r e p r e s e n t a t i v e  o f  t h e  g e o t e c h n i c a l  e n g i n e e r ,  s u r f i c i a l  

d e p o s i t s  of l o o s e  s a n d  and  f i n e r  g r a i n e d  m a t e r i a l s  

s h o u l d  be  o v e r e x c a v a t e d  and  removed f o r  use e l s e w h e r e  on 

t h e  p r o j e c t  s i t e .  I t  a p p e a r s  t h a t  2 t o  4 f e e t  o f  S t r a -  

tum A s o i l s  w i l l  r e q u i r e  o v e r e x c a v a t i o n .  

The u p p e r  6 i n c h e s  o f  exposed  n a t i v e  s o i l s  b e n e a t h  c u t  

s u r f a c e s  s h o u l d  be s c a r i f i e d ,  b r o u g h t  t o  w i t h i n  2 p e r -  

c e n t  o f  t h e  op t ihum m o i s t u r e  c o n t e n t  and  compacted t o  a t  
I 

l e a s t  9 5  p e r c e n t ,  of  maximum d r y  d e n s i t y  a s  d e t e r m i n e d  by 

ASTM D698. 

5 .3  Embankment F i l l  

A l l  f i l l  r e q u i r e d  t o  r a i s e  t h e  l e v e e  u p  t o  d e s i g n  e l e v a -  

t i o n  s h o u l d  be f r e e  o f  e x c e s s i v e  v e g e t a t i o n ,  d e b r i s  and  

o t h e r  d e l e t e r i o u s  m a t e r i a l s ,  and c o n t a i n  no p a r t i c l e s  

l a r g e r  t h a n  6 i n c h e s  i n  d i a m e t e r .  I t  a p p e a r s  t h a t  mos t  

o f  t h e  o n - s i t e  m a t e r i a l s  a r e  a c c e p t a b l e  f o r  u s e  a s  c m -  

banltment f i l l .  

A l l  f i l l  s h o u l d  be compacted t o  a  minimum o f  95 p e r c e n t  

of  maximum d r y  d e n s i t y  a s  d e t e r m i n e d  i n  a c c o r d a n c e  w i t h  

ASTM D698. The m o i s t u r e  c o n t e n t  d u r i n g  compac t ion  

!&I SERGENT, HAUSKINS & BECKWITH 
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s h o u l d  be m a i n t a i n e d  w i t h i n  2 p e r c e n t  o f  optimum mois- 

t u r e  c o n t e n t s .  

5 . 4  T y p i c a l  Levee S e c t i o n s  

Embankment s lopes of 1:l f o r  s o i l - c e m e n t  t r e a t e d  s l o p e s  

and 3 : l  f o r  u n p r o t e c t e d  u p s t r e a m  s l o p e s  a re  p r o p o s e d .  A 

2 1 /2 :1  downstream s l o p e  is p r o p o s e d  f o r  t h e  s o i l - c e m e n t  

p r o t e c t e d  p o r t i o n s  of  t h e  l e v e e s  and  a  3 : l  downstream 

s l o p e  i s  p r o p o s e d  f o r  u n p r o t e c t e d  p o r t i o n s  of  t h e  l e v e e .  

T h r e e  t y p i c a l  c r o s s  s e c t i o n s  were d e v e l o p e d  f o r  a n a l y -  

sis. F i g u r e s  1, 2 and 3 i n  Appendix C i l l u s t r a t e  t y p i c a l  
1 

l e v e e  s e c t i o n s  a l o n g  t h e  N e w  R i v e r ,  t h e  Agua F r i a  R i v e r  
I 

and  t h e  u n p r o t e c t e d  s e c t i o n ,  r e s p e c t i v e l y .  Shown on  

t h e s e  f i g u r e s  a r e  t h e  p r o p o s e d  l e v e e  geome t ry ,  w a t e r  s u r -  

f a c e  e l e v a t i o n s  and f r e e b o a r d ,  t h e  assumed maximum 

p h r e a t i c  s u r f a c e  t h a t  c o u l d  d e v e l o p  i n  t h e  l e v e e  and  t h e  

e x t e n t  o f  recommended o v e r e x c a v a t i o n  o f  n a t i v e  so i l s .  

I t  is n o t e d  t h a t  t h e  l o c a t i o n  of t h e  p h r e a t i c  s u r f a c e  

w i t h i n  t h e  l e v e e  was assumed,  and  is c o n s i d e r e d  v e r y  

c o n s e r v a t i v e .  So i l - cemen t  t y p i c a l l y  h a s  a v e r y  low 

c o e f f i c i e n t  of p e r m e a b i l i t y  r e l a t i v e  t o  t h e  n a t i v e  and  

embankment s o i l s .  Thus,  s e e p a g e  below t h e  s o i l - c e m e n t  

is  a n t i c i p a t e d  p r i o r  t o  s e e p a g e  t h r o u g h  t h e  s o i l - c e m e n t  

s e c t i o n .  The p h r e a t i c  s u r f a c e  would d e v e l o p  l a t e r a l l y  

f rom t h e  r i v e r  and ,  c o n s i d e r i n g  6-hour d u r a t i o n  of  t h e  

100-year  f l o o d r  would l i k e l y  n o t  f u l l y  d e v e l o p  a s  shown 

SERGENT, HAUSKlNS & BECKWITH 
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i n  F i g u r e s  1, 2 and 3 .  F u l l  deve lopment  o f  t h e  p h r e a t i c  

s u r f a c e  shown, c o n s i d e r i n g  t h e  s o i l s  t h a t  w i l l  b e  

u t i l i z e d  i n  c o n s t r u c t i o n ,  would l i k e l y  r e q u i r e  s e v e r a l  

d a y s  t o  d e v e l o p .  

5 .5  Levee S t a b i l i t y  

5 .5 .1  A n a l y s i s  P r o c e d u r e  

The s l o p e  s t a b i l i t y  of t h e  l e v e e  s e c t i o n s  shown i n  

F i g u r e s  1 t h r o u g h  3  were  a n a l y z e d  u s i n g  t h e  compu te r  

p rogram STABL deve loped  by Purdue  U n i v e r s i t y  ( S i e g e l ,  

1975a ,  1975b; L o v e l l ,  Sharma and  C a r p e n t e r ,  1984)  *. 
1 T h i s  p rogram ; ( u p  t o  and  i n c l u d i n g  v e r s i o n  STABL4) 

c o n s i d e r s  a g e n e r a l i z e d  s h e a r  s u r f a c e  u t i l i z i n g  a  

l i m i t i n g  e q u i l i b r i u m  ( s i m p l i f i e d  Janbu  o r  s i m p l i f i e d  

B i s h o p )  method o f  s l i c e s .  I r r e g u l a r  t r i a l  s h e a r  

s u r f a c e s  a r e  g e n e r a t e d  and a n a l y z e d  t o  d e t e r m i n e  t h e  

c r i t i c a l  s h e a r  s u r f a c e .  

I n  t h e  s i m p l i f i e d  Janbu  p r o c e d u r e ,  p a r a l l e l  s i d e  s h e a r  

f o r c e s  a r e  assumed,  and v e r t i c a l  and  h o r i z o n t a l  f o r c e  

e q u i l i b r i u m  of  t h e  i n d i v i d u a l  s l i c e s  a r e  s a t i s f i e d ,  

b u t  o v e r a l l  moment e q u i l i b r i u m  and  moment e q u i l i b r i u m  

o f  t h e  i n d i v i d u a l  s l i c e s  a r e  n o t  s a t i s f i e d .  The com- 

p u t e d  f a c t o r  o f  s a f e t y  is c o n s e r v a t i v e  r e l a t i v e  t o  

more a c c u r a t e  methods s a t i s f y i n g  c o m p l e t e  e q u i l i b r i u m .  

" R e f e r e n c e s  a r e  l i s t e d  a t  end of  r e p o r t .  

I ; SERGENT, HAUSKINS d BECKWITH 

1 COUUIITWII GCOTECmlCU EUOMEAS - - m a w ' .  TUCSON. * L B U X ~ ~ ~ .  L W I ~  FE. SUT ME cm.  EL rkw 



Camelback Ranch Levee Des ign  
Agua F r i a  R i v e r  & New R i v e r  
1 1 3 t h  Avenue & Camelback Road 
Mar icopa  County ,  A r i z o n a  
SHB J o b  N o .  E88-36 

Page 9 

5 .5 .2  S o i l  P a r a m e t e r s  

Based on t h e  d i r e c t  s h e a r  t e s t  r e s u l t s  and o u r  g e n e r a l  

e x p e r i e n c e  w i t h  s i m i l a r  s o i l s ,  t h e  s o i l  s t r e n g t h  

p a r a m e t e r s  and u n i t  w e i g h t s  l i s t e d  i n  T a b l e  1 were 

assumed f o r  t h e  a n a l y s e s .  Because  of  t h e  predomi-  

n a n t l y  g r a n u l a r  n a t u r e  of  t h e  s o i l s ,  t h e  s o i l s  w e r e  

assumed t o  be c o h e s i o n l e s s .  The c o h e s i o n  v a l u e s  

a s s i g n e d  t o  t h e  s o i l - c e m e n t  a r e  r e p r e s e n t a t i v e  o f  

u n i a x i a l  c o m p r e s s i v e  s t r e n g t h s  of  t h i s  m a t e r i a l .  

5 .5 .3  A n a l y s i s  R e s u l t s  
1 

The p e r t i n e n t  r e s u l t s  o f  t h e  s t a b i l i t y  a n a l y s e s  a r e  

l i s t e d  i n  T a b l e  2,  which p r e s e n t s  minimum computed 

s a f e t y  f a c t o r s  f o r  b o t h  r i v e r  and l a n d  s i d e  s l o p e s  f o r  

s e v e r a l  c o n d i t i o n s .  Th ree  c o n d i t i o n s  were c o n s i d e r e d ,  

i n c l u d i n g  end  of  c o n s t r u c t i o n  w i t h o u t  a  p h r e a t i c  s u r -  

f a c e ,  f u l l  deve lopment  o f  t h e  p h r e a t i c  s u r f a c e  and  

sudden  drawdown. 

Of t h e  t h r e e  c o n d i t i o n s  assumed, sudden  drawdown 

s u b s e q u e n t  t o  deve lopment  o f  a  f u l l  p h r e a t i c  s u r f a c e  

r e s u l t s  i n  t h e  minimum computed s a f e t y  f a c t o r  f o r  t h e  

r i v e r  s i d e  of  t h e  embankment. Computed s a f e t y  f a c t o r s  

v a r y  f rom 1 . 3 0  t o  1 . 9 4  f o r  t h e  t h r e e  l e v e e  s e c t i o n s  

a n a l y z e d ,  which e x c e e d  t h e  recommended minimum o f  1 . 2  

f o r  t h i s  c o n d i t i o n .  Fo r  a l l  o t h e r  c o n d i t i o n s ,  com- 

p u t e d  s a f e t y  f a c t o r s  exceeded  1 . 5 ,  i n d i c a t i n g  t h e  

; SERGENT, HAUSIINS d BECKWITH 
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TABLE 1 

S o i l  P a r a m e t e r s  Assumed 
f o r  S t a b i l i t y  A n a l y s e s  

U n i t  Weigh t  F r i c t i o n  
T o t a l  S a t u r a t e d  Angle  Cohes ion  

M a t e r i a l  (pcf ( p c f )  ( d e q r e e s )  ( p s f  ) 

Compact f i l l ,  d r y  115  1 2 5  33 0  

Compact f i l l ,  1 1 5  125  3 1  0  
s a t u r a t e d  

N a t i v e  s a n d ,  d r y  100  108  30 0  

N a t i v e  s a n d ,  100 108  28 0 
s a t u r a t e d  1 

1 
S o i l - c e m e n t ,  d r y  I 130  142  0  5 ,000  

S o i l - c e m e n t ,  130 1 4 2  0  3 ,000  
s a t u r a t e d  
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T y p i c a l  
S e c t i o n  

F i g u r e  1 

F i g u r e  2 

F i g u r e  3  

TABLE 2  

R e s u l t s  o f  S t a b i l i t y  A n a l y s e s  
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F a c t o r  o f  
C o n d i t i o n  S l o p e  S a f e t y  

Case I R i v e r  s i d e  3.71 

Case I1 R i v e r  s i d e  1 . 9 4  

Casc  I11 R i v e r  s i d e  2 .71 

Case I11 Land s i d e  1 . 5 5  

Case  I R i v e r  s i d e  3.56 

Case  I1 R i v e r  s i d e  1.84 
1 Case  I11 R i v e r  s i d e  2.53 

c a s e  ~ I I I  Land s i d e  1 . 5 8  

Case  I R i v e r  s i d e  1 . 9 1  

Case  I1 R i v e r  s i d e  1 . 3 0  

Case  I11 R i v e r  s i d e  1 . 8 0  

Case I11 Land s i d e  1 .82  

N o t e :  Case  I - End o f  c o n s t r u c t i o n .  

Case  I1 - F u l l  p h r e a t i c  s u r f a c e  s u b j e c t  t o  sudden  
drawdown. 

Case I11 - F u l l  p h r e a t i c  s u r f a c e  a t  f l o o d  s t a g e .  
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l e v e e s  s h o u l d  n o t  be s u b j e c t  t o  s l o p e  s t a b i l i t y  p r o -  

b lems  once  c o n s t r u c t e d .  

5 .6  S e t t l e m e n t  A n a l y s i s  

The s e t t l e m e n t  o f  t h e  Agua F r i a  l e v e e  s e c t i o n  was 

e s t i m a t e d  t o  d e t e r m i n e  i f  t h e  p o t e n t i a l  s e t t l e m e n t  o f  

t h e  l e v e e s  w i l l  impac t  t h e  p e r f o r m a n c e  o f  t h e  l e v e e s .  

The s e t t l e m e n t  e s t i m a t e  was b a s e d  on  t h e  f o l l o w i n g  

a s s u m p t i o n s  o r  p r o c e d u r e s :  

The d e p t h  t o  a n  i n c o m p r e s s i b l e  l a y e r  is 30 f e e t .  
1 

O The a v e r a g e ,  s t a n d a r d  p e n e t r a t i o n  t e s t  (SPT) blow 
c o u n t  is 20 b,lows p e r  f o o t .  

O Defo rma t ion  modulus  is  r e l a t e d  t o  SPT blow c o u n t  
a s  d e s c r i b e d  by Schmertman (Wrench and  Nowatzki ,  
1 9 8 6 ) .  

O Ver t i ca l  stress due  t o  embankment l o a d i n g  was 
d e t e r m i n e d  u s i n g  t h e  i n f l u e n c e  c h a r t  o f  O s t e r b e r g  
( 1 9 5 7 ) .  

P o i s s o n ' s  r a t i o  f o r  t h e  f o u n d a t i o n  s o i l s  is 0.35. 

O S i n c e  t h e  f i n e r  g r a i n e d  m a t e r i a l  w i l l  b e  o v e r -  
e x c a v a t e d ,  c o n s o l i d a t i o n  s e t t l e m e n t s  a r e  i g n o r e d .  

The r e s u l t s  o f  s e t t l e m e n t  a n a l y s i s  a re  shown as a 

s e t t l e m e n t  p r o f i l e  i n  F i g u r e  4 i n  Appendix C. 

A l e v e e  h a v i n g  a  maximum h e i g h t  o f  9  f e e t  was assumed,  

r e s u l t i n g  i n  a maximum embankment l o a d  o f  1 , 1 2 5  pounds 

p e r  s q u a r e  f o o t  ( p s f  ) . F o r  t h i s  l o a d i n g ,  a maximum 
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s e t t l e m e n t  of 0.28 i n c h  o c c u r r i n g  below t h e  m i d p o i n t  o f  

t h e  c re s t  was computed.  A s  shown on F i g u r e  4 ,  e s t i m a t e d  

maximum and  d i f f e r e n t i a l  s e t t l e m e n t s  a r e  a n t i c i p a t e d  t o  

be  s m a l l .  I t  is f u r t h e r  e x p e c t e d  t h a t  t h e  ma jo r  compo- ' 

n e n t  of  t h e  s e t t l e m e n t  w i l l  o c c u r  d u r i n g  c o n s t r u c t i o n ,  

s i n c e  t h e  p r e d o m i n a n t l y  g r a n u l a r  f o u n d a t i o n  s o i l s  a r e  

n o t  s u b j e c t  t o  long- te rm c o n s o l i d a t i o n  s e t t l e m e n t s .  

5.7 E r o s i o n  P r o t e c t i o n  

5 .7 .1  P r o t e c t i o n  A l t e r n a t i v e s  

L S e v e r a l  a l t e r n  t i v e s  f o r  e r o s i o n  p r o t e c t i o n  a r e  
1 

p o s s i b l e ,  i n c l u d i n g  g a b i o n s ,  p l a c e d  r i p r a p  and s o i l -  

cement .  Gabions and r i p r a p  would r e q u i r e  a  g r a d e d  

r o c k - f i l l  h a v i n g  a  mean p a r t i c l e  s i z e  i n  t h e  r ange  o f  

3 t o  5 i n c h e s .  S o u r c e s  of  a  s i g n i f i c a n t  q u a n t i t y  o f  

t h i s  t y p e  of  a g g r e g a t e  w i t h i n  5 m i l e s  of  t h e  p r o j e c t  

s i t e  a r e  l i m i t e d .  Both t h e  h a u l  d i s t a n c e  and t h e  

g r a d i n g  r e s t r i c t i o n  i n c r e a s e  t h e  c o s t  of  t h e s e  op- 

t i o n s .  Placement  of  t h e  r o c k - f i l l  on a  2:l or 3:l 

s l o p e  would a l s o  be d i f f i c u l t ,  u n l e s s  a  l a r g e  h o r i -  

z o n t a l  t h i c k n e s s  were  used .  C o n s i d e r i n g  t h e  t o t a l  

l e n g t h  of t h e  d i k e  and  t h e  above  f a c t o r s ,  t h e s e  

a l t e r n a t i v e s  a r e  n o t  recommended. 

Soi l -Cement  

Soi l -cement  is recommended f o r  e r o s i o n  p r o t e c t i o n  on 
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t h e  r i v e r  s l o p e  of  t h e  l e v e e s .  The n a t i v e  s o i l s  o f  

S t r a t u m  B t y p i c a l l y  c o n t a i n  10  t o  30 p e r c e n t  m a t e r i a l  

f i n e r  t h a n  t h e  no. 200 s i e v e ,  and have  a  maximum 

p a r t i c l e  s i z e  o f  1/2 i n c h  o r  less. The s o i l - c e m e n t  

p r o t e c t i o n  s h o u l d  be  c o n s t r u c t e d  i n  6- t o  8 - inch  l i f t s  ' 

w i t h  a  minimum h o r i z o n t a l  w i d t h  o f  8  f e e t .  

Fo r  e s t i m a t i n g  p u r p o s e s r  t h e  cement  c o n t e n t  o f  s o i l -  

cement  s h o u l d  be 1 2  p e r c e n t .  The e x a c t  cement  c o n t e n t  

s h o u l d  be d e t e r m i n e d  i n  a c c o r d a n c e  w i t h  ASTM D558, 

D559 and D560 u s i n g  t h e  o n - s i t e  s o i l  t h a t  w i l l  be  u s e d  

f o r  t h e  s o i l - c e m e n t  t r e a t m e n t .  S h r i n k a g e  c r a c k s  and  

some m a i n t e n a k c e  s h o u l d  be e x p e c t e d  w i t h  s o i l - c e m e n t  
I 

e r o s i o n  p r o t e c t i o n .  

5 .8  Temporary S l o p e s  Dur ing  C o n s t r u c t i o n  

Temporary s l o p e s  d u r i n g  c o n s t r u c t i o n  w i l l  depend upon 

t h e  s o i l s  u s e d  t o  c o n s t r u c t  t h e  l e v e e s  and t h e  n a t i v e  

s o i l s  e n c o u n t e r e d  d u r i n g  e x c a v a t i o n .  S o i l s  w i t h  f i n e s  

c o n t e n t s  on t h e  o r d e r  o f  20 p e r c e n t  o r  more p r o b a b l y  

w i l l  s t a n d  a t  a s l o p e  of  1:l. For  t h e  c l e a n e r  s a n d s ,  a 

t empora ry  a l l o w a b l e  c u t  s l o p e  of 1 1/4:1 t o  1 1/2:1 w i l l  

b e  r e q u i r e d  t o  p r e v e n t  s l u m p i n g  o r  s l o u g h i n g  of  l e v e e  

m a t e r i a l s  b e f o r e  t h e  s o i l - c e m e n t  s e c t i o n  c a n  be con-  

s t r u c t e d .  The c o n s t r u c t i o n  of  t h e  s o i l - c e m e n t  s e c t i o n ,  

and e s t i m a t e s  of t h e  q u a n t i t y  of s o i l - c e m e n t  r e q u i r e d ,  

s h o u l d  c o n s i d e r  t h a t  t empora ry  s l o p e s  o f  1 1 / 4 : 1  t o  1 

1/2 :1  may be r e q u i r e d .  
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TEST DRILLING EQUIPMENT & PROCEDURES 

D r i l l i n g  Equipment Truck-mounted CME-55 d r i l l .  r i g s  powered w i t h  4  o r  6 
c y l i n d e r  Ford i n d u s t r i a l  engines  a r e  used i n  advancing t e s t  bor ings .  The 
4  c y l i n d e r  and 6  c y l i n d e r  eng ines  a r e  c a p a b l e  of d e l i v e r i n g  abou t  4,350 
and 6,500 foot /pounds to rque  t o  t h e  d r i l l  s p i n d l e ,  r e s p e c t i v e l y .  The 
s p i n d l e  i s  advanced w i t h  twin h y d r a u l i c  rams capab le  of e x e r t i n g  12,000 
pounds downward f o r c e .  D r i l l i n g  through s o i l  o r  s o f t e r  rock  i s  performed 
w i t h  6 112 O.D., 3 114 I . D .  hollow stem auger o r  4 112 inch  con t inuous  

' f l i g h t  auger .  Carbide  i n s e r t  t e e t h  a r e  normally used on t h e  auger  b i t s  
so  t h e y  can o f t e n  p e n e t r a t e  rock  o r  v e r y  s t r o n g l y  cemented s o i l s  which 
r e q u i r e  b l a s t i n g  o r  v e r y  heavy equipment f o r  excava t ion .  Where r e f u s a l  
i s  exper ienced i n  auger d r i l l i n g ,  t h e  h o l e s  a r e  sometimes advanced w i t h  
t r i c o n e  gear  b i t s  and NX rods  u s i n g  w a t e r  o r  a i r  as a  d r i l l i n g  f l u i d .  
Where auger and t r i c o n e  gear  b i t s  cannot be used t o  advance t h e  h o l e  due , 

t o  cobb les  o r  caving c o n d i t i o n s ,  t h e  ODEX (overburden d r i l l i n g  w i t h  t h e  
e c c e n t r i c  method) i s  used. A p e r c u s s i o n  down- the-hole hammer underreams 
t h e  h o l e  and 5 i n c h  s t e e l  c a s i n g  i s  i n t r o d u c e d  i n t o  t h e  h o l e  d u r i n g  d r i l l -  
ing .  The d r i l l  b i t  i s  e c c e n t r i c  and can be removed from the c e n t e r  of 
t h e  c a s i n g  t o  a l l o w  sampling of t h e  m a t e r i a l  below t h e  b i t  p e n e t r a t i o n  
depth .  

Sampling Procedures  Dynamically d r i v e n  t u b e  samples a r e  u s u a l l y  o b t a i n e d  
a t  s e l e c t e d  i n t e r v a l s  i n  t h e  b o r i n g s  by t h e  ASTM Dl586 procedure.  I n  
many c a s e s ,  2" O.D., 1 318" I . D .  ~ a & ~ l e r - s  a r e  used t o  o b t a i n  t h e  s t a n d a r d  
p e n e t r a t i o n  r e s i s t a n c e .  "Undisturbed" samples of f i r m e r  s o i l s  a r e  o f t e n  
o b t a i n e d  wi th  3" O.D. Sam l e r s  l i n e d  w i t h  2.42" I .D .  b r a s s  r i n g s .  The P 
d r i v i n g  energy is  g e n e r a l l y  recorded a s  t h e  number o f  blows of a  140 pound 
30 inch f r e e  f a l l  drop h a h e r  r e q u i r e d  t o  advance the  samplers  i n  6 i n c h  
inc rements .  However, i n  s ; r a t  i f i e d  s o i l s ,  d r i v i n g  r e s i s t a n c e  i s  sometimes 
recorded i n  2  o r  3 inch  increments  so  t h a t  s o i l  changes and t h e  p resence  
of s c a t t e r e d  g r a v e l  o r  cemented l a y e r s  can be r e a d i l y  d e t e c t e d  and t h e  
r e a l i s t i c  p e n e t r a t i o n  v a l u e s  ob ta ined  f o r  c o n s i d e r a t i o n  i n  des ign.  These 
va lues  a r e  expressed  i n  blows p e r  f o o t  on t h e  l o g s .  "Undisturbed" Sam- 
p l i n g  o f  s o f t e r  s o i l s  i s  sometimes performed w i t h  t h i n  wal led Shelby tubes  
(ASTM D1587). Where samples of rock  a r e  r e q u i r e d ,  t h e y  a r e  o b t a i n e d  'by NX 
diamond core  d r i l l i n g  (ASTM D2113). Tube samples a r e  l a b e l e d  and p laced  
i n  w a t e r t i g h t  c o n t a i n e r s  t o  m a i n t a i n  f i e l d  m o i s t u r e  c o n t e n t s  f o r  t e s t i n g .  
When n e c e s s a r y  f o r  t e s t i n g ,  l a r g e r  bulk samples a r e  t aken  from auger c u t t -  
i n g s .  

Continuous P e n e t r a t i o n  T e s t s  Continuous p e n e t r a t i o n  t e s t s  a r e  performed 
by d r i v i n g  a  2" O.D. b l u n t  nosed penetrometer  a d j a c e n t  t o  o r  i n  t h e  bot-  
tom of bor ings .  The penetrometer  is  a t t a c h e d  t o  1 5/8" O.D. d r i l l  rods  
t o  p r o v i d e  c l e a r a n c e  t o  minimize s i d e  f r i c t i o n  s o  t h a t  p e n e t r a t i o n  v a l u e s  
a r e  a s  n e a r l y  a s  p o s s i b l e  a  measure of end r e s i s t a n c e .  P e n e t r a t i o n  v a l u e s  
a r e  recorded  as  t h e  number o f  blows of a 140 pound 30 i n c h  f r e e  f a l l  drop 
harmer r e q u i r e d  t o  advance the  penetrometer  i n  one f o o t  increments  o r  
l e s s .  

Boring Records D r i l l i n g  o p e r a t i o n s  a r e  d i r e c t e d  by our  f i e l d  e n g i n e e r  o r  
g e o l o g i s t  who examines s o i l  recovery and p repares  b o r i n g  logs .  S o i l s  a r e  - .  

v i s u a l l y  c l a s s i f i e d  i n  accordance w i t h  t h e  Uni f i ed  S o i l  C l a s s i f i c a t i o n  
System (ASTM D2487) wi th  a p p r o p r i a t e  group symbols being shown on t h e  
logs .  
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UNIFIED SOlL CLASSIFICATION S Y S T E M  
Soils are v isual ly  c lass i f ied  by  the Un i f ied  Soil Classi f icat ion system on the boring logs presented in this report. 

Grain-size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classif ication. 
The c lassi f icat ion system i s  br ief ly  outl ined on th is  chart. For a more detai led description of the system,see "The 
Uni f ied Soil Classi f icat ion System" Corp of Engineers, US Army Technical Memorandum No. 3-357 (Revised Apr i l  
1960) or ASTM Designation: D2487-66T. 

TYPICAL NAMES 

Well qraded gravels, gravel-sand mixtures, 
or sand-gravel-cobble mixtures. 

Poorly graded gravels. gravelsand mix- 
tures, or sandgravelcobble mixtures. 

Silty gravels, gravel-sand-silt mixtures. 

Clayey gravels, gravel-sand-clay mixtures. 

Well graded sands, gravelly sands. 

Poorly graded sands. gravelly sands. 
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SYMBOL SYMBOL 
''--..+, - 

CLEAN GRAVELS :. ..-:.. Gw 
o*:o :? 

(Less than 5 %  passes No. 200 sieve) 

Gp p . . . . , . . . : ;.:....a: 

plot t ing in the hatched zone on the p las t ic i ty  chart to have double symbol. 

PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS 

SOIL COMPONENT PARTICLE SIZE RANGE 

Cobbles Above 3 in. 
Gravel 3 in. to No. 4 sieve 

Coarse gravel 3 in. to % in. 
Fine gravel % in. to No. 4 sieve 

Sand No. 4 to No. 200 
Coarse No. 4 to No. 10 
Medium No. 10 to No. 40 
Fine No. 40 to No. 200 

Fines (s i l t  or clay) Below No. 200 sieve 

0 10 20 30 40 50 60 70 80 90 100 

LIQUID LIMIT 

w g a  
5 :: 
a c 
zi 5 
zg 

L - 
a 53 
m Q Y  U 

g s f l c  
J d403 
w '2' 

EPEZ 
2 d  

GRAVELS WITH 
FINES 

(More than 12 X 
passes NO. 200 sieve) 

SANDS WITH 
FINES 

(More than 12 X passes 
No. 200 sieve) 

Limits plot below @ 
"A*' line & hatched zone GM 

on plasticity chart 

"A" line & hatched zone 
Limits plot above 

G C  
on plasticity chart 

Limits plot below o o 
"A" line & hatched zone o : SM Silty sands. sand-silt mixtures. 

on plasticity chart 

- Limits plot above 
"A" line & hatched zone Clayey sands, sand-clay mixtures. 

on plasticity chart --- 
SILTS OF LOW PL~STICITY silts, clayey s i l ts  with slight 
(Liquid Limit Lesg Than 50) 

.-L+ 

SILTS OF HIGH PLASTICITY Inorganic si Its, micaceous or diatoma- 
(Liquid Limit More Than 50) M H  ceous silty soils. elastic silts. 

CLAYS OF LOW PLASTICITY lnorganic clays of low to medium plas- 
C L  ticity, gravelly clays, sandy clays, si l ty 

(Liquid Limit Less Than 50) clays, lean clays. . 
CLAYS OF HIGH PLASTICITY Inorganic clays of high plasticity. fat 
(Liquid Limit More Than 50) CH' clays, sandy clays of high plasticity. 

grained soi ls  wi th between 5% & 12% passing the No. 200 sieve and f ine grained so i ls  w i th  l im i ts  

Zg8 6 %  

CLEAN SANDS 

(Less than 5 %  passes No. 200 seive) 
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TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY, 
CONSISTENCY OR FIRMNESS OF SOILS 

The t e r m i n o l o g y  u s e d  on  t h e  b o r i n g  l o g s  t o  d e s c r i b e  t h e  
r e l a t i v e  d e n s i t y ,  c o n s i s t e n c y  o r  f i r m n e s s  of s o i l s  r e l a t i v e  
t o  t h e  s t a n d a r d  p e n e t r a t i o n  r e s i s t a n c e  i s  p r e s e n t e d  below. 
The s t a n d a r d  p e n e t r a t i o n  r e s i s t a n c e  (N) i n  blows p e r  f o o t  i s  
o b t a i n e d  by t h e  ASTM Dl586 p r o c e d u r e  u s i n g  2" O . D . ,  1 3/8" 
I . D .  s a m p l e r s .  

1. R e l a t i v e  D e n s i t y .  Terms f o r  d e s c r i p t i o n  of ' r e l a t i v e  
d e n s i t y  of c o h e s i o n l e s s ,  uncemented s a n d s  and sand-  
g r a v e l -  m i x t u r e s .  

R e l a t i v e  D e n s i t y  
Very  l o o s e  
~ o o s e  
Medium d e n s e  
Dense 
Very  dense  

2 .  R e l a t i v e  C o n s i s t e n c y .  Terms f o r  d e s c r i p t i o n  oE c l a y s  
which a r e  s a t u r a t e d  o r  n e a r  s a t u r a t i o n .  

N R e l a t i v e  C o n s i s t e n c y  Remarks 

0-2 Very s o f t  
1 

3 -4 Soft ,  
I 

5-8 Medium s t i f f  

9-15 S t i f f  

16-30 Very  s t i f f  

30+ Hard 

E a s i l y  p e n e t r a t e d  s e v -  
e r a l  i n c h e s  w i t h  f i s t .  
E a s i l y  p e n e t r a t e d  s e v -  
e r a l  i n c h e s  w i t h  thumb. 
Can be  p e n e t r a t e d  s e v -  
e r a l  i n c h e s  w i t h  thumb 
w i t h  modera t e  e f f o r t .  
R e a d i l y  i n d e n t e d  w i t h  
thumb, b u t  p e n e t r a t e d  
o n l y  w i t h  g r e a t  e f f o r t .  
R e a d i l y  i n d e n t e d  w i t h  
t humbna i l .  
I n d e n t e d  o n l y  w i t h  d i f -  
f i c u l t y  by thumbna i l .  

3.  R e l a t i v e  F i rmness .  Terms f o r  d e s c r i p t i o n  of p a r t i a l l y  
s a t u r a t e d  and /o r  cemented s o i l s  which commonly o c c u r  i n  
t h e  Sou thwes t  i n c l u d i n g  c l a y s ,  cemented g r a n u l a r  mate-  
r i a l s ,  s i l t s  and s i l t y  and c l a y e y  g r a n u l a r  s o i l s .  

R e l a t i v e  F i rmness  
Very s o f t  
S o f t  
Modera t e ly  f i r m  
F i  rm 
Very f i r m  
Hard 

I 
- I SERGENT, HAUSKINS & BECKWITH 

-@I - - WOENIX.  CONSULTINO ALEUOUEROUE GTOTECI IN ICAL . SANlA FE . LNGINCERS SAU LARE Cl lV 
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SITE PLAN 
SHOWING LOCATIONS OF TEST BORINGS 

Reference Drawinq: "Camelback Ranch 
A.L.T.A." by Coe & Van LOO Consulting camelback Ranch Levee ~~~i~~ 
Engineers, Inc., dated 9/14/87 Agua Fria River & New River 

113th Avenue & Camelback Road 
Maricopa County, Arizona 
SHB Job No. E88-36 

SERGENT, HAUSKINS 8 BECKWITH 
-W MOTE- E W E *  

- . - . - - . s u n ~ ~ ~ s u ~ M ' I n - n v A X )  
- 1 -  



u GROUNDWATER SAMPLE TYPE 

A - Auger cuttings. B - B I O C ~  sampIe SERGENT, HAUSKINS a BECKWITH A-5 
none " O.D. 1.38" I.D. tube sample. 

" O.D. 2.42" I.D. tube sample. c u e u r n  acorrD.rca CHIMC- - ,- - , . ~ ~ . - - . ~ A I c . L U l l L l L m . n P * ) I )  
" O.D. thin-wellad Shelby tub*. 





1.h 

Camelback Ranch 
PROJECT Levee Desisn LOO OF TEST BORING ~ 0 . 3 ,  

fine to medium grained, 
subangular, nonplastic, 

note: trace of cobbles 
from 21'6" to 23' 

-- 

gravel, predominantly 
fine to medium grained, 
subangular to subround- 
ed, weakly to moderate1 
lime cemented, low plas 
ticity, reddish brown 

Auger refused at 25'6" 
on gravel & cobbles 







d . .  

Camelback Ranch 
PROJECT Levee Design LOG OF TEST BORING  NO.^ 
JOBNO, E88-36 DATE 2-15-88 - RIG TYPE CME-55 

-.- O 3 
,= .- 
2 :  .- 2 
Z u  

BORING TYPE 6 5/8" Hollow Stem Auqer 
SURFACE ELEV. 1035 k 

- 3 
g ?  

y ;  
6 .- .. 
o o 
za 

DATUM 

REMARKS 

-5 
.=,? 
C .  

d 5 
h~ 

Plan & Profile 

VISUAL CLASSIFICATION 

SANDY CLAY, low plas- 
ticity, brown 

SAND, considerable 
silt, well graded, sub- 
angular, nonplastic, , 
brown --- - 
SILTY SAND, some clay & 
gravel, predominantly 
fine to medium grained, 
subangular, weakly lime 
cemented, low plastici- 
ty , brown 

____- _______-- -- -- 
Stopped auger at 9'6" 
Stopped sampler at 11' 
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Camelback Ranch 
LOO OF TEST BORING N O . 7  

SAND, some gravel & 
silt, predominantly 
fine to medium grained, 
subangular to subround- 
ed, nonplastic, brown 

---- 

Stopped auger at 19'6" 
Sampler refused at 19'8" 

COYIUlYO OLOTICYECIL LNOMEW - , - - Y x . I I I C ~ . - ~ . ~ ~ r e . ~ t ~ e ~ . n ~ ~  









t.b 

Camelback Ranch 

PROJECT Levee Design LOG OF TEST BORING NO. 11 
JOBNO. E88-36 DATE 2-16-88 - . RIG T Y P E  CME-55 

- .- 5 

?: 
2 :  .- c l! 

BORING T Y P E  6 5/8" Hollow Stem Auqer - 3 
: 5 
;a 0 - 
; 

f; 
'i ; 

SURFACE E L E v .  
DATUM 

REMARKS 

1028'+ 
Plan & Profile 

VISUAL CLASSIFICATION 

SILTY SAND, predominant- 
ly fine grained, sub- 
angular, nonplastic, 
brown 

SAND, trace of silt & 

fine grained gravel, ,, 

predominantly fine to 
medium grained, sub- 
angular, nonplastic, 
light brown 

SAND, considerable 
gravel, trace of silt, 
well graded, subangular, 
nonplastic, light brown 

Auger refused at 16' 
on gravel 
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SAMPLE T Y P E  
I SERGENT, HAUSKINS 8 BECKWITH 
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<~.h 

Camelback Ranch 
PROJECT Levee Design LOG OF TEST BORING  NO.,^, 

SILTY SAND, predominant- 
ly fine to medium grain- 
ed, subangular, nonplas- 

SAND, some silt, pre- 
dominantly medium to 

t r a c e  of gravel  



u G R O U N D W A T E R  SAMPLE T Y P E  
A - Auger cuttings. 6 - 6 lock  sample :@! SERGENl', I-bWSKINS d BECKWiiH A 

2" O.D. 1.38" 1.0. tube sample. 
3" 0.D. 2.42" I.D. tube sample. . I ( X I ( ~ T H O  a c o n c w m  ~ H ~ M E R I  - I - - N X . W I V C U ~ . ~ R ( * I C . Z W ~ ~ ~ C . S * L I L L ~ ~ ~ ~ ~ . ~ P ~ ,  3" 0.0. thin-welled Shelby tube. 









t'h 

Camelback Ranch 
PROJECT Levee Design LOG OF TEST BORING NO.& 

medium dense 
to very dense 

light brown 

note: some gravel at  
8 '  & considerable grav.- 
el at 12'6" 

DOIEIUIM aconcmcu C M M L ~  
-III.~TXI(.-DM.W(IAII.YLILU~~.RPUO 





u GROUNDWATER SAMPLE TYPE 
A - Auger cuttings. 8 - B I O C ~  sarnpIm SERGENT, HlUSKlNS & BECKWITH 

none s - 2" 0.0. 1.3a1* I.D. tube S O ~ P I O .  

I 
A " - 3" O.D. 2.42" I.D. tube sample. 1 - ' - ' - U I . ~ ~ . - I * M I * M Y * ~ A F ~ I Y L I L U S ~ ~ ~ R C U O  

~ S U N ( I  O € O T E ~ . ~ T C I  IMmeE(P  

T - 3'' O.D. thin-wallmd Shelby tuba. 
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Camelback Ranch 
PROJECT Levee Design LOG OF TEST BORING NO. 20 
JOB NO. E88-36 DATE 2-17-88 

CME-55 

SILTY SAND, trace of 

firm to mod- gravel, predominantly fine to medium grained, 

SAND, trace of silt, ' 

predominantly fine to 
medium grained, sub- 

medium dense angular, nonplastic, 

SILTY SAND, considerabl 
gravel, poorly graded, 
subangular, weakly lime 
cemented, nonplastic to 

Stopped sampler at 21' 

A - Auger cuttings. B - Block sample 





<I. 

Camelback Ranch 

PROJECT Levee Design LOG OF TEST BORING N O . 2 2 .  

CME-55 
6 5/8" Hollow Stem Auger 

SANDY CLAY, low to me- 
dium plasticity, brown 

.tic, light brown ------ 
SILTY CLAY, some sand, 
weakly lime cemented, 

Stopped sampler at 11' 



SLRGENT, HAUSKlNS L BECKWITH 
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LABORATORY TESTING PROCEDURES 

C o n s o l i d a t i o n  T e s t s  S o i l t e s t  o r  C lockhouse  a p p a r a t u s  of t h e  ' 

" f l o a t i n g - r i n g "  t y p e  a r e  employed f o r  t h e  o n e - d i m e n s i o n a l  
c o n s o l i d a t i o n  t e s t s .  They a r e  d e s i g n e d  t o  r e c e i v e  one i n c h  
h i g h  2.5 i n c h  O . D .  b r a s s  l i n e r  r i n g s  w i t h  s o i l  spec imens  a s  
s e c u r e d  i n  t h e  f i e l d .  P r o c e d u r e s  f o r  t h e  t e s t s  g e n e r a l l y  
a r e  t h o s e  o u t l i n e d  i n  ASTM D2435. Loads a r e  a p p l i e d  i n  s e v -  
e r a l  i n c r e m e n t s  t o  t h e  upper  s u r f a c e  of  t h e  t e s t  spec imen 
and t h e  r e s u l t i n g  d e f o r m a t i o n s  a r e  r e c o r d e d  a t  s e l e c t e d  t i m e  
i n t e r v a l s  f o r  each  i n c r e m e n t .  For s o i l s  which a r e  e s s e n -  

. t i a l l y  s a t u r a t e d ,  e a c h  i n c r e m e n t  of l o a d  i s  m a i n t a i n e d  u n t i l  
t h e  d e f o r m a t i o n  v e r s u s  l o g  of  t i m e  c u r v e  i n d i c a t e s  comple- 
t i o n  of p r i m a r y  c o n s o l i d a t i o n .  For  p a r t i a l l y  s a t u r a t e d  
s o i l s ,  e a c h  inc remen t  of l o a d  i s  m a i n t a i n e d  u n t i l  t h e  r a t e  
of d e f o r m a t i o n  i s  e q u a l  o r  l e s s  t h a n  1 /10 ,000  i n c h :  p e r  
hour .  A p p l i e d  l o a d s  a r e  s u c h  t h a t  each  new i n c r e m e n t  i s  
e q u a l  t o  t h e  t o t a l  p r e v i o u s l y  a p p l i e d  l o a d i n g .  Po rous  
s t o n e s  a r e  p l a c e d  i n  c o n t a c t  w i t h  t h e  t o p  and bot tom of t h e  
spec imens  t o  p e r m i t  f r e e  a d d i t i o n  o r  e x p u l s i o n  of w a t e r .  
For  p a r t i a l l y  s a t u r a t e d  s o i l s ,  t h e  t e s t s  a r e  n o r m a l l y  p e r -  
formed a t  i n  s i t u  m o i s t u r e  c o n d i t i o n s  u n t i l  c o n s o l i d a t i o n  i s  
comple t e  under  s t r e s s e s  a p p r o x i m a t e l y  e q u a l  t o  t h o s e  which 
w i l l  be imposed by t h e  combined ove rbu rden  and f o u n d a t i o n  
l o a d s .  The samples  a r e  t h e n  submerged t o  show t h e  e f f e c t  oE 
m o i s t u r e  i n c r e a s e  and t h e  t e s t s  c o n t i n u e d  under h i g h e r  l o a d -  
i n g s .  G e n e r a l l y ,  t h e  t e s t s  a r e  c o n t i n u e d  t o  abou t  t w i c e  t h e  
a n t i c i p a t e d  c u r v e  due t o  o v e r b u r d e n  and s t r u c t u r a l  l o a d s  
w i t h  a  rebound c u r b e  t h e n  b e i n g  e s t a b l i s h e d  by r e l e a s i n g  
l o a d s .  ! 

I 

Expans ion  T e s t s  The same t y p e  of  c o n s o l i d o m e t e r  a p p a r a t u s  
d e s c r i b e d  above  i s  used  i n  e x p a n s i o n  t e s t i n g .  U n d i s t u r b e d  
samples  c o n t a i n e d  i n  b r a s s  l i n e r  r i n g s  a r e  p l a c e d  i n  t h e  
c o n s o l i d o m e t e r s ,  s u b j e c t e d  t o  a p p r o p r i a t e  s u r c h a r g e  l o a d s  
and  submerged. The l o a d s  a r e  m a i n t a i n e d  u n t i l  t h e  e x p a n s i o n  
v e r s u s  l o g  of t ime  c u r v e  i n d i c a t e s  t h e  c o m p l e t i o n  of 
I fpr  i m a r y  s w e l l f f .  

D i r e c t  S h e a r  T e s t s  D i r e c t  s h e a r  t e s t s  a r e  run  u s i n g  a  
C lockhouse  o r  S o i l  t e s t  a p p a r a t u s  of t h e  s t r a i n -  c o n t r o l  of 
a p p r o x i m a t e l y  0 .05 i n c h e s  p e r  minu te .  The machine  i s  de-  
s i g n e d  t o  r e c e i v e  one of t h e  one  i n c h  h igh  2 . 4 2  i n c h  
d i a m e t e r  spec imens  o b t a i n e d  by t u b e  sampl ing .  G e n e r a l l y ,  
e a c h  sample  i s  s h e a r e d  under  a  normal l o a d  e q u i v a l e n t  t o  t h e  
e f f e c t i v e  ove rbu rden  p r e s s u r e  a t  t h e  p o i n t  of s ampl ing .  I n  
some i n s t a n c e s ,  s amples  a r e  s h e a r e d  a t  s e v e r a l  normal l o a d s  
t o  o b t a i n  t h e  c o h e s i o n  and a n g l e  of i n t e r n a l  f r i c t i o n .  When 
n e c e s s a r y ,  samples  a r e  s a t u r a t e d  and /o r  c o n s o l i d a t e d  b e f o r e  
s h e a r i n g  i n  o r d e r  t o  app rox ima te  t h e  a n t i c i p a t e d  c o n t r o l l i n g  
f i e l d  l o a d i n g  c o n d i t i o n s .  

I 
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SERGENT, HAUSKINS & BECKUITH 

TABULATION OF TEST RESULTS 

HOLE 
NO 

Job No. E88-36 
H I 0  1 

UNIF IED SIEVE ANALYSIS-ACCUM X PASSING LA8 NO 
DEPTH CLASS L.L.  P . I .  1200 1100 150 140 130 416 110 18 14 .25",375",5@ 

-75'  1' 1.5' 2' 2.5' 3' 3,5'  4' 6' 8' 10' 12' 

2'6"-4' CL-ML 26 6 64 75 84 88 31 37 99 99 100 8-36-2 

sn 

ML 

SN 

SW-SM 

SP-SC 

ML 

SM 

CL 

sn 

SP-sn 



HOLE 
NO 

SERGENT, HAUSKINS f BECKWITH 

TABULATION OF TEST RESULTS 

Job No. E88-36 
u/o 1 

UNIF IED SIEVE ANALYSIS-ACCUH X PASSIEIG LAB NO . 

DEPTH CLASS L.L. P.I. #ZOO tlOO 150 140 130 816 110 18 14 .25".375'.5' 
. 7 5 ' 1 '  1 .5 ' 2 '  2 . 5 ' 3 '  3.5'4"' 8' 10' 12' 



SET;:GENT, HAUSI.::: I NS Zc BEIzt::W I TH 

C:OI\.ISULT I I\JG GEOTECHN I CAL EN13 I NEERS 

REPORT O F  LABOEATOEY TESTS 

F$:O JECT: 1::AMELEfAl:C::: RANCH 

LOCATION:#5 @ 4'6"-5'6" 

DATE 2 / 2 9 / 8 8  

JOB NO. E88-36  

W.O.NO. 1 

LAB NO. 25 

DIRECT SHEAR TEST (SATURATED :) ASTM D-3(330 

I n i t i a l  M t r t i s t u r e  12cln.ten.t 
D r y  D e n s i t y  
Mcti s t ~ r r e  a t  5a.l-ura% i l:#n 

Maxirnum V e r t i c a l  D e f o r m a t i o n  @ T ma:!;. 

S t l e a r i n g  S t r e s s ,  T max. 

POT NT NO. 2 (NORMA\ STFESS 2.05'3 l.::SF:) 

I n i t i a l  I'ltlsist~cre C o n t e n t  I 
D r y  D e n s i t y  I 

M o i s t u r e  a , t  S a t u r a t  il=ln 

Maximum V e r t i l - a 1  D e . f a r m a t i o n  @ 1- rnax. 

S t ~ e a r  i n g  S t  r e55,  T rnax . 

PO I N T  NO. 3 (:NORMAL STRESS 2.998 /::SF :) 

I n i t i a l  M c l i s t u r e  C o n t e n t  
D r y  D e n s i t y  
M o i s t u r e  a t  S a t u r a t i o n  

Ma:/;imum V e r t i c a l  D e f u r m a t i l : ~ n  @ -r max. 

S h e a r i n g  S t r e s s ,  T inax. 



DIRECT SHEAR 



SERGEI\lT, HAUSt::: I b1S ZZ BECGU I TH 

CONSULT I NU GEOTEOHNI CAL ENGINEERS 

REPORT OF LABORATORY TESTS 

FRUJECT: UAMELBAlZK RANCH 

LOCATION:#-/ @ 4 ' 6 " - 5 ' 6 "  

DATE 2/29/aa 

JOE NO. Ea8-36 

W.O.NO. 1 

LAB NO. 36 

D I RECT S I i E A E  T E S T  C I N  S I TU S ASTM D - 3 0 8 C l  

POINT NO. 1 (NORMAL STEESS (1). 9'35 !:;SF-:) 

I n i t i a l  M ~ z ~ i s . t ~ ~ r e  C:l:tn.tent 
D r y  D e n s i t y  

Ma:,; i mum Vert i cal De f clrrnat i cln @ T ma:.;. 

1 
S h e a r i n g  S t r e s s ,  T ma:/;. ! 

FO I N T  NO. 2 (NORMAL STRESS 2.059 EST)  

I n i t i a l  M o i s t u r e  C o n t e n t  
Dry  D e n s i t y  

blaximurn V e r t i c a l  De.f~:~rma.ti~:~n @ 1' max. -(I). (:)[:)2 IN 

S h e a r i n g  Stress, T max. 1. 7 KSF 

F'O I blT NO. 3 (NOEMAL STRESS 2.9'38 [:;SF:) 

I n i t i a l  M 1 3 i s t u r e  C l - ~ n t e n t  
D r y  D e n s i t y  

S h e a r i n g  Stress, T ma?; .  2.3 1:::s F 





SEI;:l;EI\JT, HAUStCINS $4 J3BEtCW I T H  

CONSULTING GEOTECHNIOAL ENI3INEERS 

REPORT O F  LABORATORY TESTS 

FF.0 JECT: CAMELEUII~K RANCH 

LOCATION:#8 @ J3p6" -10 'G"  

DATE 2 /29 /88  

JOE NO. E86-36 

W.O.NO. 1 

LAB NO. 42 

POINT NO. 1 (NORMAL STRESS 0.995 \(SF:) 

I n i  t i  a 1  M ~ : ~ i s t u r e  Clz~n' tent 
D r y  D e n s i t y  

1 
S h e a r i n g  S t r e s s ,  T  m a x .  ! 

0. 8 KSF 

POINT NO. 2 CNOEMAL STRESS 2. (:)5#3 !:::SF', 

I n i t i a l  M c ~ i s t c r r e  C o n t e n t  
D r y  D e n s i t y  

Maximum V e r t i c a l  D e f o r m a t i o n  @ T  ma:!;. 0.014 I N  

S h e a r i n g  Stres.~;, T  ma:.;. 1 . '3 /::SF 

POINT NO. 3 (NORMAL STRESS 2 . 9 9 8  KSF)  

I n i t i a l  M l z l i s t u r e  IZun%en,t 
D r y  D e n s i t y  

Ma:!; i mum Vet- t i lza l  Pe f o r  inat i o n  @ T ma:!;. 

S h e a r i n g  S t r e s s ,  T  m a x .  





SEEGENT, HAUSt::: I N S  tc BEIXW I TI4 

CONSULT I NU GEOTECHN I IZAL ENG1NEEF:S 

F:EF'OET O F  LABORATORY TESTS DATE 2 / . ~ 9  / 88 

PROJECT: CAMELEACK RANCH JOE NO. EE8-36 

LOI::ATION: #I9 @ 2 'G" -376"  W.O.NO. 1 

LAB NO. 103 

D IEECT SHEAR TEST (: I N  51 TU S ASTM D-3080 

F'OIblT NO. 1 (NORMAL STEESS 0.995 GSFI 

I n i  t i  a1 P1l:li 5.t u r e  Ct=~n.t en.t 
D r y  D e n s i t y  

Ma:/; i muin V e r  .t i c a 1  De f c ~ r  ~na.t i on @ T max . 
1 

S h e a r i n g  S t r e s s ,  T max. ! 

POINT NO. 2 CNORMAL STRESS 2.  (:15~3 1:;s~ :I 

I n i t i a l  M ~ ~ ~ i s t u u e  C~:~nten t  
Dry D e n s i t y  

Ma:/; i mum Ver t i 1: a 1  De fo r  mat  i i-n @ T ma:!;. 0 . 0 1 3 I N 

Shear i nq S,t r e s s ,  T ma:!;. 1.7 t::SF 

POINT NO. 3 <NORMAL STRESS 2.'338 I.:::SF:) 

! I n i t i a l  M~:tis.ture I h n t e n t  
Dry D e n s i t y  

' Fla:/;imurn V e t - . t i c a l  D e f u u i n a - t i u n  Q T ma:.;. 

S h e a r i n g  S t r e s s ,  T ma:.;. 
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Native Soil 
& Overexcavated Replaced Soils 

0  1 0 '  - 
Graphical Scale 1' = 1 0 '  
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Overexcavated 
8' Native Soil & Replaced Soils 

0 10 '  - = , o n  Graphical Scale 1 

F I G U R E  2 i 

T y p i c a l  L e v e e  Section A t  A q u a  F r i a  R i v e r  

... . - -  . . 
SERGENT, HAUSKlNS & BECKWITH ? 

U W S U T W  GEOTEQIlrU ENCHEERS 1 - + -  R 4 W . n r Y H . U B U O U E a E . M A F E . U L T U I ( E U n . E L P * 5 0  

1. 
.. , . 

! 





(a) LOADING DUE TO LEVEE 

- 
Distance, Fee t  

(b) SETTLEMENT PROFILE 

C] 
1 
b 

F I G U R E  4 

S e t t l e m e n t  P r o f i l e .  F o r  T y p i c a l  
Aqua Fria  L e v e e  S e c t i o n  . lm: SERGENT, HAUSKINS & BECWITH 

1 COHSUTNG GEOTECJMUL ENGMERS . - t -  W E W X . - - ~ R X ) E . U H T A F E . U L T M ~ ~ . E L P * ~ (  . -- 


