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INTRODUCTION 

The following report is a comprehensive document which contains the results and 

supporting computations for the hydrology portion of the Fountain Hills (North) Floodplain 

Delineation Study located in Maricopa County, Arizona. Our sincere appreciation is 

extended t o  the following agencies for their help and perspective while studying this 

watershed: 

Arizona Department of Water Resources 

Arizona State Land Department 

Flood Control District of Maricopa County 

Maricopa County Department of Transportation 

0 Maricopa County Parks and Recreation Department 

Town of Fountain Hills. 

The purpose of this study is t o  provide estimates of peak discharges from the 

100-year storm at key locations on the watershed. Those discharges are then used t o  

estimate the horizontal limits of flooding in  designated study reaches, and t o  define 

floodway limits. The study was ordered by  the Flood Control District of Maricopa County 

(District). The hydraulics portion of this study is contained under separate cover. The 

hydrology portion of this study is done using the methodology contained in  the Drainage 

Design Manual for Maricopa County, Arizona (Design Manual) [6.5:111, prepared by the 

Special Projects Branch, Hydrology Division, of the District. Hydrologic modeling is 

accomplished using the US Army Corps of Engineers (COE) HEC-1 computer program 

[6.5:81. There are no existing floodplains in  the study area which have been defined in  

previous studies by the Federal Emergency Management Agency (FEMA). The hydraulics 

portion of this study defines floodplains and floodways on the following washes: 

Arrow Wash Ashbrook Wash 

Balboa Wash Caliente Wash 

Escalante Wash Hesperus Wash 

Legend Wash Oxford Wash 

Tulip Wash. 

The study limits for each wash are identified in  Exhibit A. 



Special problems which were encountered are f low splits caused by physical 

obstructions t o  f low as a result of urbanization. There are five significant flood retarding 

structures existing on the watershed. Those structures cause significant attenuation of 

peak discharges from the upper watershed and required special attention in  the modeling 

effort. The only significant hydrology study of record for the watershed is the study done 

by Trico, Inc. [6.6:1 for the design of those structures. 

The study watershed is approximately 16.5 square miles in area. Refer to  Exhibit A. 

The Town of Fountain Hills is a small community w i th  a population of approximately 

20,000 people. The historical flooding problems have thus far been minor. The 

community has only been in existence since the early 1970's, and because of the arid 

desert environment, has not experienced many significant rainfall events. Flooding 

consists of street flooding at wash crossings and the potential for flooding of homes 

situated near the major watercourses. Drainage channels in the area are well defined and 

typically have significant hydraulic capacity. Existing flood protection measures are the 

five major flood retarding structures and a policy of protection of the existing pre- 

development drainage channels. The typical rainfall cycle consists of short duration, high 

intensity thunder storms during the summer months, and general storms of longer duration 

during the winter months. Refer t o  the hydraulics report for a Community fact sheet. 



SECTION 1 : GENERAL INFORMATION 



SECTION 2: MAPPING INFORMATION 

USGS QUAD SHEETS ) Granite Reef Dam 

I McDowell Peak 

1 Sawik Mountain 

I Fort McDowell 

MAPPING FOR HYDROLOGIC STUDY 2-foot contour interval in  ACAD Format 
TYPEISOURCE Flood Control District of Maricopa County 11 

1 SCALE I 1 inch = 2 0 0  feet 11 
I DATE I Auaust 1991 11 

DATE 

2C 1 MAPPING FOR HYDRAULIC STUDY 
TYPEISOURCE 

SCALE 

SECTION 3: HYDROLOGY 

Same as 2 8  

(Including vendor and version Dodson & Associates, Inc. 

1138 1 STORM DURATION 1 6-hour, 24-hour 11 
3C 

3D 

LIST OF GAGES USED IN 
FREQUENCY ANALYSIS OR 
CALIBRATION (Location, Years of 
Record, Gage Ownership) 

HYETOGRAPH TYPE 

FREQUENCIES DETERMINED 

None available. 

3F 

In  accordance wi th Design Manual 

100-year 

UNIQUE CONDITIONS AND 5 Flood Retarding Structures 
PROBLEMS Flow diversions 

RAINFALL AMOUNTS AND 
REFERENCE 

1 00-year, &hour = 3.3 inches 
1 00-year, 24-hour = 4.2 inches 
NOAA Atlas II 



SECTION 4: HYDRAULICS 

odson 81 Associates, Inc. 
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C O M P L E T E  C H A N N E L  CROSS SECTION 

Ground porn, spsemg guidelines 

I .  lneiuds all srgntlisanr gradient breaks 

2 .  S~ecing of intermediate ground mints: 

~n i1o.e 01.1n s % of w 

In maln channel 1 0 %  of C 

v e r t l o l  rpaclnp 2 0 5  o l  R 

G 51gn111canl break In praalrnt 

M A I N  C H A N N E L S T R E A M B E D  CROSS SECTION 

I 

max. perrni*sible 

Ground point spacing guidelines 

I .  Include all ~ignllicant gradienc breaks 

2 .  Spacing ol inlermediate ground paints 10% of W 



. .. : . , ... .. 
McLaitglrli~r lC~lietly l e e ,  Litl. . ... -- . . . . . .  . . . 

c- 

V A l E :  7- 15-73 T I M E :  R.30 - g ' J o  JQLNU. Ft'L &'iLr 
10: Tom&kw LOCATIUN : Gl/r Sc,i-r&L/i. 
F R W ~ I :  f .  fi PO-.- LWCACION: Mica Phx 

A d *  QB L,A . 





-... - . . 

rr7 . . -  r , . . -'--:- 

McLaughlin IOne t ty Engineers, L t d. 
-"I-CI* - .  . - i - - * - - -  .---__- 

TELEPHONE COMMUNICATION REPORT 

Fn- t& /4'/Lr 
DATE : - 20 - 4 7  TIME: 2; 1s PM TOR NO. 
TO: -- r)" / W ~ r @ h . ,  LOCATION: FcJ) /tlr 
FROM : F, 4 r o L i  LOCATION: A K F  

I W h  d r SUMMARY/ACTION ITEMS: Ir,/r4 - c L o c ~  r l  - l a  -v/Fpo/~/k.u 
L' / 

- 
COPY TO: 1 0 . -  k e w , b  - 



.. 

r- -. 
1 F : -. , . . . .  .. ,.......-r , . , .  . . 

McLauglllin ICxrletty Engineers, Ltd. 
, . -* -.- - _ - - - - . . .  ~ .-.-- _____ 

TELEPHONE COMMUNICATION REPORT 

DATE: 7 -"rX-93 TIME: >;lTp!' TOR NO. Fyh M)/J 
TO: TI - p ~ ~ ~ h q  LOCATION: f c/~/LI C - 
FROM: F 0 ro-,h LOCATION : M rc e 

SUMMARYIACTION ITEMS: 

COPY TO: 



c3NfTfE -. .- ' McLauglllin 
I<me tly Engineers, L l d  

I - . . I . . . , , . . . ."..,'.,.' ,-.-pa -.-.---.--* , ,. - ,  --..--_......-. . . .. I,__.._I__ f 
T E L E P H O N E  COMMUNICATION R E P O R T  

TO'  f l - r i l h v  LOCATION : F C O M  c 
FROM: ,=,,,, fi ~i :, L O C A T I O N :  111 'CE - 
SUBJECT / D I s c u s s I a N :  Cv+ q ,.J+&- 

1 I - I  2 

-- 
SUMMARY /ACTION I T E M S :  1, 51 //d /Am+,, s - 2 + , ~ ] f i ~ h ~  ~ $ 4 .  

I' -- - 
*lr'?/c PA QL. A*- W ~ h , i  yl d X  hm. 

- - 

-- 

-- 

---- 

---- 

-------- --- 
COPY T O :  I 



MEMORANDUM 

To: Meeting No. 6 Attendees: 
Tim Murphy, PE:FCDMC 
Sandy Story, FCDMC 
Randy Harrel, PE, T o w n  of Fountain Hills 
Tom Ward. Town  of Fountain Hills 
Frank Brown, MKE / I  

From: T.R. Loomis, GVSCE 

w 
Subject: Fountain Hills North Floodplain Delineation Study 

Date: 12 September 1 9 9 4  

Meeting Notes for Meeting No. 6 

The meeting commenced at  2:30 pm at  the Town  of Fountain Hills in  Mr. Harrel's 
office. The purpose of the meeting was t o  present the work study floodplain maps t o  the 
T o w n  of Fountain Hills for discussion. The hydrology exhibits and HEC-1 summary tables 
were also given t o  the Town. There was no agenda for this meeting. 

These notes are our understanding of the major items of interest that were 
discussed at  the meeting. Please inform GVSCE i f  corrections or additions are appropriate. 
The following are the items discussed: 

1. Each floodplain and potential problem area was discussed t o  the satisfaction of Mr. 
Harrel. 

2. Oxford Wash downstream of Fountain Hills Boulevard: The condominium/townhome 
residents still desire the footbridge across the wash. Since it would be in  the 
floodplain, it is not recommended. 

3. There are no structures within the preliminary 100-year floodplain. 

4. Mr. Harrel, the FEMA Floodplain Administrator for the T o w n  of Fountain Hills, 
agrees that the floodway should be set a t  the floodplain, except for those areas 
listed in action item 1 below. 

5. It is acceptable for future projects t o  use the Letter of Map Revision (LOMR) process 
to  add floodways, if a floodway is desired. 

6. Proposed culverts for Ashbrook Wash at  Fountain Hills Boulevard: It is the District's 
intention that Stanley Consultants submit the revised HEC-2 analysis and revised 
floodplain prior t o  FEMA submittal. This current Flood Delineation Study is  
unaffected by  the proposed culverts. 



7. The Town's goal is t o  protect structures from the ultimate (future conditions) 100- 
year f low rate. The ultimate flow rate is approximately 3 0 %  higher than that used 
for the Flood Delineation Study. 

The meeting adjourned at  5:15 p.m. 

The following is  a list of action items that GVSCEIMKE are t o  address: 

1. Investigate floodways at: 
a. AR: Fountain Hills Blvd. t o  0.338 t o  0.441 (Sheet 91. (This is a 

reservoir storage area.) Reason: New plat "Tolopaya". 
b. AS: 3.554 on left side. 
c. AR: Mountainside Drive t o  0.645 (Sheet 81. 
d. AR: Mimosa Drive t o  0.756 (Sheet 8). 
e. BA & HE: 2.238 t o  2.332 (Sheet 3). Reason: New homes wi th 

walk-out basements currently here. 
f. OX: 0.235 to  0.397 (Sheet 61. Property owners asking for fence 

permits. 

2. Check culvert overtopping at  BA & HE 2.198 (Boulder Drive, Sheet 3). It 
was verified by the Town that this culvert has been overtopped once in the 
past by a very significant debris blocking problem. Culvert was 7 0 %  blocked 
by debris. 

3. Verify berm is high enough: A t  Fire Station (Sheet 1, AS Wash). Verify that 
the berm is  high enough t o  force f low back t o  street low point. Zone A is 
currently proposed here: Plat 5 1 6  subdivision is proposed in  this location. 
Note that an asphalt speed bump has been added here for flood protection. 

4. Remove Zone A, use Zone AE for street flooding for Caliente Wash at  EL 
Pueblo Blvd (Sheet 7). 

5. a. AS  Wash a t  Dam 4: A new chain link fence has been added in 
emergency spillway. Per Tim Murphy, t ry  a HEC-1 reservoir route 
with no emergency spillway f lows (100% blockage on fence) and 
report to Tim Murphy the new water surface elevation. 

b. AS Wash at  Dam 4: Revise the Zone A limits to  match curved brick 
wall. (Tom Loomis to  check new topography, provide t o  MKE and 
decide if it should be placed into floodplain maps.) 

6. Add Zone X on AS Wash, right side, Saguaro Blvd, t o  Bayfield Drive (Sheet 
9). Keep Zone A for street f low on Hamilton Drive. 

7. Send Randy Harrel a copy of other communities' building set back 
requirements---Yavapai County, Pima County. There are no set backs 
currently set by the Town for buildings near washes. (This may be an ADMS 
action item.) 



8.  Reduce line thickness for thalwegs - it is too  similar t o  floodplain line. 

9. Per prior discussion wi th T im Murphy, use dashed line where floodway = 
floodplain. 

10. AS Wash at  Dam 4: (Sheet 5). Where A S  floodplain extends through the 
Cloudburst Culvert and the Bristol Wash Culvert under Golden Eagle Blvd., 
stop a t  road and state, "Limit of Study". 



MEMORANDUM 

To: Meeting No. 5 Attendees: 
Tim Murphy, PE, FCDMC 
Sandy Story, FCDMC 
Frank Brown, MKE 

From: T.R. Loomis. GVSCE && &-, 

Subject: Fountain Hills North Floodplain Delineation Study 
Contract 92-04 

Date: 1 2  September 1994 

Meeting Notes for Meeting No. 5 

The meeting commenced a t  11:OO am within the Fountain Hills North study area 
on 6 September 1994. Several areas were checked in order to  verify the preliminary work 
study floodplain maps. Photographs were taken at  most of these areas. 

These notes are our understanding of the items of interest that were reviewed 
at  this meeting. Please inform GVSCE if corrections or additions are appropriate. The 
following are the items discussed. A list of action items follows the meeting minutes for 
Meeting Number 6 which occurred immediately after this meeting. 

1. Caliente Wash at  El Pueblo Boulevard (Sheet 7): see Action Item 4. 

2. Ashbrook Wash downstream of EL Pueblo Boulevard (Sheet 10): The fill added 
last year appears to  be stable, while it is  noted that significant runoff has not 
occurred since placement. 

3. Ashbrook Wash at Bayfield Drive (Sheet 9): see Action Item 6. 

4. Arrow Wash at Arrow Drive (Sheet 91: See Action Item 11. 

5. Arrow Wash at Fountain Hills Boulevard: The Zone A for street f low is 
appropriate. 

6. Ashbrook Wash at Cross-Section 2.200, Lot 2 5  on Aloe Drive Cul-de-sac 
(Sheet 10): The flow depth is 4.8 feet. A n  informal survey performed using a 
hand level and tape measure shows the flood plain to  be accurate. The finished 
floor of the adjacent house appears t o  be above the floodplain. 

Balboa/Hesperus Wash and Oxford Wash at  Fountain Hills Boulevard: See 
Action ltem 13. 

Ashbrook Wash at Golden Eagle Boulevard: The berm appears t o  be high 
enough to  force the street overflow back to  the street low point. Also see 
Action ltem 3. 



9. Ashbrook Wash at Dam 4: See Action Item 5. 

The field review was completed at 2:30 p.m. 



MEMORANDUM 

To: Meeting No. 4 Attendees: 
T im Murphy, PE, FCDMC 
Jan Opstein, FCDMC 
Frank Brown, MKE 
Thomas R. Loomis, PE, GVSCE 

From: T.R. Loomis, GVSCE c 

L/ 
Subject: Fountain Hills North Floodplain Dellneation Study 

Contract 92-04 

Date: 7 September 1994 

Meeting Notes for Meeting No. 4 

The meeting commenced at  9 3 0  am at the Flood Control District of Maricopa 
County on 31 August 1994. The meeting was held t o  discuss the District's review 
comments on the 100-year floodplain delineation maps and HEC-2 models. There was no 
agenda for this meeting. 

These notes are our understanding of the major items of interest that were 
discussed a t  the meeting. Please inform GVSCE i f  corrections or additions are appropriate. 
The following notes are organized according t o  the District's review comments: 

General Comments 

1 .  The mapped floodplain limits frequently do not  match the HEC-2 output because of 
the difference in accuracy between the mapping and the photogrammetrically 
digitized cross sections used in the HEC-2 models. It was  agreed that a general 
note would be added to  the report and each HEC-2 file. The floodplain limits are 
plotted on the study work maps using the contours. 

2. It was  agreed t o  add a general comment t o  the T records regarding storm duration. 
Comment records where the discharge is changed in  the Ashbrook Wash file should 
reflect the storm duration since the 6-hour storm does not control for all of 
Ashbrook Wash. 

3 .  An appropriate comment wil l  be added. 

4. This wi l l  be done. 

5. The section lines and corners wi l l  be added. One-quarter corners are not available. 

6. A general comment at  the start of each file is sufficient except for any special uses. 



7. This wi l l  be done. 

8 .  The bank stations were set at  the channel bottom on each side of the culvert inlet 
or outlet. These locations differ from the locations originally set in  the n-value 
report. NH records are therefore necessary t o  define the changes in  roughness 
previously defined by the bank stations and a standard NC record. 

Ashbrook Wash 

1. See note 1 under General Comments. 

2. It was agreed t o  setup a field reconnaissance meeting t o  examine this area and 
others. 

3. It was agreed to  check the upstream and downstream cross sections and discuss 
this area w i th  Randy Harrel. 

4. There is  a number transposition here. It wi l l  be corrected. 

Ar row Wash 

1 Flow does overtop Mountain Side Drive. This wi l l  be shown and labeled Zone AE 
(typical for shallow flow overtopping a road). 

BalboaIHesperus Wash 

1. Comment cards will be added stating w h y  the floodway limits are set at the 
floodplain limits. 

2. This wil l  be done. 

3. This wi l l  be verified. It appears to  be ineffective area. 

Caliente Wash 

1. See note 1 of General Notes. 

2. This wil l  be done. 

Leaendnul ip Wash 

1. The line appears to  be one of the old mapping stream lines. It wi l l  be removed. 

Oxford Wash 

1. Zone A wi l l  be used. 



Notes on other i tems of discussion are: 

Ashbrook section AS 1.636. The reason the thalweg station is not set a t  10000 is 
because the town  placed fill i n  the le f t  overbank after the photo date of the 
mapping. The cross section was subsequently field surveyed but the thalweg and 
contours on the study work maps do no t  reflect the fill. Comment records wi l l  be 
added t o  describe this. 

Designate the impoundment areas upstream of the Dams and road ponding areas 
w i th  an AE zone. 

A meeting wil l  be held wi th  Randy Harrel to  discuss the zone designation for the 
Dam 4 spillway and the lef t  overbank of Ashbrook Wash downstream of Golden 
Eagle Boulevard. Other items of discussion wi l l  include setting the floodway limits 
at  the floodplain limits for most wash reaches. 

The contour lines on the study work maps are fuzzy. A different screen should be 
used. 

Add HEC-2 thalwegs to  the small sheet index schematic on each sheet, wi th  stream 
labels if  readable. 

Add comment cards regarding the three cross sections used t o  start the Ashbrook 
Wash HEC-2 model. 

Tom Loomis is t o  review the revised topography of the Dam 4 spillway area. 

Revise Ashbrook Wash AS 5.563 BT records and add comment cards. 

Setup a field reconnaissance meeting for the week of September 5. 

Add a text  label t o  the existing dirt road shown on sheet 4. 



TO: 

George CI? SaboLConsulting Engineers, Irtc, 
3501 North 16th Street, Suitc B, Phoenix, Arizorla 85016 

(602) 234-3321 FAX (602) 248-785 1 

MEETING NO. 1 ATTENDEES 

TIM MURPHY SANDY STORY 
Flood Control District FCDMC 
of Maricopa County (FCDMC) 

GEORGE V. SABOL TOM LOOMIS 
George V. Sabol Consulting GVSCE 
Engineers (GVSCE) 

GEZA E. KMETTY FRANK EDWARD BROWN 
McLaughlin Kmetty Engineers (MKE) MKE 

FROM: TOM LOOMIS 
Project Engineer 
GVSCE 

DATE: 11 December, 1992 

SUBJECT Fountain Hills Floodplain Delineation 
Contract FCD 92-04 

RECORDER: George S;lbol/Tom Loomis 

Meeting Notes for Meeting No. 1 

1. The meeting commenced at  10:30 at the GVSCE/MKE office on 10 December 
1992. In attendance were: 

Mr. Tim Murphy, FCDMC 
Ms. Sandy Story, FCDMC 
Dr. George V. Sabol, GVSCE 
Mr. Thomas R. Loomis, GVSCE 
Mr. David T Phelps, GVSCE 
Mr. Grza E. Kmetty, MKE 
Mr. Frank Brown, MKE 

The FCDMC and GVSCE agendae are shown in Attachment A. 

The following is our understanding of the major items of interest that were 
discussed at the meeting. Please inform GVSCE if corrections or additions are 
appropriate. 

2. George Sabol provided opening comments and an introduction of David Phelps 
to Tim Murphy and Sandy Story. 

3. Tim Murphy explained that he  is the Project Manager, and as such, all official 
communication on the project to the District will be directed to Tim. Sandy 
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Story will be providing hydrologic review. Advising and technical issues 
concerning hydroloby should be  addressed to Sandy directly. Tim will be 
providing hydraulic review. Advising and technical issues concerning hydraulics 
should be addressed to Tim. 

Tom Loomis provided a report of the activities that will be undertaken over the 
next one to two month time period. H e  used a project bar chart for that 
purpose. 

A copy of the project schedule bar chart will be revised to agree with the start 
of project date (8  December 1992). A copy of that chart (on 8V2" x 11" paper) 
will be  provided to the District within two weeks. 

Meeting No. 2 will be a field trip. That  meeting will be scheduled at the 
appropriate time. 

Meeting No. 3 will be held in about 2 months for the purpose of reviewing 
subbasin delineation. 

Tom Loomis provided an update of the offsite map that was prepared by GCA. 
This map may be used by the District at the Public Meeting. 

Tim Murphy provided an update of the onsite mapping that is being provided by 
the Town of Fountain Hills. T h e  mapping is being prepared by Kenney Aerial 
Mapping Company for Anderson-Nelson under contract to the Town of Fountain 
Hills. The completed mapping is to he delivered by Kenney Aerial Mapping 
Company to Anderson-Nelson today (10 December 1992). Tim Murphy will 
provide the data f i e s  and sets of map reproducibles on mylar and a print of the 
maps to GVSCE next week. Tom Loomis requested a list of map symbols. Tim 
responded that the list is supposed to be  on the data files. Tom described that 
mapping (ground survey by GVSCE) of the high school and Club Mirage areas 
will be prepared and spliced into the onsite maps. A map symbol line will be 
used to  depict the limits of map revision for those two areas. George Sabol 
noted that any problem areas with the onsite maps, if any, that are discovered 
in using those maps for this project will be  conveyed to the District for 
resolution. 

Tim Murphy stated that the first Public Meeting will he 17 December 1992, from 
5:UU p.m. to 8:OU p.m. A copy of the  meeting announcement is shown in 
Attachment B. The  District will be represented by Tim Murphy, Sandy Story, 
and Jim Phipps. Tom Loomis will attend the meeting but is not expected to 
make a presentation. Geza Krnetty will attend, if his schedule permits. 

Tim Murphy provided an example of a legal advertisement (Attachment C). This 
is to be placed in the Fountain Hills and Arizona Republic newspapers. The 
consultant is to proceed with that advertisement. 
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12. Tim Murphy provided an example of a Rights of Entry letter (Attachment D). 
This is to be sent to any property owners that may be significantly affected by 
entry for surveying. Tim noted that the high school, Club Mirage, and MCO 
Properties should receive the  letters. Frank Brown will work with Richard 
Alcocer, the project surveyor, to identify property owners that should receive the 
letter. 

Tim Murphy prwided copies of three progress reports that can be used as 
examples (Attachment E). The  progress report (1  copy) is to be sent to Tim and 
received at least 5 days prior to the monthly invoice. 

Tim Murphy prwided a copy of an example invoice (Attachment F). Charges 
will be shown for each major task heading and for the prime consultant and 
subcontractor. Invoices are to be addressed to Tim but mailed to the attention 
of Ms. Terri Bolligar, Account Receivable a t  the District. 

Tim Murphy provided a reference list for the consultantS information 
(Attachment G). 

Tim Murphy noted that a new FEMA checklist for floodplain delineatic~n 
submittals dated October 1992 will be provided by the District when they become 
available. 

Tim Murphy provided an example of an excellent data summary report 
(Attachment G). 

Tim Murphy noted that ADWR is to be informed of progress with this study 
because of the floodplain delineation and the dam safety considerations. There 
should be appropriate communication with David Creighton (floodplain) and Bill 
Jenkins (dam safety). Formal submittals, if any, to ADWR will be  by the 
District. 

Tom Loomis will borrow full size prints of engineering plans for the dams from 
ADWR. These will be delivered to the District and the District will provide 
copies of those plans for the consultant's use. 

Tom Loomis will arrange a meeting with ADWR. Tim Murphy requested that 
he be notified so that he can attend. 

The  meetins adjourned at 11:30. 



FCD 92-04 
FOUNTAIN HILLS NORTH 

FLOODPLAIN DELINEATION STUDY 
KICKOFF MEETING 

December 14, 1992 

AGENDA 

Personnel Assignments 

Monthly Report - A& T- M. ( 1  
Billing Procedure - Addif15 f0 77~ T / j .  , 7 
Newspaper Ad 

Right of Entry Letter 
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PEMA Checklist /0/92 & D" PNVl$d ,4 
Bar Chart (Project Schedule) 

Mapping 

Public Meeting 
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C,vscc 
MEETING AGENDA 

Meeting: Number I 
Project: Fountain Hills (North) Floodplain Delineation Study 
Date: December 10. 1992 
Time: 10~30 a.m. 
Location: Office of George V. S a h l  Consulting Engineers 

'rime Duration Topic Presenter 
(Min.) 

10:30 5 Introduction, Opening Comments Dr. Sabol 

10:35 15 Project Schedule, Months 1 and 2 Tom Loomis 

10:50 5 Mapping Status Update, Offsite Tom Loomis 
IJ ,sc l lss Pnkhin3 i n  %po 

10:55 10 Mapping Status, Onsite Tim Murphy 

11:05 15 Procedures 

Public Meeting 

Monthly Progress Reports 

Legal Advertisement 

Rights of Entry 

10 Miscellaneous 

tiNTB High School Grading Plan 

Open Discussion 

5 Closing Remarks 

Adjourn 

Tim Murphy 

Tim Murphy 

Dr. Sabol 



Maricopa County 

2801 West Durango Street Phoenix, Arizona 85009 
Telephone (602) 506-1501 

Fax (602) 506-4601 
T D D  (602) 506-5897 

P. Ben Arredondo 
,'. Betsey ~ a j 4 e s s  
James D. ~ h i i e r  
Carole CarGerlter 

Tom Freesfone 

Flood Control District 
I I 

FOUNTAIN HILLS FLOODPLAIN 
DELINEATION STUDY 

An o p e n  house  to  inform Fountain Hills residents  of floodplain delineation 
s tud ies  being performed in t he  Town by t he  Flood Control District of Maricopa 
County will be conducted from 5 - 8 p.m., Thursday, December 17, 1992, in 
t h e  Town Hall Conference Room, 16836 E. Palisades.  

The  public is invited t o  come by t he  Town Hail anytime between the hours  of 
5 - 8 p.m. to  meet with District representat ives t o  d i scuss  the study. 

A total of 39 linear miles of w a s h e s  within the Town will be studied over t h e  
next 1 2  months.  The study will involve mapping and  hydraulic analysis of 
the  w a s h e s  and  the delineation of t h e  100-year floodplain. 

Technical and  other  information relevant to the  s tudy  will be  accepted for 
review and  consideration during t he  s tudy.  S u c h  information should  be  
submit ted to  Mr. Tim Murphy, Flood Control District of lilaricopa County, 
2801 West  Durango Street, Phoenix, Arizona, 85009, telephone 602-506-1501. 
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TOTAL PRICE: $ 2  6 . 5  1 

ISSUED TO: AFFIDAVIT OF PUBLICATION 
C H 2 M  H i l l  

STATE OF ARIZONA 

County of Maricopa I 

Kevin Uoe, being duly sworn, upon 
oath, deposes and says: That he is the Publisher of 

The Wickenburg Sun 

A newspaper of general circulation in the 
County of Maricopa, State of Arizona, 
published in Wickenburg, Arizona, and that 
the copy hereto attached is a true copy of 
the advertisement as published weekly in 
The Wickenburg Sun on the dates following: 

October 14  and 2 1 ,  1992 

Sworn to before me this 2 1 s t  day of 

October A.D. 1 9 E  

n 
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McLaughlin m e t t y  Engineers, Ltd. 
!k?%n- ~ * * : M s J 3 > ! : : ~ - % = ~ w % w ~ L % m ~  .. .n~*mIB.'(?? 

3030 North Central Avenue, Suite 402 Phoenix, Arizona 85012 (602) 248-7702 FAX (602) 218-79"1 
September 27, 1991 

C e Z A  E. K b l E W  
RONALD C. hlcSACCHLlN 

Eddie MiUer HALFORD E. ERICISOI: 
DOUCIA$T.  SOVERP: 

12000 W. Northern W I L L I . W  R. KEXDALL 

Peoria, AZ 85345 
RALPH L.'TURES -' w' '/ T~ fL'&, TERRE>ICE C'. KENYON 

P a d  NO.: 401-11-035 
D O S A L D  L. LLEXBA 

Ret Right of entry fw ssurvcying putpases 

Dear Property Owners: 

' , The Flocd Co&aolDistrict of Maricopa County hag -mntr?cted .w~t~McC~ughl~. . .Km.et& - . -- 
EiEGeeii;Lid.. to perform aflnod insurance s t ~ &  for the Buckeve Area. The Durwse of this 
st& is to determihe flood related hazard zones-and delineate -areas that mai & subject to 

, inundation during a '100-year flood' went. According to records at the Maricopa County 
Assessor's office, you own one or more parcels of land within the limits of the study area. 

The intent of this letter is to notify you of the commencement of surveying activities in support 
of the above mentioned study. In order to perform these surveys it may be necewry to enter 
your property. ?his activity should not result in any inconvenience or damage to property. If you 
have any objections to the entry onto your property, you must notify Mr. Tim Murphy of the 
Flwd Control District at 262-1501. Otherwise it will be assumed that you consent to the entry 
onto your property. 

The study and resulting maps will be used for floodplain management purposes and submitted to 
the Federal Emergency Management Agency for flood insurance information and revisions of 
Flood Insurance Rate Maps. This study should be available to the public in about 12 to 18 
months. 

The Flood Control District and its representatives appreciate your help in assuring the acnvacy 
of this study by dowing access to your property for the surveyors and by providing any 
information you may have regarding past flooding o r  related problems. 

J f  ~u have any questions jeggdjng this study or the -right of entry, plea* contact Mr. Tim - 
Murphy of the Flwd Control District or Mr. Geza Kmetty of McLaughLn Kmetty E n w r s .  

Mr. Tim Murphy, Hydrologist, Rood Control District, (602) 262-1501. 

SeWM\Enl lyMa 

ASPEN. CC 
I W l )  926-liuu 

TCLCA. O K  
[Ul?l ?ti.1.?711 



E N G I N E E R S  

A R C H I T E C T S  

Ms. Leanna Cumberland 
Flood Control District 
of Maricopa County 
3335 West Durango 
Phoenix, AZ 85009 

Re: FCD 90-67 Gila Bend Area 

October 25, 1991 j 

Dear Ms. Cumberland: 

Burgesr&Nip's-lnc. Progress on the Gila Bend FIS through September 28, 1991 includes: 
5025 EH Washingon Srreer 

Suite 212 . Data Collection: Public notice, collection of data, and preparation of a 
Phoenix. AZ 850% schedule. Activity 90% complete. 

602 244-8 1W 

Far 642 ?U.I~IS . Maopinq Area flown, photomylars (Exhibit 2) made, proceeding on 1" = 200' 
scale mapping. Activity 80% complete. 

. Hvdrolo~v: Preliminary subbasins and soils delineated and digitized, field 
investigation and parameter estimation nearly completed. Activity 25% 
complete. 

e Ground Survev: Activity 100% complete. 

e Coordination 10% complete. Met with District and ADWR. 

Should you have any questions, please call. 

Very truly yours, 

BURGESS & NIPLE, INC. 
i , _ .  . 1 

I ,--.-.- 
?J 1.8 ' . i 

L-, .. ,.- ;.. 4 ! r ,C , : . -  I : .  .. ;-:-'-! u l a m e s  E. blischler, P.E. - . .- .. . . . .  - 
i '  
:... .i 

Project Manager 

RECEIVED 

O C T  2 8 ;jsj 
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,WARD NEEDLES TANIMEN 6 BERGE OFF TLIU Renn3~sinr1ceS~~mmr 

ARCHITECTS ENGINEERS PLANNERS Sttile 1 lLVJ 

' March 1 2 ,  1 9 9 2  40 .\brlb C e r t ~ a ~  
Phoeniv, r f l o r r n  85001 

M r .  Timothy M. Murphy 1602) i28131JO 
P r o j e c t  Manager 
F lood  Cont ro l  D i s t r i c t  o f  Maricopa County 
2801 W. Durango S t r e e t  
Phoenix,  AZ 85009 R E C E I V E D  W A R 1  7 1992 

I n  Account With MAR 1 7 1992. 
HOWARD NEELDLES TAMMEN 6 BERGENDOFF 

-irYlWM+.l-. 

I n v o i c e  No. %-15081-11 i: _. , : _ . ...+ ..- - . . .  + . .  
;; . .  .. . [ . . . .  ..-d-.______Y 

!;:I.> .;.:: RE: P r o f e s s i o n a l  S e r v i c e s  Rendered Regarding: I 

Deadman Wash F lood  I n s u r a n c e  S tudy  ---.>...- 
FCD 90-65 

--A& 
I C o n t r a c t  P r ev ious  Cur r en t  

Task  Complete Amount - Earninus  Earninqs  T o t a l  

Da ta  C o l l e c t i o n  100% 4,044.00 

Topograph ic  Mapping 84% 30 ,200 .00  

Hydrology 75% 30,666.00 

F i e l d  Surveys  99% 45,050.00 

F l o o d p l a i n  & 3 0% 31,257.00 
Floodway Del in .  

GIS P r e p a r a t i o n  55% 15 ,358 .00  

Coord ina t i on  & 68% 14,325.00 
S tudy  Mgmt. 

73% 170,900.00 " 

I n v o i c e  summary: /YIE&n& IVO. I 

T o t a l  Earned t h i s  P e r i o d  
ATrACNVi'm F 

3 , 
Amount P r e v i o u s l y  Earned 
T o t a l  Earned t o  Date  

Les s :  10% Re ten t i on  
P r e v i o u s l y  Invo i ced  

Amount Due T h i s  I n v o i c e  $ 
"..on.?. CI,.r-s ' -.-".O"" PL. Om.",  4 E-.ur. D% An"- L. C;ir=^ E l .  ' ~ ; . ~ r  5 CXmr D L  C:-=; l z.:,.. e:. Jl-.% : 7.:: ., i; ':. -.a- ' 4:-1  'i. 

2.-.C i.cc^nlin.G:-L.-l" 9.".,.XP_Ce.r...1 r.^."Dd.2. ... s:..-."D GmOD .... i...il>\;-;.,r cs c.,rr;: 9.;.-."-:.C:-#-:L ..--.-xi 
 LO^. E m-.r.ri -2. ==-.*L i O r r , . ~ e  
a..-am.s.. <-+- L..c-"cPa. P~~..c.v.s~.<..- -e.w=- 0. n.. %C... -5. eam""s -sc,.r- ss.:~a:.->.w.~ -9 ,.-,-. - ~ ,--, =: - .,.=-.?.:a- =<. 
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ARCHITECTS E N G I N E E R S  D L A N N E R S  Suilu I iOlJ 

November 2 5 ,  1991 

Mr. Timothy M .  Murphy 
P r o j e c t  Manager 
EIOOD CONTROL DISTRICr OF 

HARICOPA COUNTY 
2801 West Durango S t r e e t  
Phoenix, Arizona 85009 

RE: Contract FCD 90-65 *- 
Deadman Wash Flood Insurance Study 
Monthly Progress Report 

Dear M r .  Murphy: 

1. In  t h i s  l e t t e r ,  we a r e  r epor t ing  progress on the Deadrran Wash Flood 
Insurance Study through November 2 5 ,  1 9 9 1 .  

2 .  Our es t imated  percentage completion by t a sk  i s  a s  fol lows:  

Data Col lec t ion  
Topographic Mapping 
Hydrology 
Fie ld  Survey 
Floodplain and Floodway Del ineat ion  
G I S  Prepara t ion  
Coordination and Study Management 
Tota l  Study 

3 .  Progress on ind iv idua l  tasks  i s  o u t l i n e d  below: 

a .  Data Co l l ec t ion  

(1)  During the  p a s t  month, we have co l l ec ted  the following 
i terns : 

( a )  Tha f loodp la in  mappir~g o f  fret; Ri-*-er f r o m  tho 
confluence wi th  Deadman rash  t o  1 - 1 7 ,  

(b )  A LOTUS 123 spreadsheet  program f o r  c a l c u l a t i o n  of 
subbasin l o s s  parameters .  

(2)  We a r e  i n  the process  of  obta in ing from the FCDMC i copy of 
the  Manning's "nu value  decermination repor t  by the USGS. 

b .  Topographic Mapping. F ina l  f i e l d  con t ro l  values h ive  been 
de l ive red  t o  Aer ia l  Mapping Company (AWI),  and a n s l y t i c a l  
a e r o t r i a n g u l a t i o n  has been completed. The r e s u l t s  of the 

N€e77dc, do. I 
A ~ d & ~ / n w r  g 



M r .  Timothy Murphy 
November 2 5 ,  1991 
Page 2 

a n a l y t i c s  were w i t h i n  a c c e p t a b l e  l i m i t s .  Mapping l ayou t  ha s  
been  completed.  Mapping i s  b e i n g  performed f i r s t  f o r  t h e  s o u t h  
end o f  t h e  p r o j e c t  a r e a  and  w i l l  b e  d e l i v e r e d  a s  soon a s  i t  i s  
completed.  

c .  Hydrology. J 

(1 )  We submi t ted  t h e  p r e l i m i n a r y  d r a inage   are^ d e l i n e a t i o n  map 
t o  FCDMC f o r  review on October  31.  

(2 )  We a r e  i n  t h e  p r o c e s s  o f  comple t ing  a d r a f t  p r e c i p i t a t i o n  
c a l c u l a t i o n  summary. 

d .  F i e l d  Survey. 

( 1 )  A l l  c o n t r o l  work f o r  a e r i a l  mapping ha s  been completed.  

( 2 )  A l l  l e v e l  work f o r  E l e v a t i o n  Reference blarks (EMls) i s  
complete.  

e .  F loodp l a in  and Floodway D e l i n e a t i o n .  No work ha s  been  
accomplished t o  d a t e .  

f .  GIs P r e p a r a t i o n .  No a d d i t i o n a l  work was completed du r ing  t h e  
r e p o r t  p e r i o d .  F i n a l  s o i l s  ARC/INFO coverzge coding w i l l  be  
accomplished when wa t e r shed  bounda r i e s  a r e  approved. 

g .  Coord ina t ion  and Study Management 

(1 )  Rout ine  c o o r d i n a t i o n  a c t i v i t i e s  have cont inued 

(2 )  Add i t i ona l  q u e s t i o n s  r a i s e d  by p rope r ty  owners a r e  b e i n g  
responded t o  as t h e y  a r i s e .  

(3 )  A progress  meet ing was h e l d  on October 31 and t h e  n e x t  
meeting i s  s chedu l ed  f o r  November 2 7 .  

4 .  P l e a s e  c a l l  me i f  you have  any q u e s t i o n s  o r  need a d d i t i o n a l  
i n fo rma t ion .  

Very t r u l y  y o u r s ,  

HOWARD NEEDLES TAMKEN & BERGENDOFF 

w m & &  
Richard M. Wells, P.E. 
P r o j e c t  Manager 



FLOOD INSURANCE STUDY 
Tor 

THE BUCKEYE AREA 
FCD CONTRAGT NO. 90-69 

SUMMARY REPORT FOR 
PHASE I, TASK 1 DATA COLLEClTON 

As part of the Scope of Work for the Flood Insurance Study for the Buckeye Area, data collection 

was performed. Appropriate reference sources were consulted in order to obtain the results of 

previous studies and other data to supplement study area understanding. The following is a brief 

summary of that information. 

Summarv of Data Collection 

1. Soil Conservation Service: 

a. Watershed Work Plan, Buckeye Watershed, Maricopa County, Arizona, October 

1963, with Supplemental Watershed Work Plan Agreement No. 1, 1972. This SCS 

watershed workplan report for the Buckeye watershed contained some useful 

historic information. It indicated that damages from stormwater runoff, to some 

degree, occurred approximately once every three years. The effect of a 1951 

storm was discussed. The objective of the report was to provide the preliminary 

justification and analysis for construction of the Buckeye Flood Retarding 

Structures. 

b. Buckeye Watershed, Study of Emergency Spillway Adequacy As Related to Dam 

Safety Examination (Site I), December 1979. A complete copy of the text and 

calculations was obtained. The cover sheet of the TR-20 computer output was 

photocopied. The main results of this report were incorporated into the FCDMC 

Buckeye FRS Dam Break Study (Items 11A and llB) 

c. Other SCS Documents: The FRS Record Drawings were obtained from 

FCDMC. The complete SCS file was reviewed. For the most part, no other 

documentation was photocopied as it generally dealt with runoff coming into the 

FRS. Some portions of these files were copied: A map showing Structures I, I1 

and 111; a letter referencing 1970 aerial photographs; and a watershed boundary 

map. 



The amilable fmal hydrology report and Record Drawings ("As Builts") for the 

Buckeye Flood Retarding Structures prepared by the SCS indicate that the 

structures will contain runoff from the 100-year event, and direct this runoff to 

the Hassayampa River and not to the Study Area. 

Arizona Department of Transportation: 

a. Record Drawings (As-Builts) for Interstate 10 from the Hassayampa River to 

Dean Road. These drawings show culvert locations, Design flow rate (Qs) at 

each culvert and the design headwater. 

b. The Hydrology Reports for 1-10 were not obtained due to the flow rate 

information contained in the Record Drawings. 

3. FCDMC Hydrology Study for the White Tanks ADMS, prepared by WLB Group, will 

be reviewed at the offices of the District. 

4. & 5. Design and Operations Information on the Roosevelt Canal. A map of the Roosevelt 

Canal shows storm sewer entering the canal, stormwater siphons under the canal and 

stormwater inlet points. Mr. Gary Colvin, Manger, was contacted. 

Design and Operations Information on the Buckeye Canal A map of the Buckeye 

Canal shows storm sewer entering the canal, stormwater siphons under the canal and 

stormwater inlet points. Mr. Stan Ashby, Manager, was contacted. 

The design and operation of the Roosevelt Canal and the Buckeye Canal was obtained 

from these maps and conversations with the Irrigation District managers. The 

Roosevelt Irrigation District (RID) and Buckeye Irrigations (BID) cover approximately 

38,000 and 18,000 acres, respectively. The major crops are cotton and alfalfa. The 

Buckeye Canal conveys 350 d s  under normal operations. At any one time 

approximately 85% of the total acreage is under irrigation. The IUD is entirely 

supplied by groundwater and the BID gets some from the Gila River and groundwater. 

6 .  A meeting is planned for sometime in October, 1991, with Mr. Fred Carpenter, Town 

of Buckeye Manager, and Mr. Greg Schuelke, T m  of Buckeye Engineer. 



7. Bond copies of the USGS topographic maps, at 1:24,000 scale. These maps are 
presently not available in GIs format. 

i 
8. Aerial Photographs, from Landiscor, at 1:14,400 scale. Photographs taken March 31, ' 

1991 (current publication) were reviewed. For hydrologic purposes, little change has 

occurred in the study area, thus photos taken February 22, 1990 (last yeark publication) 

will be utilized for the hydrology. 

9. SCS Soil Survey of Maricopa County Central Part, September 1977. The 1:20,000 maps 

were reduced to 1:24,000 for overlay use with the watershed map. There are 

approximately 30 different soil symbols in the study area. 

10. FCDMC Flooding Reports. The Flood Control District has gathered newspaper articles 

and photos of past flooding events throughout the County. A review of this valuable 

information includes articles from the Buckeye town paper discussing flooding that 

occurred along the Gila River. The most significant flooding event in the study area 

happened on August 15, 1990. Information gathered by the FCDMC indicates that 

most of the damage from this event took place along Dean Road at the RID Canal. 

Flood waters were restricted by improvements to Dean Road and resulted in the 

overtopping of the RID Canal. A number of claims for damages were fled against the 

MCHD by local residents. 

11. a. Phase I Report Hydrologic Analysis, Buckeye Floodwater Retarding Structures 

#I, #2, and #3 for Flood Control District of Maricopa County, FCD Project 88- 

63, prepared by Dames & Moore, January 23, 1990. This report states that each 

Flood Retarding Structure (FRS) is capable of fully detaining the 100-year runoff. 

Information concerning the Probable Maximum Precipitation (PMP) and resulting 

Probable Maximum Flood (PMF) are presented. 

b. Phase I1 Report, Volume I, Dam-Break Analysis, Buckeye Floodwater Retarding 

Structure #1, #2 and #3, for the Flood Control District of Marimpa County, 

FCD Project 86-63, prepared by Dames & Moore, June 28, 1990. 

Discussions of seepage-induced breaches of the FRS embankments during a PMP 

event conclude there are probably no embankment sections more susceptible to 



a breach than another. A similar conclusion is reached for PMF overtopping 

failure. There is every indication that the Buckeye FRS would operate as 

designed during the 100-year event. The information on PMF inundation 

downstream of the FRS does not apply to this Buckeye Area Flood Insurance 

Study. 

12. A separate hydrology report for the Hassayampa River was apparently not prepared 

as that information is contained in the Maricopa County Flood Insurance Study. An 

attempt will be made to obtain the following reference to verify this: Cella Barr 

Associates, 1975, FEMA Flood Insurance Re-Study of Maricopa County, Hassayampa 

River, Phoenix, Arizona. 

13. Flood Insurance Study, Flood Boundary and Floodway Maps, and Flood Insurance Rate 

Maps for Maricopa County, Unincorporated and Incorporated Areas, Revised 

September 4, 1991. 

The most recent FEMA publication of an FIS for Marimpa County is dated September 

4, 1991. An approximate study using TR-55 designated several Zone A areas along the 

north sides of the Roosevelt and Buckeye Canals. The following FIRM panels cover 

the study area: 2000, 2015, 2025, 2040, 2050, 2485, 2480, and 2505. 

14. Mr. Harry Millsaps, Hydraulic Engineer, Soil Conservation Service. Mr. Millsaps was 

made aware on September 11, 1991, that MKE is performing a Buckeye Area FIS. H e  

provided access to SCS's fde on the Buckeye FRS. 

15. Mr. Dave Creighton, Project Engineer, Flood Management, Arizona Department of 

Water Resources. A meeting was held with W. Creighton on September 26, 1991. 

Separately published meeting minute notes were sent to FCDMC. 



DISTRICT PUBLICATIONS 

Drainage Design Manual for Maricopa County. Arizona: Volume I - Hydrology, June 1, 1992 

Drainage September 1, 1992 

Estimated Manning's Rouehness Coefficients for Stream Channels and Flood Plains in Maricopa 
County. Arizona, April 1991 

Data Delivery Specifications: T i e  Hydrologic Information System (HISZ Revision 01.1 

FEMA PUBLICATIONS 

FEMA Document 37, Flood Insurance Study Guidelines and Specifications for Studv Contractors, 
March 1991 

ADWR PUBLICATIONS 

State Standard Attachment 1-90, Instmctions for Oreadzing and Subnutting Technical Documentation 
for Flood Studies, September 1991 
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DISTRICT PUBLICATIONS 

Drainage Design Manual for Maricopa Countv. Arizona: Volume I - Hydrologb June 1, 1992 

1 September 1, 1992 

Estimated Manning's Rou~hness Coeificients for Sueam Channels and Flood Plains in Maricopa 
County, Arizona, April 1991 

Data Delivery Specifications: 7he Hydrologic Information System (IIIS), Revision 01.1 

FEMA PUBLICATIONS 

March 1991 

FIA Document 12. Aapeals. Revisions. and Anlendlnents to Flood Insurance Maps, January 1990 

ADWR PUBLICATIONS 

State Standard Attacli~nent 1-90, Instructions for Orqanizing and Submiltjng Technical Docurnentation 
for Flood Studies. September 1991 



Fountain Wills North F ~ L  Jplain Delineation Study 
Project Schedule 

George V. Sabol Consulting Engineers, Ine. 

1.2.3 Hydmlogy Mrg.: Sub-Barin Dsltn. 

1.2.4 llydmlogy Mlg. : Paramlcm 

1.2.5 Hydmlogy hltg.: Eiri~l. REC-I Model 

.6 H~draulirr Mlg.: h p .  

.7 Cmrdinalion Mecling # I  

-- 

Noncritical I Milestone + Rolled Up 0 

Attachment 3 Page 1 9/23/92 S:36 pm 



Fountain Hills North Floodplain Delineation Study 
i Project Schedule 
1 George V. Sabol Consultil~g Engineers, h c .  

3.5.2.2 FUIUW C 

3.5.3 Final C~nvsrsion 
p-p-pp 

3.5.3.1 Hydmlogy Convemion 

FIELD SURVEY 

-- 
Section Verificalion 

4.3 Plol Chwk Sections 
-- 

4 As-Built Strucarrs 

5.1 .I Digitize Soil Boundaries 

5.1.2 h n d  Urn h d .  - Exisling 

5.1.3 Land UPL Bound. - Futurs 
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TO: 

George 2? Safiol Consulting 'Engineers, Inc. 
3501 North 16th Strcel. Suite B .  Phoenix, Arizona 85016 

(602) 234-3321 FAX (602) 248-785 1 

MEETING NO. 2 ATTENDEES 

TIM MURPHY SANDY STORY 
Flood Control District FCDMC 
of Maricopa County (FCDMC) 

TOM LOOMIS 
Georxe V. Sabol Consulting 
Engineers (GVSCE) 

Randy Harrel, P.E. 
Town of Fountain Hills (TOFH) 

FROM: TOM LOOMIS 
Project Engineer 
GVSCE 

. DATE: 23 December, 1992 

SUBJECT: Fountain Hills Floodplain Deline tion Study (North) 
Contract FCD 92-04 n 

RECORDER: Tom Loomis 
-- 
Meeting Notes for Meeting No. 2 L/' 

1. The meeting commenced at 3:30 at the Town of Fountain HUs on 23 December 
1992. In attendance were: 

Mr. Randy Harrel, (TOFH)  
Mr. Tim Murphy, FCDMC 
Ms. Sandy Story, FCDMC 
Mr. Thomas R. Loomis, GVSCE 

There was no agenda for this meeting. 

The following is our understanding of the major items of interest that were 
discussed :lt the meeting. Please inform GVSCE if corrections or additions are 
q~prupriate. 

2. Mr. Harrel showed the materials he has gathered together so far. These 
consisted of drainage improvement plans for Palisades Blvd. drainage channel, 
Dam #4 as-hilts, i~nd  miscellaneous sewer plans. The following is a list of 
materials, which came up at various points during the meeting, which Mr. Harrel 
agreed to provide copies of: 

a. The Town of Fountain Hills proposed new zoning code. 
b. Palisade Blvd. Improvement Plans, and storm drain in Golden Eagle Blvd. 
c. Addendums, revisions, and additions to the 1992 improvement district plans. 
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d. Plans and plat for a proposed subdivision on Hampstead Drive. 
e. Plans for Zapata Wash at Montczun~a Boulevard. 

3. M r  Harrel provided a copy of the newspaper article (The Times, 23 December, 
1092) about Puldic Meeting No. 1 (Attachment A). 

4. Mr. Loomis presented the existing and future condition land use maps 
(prelimin:~ry redlines) and asked for comments. Everyone agreed the approach 
w:is acceptable. 

5 .  Mr. Loomis presented a copy of the Town zoning map on which tentative 
watershed concentration ~ o i n t s  were marked. Each location was discussed. Mr. 
Harrel pointed out locations where culverts were incorrectly located and where 
new culverts were placed as  a part of the 1992 improvement districts. Mr. Harrel 
added seberal concentration points. These were added to the work map.  

6. Mr. Loomis asked Mr. Harrel for copies of subdivision plats in order to verify 
the dedicated function of large open tracts. Mr. Harrel agreed to let Mr. Loomis 
research the plats in the Town offices. A work area is open on Tuesday and 
Thur~days. 

7. Mr. tl;irrel requested that a separate sub-basin be delineated for flow in Golden 
Eagle Boulevard east of the crossing of Ashbrook Wash. This crossing was 
flooded last ye;ir. Flow overtopped the roadway The culvert was not clogged 
with debris. 

8. The proposed Sunridge Canyon subdivision will be master planned in the next 
two months. Mr. Harrel agreed to set up a meeting with MCO Properties to 
determine the average density of development and the boundary. A tentative 
date of 31 December, 1992 was selected. Mr. Harrel and Mr. Loomis will attend 
the meeting. 

9. Mr. Loomis asked Mr. Harrel if local ~recipitation data is kept. Mr. said to 
contact the Chaparral Water Company or The Times newspaper. 



Flood control study : 

will-.take one year 
Mnricops County's Flood Control 

District i s  se t  to emba rk  o n  a fload- 
plain delineation study t h a t  will 
assist the town i n  future develop- 
m e n t  and  identify any problom nr- 
ens. 

Tinl Murphy, project ninnnger, 
sh-essed last  week, however.  thn t  
t h e  Town d Fountain Hil ls  would 
no t  be liable for correcting problems 
should any be found. 

The study's main purpose i s  to 
identify potential floodhazard area4 
tu s a f e p a r d  life a n d  property. 

Murphy outlined t h e  s tudy's  
main  benefits for t h e  Town Council: 

Identification of flood hazards  
before significant development oc- 
C U T S .  

* Identification of flood hnzards  
caused by eds t i ng  development. 

*Determinat ion o f a r ea s  in need ~ ~ ~~ 

of flood proteetim, nnd stnbctnres 
t ha t  tnny requir* flood insurnnce. 
' hlinimi7,closs o f l i i ~ n n d ~ r n ~ e r .  

t y  by regulating floodplain d;veiop- 
ment. 

* Development of hydrological 
inrormotion to  address  e d s t i n g  a n d  
future drainage problems 

Murphy said the  county's s tudy  
will not addressthe s tructural integ.  
rity or the  earthen dams built  here  
i n  the  early 1970s. 

H e  said the  s tudy will t ake  abou t  
a year to  complete, and  t h e  work 
will entail sunieys and  walk  
throughs on various washes in  
Fountain Hills. 

No earth work, l and  disturbnnce 
or other improvement work will be 
done  i n  connection with t h e  
$500,000 study. 

Maricopa County ha s  hired two 
consultants, George V. Sabol Con- 
sulting Engineers e n d  AGK Engi -  
neers, to perform the  study. 

Fountain Hil ls  h a s  been divided 
up  into two s tudy  a reas  Tor the  proj- 
ect, with tho northern half having 
16 square miles aT waters l~ed  a r ea  
and  the southern portion wit11 e igh t  
square miles. 

I n  addition, the  north s tudy  a r e a  
h a s  24 "river miles" to be s tudied,  
while t h e  southern half 11133 only 15 

Resul t s  also will be forwarded to 
t h e  Federal Emergency Mnnaga- 
m e n t  Agency, which ultimately will, 
issilo n "Flood insurnnce Rate  Mnp"I 
on t h e  besie of t h e  study's lindings. 

Although the  town itself would 
not  b e  tnking ou t  flood insurance, 
the  etudy could identify any  horne- 
owners who may  want  ta consider, 
t ak ing  out  flood insurance. 

Town Manager  Paul  Nordin said 
t h e  town will benefit in one a r ea  by 

developments. 
1 having  d a t a  available for future , 

"Well  b e  able to tell developers 
what  they will have to  pu t  i n  for 
culverts a n d  t ha t  type of thing lor 
fu ture  subdivisions end  develap- 
rnents," h e  said. 

Town Engineer  Randy Hnrrel  
said resul ts  will be particularly 
helpful to  t h e  town for studying 
possible s t om-d ra inage  improve- 
m e n t s  on Saguaro Boulevnrd by 
Fountain P a r k  and  the Ashbrook 
Wash,  which h a s  major crossings on 
Founta in  Hil ls  a n d  El Pueblo boule- 
vards  and  Del Cnmbre Avenue. 

river miles. 
"The town i s  not  immediately 

obligated to do anything with the  
study's results," M ~ r p h y  sa id  Dec. 
17. "The purpose i s  to  identiry po- 
tential problem nreas" wit11 the  



MEMORANDUM 'I'O FILE 

DATE: 14 January 1993 

FROM: Toni Looaiis 

PROJECT: Fountain Hil l  North Floodplain Delineation Study 
FCI) 92-01 

SUBJECI': Meeting at Anderson-Nelson, Inc. (A-N) 

Attendees: 

Tom Loomis, GVSCE 
Hal Marrun, AGI< 
Don Anderson, A-N 
George Nelson, A-N 

The meeting was held on I I Janu;~ry 1993. l'he purpose was to discuss the survey control, 
done by A-N, userl to psep;Ire the 200 sc;~le topographic mapping. George Nelson provided 
the following: 

1. A written cle>criptio~~ of the method used to rotate the Fountain Hills Local 
Coordinate System to NAD 195.7 State Plane Coordinate System. 

2. A written monument description of the high altitude aerial control panel points. 

We discussed the merhorl userl. Hal Marron expressed his concern that the two monuments 
used for the rotation/tsanslation were very close to a north-south alignment, that the distance 
between them is only 1 mile, anrl that the points are located a t  the southeast corner of 
Fountain Hills. This could potentii~lly result in a rotational distortion with propagational error 
being worst at tlie northwest corner of the town. 

I supported his concern. George Nelson then called his surveyor, Larry James. I discussed 
our c;ncern with him. He  agrerd that this is a potential problem. H e  said that there are 
other monuments along the south and east town boundaries that were surveyed by SRP using 
GPS techniques. They (A-N) rlid not use these monuments because they have not been tied 
into the Fountain Hills Local Coordinate System. 

We then discussed other information that is in A-N records. Don Andersol~ had prints made 
of the items 1 requested. Refer to tlie Reference Information List for items obtained from 
A-N. 



Geoiye SaGoC ConruCtinfj Engineers, Inc. 
133 1 17lh Slrccl. Suilc 700. Dcnver, Colorado 80202 

(303) 295-7016 FAX (303) 292-2415 

25 January 1993 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 West Durango St. 
Phoenix, Arizona 85009 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract. FCD 92-04 
Monthly Progress Report No. 1 

Dear Mr. Murphy: 

The following progress is reported for the period 8 December 1992 
through 15 January 1993: 

TASK 1 - COORDINATION 
a. The Kick-off meeting was held on 10 December. 
b. The Project Schedule was completed and submitted to FCDMC. 
c. Public Meeting No. 1 was held on 17 December. 
d. Meeting No. 2 was held on 23 December to discuss land-use 

assumptions, concentration point locations and data collection. 

TASK 2 - DATA COLLECTION 
a. Meet with Bill Jenkins at ADWR on 16 December. 
b. Performed a data search with the Town of Fountain Hills. 
c. Initiated data compilation with the State Lands Office, County 

Highway Dept., County Parks Dept., and Anderson-Nelson. 
d. Compiled data gathered thus far. 

TASK 3- MAPPING 
a. Initiated work on study area maps. 
b. Met with GCA on map files on 31 December. 
c. Verified south boundary of watershed. 
d. Reviewed coordinate data and rotationltranslation parameters for 

maps. 
e. Reviewed control layers and edge match. 
f. Coordinated with FCDMC, AGK and A-N on survey control. 

TASK 4 - FIELD SURVEY 
(no activity) 

TASK 5 - HYDROLOGY 
a. Defined land use categories. 
b. Delineated watershed on map. 
c. Defined concentration points. 
d. Initiated reservoir route data study. 
e. Initiated sub-basin delineation 
f. Initiated sub-basin data summary report. 
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TASK 6 - HYDRAULICS 
a. Conducted field trip to observe drainage system. 
b. Initiated work to select cross-section locations. 

TASK 7 - FINAL PRODUCTS 
(no activity) 

The estimated percent completion by tasks are as follows: 

Task No. Percent Completed 

1 38 

Potential problems that were identified are: 

1. Problems with matching map sheets has been identified and brought to the 
attention of FCDMC. The severity of this problem is unknown, and impact 
on the project, if any, has not been resolved. 

2. Problems with map translation and rotation was noted. The potential 
impact on the project and the need to rectify is unknown. 

Please call me if you have any questions. 

Sincerely yours, 
George V. Sabol Consulting Engineers, Inc: 

George V. Sabol, Ph.D., P.E. 



MEMORANDUM TO FILE 

DATE: 3 February 1993 

DATE Tom Loomis 

SUBJECT: Meeting at  Kenney Aerial Mapping 

TOPIC: Fountain Hllls Floodplain Delineation Study (North) 
Contract FCD 92-04 

RECORDER: Tom Loomis 

1. The meeting commenced at 2:00 at the office of Kenney Aerial Mapping (KAM) 
on 2 February 1993. In attendance were: 

Mr. EUis Hyde (KAM) 
Mr. Frank Deal (KAM) 
Mr. Paul Khorramabbad (KAM) 
Mr. Tim Murphy, FCDMC 
Ms. Sandy Story, FCDMC 
Mr. Thomas R. Loomis, GVSCE 

There was no agenda for this meeting. 

2. Mr. Loomis and Mr. Deal discussed the format to use for providing HEC-2 cross 
section locations to KAM. It was agreed that the cross sections could be 
provided in an AutoCAD drawing fde format as polylines. Cross sections will be 
digitized into AutoCAD from left to right looking downstream. 

3. The schedule for delivering HEC-2 cross section locations to KAM was discussed. 
Mr. Loomis will review the tentative locations and then submit them to the FCD 
for review and approval. The locations will then be provided to KAM. It will 
probably be three weeks before locations are delivered to KAM. Mr. Hyde asked 
how many cross section locations have been identified thus far. Mr. Loomis said 
about 430, but this number will probably be reduced to approximately 400. 

4. The 200 scale contour mapping provided by KAM was discussed. Mr. Loomis 
pointed out that the edges between AutoCAD files do not match. In most cases, 
there is less than 0.005' of gap or overlap. Between sheets 5 and 8 there is a 
triangular-shaped gap that is 22 feet wide at the west sheet edge. There is a 
0.29' gap at the southwest corner of sheet 9, between sheets 9 and 16. Mr. 
Murphy stated that Hal Marron of AGK Engineers has a similar problem with 
at least one location in his study area. 
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The possible cause of thesr problems was discussed. It was decided that the 
probable cause of the general sheet matching gap is related to the rotation to the 
State plane coordinate system. The scale factor applied to each sheet was only 
single precision. This could cause a rounding problem which would vary results 
between files. This error should not cause a problem with the GIs translation. 

The second problem, which is the two locations with large gaps, is probably 
caused by an improper trim operation using AutoCAD. This speculation was 
made by Mr. Deal. Mr. Ellis stated that KAM will verify that these problems 
exist and make corrections as appropriate. 



Geoye ?.I SaGolCorrsultiry Ergineers, Inc. 
133 1 17111 Stcccl. Suilc 700. Dcnvcr. Colorado 80202 

(303) 295-7016 PAX (303) 292.241 5 

22 February 1993 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Marioopa County 
2801 West Durango St. 
Phoenix, Arizona 85009 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 
Monthly Progress Report No. 2 

Dear Mr. Murphy: 

The following progress is reported Lor the period 16 January 1993 
' through 15 February 1993: 

TASK 1 - COORDINATION 
a .  Placed newspaper ads. 
b. Coordinated mapping problems with llal Marror~ at AGK. 
c. Completed Rights oE Entry. 

TASK 2 - DATA COLLECTION 
a. Miscellaneous data aad map collection, review, compilation and 

reporting. 
b. Performed a data search with the Town of Fountain Hills. 

TASK 3- MAPPING 
a. Completed DTM conversion. 
b. Initiated work study drawings. 
c. Initiated hydrologic base maps 
d. Initiated GIs conversion. 

TASK 4 - FIELD SURVEY 
a. ERMs are about 704 completed. 
b. Initiated as-built surveys. 

TASK 5 - HYDROLOGY 
a. Prepared base maps. 
b. Initiated digitizing soil maps. 
c. Completed land-use boundaries. 
d. Sub-basin delineation is nearly completed. 
e. Initiated parameter estimation. 
f. Performed reservoir route data analyses. 

TASK 6 - HYDRAULICS 
a. Field reconnaissance is nearly completed. 
b. Cross-section location is mostly completed. 

TASK 7 - FINAL PRODUCTS 
(no activity) 
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The e s t ima ted  percen t  comple t ion  by t a s k s  a r e  a s  fo l lows:  

Task No. Pe rcen t  Completed 

1 40 

2 9 9  

3 11 

P o t e n t i a l  problems t h a t  were i d e n t i f i e d  a r e :  

1. It has  been d i scovered  t h a t  t h e r e  was no t  h o r i z o n a l  o r  v e r t i c a l  survey 
performed t o  t i e  the  mapping c o n t r o l  p o i n t s  t o g e t h e r .  Control p o i n t s  
were l o c a t e d  using h i s t o r i c  (development) benchmarks. Those benchmarks 
may have been d i s t u r b e d  s i n c e  t h e i r  placement.  However, a t  t h i s  t ime 
t h e r e  i s  no reason t o  s u s p e c t  t h a t  t h e  mapping accuracy  w i l l  no t  be 
w i t h i n  FEMA s t anda rds  f o r  f l o o d p l a i n  d e l i n e a t i o n  s t u d i e s .  

2 .  F i e l d  reconna issance  has  l o c a t e d  30+ c u l v e r t s .  The scope-ol-work was 
based on an e s t i m a t e  of 14  c u l v e r t s .  T h i s  ha s  r e s u l t e d  i n  cons ide rab ly  
more work i n  p repar ing  r e s e r v o i r  r o u t e  i n p u t  f o r  HEC-1, and w i l l  r e s u l t  
i n  cons ide rab ly  more f l o w - s p l i t s  than  o r i g i n a l l y  a n t i c i p a t e d .  

Other  i t ems  of i n t e r e s t :  

1. We l o c a t e d  a copy of the  o r i g i n a l  (1970) topographic  map (1 inch  = 100 
f e e t ,  10  i t .  C . I . )  of the west development a r e a .  Th i s  enhances our  d a t a  
ba se  f o r  watershed mapping. 

2.  We ob t a ined  a  map of the  no r th  p a r t  of t h e  wate rshed  from the  County 
Parks  Department (1 inch  = 400 f e e t ,  10 f t  C . I . ) .  Th i s  w i l l  be used f o r  
sub-basin d e l i n e a t i o n  i n  t h a t  a r e a .  

3. Routing s e c t i o n  d a t a  w i l l  be e x t r a c t e d  from t h o s e  two maps. 
4 .  The USGS maps w i l l  be used a s  base  maps i n  t h e  r e p o r t s  f o r  cons i s t ency .  
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+ 
Please call me if you have any questions. 

j 
Sincerely yours, i 

George V. Sabol Consulting Engineers, Inc: 



Geoye %! Sabol Consztftin~ Engineers, Inc. 
1331 17111 Slrcel. Suilc 700. De~ivcr. Coloradu 80202 

(303) 295-701 6 FAX (303) 292-2415 

29 March 3993 

Mr. Timothy M .  Murphy 
P r o j e c t  Manager 
Flood C o n t r o l  D i s t r i c t  of Mar icopa County 
2801 West Durango S t .  
Phoen ix ,  Ar izona 85009 

S u b j e c t :  Founta in  Hills ( N o r t h )  F l o o d p l a i n  D e l i n e a t i o n  Study 
C o n t r a c t  FCD 92-04 
Monthly P r o g r e s s  Repor t  No. 3 

Dear Mr. Murphy: 

The f o l l o w i n g  p r o g r e s s  i s  r e p o r t e d  f o r  t h e  p e r i o d  16  February  1993 
th rough  15  March 1993: 

TASK 1 - COORDINATION 
a .  Mainta ined c o o r d i n a t i o n  w i t h  t h e  v a r i o u s  p a r t i e s  c o n c e r n i n g  mapping 

and c o n t r o l  problems.  
b .  Submit ted  documenta t ion  f o r  l e g a l  a d v e r t i s i n g  t o  FCDMC. 
c .  Prepared P r o g r e s s  Repor t  No. 2 .  

TASK 2 - DATA COLLECTION 
a .  M i s c e l l a n e o ~ i s  d a t a  r e v i e w ,  c o m p i l a t i o n  and r e p o r t  p r e p a r a t i o n .  

TASK 3 -  MAPPING 
a .  Performed checks  of r e v i s e d  c o n t o u r  maps. 
b .  Commrlnicated wi th  Hal Marron ( A G K I  and Ken Va lve rde  ( A G K ' s  

s u r v e y o r )  on map c o n t r o l .  

TASK 4 - FIELD SURVEY 
a .  E R M ' s  a r e  abou t  908 c o m p l e t e d .  
b .  P a r t i c i p a t e d  i n  a  m e e t i n g  on s u r v e y  c o n t r o l  a t  t h e  D i s t r i c t  w i t h  

Pedro  Ca lza  and Tim Murphy. I n  a t t e n d a n c e  were r e p r e s e n t a t i v e s  of  
GVSCE,  AGK, hnderson-Nelson (Town of F o u n t a i n  H i l l s  c o n s l l l t a n t ) ,  
and Rangy l l a r r e l  (Town of F o u n t a i n  Hi l l s ) .  

c .  P repa red  i n s t r u c t i o n s  f o r  s u r v e y i n g  of s t r u c t u r e s  f o r  t h e  
p r e p a r a t i o n  of a s - b u i l t  d r a w i n g s .  

d .  Met w i t h  Richard  A l c o c e r  on s u r v e y  of s t r u c t u r e s  and s u p p l e m e n t a l  
topograph ic  s u r v e y  of t h e  dam and s p i l l w a y  a t  t h e  h igh  s c h o o l .  

TASK 5  - HYDROLOGY 
a .  Completed p r e l i m i n a r y  s u b - b a s i n  d e l i n e a t i o n .  
b. P repa red  AutoCadd o p e r a t o r  f o r  d i g i t i z i n g  t h e  sub-bas ins .  
c .  Conducted a  f i e l d  v i s i t  of  a l l  f i v e  dams and s t a k e d  h igh  w a t e r  

marks ( i n  r e s e r v o i r  and o u t l e t )  f o r  January  - February  s t o r m s ,  and  
p r e p a r e d  a  memorandum. 

d .  Began o b t a i n i n g  r o u t i n g  c r o s s  s e c t i o n s .  
e .  Sub-bas ins ,  Tc p a t h s ,  and r o u t i n g  p a t h s  a r e  b e i n g  d i g i t i z e d .  
f .  Performed r e s e r v o i r  r o u t e  d a t a  a n a l y s e s .  
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TASK 6 - HYDRAULICS 
a. Conducted field survey portion of n value study and prepared photo 

documentation. 

TASK 7 - FINAL PRODUCTS 
(no activity) 

The estimated percent completion by tasks are as follows: 

Task No. Percent Com~leted 

1 4 5 

Other items of interest for this month: 

I. It was agreed with Sandy Story and Tim Murphy to move concentration 
points on the east Town boundary north of Section 11, west to the 
crossing of McDowell Mountain Park Road. 

2. The upstream end of the detailed study reach of Escalante Wash was moved 
upstream approximately 450 feet upstream to the confluence with a 
tributary wash. This was agreed upon with Tim Murphy. 

3. The average slope for Clark time of concentration flow paths will not be 
slope averaged. The average slope will be estimated using the top and 
bottom elevations and the total length. Slope averaging will not be 
done because the watershed is being broken down into small sub-basins 
which will minimize the problem of a steep upper reach combined with a 
flat, long, lower reach. This was agreed to with Amir Motamedi, and 
discussed with Sandy Story. 
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P l e a s e  c a l l  me i f  you have any q u e s t i o n s .  

S i n c e r e l y  y o u r s ,  
George V .  Sabol  Consult ing  Eng ineers ,  I n c :  

George V .  S a b o l ,  PI1.D.. P .E .  



Cjeoye 'b! Sa60lColrsul t i t~  E~rgitreers, inc. 
133 1 17111 SIl.ccI. Suilc 700. Ilctlver. Cula~.ndr, 80202 

(303) 295-701 (7 FAX (303) 292.24 15 

30 A p r i l  1993 

Mr. Timothy M .  Murphy 
P r o j e c t  Manager 
Flood Cont ro l  D i s t r i c t  o I  Maricopa County 
2801 West Durango S t .  
Phoenix ,  Arizona 85009 

Subjec t :  Fountain llills ( N o r t h )  F l o o d p l a i n  D e l i l ~ e a t i o n  Study 
Contract  FCD 92-04 
Monthly P r o g r e s s  Repor t  No. 4 

Dear Mr. Murphy: 

The f o l l o w i n g  p rogress  is  r e p o r t e d  f o r  t h e  pe r iod  16  March 1993 through 
' 15 A p r i l  1993: 

TASK 3 - COORDINATION 
a .  Prepared Progress  Report No. 3 .  

TASK 2  - DATA COLLECTION 
a .  Data c o l l e c t i o n  i s  e s s e n t i a l l y  comple te  

TASK 3- MAPPING 
No a c t i v i t y  

TASK 4 - FIELD SURVEY 
a .  Completed ERM's. 
b. Completed a s - b u i l t  s t r u c t u r e  s u r v e y s .  
c .  Completed supplemental  topography  f o r  t h e  high school  s t ad ium and 

Oxford Wash. Proceeding w i t h  map r e v i s i o n s .  
d .  Proceeding wi th  a s - b u i l t  d r a w i n g s  of t h e  v a r i o u s  dams and c u l v e r t s .  

TASK 5 - HYDROLOGY 
a .  Completed r o u t i n g  c r o s s  s e c t i o n  p r e p a r a t i o n  f o r  t h e  r e a c h e s  o u t s i d e  

HEC-2 modeling a r e a s .  
b. Completed p re l iminary  sub-bas in  d e l i n e a t i o n  map. 
c. Completed p re l iminary  c o n c e n t r a t i o n  p o i n t  and Tc path  e x h i b i t .  
d.  Proceeding with CADD p r e p a r a t i o n  of hydrology e x h i b i t s  and r o u t i n g  

diagram.  
e .  Coordinated with l lal  Marron a t  AGK on t h e  common watershed boundary 

and reached agreement on t h e  boundary.  
f .  Coordinated wi th  \la1 Marron a t  AGK on p r e p a r a t i o n  of parameter  

sp read  s h e e t s  and e x h i b i t s .  
g .  Proceeding wi th  hydrology p a r a m e t e r  s p r e a d s h e e t s .  
h. Prepared sub-basin ,  l a n d - u s e ,  and s o i l s  e x h i b i t s  f o r  review by t h e  

D i s t r i c t .  

TASK 6 - H Y D R A U L < I C S  
a .  Coordinated wi th  Frank Drown a t  MKE on HEC-2 c r o s s  s e c t i o n  

s e l e c t i o n  and s t ~ b m i t t a l  t o  t h e  D i s t r i c t  f o r  review.  
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b. Reviewed MKE's c r o s s  s e c t i o n  l o c a t i o n s .  
c .  Met w i t h  Frauk Brown and Richard Alcocer on the  proposed f i e l d  

v e r i f i c a t i o t i  c r o s s  s e c t i o n s .  
d .  Se lec ted  v e r i f i c a t i o l ~  c r o s s  s e c t i o n s .  
e .  Discussed c r o s s  s e c t i o n  s e l e c t i o r l  and upcomi~~g submit tal  w i l l 1  T i m  

Murphy. 

TASK 7 - FINAL PRODUCTS 
a .  Prepared t a b l e  of c o n t e n t s  f o r  the  Hydrology Report. 
b .  Prepared Exhibi t  A (Drainage Basin Map and Sheet Index f o r  Exh ib i t s  

B. C and D ) .  
c .  Prepared Summary Table f o r  Exhib i t  A .  

The est imated percent  completion by t a s k s  a r e  a s  fol lows:  

Task No. Percent  Com~le t ed  

1 4 9 

Other i tems of i n t e r e s t  f o r  t h i s  month: 

1. A l e t t e r  and suppor t ing  documentation on mapping problems was prepared 
and submitted t o  t he  D i s t r i c t .  A procedure t o  be used t o  r e so lve  any 
f u t u r e  mapping problems and concerns  was proposed. 

P lease  c a l l  me i f  you have any q u e s t i o n s .  

S i n c e r e l y  yours ,  
George V .  Sabol Consulting Engineers ,  Inc :  

George V .  Sabol ,  Ph.D., P . E .  



TO: 

FROM: 

G e o y e  2/ Sa6o~Cot t suLt i~ t~  Ettgilteers, Inc. 
3.501 Ncrilh Ih lh  Slrccl. Suilc 13. I'hirc~iix, A r i z i ~ ~ i a  X.51116 

(602) 271-3721 FAX ( 6 0 2 )  248-7851 

MEETING NO. 3 ATTENDEES 

TIM M U R P H Y  S A N W  STORY 
Flood Contml District FCDMC 
of Maricopa County (FCDMC) 

TOM LOOM IS Frank Brown 
GEORGE SABOL McLaughlin Kmetty Engineers (MKE) 
George V. Sabol Consulting 
Engineers (GVSCE) 

TOM LOOMIS 
Project Engineer 
GVSCE 

DATE: 10 May 1993 

SUBJECT: Fountain IJills Floodplain Delineation Study (North) 
Contract FCD 92-04 

Meeting Notes for Meeting No. 3 

The meeting commenced at 1:00 at the Flood Control District of Maricopa County on 4 May 
1993. This meeting was held to review the hydrology preliminary sub-basin delineation and the 
preliminary hydraulics cross section locations. 

There was no agenda for this meeting 

The following is our understanding of the major items of interest that were discussed at the 
meeting. Please inform GVSCE if corrections or  additions are appropriate. 

1. Mr. Murphy and Ms. Story presented their review comments on the hydrol~gy 
preliminary sub-basin delineation. The comments and agreed upon course of 
action are summarized as follows: 

Section 2, Sub-basin 202A - Mr. Murphy point out that the T, path terminates 
below t h e  top of the sub-hasin. He asked for an explanation of why this was 
done. Mr. Loomis responded that the T, path selected was representative of the  
majority of the sub-basin. Extending the T, path to the top of the sub-basin 
would cause an increase in slope that is not representative of the majority of the 
sub-basin. 



Section 2, Sub-basin 2028 - Mr. Murphy point out that the T, path at the upper 
end of the sub-basin was inconsistent with the logic used for sub-basin 202A. Mr. 
Loornis and Dr. Sabol agreed. A revised Tc path was agreed upon. Mr. Loomis 
agreed to-review all of the sub-basins to locate any other such inconsistencies. 

Section 32, Sub-basin 205L - Ms. Story pointed out that a T, path had not Keen 
identified. Mr. Loomis stated that this had already been noted and a T, path 
selected. 

2. Mr. Loomis reviewed the sub-basin delineation corrections proposed as a result 
of the field reconnaissance. These were too numerous to identify in the minutes. 
The  FCDMC personnel and GVSCE personnel agreed that the preliminary suh- 
basin delineation is acceptable as modified. GVSCE will finalize the sub-basin 
delineation. 

3. Mr. Loomis distributed preliminary copies of the Routing Diagram and Exhibit 
'X" to Mr. Murphy and Ms. Story. He also reviewed the list of hydraulic 
structures prepared to show critical data for each culvert and the status for 
analysis purposes. 

4. Mr. Loomis presented the proposed spreadsheet layouts for estimation of 
hydrology parameters. Ms. Story was satisfied with the proposed approach. Mr. 
Loornis stated that a writeup of the  parameter estimation process and sample 
spreadsheets would be prepared and forwarded to Ms. Story for review. 

5. Mr. Brawn submitted the hydraulics parameter estimation (n-value) report to Mr. 
Murphy for review. H e  described the report layout. 

6. The  meeting was adjourned a t  3 3 0  p.m. 

c: Dr. George V. Sabol 

9249lm\54Mln,OU 



George 'I? SaboCConsuCting 'Engineers, Inc. 
3501 North 16th Street, Suite B, Phoenix, Arizona 85016 

(602) 234-3321 FAX (602) 248-7851 

MEMORANDUM TO FILE 

MTE: 10 May 1993 

FROM: TOM LOOMIS 
Project Engineer 
GVSCE 

MTE: 10 May 1993 

SUBJECT Meeting with Mr. Randy Harrel 

PROJEm: Fountain Hills Floodplain Delineation Study (North) 
Contract FCD 92-04 

1. A meeting was held with Mr. Randy Harrel, Town of Fountain Hills (TOF). The 
meeting commenced at 10:OO a.m. on 6 May 1993. In attendance were: 

Mr. Randy Harrel (TOF) 
Mr. Tom Loomis (GVSCE) 
Mr. Frank Brown (MKE) 

There was no agenda for this meeting. 

2. Mr. Loomis reviewed the preliminary sub-basin delineation maps with Mr. Harrel. 
Mr. Harrel made an adjustment to the routing path 623624. The hydrologic 
routing at the stock tank in Section 2 was discussed. Mr. Harrel stated that the 
Town had field surveyed a profile along the top of the tank embankment. H e  
agreed to send Mr. Loomis a copy of the field notes. Mr. Harrel did not voice 
opposition to any proposed sub-basin boundaries. 

3. Mr. Loomis reviewed the List of Hydraulic Structures table with Mr. Harrel. Mr. 
Harrel was given a copy of the table and the location diagram. 

4. Mr. Brown reviewed the preliminary HEC-2 cross section locations with Mr. 
Harrel. Mr. Harrel did not voice opposition to any cross section locations. Mr. 
Harrel expressed an interest in reviewing the preliminary n-value report after the 
FCDMC has finished reviewing it. 

5. Mr. Harrel agreed to forward the Town survey notes for five +Built structures 
in the Improvement District projects to Mr. Loomis as mn/$ possible. 

c: Mr. Tim Murphy 
Dr. George V. Sabol 



TO: 

George 'b! Sa,6oi Coruuititlg Ertgineers, Irrc. 
3501 North 161h Slrccl. Suite t3. I'li~renis. Arizor~n US016 

(602) 234-7121 PAX (602) 24X-7851 

MEETING NO. 3 ATTENDEES 

TIM MURPHY SANDY STORY 
Flood Contrc~l District FCDMC 
of Maricopa County (FCDMC) 

TOM LOOMIS Frank Bruwn 
GEORGE SABOL McLaughlin Kmetty Engineers (MKE) 
George V. Sahol Consulting 
Engineers (GVSCE) 

/I 
FROM: TOM LOOMIS 

Prilject Engineer 
GVSCE 

w 
MTE: 10 May 1993 

SUBJECT. Fountain Hills Floodplain Delineation Study (North) 
Contract FCD 92-04 

Meeting Notes for Meeting No. 3 

The meeting commenced at 1:00 at the Flood Control District of Maricopa County on 4 May 
1993. This meeting was held to review the hydrology preliminary sub-basin delineation and the 
preliminary hydraulics cross section locations. 

There was no agenda for this meeting. 

The following is our understanding of the major items of interest that were discussed at the 
meeting. Please inform GVSCE if corrections or additions are appropriate. 

1. Mr. Murphy and Ms. Story presented their review comments on the hydrology 
preliminary sub-basin delineation. The comments and agreed upon course of 
action are summarized as follows: 

Section 2, Sub-hasin 202A - Mr. Murphy point out that the T, path terminates 
below the top of the sub-basin. H e  asked for an explanation of why this was 
done. Mr. Loomis responded that the T, path selected was representative of the 
majority of the sub-basin. Extending the T, path to the top of the suh-basin 
would cause an increase in slope that is not representative of the majority of the 
sub-basin. 



Section 2, Sub-hasin 2028 - Mr. Murphy point out that the T, path at the upper 
end of the suh-basin was inconsistent with the logic used for sub-basin 202A. Mr. 
Loomis and Dr. Sabol agreed. A revised T, path was agreed upon. Mr. Loomis 
agreed tocreview a l l  o f  the sub-basins to locate any other such inconsistencies. 

Section 32, Sub-basin 205L - Ms. Story pointed out that a T, path had not been 
identified. Mr. Loomis stated that this had already been noted and a T, path 
selected. 

2. Mr. Loomis reviewed the sub-basin delineation corrections proposed as a result 
o f  the field reconnaissance. These were too numerous to identify in  the minutes. 
The FCDMC personnel and GVSCE personnel agreed that the preliminary sub- 
basin delineation is acceptable as modified. GVSCE will finalize the sub-basin 
delineation. 

3. Mr. Loomis distributed preliminary copies of the Routing Diagram and Exhibit 
'R" to Mr. Murphy and Ms. Story. H e  also reviewed the list of hydraulic 
structures prepared to show critical data for each culvert and the status for 
analysis purposes. 

4. Mr. Loomis presented the proposed spreadsheet layouts for -timation o f  
hydrology parameters. Ms. Story was satisfied with the proposed approach. Mr. 
Loomis stated that a writeup o f  the parameter estimation process and sample 
spreadsheets would be prepared and forwarded to Ms. Story for review. 

5. Mr. Brown submitted the hydraulics parameter estimation (n-value) report to Mr. 
Murphy for review. H e  described the report layout. 

6 .  The meeting was adjourned at 3 3 0  p.m. 

c: Dr. George V. Sabol 

n491m\5.4htin.os 



George '24 SaGolConsultiizg Eiyineers, Inc. 
133 1 1711 Slreel. Suile 700. Denver. Colorado 80202 

(303) 295-701 6 FAX (303) 292-24 15 

26 May 1993 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 West Durango St. 
Phoenix, Arizona 85009 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 
Monthly Progress Report No. 5 

Dear Mr. Murphy: 

The following progress is reported for the period 16 April 1993 through 
15 May 1993: 

TASK 1 - COORDINATION 
a. Prepared Progress Report No. 4. 
b. Meeting on 4 May at the District on Hydrology and Hydraulics to 

discuss FCD review comments on sub-basin delineation and HEC-2 
cross section locations. 

TASK 2 - DATA COLLECTION 
a. Data collection is substantially complete. 

TASK 3- MAPPING 
a. Initiated translation of topographic maps into ArcInfo. 
b. Began hydraulic base sheet layout. 
c. Converted HEC-2 cross sections and thalwegs to ArcInfo. Calculated 

stations for cross sections along the thalweg. 
d. Submitted hydrologic AutoCad drawings to GCA for conversion to 

ArcInfo and calculation of areas. 

TASK 4 - FIELD SURVEY 
a. Proceeding with map revisions of high school stadium. 
b. Proceeding with as-built drawings of the various dams and culverts. 
c. Proceeding with HEC-2 check cross sections. 

TASK 5 - HYDROLOGY 
a. Conducted field reconnaissance to verify sub-basin boundaries and 

flow diversion cross-sections. 
b. Surveyed flow splits, culverts, and routing reaches. 
c. Compiled photographs of field reconnaissance. 
d. Finalized sub-basin delineation. 
e. Proceeding with parameter estimation spreadsheets. 
f. Proceeding with CADD exhibits. 
g. Prepared hydraulics of dam emergency spillways for routing 

operations. 
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TASK 6 - HYDRAULICS 
a. Prepared n-value report and submitted to District on 4 May. 
b. Prepared culvert photograph documentation. 
c. Coordinated with Tim Murphy on HEC-2 cross-section comments, and 

reviewed these with Frank Brown. 
d. Reviewed HEC-2 cross-section selection. 
e. Began work on special culvert option of HEC-2. 
f. Prepared cross-section information and delivered to Kenney Aerial 

Mapping and CIS Consultants of Arizona for digitizing and ArcInfo 
conversion. 

TASK 7 - FINAL PRODUCTS 
a. Prepared hydrology Exhibit "A" and an outline ok the preliminary 

hydrology report. 

The estimated percent completion by tasks are as follows: 

Task No. Percent Com~leted 

Other items of interest for this month: 

1. Tom's horse needs his sheath cleaned. 
2. Pedro Calza caught a 15 lb. catfish on a fly rod. 
3. Joyce didn't send Tom any "You screwed up" notes! 

Please call me if you have any questions. 

Sincerely yours, 
George V .  Sabol Consulting Engineers, Inc 

George V. Sabol, Ph.D., P.E. 



23 June 1993 

Mr. 'l'i~notlry M .  Murphy 
P r o j e c t  Manager 
Flood C o n t r o l  D i s t r i c t  o t  Maricopa County 
2801 West Durango S t .  
Phoenix,  Arizona 85009 

S u b j e c t :  Founla in  Hills ( N o r t l ~ )  F l o o d p l a i n  U e l i o e a t i o n  Study 
Cont rac t  FCD 92-04 
Monthly P r o g r e s s  Report  No, 6 

Dear Mr. Morphy: 

The Lollowing p r o g r e s s  i s  r e p o r t e d  Lor t h e  p e r i o d  1 6  May 1993 t h r o u g l ~  
20 June  1993: 

TASK 1 - COORDINATION 
a .  P repared  Progress  Report No. 5.  

TASK 2 - DATA COLLECTION 
a .  Data c o l l e c t i o n  i s  s r r b s t a r l t i a l l y  comple te .  

TASK 3- MAPPING 
a .  GIs C o n s u l t a n t s  o l  Arizorla is  c a l c u l a t i l l g  h y d r o l o g i c  parameter 

a r e a s  and is deve lop ing  a  d a t a  b a s e  f o r  p a r a m e t e r s .  

TASK 4 - FIELD SURVEY 
a .  Performed f i e l d  v e r i f i c a t i o n  s u r v e y s  of  IlEC-2 s e c t i o n s .  
b. Compared survey  d a t a  t o  t h e  s e c t i o n s  t h a t  were o b t a i n e d  from Kenrley 

A e r i a l  Mapping, and c o o r d i n a t e d  c o r r e c t i v e  a c t i o n s  w i t 1 1  MKE,  
A lcocer ,  and Kenney A e r i a l  Mapping. 

c .  Performed tniscellarreous s u r v e y s  f o r  c u l v e r t  a s - b u i l t  drawings and 
t h e  Oxford Wash topography.  

TASK 5 - HYDROLOGY 
a .  Performed f l o w - s p l i t  a n a l y s e s  and deve loped  r a t i n g  c u r v e s .  
b. Performed r e s e r v o i r  r o u t i n g  a n a l y s e s  and developed r a t i n g  c u r v e s .  
c .  F i n a l i z e d  sub-basin  r l e l i n e a t i o n .  
d .  Eva lua ted  t h e  e f f e c t s  of Golden Eag le  P a r k  on Dam 4 d e t e n t i o n  

volumes. Informer1 FCDMC by l e t t e r .  Coord ina ted  witlr ADWR. 
e .  Completed photograpl l ic  docrrmentation of t h e  wa te r shed .  

TASK 6 - NYDRAULICS 
a .  Received c r o s s - s e c t i o n  i n f o r m a t i o n  ( d i g i t i z i n g  and convers ion)  from 

Kenney A e r i a l  Mapping atrd CIS C o n s u l t a n t s  of Arizona.  
b.  P rogressed  wi th  llEC-2 model t levelopment.  
c .  P rogressed  w i t 1 1  model i r~g s t r u c t r t r e s .  
d .  Eva lua ted  f i e l d  v e r i I i c a t i o n  of channe l  c r o s s - s e c t i o n  d a t a .  
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TASK 7 - FINAL PRODUCTS 
No activity on this Task. 

The estimated percent completion by tasks are as follows: 

Task No. Percent Completed 

1 51 

2 9 9 

3 5 2 

4 88 

5 6 0 

6 2 9 

1 8 

Please call me if you have any questions. 

Sincerely yours, 
George V. Sabol Consulting Engineers, InC 

George V. Sabol, Ph.D., P,E. 
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Fountain Hills FIS 
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qeoyr  ' ! SaGol Corrsultirg Eigiiteer: ,~.c. 
7950 East I\L.UIII~ Drive. Suilc 21 I .  Scollsdale, Arizo~ia 8.526~-6962 

(602) 483-3368 I'AX (602) 483-3990 

Mr. Timothy M .  Murpl~y 
P r o j e c l  Marlager 
Flood C o n t r o l  D i s L r i c t  of Maricopa Coullly 
2801 n e s t  Durango S t .  
Phoenix ,  Arizona 85009 

S u b j e c t :  Fountain llills (NorLh) E ' l u u d y l a i ~ ~  D e l i ~ i e a L i o n  Sludy 
ContracL FCD 92-04 
Monthly P r o y r e s s  Report  No. '1 

Dear Mr. Murphy: 

The fo l lowing  p r o y r e s s  i s  r e p o r t e d  f o r  t h e  p e r i o d  21 Julie 1993 t h r o u g l ~  
15 August 1993: 

TASK 1 - COORDINATION 
a .  Prepared Progress  Report  No. 6 .  

TASK 2  - DATA COLnLECTION 
a .  Data c o l l e c t i o n  i s  s u b s t a u t i a l l y  comple te .  

TASK 3- MAPPING 
a .  C o o r d i l ~ a t e d  wiLl~ GCA on Lhe p r e p a r o t i o r ~  of llydrology paramehers and 

s u b m i t t a l s  t o  t h e  Dis t r ic t .  
b.  Completed c o ~ ~ v e r s i o l ~  u[ Lopogrophic  maps and l ~ y d r o l o y y  mapping t o  

ARC-INFO. Made p r e l i m i n a r y  s u b m i t t a l  t o  t h e  D i s t r i c t .  

TASK 4 - FIELD SURVEY 
a .  Reviewed a s - b u i l t  d rawings  of s t r u c t u r e s  t h a t  were f i e l d  su rveyed .  
b.  Sent  a  l e t t e r  t o  t h e  Town of Founta in  Hills OII d r a i n a g e  s t r u c t l l r e s .  
c .  Completed f i e l d  v e r i l i c a t i o r ~  of IIEC-2 c r o s s - s e c t i o n s .  
d .  Completed comparisons of f i e l d  v e r i f i c a t i o n s  a g a i n s t  p h o t o d i g i t i z e d  

c r o s s - s e c t i o n s  t h a t  were r e c e i v e d  from Kenney A e r i a l  Mapping (KAM). 

TASK 5 - MYDROLOGY 
a .  Completed s o i l s  pa ramete r  s p r e a d s h e e t ,  and s u b m i t t e d  t o  Lbe 

D i s t r i c t .  
b.  Completed HEC-1 r o u t i u g  s e c t i o r l  d e f i l l i  t i o n .  
c .  Completed Tc d a t a  s p r e a d s l l e e t .  
d .  Completed l and-use  p a r a m e t e r  s p r e a d s l l e e t ,  and submi t t ed  t o  tlle 

D i s t r i c t .  
e .  Prepared r o u t i n g  paramete r  s p r e a d s h e e t .  
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TASK 6 - UYDRAULICS 
a .  Received plrotodigi t i zed  c r o s s - s e c t i o l ~  d a l a  Lroln Ke1111ey A e r i a l  

Mapping. T h i s  i s  abonl 90 p e r c e ~ ~ t  comple te .  (See comn~el~ts 1111der 
o t h e r  i t e m s  of  i n t e r e s t . )  

b. Compared p h o t o d i g i t i z e d  c r o s s - s e c t i o n  d a t a  w i t 1 1  c r o s s - s e c t i o n s  Erom 
c o n t o u r  maps f o r  randomly s e l e c t e d  s e c t i o l r s .  (See comn~ellts under 
o t h e r  i t ems  of i n t e r e s t . )  

c .  P repared  DXF f i l e s  of p h o t o d i y i t i z e d  c r o s s - s e c t i o ~ ~ s .  
d .  Coordinated p h o t o d i y i t i z i ~ ~ g  problems betweell KAM and the  D i s t r i c t ,  

MKE and AGK. Scheduled a  meet ing w i t h  t h e  D i s t r i c t  t o  p r e s e n t  
d i s c r e p a n c i e s  Lbat a r e  a r i s i n g  between p h o t o d i y i t i z e d  d a t a  and t h e  
c o n t o u r  maps. 

e .  P rogressed  w i t 1 1  llEC-2 model d e v e l o p n ~ e n t .  

TASK 7 - FINAL PRODUCTS 
a .  P repared  r e p o r t  t a b l e  o l  c o l ~ t e ~ ~ t s  a l~t l  mapping s e c t i o ~ ~ s .  
b.  Began p r e p a r a t i o n  of IIEC-1 e x h i b i t  maps. 
c .  Reviewed GCA AutoCAll f i l e s  t o  be used a s  a  b a s i s  [ o r  IIEC-1 E x h i b i t  

maps. 

The e s t i m a t e d  percen t  comple t ion  by t a s k s  a r e  a s  l o l l o w s :  

Task No. P e r c e n t  C o m u l e ~  

1 5 5 

2  100 

3 80 

4 9 5 

5 7 0 

6 3 8  

7 10 

O t h e r  i t ems  of i n t e r e s t  and p o t e l ~ t i a l  problems a r e :  

1. S i g n i f i c a n t  problems were encounte red  i n  r e c e i v i n g  c o r r e c t l y  
p h o t o d i g i t i z e d  IIEC-2 c r o s s - s e c t i o n  d a t a  from K A M .  We have r e c e i v e d  
seven  s u b m i t t a l s  from K A M  and a l l  have had a  v a r i e t y  of  e r r o r s .  Sources  
of e r r o r  a r e  a  r e s u l t  of K A M  s o f t w a r e  p rob lems ,  o p e r a t o r  m i s t a k e s ,  and 
d e f i c i e n c i e s  i n  c o n t o u r s  maps r e s u l t i n g  i n  r e v i s i o n s  i n  s e c t i o n  end 
p o i n t  d e f i n i t i o n  by GVSCE and MKE. T h i s  h a s  r e s u l t e d  i n  a  tremendous 
e f f o r t  on o u r  p a r t  t o  perform q u a l i l y  c o n t r o l  checking of t h e  KAM 
s u b m i t t a l s  and wasted e f f o r t  on t h e  p a r t  of GVSCE and MKE i n  reproduc ing  
work p r o d u c t s  numerous t i m e s .  P r e s e m t l y ,  many of K A M ' s  problems have 
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been i d e n t i f i e d  and r e c t i f i e d ;  llowever, due Lo d e i i c i e t l c i e s  wit.11 t:he 
con tou r  maps, we s t i l l  do not have a l l  of t h e  p l ~ o t o d i g i t i z o d  da t a  t o  
meet llEC-2 modeling reclui r e m e l ~ l s  . 

2 .  As a  r e s u l t  of comparii~g p h o t o d i g i t i z e d  c r o s s - s e c t i o n s  wit11 c ro s s -  
s ec t i o r l s  from t h e  contour  mays ( l o r  about  10 l o c a l i o r ~ s l  i l  i~ e v i d e ~ ~ t  
t b a t  t l ~ e  con tour  mays a r e  11oL a d e q u a t e  Lo accnraLely map f l o o d y l a i l ~ s  VII  

llle corltour maps. 'I'l~is problem h a s  beer1 i d e n t i f i e d  t o  the  I J i s l r i c t  a i ~ d  
o t h e r  involved firms. 

3 .  The pho tod ig i t i z ed  c r o s s - s e c t i o ~ ~ s  compare f avo rab ly  w i t 1 1  Ll~e f i e l d  
v e r i f i e d  c ro s s - s ec t i ons  t o  s a t i s f y  IIEC-2 modeling requirements .  

P l e a s e  c a l l  me i f  you have any q u e s l i o n s  

, S i n c e r e l y  yours .  
George V .  Sabol Consul t ing Engineers ,  111c 

George V .  Sabol ,  Ph.D., P.E. 



George 2.I SaGol Consulting 'Engineers, Inc. 
7950 East Acoma Drive, Suite 21 I. Scotisdale, Arizona 85260-6962 

(602) 483-3368 FAX (602) 483-3990 

To: Meeting Attendees: 
Mr. Dave Johnson, FCDMC 
Mr. Tim Murphy, FCDMC 
Dr. Sam Kao, AGK 
Mr. Hernan Aristizabal, AGK 
Mr. Geza Kmetty, MKE 
Mr. Frank Brown, MKE 
Dr. George V. Sabol, GVSCE 
Mr. Tom Loomis, GVSCE 

From: Tom Loomis T L  

Subject: Meeting to discuss mapping accuracy 

Project: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 

Date: 23 August 1993 

The meeting was held on 16 August 1993 at 1:00 p.m. at the office of 
McLaughlin Kmetty Engineers, Ltd. There was not an agenda for this meeting. 
Mr. Loomis explained that the purpose of the meeting was for GVSCE and AGK to 
notify the FCDMC of concerns regarding the accuracy of the 200 scale mapping 
prepared by Kenney Aerial Mapping (KAM) and provided by the FCDMC. GVSCE has 
completed field verification check sections, and obtained photogrammetric HEC- 
2 cross sections from KAM. Mr. Loomis covered the following in regard to the 
accuracy of the mapping: 

1. The mapping was prepared by KAH under a sub-contract with Anderson- 
Nelson, who had a contract with the Town of Fountain Hills. The 
purpose in preparing the mapping was to provide the Town with a 
planning tool. The mapping was never intended to be used for 
floodplain delineation purposes. 

2. The mapping was prepared using a digital terrain model (DTM). The 
model was based on a 75-foot grid spacing and break line data. The 
grid spacing does not appear to be tight enough, and there apparently 
is insufficient break line data to adequately model the terrain, 
particularly in the channel area. 

3. Six cross sections, picked at random by GVSCE by examining areas of the 
contour mapping which did not appear reasonable, were presented for 
support of statement 2 above. Each cross section plot depicts a 
comparison between the photogrammetric cross section and one extracted 
from the contours. Vertical errors of as much as 10 feet are apparent, 
assuming the photogrammetric cross sections are correct. The vertical 
errors result in a horizontal error of contour location which is very 
significant for plotted cross sections (errors of as much as 100 feet). 
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4. Dr. Kao presented four cross section comparisons from the Fountain 
Hills (South) area which depict similar differences, and an apparent 
horizontal shift which has yet to be explained. 

Mr. Loomis then discussed the accuracy of the photogrammetric HEC-2 
cross sections. Cross section plots of the field check sections against the 
photogrammetric sections were presented. The accuracy is significantly better 
with most differences occurring in heavily vegetated ares. There is also an. 
as yet, unexplained horizontal shift apparent in these plots. The 
photogrammetric cross sections appear to be sufficiently accurate to meet FEMA 
specifications. 

Mr. Loomis described the following problems which are now apparent: 

1. The contour mapping provided by the District does not meet FEMA 
specifications in certain areas and there is not enough data available 
to isolate these areas, as they are random, but appear most often in 
the channels. 

2. The hydraulic model, based on the photogrammetric cross sections, will 
meet required accuracy. floodplain boundaries that are to be plotted 
on the contour mapping will not be accurate in all areas. 

3. The photogrammetric cross sections will not all have sufficient 
hydraulic capacity to convey the 100-year peak discharge because the 
cross section lengths were determined using the contour maps. The 
inaccuracy in the contour mapping resulted in photogrammetric cross 
sections that do not always extend far enough to adequately depict the 
floodplain. 

Mr. Loomis presented the following recommendation to correct the 
problems: 

1. The existing contour mapping is accurate enough to be used for the 
hydrology, but should not be used for the hydraulic analysis. 

2. The stereo photography and control are apparently accurate enough to 
meet FEMA specifications. The stereo model should be used to create 
enhanced contour strip maps along each wash to be delineated, using 
conventional stereoscopic techniques, not a DTM. This could be done 
after the hydraulic modeling is completed and actual floodplain limits 
are known. 

3. Photogrammetric extensions of the existing cross sections will be 
necessary in some areas. 
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Both Dr. Sabol and Dr. Kao requested that the District provide GVSCE 
and AGK with financial relief for the costs incurred thus far which are not 
covered by the contract scope of work. The change order should also cover 
costs associated with the additional work to assist in the preparation of the 
enhanced mapping. 

There was considerable discussion regarding the proposed solution and 
the change orders. Both Mr. Johnson and Mr. Murphy agreed that the proposed 
solution is acceptable and that a change order is appropriate. The following 
course of action was agreed upon: 

1. Mr. Murphy will schedule a meeting with KAM to present this problem. 
Wednesday, 18 August 1993 was tentatively agreed upon. A11 parties are 
to attend. 

2 .  Both AGK and GVSCE are to itemize costs incurred to date that are in 
excess of the agreed upon scope of work that is due to the mapping 
problems and attempts to resolve the problems. 

3 .  The District will contract, or otherwise deal, directly with KAM to 
obtain acceptable mapping. 

4. AGK and GVSCE are to prepare a statement of required effort and cost 
estimate for the extra work necessary to complete the project using the 
revised mapping. 

Mr. Loomis discussed why it has taken so long to get to the point where 
this determination regarding mapping accuracy could be made. Seven iterations 
of submittal and checking of the photogrammetric cross sections was required 
because of errors found in KAM's submittals to GVSCE. This process took 2 
months. The problems encountered included incorrect stationing, missing end 
points, erroneous data, sections out of order, incomplete X1 records, and 
missing data when cross sections contained horizontal angle points. It was 
pointed out by Mr. Murphy that this was a problem between GVSCE and its sub- 
contractor, KAM, and not the Districts' responsibility. However. Mr. Kmetty 
noted that this was a problem that the consultants inherited as a result of 
the District's decision to accept the existing mapping from KAM. The 
consultants had little choice as a result of that decision. 



dB @ 
George i / i  Sa6oCConsulting Engineers, Inc. 
7950 East Acoma Drive. Suite 21 1, Scottsdale, Arizona 85260.6962 

(602) 483-3368 FAX (602) 483-3990 

16 September 1993 

Mr. Timothy M .  Murphy 
P r o j e c t  Manager 
Flood C o n t r o l  D i s t r i c t  of Har icopa County 
2801 West Durango S t .  
Phoenix ,  Arizona 85009 

S u b j e c t :  Fountain  Hills (Nor th )  F l o o d p l a i n  De l inea t ion  Study 
Cont rac t  FCD 92-04 
Monthly P r o g r e s s  Repor t  No. 8 

Dear Mr. Murphy: 

The f o l l o w i n g  p r o g r e s s  is r e p o r t e d  f o r  t h e  pe r iod  16  August 1993 through 

1 2  September 1993: 

TASK 1 - COORDINATION 
a.  Prepared P r o g r e s s  Report  No. 7 

TASK 2 - DATA COLLECTION 
a .  Data c o l l e c t i o n  is s u b s t a n t i a l l y  complete .  

TASK 3- MAPPING 
a .  Met wi th  t h e  District, MKE and AGK on 16  August t o  d e f i n e  mapping 

problems and t o  d e v e l o p  a s t r a t e g y  f o r  r e s o l u t i o n .  
b. Met wi th  t h e  District, MKE, AGK and Kenney A e r i a l  Happing (KAM) on 

18 August t o  p r e s e n t  t h e  problems t o  KAH and t o  a g r e e  upon a 
s o l u t i o n .  

c .  Coordinated wi th  s u b - c o n s u l t a n t s  (HKE, ALS and GCA) i n  p r e p a r i n g  a 
change o r d e r  r e q u e s t  a s  a r e s u l t  of t h e  meeting of 18 August. 

d. Prepared and s u b m i t t e d  a change  o r d e r  r e q u e s t  t o  t h e  District. 

TASK 4 - FIELD SURVEY 
a .  F i e l d  su rvey ing  i s  comple ted .  

TASK 5 - HYDROLOGY 
a .  Revised parameter  s p r e a d s h e e t s .  Submit ted t o  D i s t r i c t  f o r  review. 
b. Completed channe l  r o u t i n g  d a t a .  
c. Progressed  wi th  HEC-1 model development .  
d .  P l o t t e d  and r e d - l i n e d  hydro logy  e x h i b i t  drawings.  

TASK 6 - HYDRAULICS 
a. P rogressed  wi th  s p e c i a l  c u l v e r t  i n p u t  f o r  HEC-2 model. 
b. P rogressed  wi th  HEC-2 model development .  
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TASK 7 - FINAL PRODUCTS 
a .  P rogressed  wi th  Hydrology R e p o r t ;  C h a p t e r  3, e x h i b i t  drawings ,  

Survey and Mapping, Land-use and S o i l s  Pa ramete r s .  

The e s t i m a t e d  p e r c e n t  c o m p l e t i o n  by t a s k s  a r e  a s  f o l l o w s :  

Task No. P e r c e n t  Completed 

1 65 

2 100 

3 80 

4 100 

5 7 7 

6 55 

7 2 3 

P l e a s e  c a l l  me i f  you have any q u e s t i o n s .  

S i n c e r e l y  y o u r s ,  
George V. Sabol  Consu l t ing  E n g i n e e r s ,  I n c .  

George V. Sabo l ,  p h . ~ . ,  P.E. 



7950 East Acoma Drive. Suite 21 1, Scottsdale. Arizona 85260-6962 
(602) 483-3368 FAX (602) 483-3990 

14 October 1993 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 West Durango St. 
Phoenix, Arizona 85009 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 
Monthly Progress Report No. 9 

Dear Mr. Murphy: 

The following progress is reported for the period 13 September 1993 
through 10 October 1993: 

TASK 1 - COORDINATION 
a. Prepared Progress Report No. 8 

TASK 2 - DATA COLLECTION 
a. Data collection is substantially complete. 

TASK 3- MAPPING 
No activity, except as noted under items of interest and special 
problems. 

TASK 4 - FIELD SURVEY 
a. Field surveying is completed. 

TASK 5 - HYDROLOGY 
a. HEC-1 model for the 6-hr storm is nearly complete. 
b. HEC-1 logic diagram is nearly complete. 
c. Initiated work on future condition model parameters. 
d. Initiated work on the 24-hr storm model. 

TASK 6 - HYDRAULICS 
HEC-2 models have been developed, including special culvert 
options, for all 16 reaches requiring floodplain delineation. 
These models are essentially complete for existing conditions 
(December 1992). The models have not been subjected to final 
review, nor have they been used for floodplain and floodway 
analyses. Some cross sections will need modifications when the 
new photodigitized data is received from Kenney Aerial Mapping. 
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TASK 7 - FINAL PRODUCTS 
a .  The e x h i b i t s  f o r  t h e  Hydrology Report have been prepared 

(AutoCAD) and c o r r e c t i o n s  t o  t hose  e x h i b i t s  a r e  being 
produced. 

b. Tables  of hydrology pa rame te r s  a r e  completed. 
c. A d r a f t  of t h e  100-year,  6-hour hydrology r e p o r t  s ec t i on  

has  been prepared.  
d .  The 100-year, 6-hour hydrology with suppor t i ng  e x h i b i t s ,  

t a b l e s ,  and d r a f t  of r e p o r t  w i l l  be submi t ted  t o  the 
D i s t r i c t  wi th in  t h e  nex t  r e p o r t i n g  per iod .  

The e s t ima ted  percent  comple t ion  by t a s k s  a r e  a s  follows: 

Task No. Pe rcen t  C o m ~ l e t e d  

1 17 

2 100 

3 80 

4 100 

5 85 

6 6 3 

7 3 6 

The fol lowing i tems  of i n t e r e s t  and s p e c i a l  problems a r e  noted:  
1. The p r o j e c t  was p l aced  on-hold, except  f o r  s e l ec t ed  

hydrology t a s k s ,  by t h e  c o n s u l t a n t  as of 11 October 
1993. This  is f o r  t he  purpose of r ede f in ing  t h e  
remaining scope-of-work and ag ree ing  upon the  necessary 
change o r d e r  to a d d r e s s  problems t h a t  e x i s t  with t h e  
DTM. 

2. Kenney Aer i a l  Mapping (KAM), du r ing  t h e  meeting a t  t h e  
District on 18 August 1993, agreed t o  r e v i s e  the  DTM by 
adding break l i n e s  and o t h e r  i n p u t ,  and to extend 
c e r t a i n  p h o t o d i g i t i z e d  s e c t i o n  d a t a .  KAM es t imated 
t h a t  the  r e v i s e d  DTM would be a v a i l a b l e  i n  30 days,  and 
t h a t  t he  e x t e n s i o n s  of t h e  p h o t o d i g i t i z e d  s e c t i o n s  
would be provided "very quickly. ' '  E igh t  weeks have 
passed s i n c e  t h a t  meeting and n e i t h e r  t h e  rev ised  DTM 
nor  t h e  extended p h o t o d i g i t i z e d  s e c t i o n  da ta  have been 
rece ived .  T h e r e f o r e ,  we have n o t  been a b l e  t o  f i n a l i z e  
t h e  HEC-2 models of t h e  washes. 
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3. A recommended redefinition of the scope-of-work and a 
change order is being prepared by the consultant to 
address completion of the project upon delivery of the 
revised DTM by Kenney Aerial Mapping. This is to be 
available for discussion with the District by 22 
October 1993. 

Please call me if you have any questions. 

Sincerely yours, 
George V. Sabol Consulting Engineers, Inc. 

George V. Sabol, PhD. PE 



SUMMARY MINUTES 
SUNRIDGE CANYON - FOUNTAIN HILLS 

DRAINAGE SCOPE 
CVL 50-0002-01 

November 1, 1993 

Attendees: Tim Mu~phy,  Flood Cone01 of Maricopa County (FCDMC) 
Randy Harrel, Town of Fountain Hills (TofFH) 
George Sabol, George V. Sabol Consulting Engineers, Inc. (GVS) 
Tom Loomis, George V. Sabol Consulting Engineers, Inc. (GVS) 
Jack Moody, Coe & Van Loo Consultants, Inc. (CVL) 
Rick Jones, Coe & Van Loo Consultants, Inc. (CVL) 

The purpose of the meeting was to discuss the Sunridge Canyon project, and to gather drainage 
information for the area. GVS is in the process of preparing a Flood Insurance Study for the 
Northern Fountain Hills area. As a part of the study, GVS will be preparing hydrology for the 
area, and delineating numerous floodplains within the Town of Fountain Hills. 

In connection with this development the following was agreed upon: 

1. GVS would not perform floodplain delineations on Bristol Wash or Cloudburst wash 
within the Sunridge Canyon area. 

2. Analysis of these washes will be performed by CVL in connection with the development 
of the site. 

3. GVS has preliminary HEC-2 models on several washes within the Sunridge Canyon area 
that CVL would be able to utilize to facilitate the analysis. 

4. GVS will continue preparing their Area Wide Hydrology Study. Approval of their 
preliminary report is anticipated to occur in or before January 1994. with approval of 
their final report estimated to be the middle of 1994. 

5. TofFH will allow CVL to use the information established for the GVS hydrology prior 
to its approval, in order to expedite the preparation of f m l  plans for Sunridge Canyon. 

6.  T o m  will require CVL to modify the GVS preliminary hydrology to account for future 
condition land use. 

Circulation will be made to all attendees. If your understanding of what was discussed during 
the meetin5 in connection with this project should differ from rhe above, please contact Rjck 
Jones at (602) 264-6831. 
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12 November 1993 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 West Durango St. 
Phoenix, Arizona 85009 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 
Monthly Progress Report No. 10 

Dear Mr. Murphy: 

The following progress is reported for the period 11 October 1993 
through 7 November 1993: 

TASK 1 - COORDINATION 
a. Prepared Progress Report No. 9 

TASK 2 - DATA COLLECTION 
a. Data collection is substantially complete. 

TASK 3- MAPPING 
No activity. 

TASK 4 - FIELD SURVEY 
a. Field surveying is completed. 

TASK 5 - HYDROLOGY 
a. The 100-year existing condition model (without reservoir routing 

and flow split operations) was submitted to the FCDHC for review. 
b. Reservoir route and flow split tables are added to the 100-year, 

6-hour existing condition model. Substantiating hydraulic 
calculations are complete and ready for submittal to the FCDMC for 
review. 

TASK 6 - HYDRAULICS 
No activity. 

TASK 7 - FINAL PRODUCTS 
No activity. 
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The e s t i m a t e d  percen t  c o m p l e t i o n  by t a s k s  a r e  a s  fo l lows :  

Task No. P e r c e n t  Completed 

The f o l l o w i n g  i t ems  of i n t e r e s t  and s p e c i a l  problems a r e  noted:  
1. The p r o j e c t  remains on-hold ,  e x c e p t  f o r  complet ion of  

work on t h e  100-year,  6-hour ,  e x i s t i n g  c o n d i t i o n  
hydrology model, a s  p e r  le t ter  t o  t h e D i s t r i c t  d a t e d  11 
October  1993. 

2. A r e v i s e d  Scope-of-Work/Budget recommendation was 
s u b m i t t e d  t o  t h e  D i s t r i c t  on 5 November 1993. 

3. A meeting was h e l d  on 27 O c t o b e r  w i t h  t h e  D i s t r i c t  and 
Coe & Van Loo C o n s u l t a n t s  c o n c e r n i n g  t h e  Sunr idge 
Canyon development. 

P l e a s e  c a l l  me i f  you have a n y . q u e s t i o n s .  

S i n c e r e l y  y o u r s ,  
George V .  Sabo l  Consu l t ing  Engineers ,  I n c .  

George V .  S a b o l ,  PhD, PE 



- - 
7950 East Acoma Drive. Suile 21 1. Scollsdale. Arizona 85260-6962 

(602) 483-3368 FAX (602) 483-3990 

1 4  December 1993 

Mr. Timothy M .  Murphy 
P r o j e c t  Manager 
Flood C o n t r o l  D i s t r i c t  of Maricopa County 
2801 West Dnrango S t .  
Phoenix ,  Arizona 85009 

S u b j e c t :  Foun ta in  Hills ( N o r t h )  F l o o d p l a i n  D e l i n e a t i o n  Study 
Cont rac t  FCD 92-04 
Monthly P r o g r e s s  Repor t  No. 11 

Dear Mr. Murphy: 

The f o l l o w i n g  p r o g r e s s  is r e p o r t e d  f o r  t h e  p e r i o d  8 November 1993 
th rough  5 December 1993: 

TASK 1 - COORDINATION 
a .  - P r e p a r e d  P r o g r e s s  Repor t  No. 1 0  

TASK 2 - DATA COLLECTION 
a .  Data c o l l e c t i o n  i s  s u b s t a n t i a l l y  complete .  

TASK 3- MAPPING 
No a c t i v i t y .  

TASK 4  - FIELD SURVEY 
a .  F i e l d  s u r v e y i n g  is c o m p l e t e d .  

TASK 5 -  - HYDROLOGY 
a .  Completed 100-year ,  6 -hour ,  e x i s t i n g  c o n d i t i o n  model. 
b. Submitted p r e l i m i n a r y  h y d r o l o g y  r e p o r t  t o  t h e  D i s t r i c t ,  s h o r t  

c h a p t e r s  on r o u t i n g  and f i n a l  r e s u l t s .  
c. Performed 100-year ,  24-hour ,  e x i s t i n g  c o n d i t i o n  model (wi thout  

r o u t i n g  o p t i m i z a t i o n ) ,  and  compared t h e  peak d i s c h a r g e s  f o r  t h e  
s u b b a s i n s .  , . 
Note: The 6-hour model p r o d u c e s  l a r g e r  peak d i s c h a r g e s  f o r  a l l  
s u b b a s i n s  t h a n  t h e  24-hour model p roduces .  

d .  P l o t t e d  s e l e c t e d  h y d r o g r a p h s  ( f o r  dams) .  

TASK 6  - HYDRAULICS 
No a c t i v i t y .  

TASK 7  - FINAL PRODUCTS 
The Hydrology Repor t  i s  i n  p r e p a r a t i o n  and i s  approx imate ly  
75 p e r c e n t  complete .  
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The e s t i m a t e d  p e r c e n t  c o m p l e t i o n  by t a s k s  a r e  a s  f o l l o w s :  

Task No. P e r c e n t  C o m ~ l e t e d  

The f o l l o w i n g  i t e m s  of i n t e r e s t  and s p e c i a l  problems a r e  noted:  

1. The p r o j e c t  remains  on-hold ,  e x c e p t  f o r  complet ion of 
work on t h e  100-year.  6-hour,  e x i s t i n g  c o n d i t i o n  
hydrology model, a s  p e r  l e t t e r  t o  t h e  D i s t r i c t  d a t e d  11 
October  1993. 

2. A r e v i s e d  Scope-of-Work/Budget recommendation was 
s u b m i t t e d  t o  t h e  D i s t r i c t  on 5 November 1993. 

3. GVSCE was informed by t h e  D i s t r i c t  i n  a  phone c a l l  wi th  Mr. Tim 
Murphy t h a t  t h e  change o r d e r  h a s  r e c e i v e d  p r e l i m i n a r y  a p p r o v a l .  
Change o r d e r  a u t h o r i z a t i o n  can  be expec ted  by t h e  end of December. 

4 .  Verba l  n o t i c e  was p r o v i d e d  by GVSCE t o  MKE t h a t  t h e  p r o j e c t  was no 
l o n g e r  on-hold f o r  h y d r a u l i c  a n a l y s e s .  GVSCE and MKE w i l l  be 
f i n a l i z i n g  t h e  HEC-2 models of t h e  washes f o r  which f l o o d p l a i n  
d e l i n e a t i o n s  a r e  t o  be pe r fo rmed .  

P l e a s e  c a l l  me i f  you have any q u e s t i o n s .  

S i n c e r e l y  y o u r s ,  
George V. Sabo l  Consu l t ing  E n g i n e e r s ,  I n c .  

George V .  S a b o l ,  PhD, PE 



a George Sabol Consultirrg Engineers, % c. 
7950 East Acoma Drive. Suite 21 I, Scotudale. Arizona 852606962 

(602) 483-3368 FAX (602) 483-3990 

1 March 1994 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 West Durango St. 
Phoenix. Arizona 85009 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 
Monthly Progress Report No. 12 

Dear Mr. Murphy: 

The following progress is reported for the period 6 December 1993 through 27 
February 1994: 

TASK 1 - COORDINATION 
a. Prepared Progress Report No. 11 

TASK 2 - DATA COLLECTION 
a. Data collection is substantially complete. 

TASK 3- MAPPING 
a. Revised DTM mapping was received from the District as a result of Kenney 

Aerial Mapping Company's agreement to remap the identified watercourses. 
b. The revised mapping was loaded in AutoCAD, and work map sheets were 

produced that include the contour maps of the watercourse strips (the new 
DTM), street and building overlays, the thalweg and cross section locations, 
and control grids. This was a major effort because of the manner in which the 
DTM files were provided by Kenney Aerial Mapping Company. Nonetheless, 
worksheet maps are presently available that show features as described 
above, and these will be used for the hydraulic analyses. 

c. The new mapping was "verified" by plotting and comparing previously 
selected cross sections. Three sets of cross sections are plotted for each 
location; 1) photodigitized data. 2) field survey data, and 3) cross section data 
obtained from the new DTM contour maps. That comparison, which was 
agreed upon to "verify" the new mapping, indicates that acceptable mapping is 
now available. Those comparison plots are available for inspection at our 
office. Upon inspection of those plots by Mr. Tim Murphy, we will prepare a 
letter of transmittal and summary conclusion along with copies of the plots to 
the District. 

d. Upon review of the now DTM mapping, it was observed by both the District 
and GVSCE that the contours in the new mapping do not merge into the 
contours for the old mapping at the trim lines. This will present a problem for 
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GIs conversion of the mapping since the new strip maps must be merged w i th  
the old base maps of the study area. The deviations at  the tr im lines are 
beyond the "fuzzy" limit capabilities for merging those files. GVSCE advised 
the District that the problem as described was not  within the GIs 
subcontractors scope-of-work or responsibility. Therefore. the mapping was 
rejected in regard t o  GIs conversion. The District is  t o  coordinate w i th  Kenney 
Aerial Mapping Company in resolving that problem. 

TASK 4 - FIELD SURVEY 
a. Field surveying is completed. 

TASK 5 - HYDROLOGY 
a. GVSCE addressed the hydrology review comments that were received from 

the District concerning the 100-year, 6-hour HEC-1 modeling. 
b. Channel routings were reoptimized for better simulation of f low conditions. 
c. Storage routing behind the dams were reviewed and revised to  eliminate 

routing instabilities on  the low-f low recession limb of the hydrographs. 
d. HEC-1 modeling is  completed for the following: 

1 .) 10-year and 100-year, 6-hour, existing condition. 
2 . )  100-year, 24-hour existing condition. 
3.) 10-year and 100-year, 6-hour, future condition. 

e. Parameter summary tables for all 6-hour models were prepared. As noted in  
Progress Report No. 1 1, the 6-hour models produce larger peak discharges for 
all subbasins than the 24-hour models and therefore only 6-hour parameter 
tables are necessary. These summary tables were submitted t o  the District for 
review. 

f. Inflow and outflow hydrographs were plotted for each of the five dams. These 
were produced t o  verify the HEC-1 model results and performance. Copies of 
these were submitted t o  the District. 

g. Hydrographs at other critical locations were plotted for internal review. 

TASK 6 - HYDRAULICS 
a. The HEC-2 culvert routines are being checked against analytic 

calculations using HY8. 
b. Floodplain and floodway analyses are progressing using the HEC-2 models that 

have been developed for all watercourses. 
c. A diskette copy of HEC-2 input files for watercourses that are being eliminated 

from the scope-of-work were provided t o  the District. 
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TASK 7 - FINAL PRODUCTS 
The Hydrology Report is in preparation and is approximately 80 percent 
complete. 

The estimated percent completion by tasks are as follows: 

Task No. Percent Completed 

The following items of interest and special problems are noted: 

a. Contract Change Order No. 2 was received from the District in January 1994. 
The contractual budget was increased to $262,000. Future invoices will 
reflect that change. 

b. Notice on Contract Change Order No. 3 is pending at the District. We are 
progressing in anticipation of receiving that authorization. 

c. A file of the corrected DTM (trim line fuzzy tolerance problem) will need to be 
received from the District before the GIs conversion of the mapping can be 
undertaken. 

Please call me if you have any questions. 

Sincerely yours, 
George V. Sabol Consulting Engineers, Inc. 

George V. Sabol, PhD, PE 



Feoge @.SabolConruftinB Engineers, %. 
7950 East Acoma Drive. Suite 21 1. Scoltsdale. Arizona 85260-6962 

(602) 483-3368 FAX (602) 483-3990 

30 March 1994 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 West Durango St. 
Phoenix, Arizona 85009 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 
Monthly Progress Report No. 13 

Dear Mr. Murphy: 

The following progress is reported for the period 28  February through 27 
March 1994: 

TASK 1 - COORDINATION 
a. Prepared Progress Report No. 12  

TASK 2 - DATA COLLECTION 
a. Data collection is substantially complete. 

TASK 3- MAPPING 
a. In regard to Task 3, Mapping, item d of the last Progress Report (No. 

12, dated 1 March 1994). GVSCE was advised by Mr. Tim Murphy that 
Kenney Aerial Mapping Company (KAM) is going to revise the strip 
mapping (again). The revision to those maps is to bring the contour 
lines into conformation with the old mapping at the trim lines. GVSCE 
and the District agreed that the strip maps that were previously received 
by  KAM (through the District) and incorporated into work map sheets 
(see Task 3, item b of  Progress Report No. 12) will be used for the 
floodplain delineation maps even though they will not be the same as 
the strip maps that will again be revised by KAM. The reason for this is 
the extensive time that it would take to once again produce work map 
sheets from the revised strip maps. Notes will be added to all work 
map sheets indicating that some of the contour lines are in error along 
the trim lines, and that the overall maps (GIs converted) must be used 
for elevation information outside the limits of  the floodplain delineation. 
The report will discuss this situation and clearly identify the limitations 
of the work map sheets. The newly revised strip maps will be provided 
by the District to GVSCE. They will be delivered to GCA for 
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incorporation of the new strip maps into the previously supplied overall 
mapping of the study area. The strip mapping will replace the old, 
faulty mapping up to the tr im lines. The mapping files, as described 
above, will then undergo GIs conversion. It is expected that KAM will 
provide strip map files to  the District that can be incorporated into the 
overall maps without further problems (fuzzy tolerances, etc.) and can 
undergo successful GIs conversion. 

TASK 4 - FIELD SURVEY 
a. Field surveying is completed. 

TASK 5 - HYDROLOGY 
a. The project hydrology was reviewed in regard to  preparation of the 

hydrology report. 

TASK 6 - HYDRAULICS 
a. Additional culvert hydraulic analyses were performed in 

regard to checking HEC-2 results. 
b. Floodplain and floodway analyses are progressing using the HEC-2 

models that were developed. 

TASK 7 - FINAL PRODUCTS '\ 
The Hydrology Report is in preparation and is approximately 85 percent 
complete. 

The estimated percent completion by tasks are as follows: 

Task No, 

1 
2 
3 
4 
5 
6 
7 

percent Cornoleted. 

94 -. 
100 
9 5 

100 
9 5 
80 
50 
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The following items of interest and special problems are noted: 

a. Contract Change Order No. 3 was received from the District in March 
1994. The contractual budget was increased to $269,827. Future 
invoices will reflect that change. 

b. A file of the corrected DTM (trim line fuzzy tolerance problem) will 
need to  be received from the District before GIs conversion of the 
mapping can be incorporated. 

Please call me i f  you have any questions. 

Sincerely yours. 
George V. Sabol Consulting Engineers, Inc. 

George V. Sabol, PhD, PE 



- - - - 

7950 East Acoma Drive. Suite 21 1. Scotlsdale. Arizona 85260-6962 
(602) 483-3368 FAX (602) 483-3990 

25 April 1994 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 West Durango St. 
Phoenix, Arizona 85009 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 
Monthly Progress Report No. 14 

Dear Mr. Murphy: 

The following progress is reported for the period 28 March through 
24 April 1994: 

TASK 1 - COORDINATION 
a. Prepared Progress Report No. 13 

TASK 2 - DATA COLLECTION 
a. Data collection is substantially complete. 

TASK 3- MAPPING 
a. No activity. 

TASK 4 - FIELD SURVEY 
a. Field surveying is complete. 

TASK 5 - HYDROLOGY 
a. Hydrology is complete. 

TASK 6 - HYDRAULICS 
a. Floodplain and floodway analyses are progressing using 

the HEC-2 models that were developed. 

TASK 7 - FINAL PRODUCTS 
a. The Hydrology Report is in preparation and is approximately 

85 percent complete. The Hydraulics Report is underway. 
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The estimated percent completion by tasks are as follows: 

Task No. Percent Completed 

1 95 

2 100 

3 9 5 

4 100 

5 100 

6 8 5 

7 55 

The following items of interest and special problems are noted: 

a. A file of the corrected DTM (trim line fuzzy tolerance problem) 
will need to be received from the District before GIs conversion 
of the mapping can be incorporated. 

Please call me if you have any questions. 

Sincerely yours, 
George V. Sabol consulting Engineers, Inc. 

George V. Sabol, PhD, PE 



~ a i i o [ ~ o t ~ ~ u ~ t i g  Ey ineer ,  b Inc. 
7950 East Acoma Drive, Suite 21 1, Scottsdale. Arizona 85260-6962 

(602) 483-3368 FAX (602) 483-3990 

19 July 1994 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of  Maricopa County 
2801 West Durango St. 
Phoenix, Arizona 85009 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 
Monthly Progress Report No. 15 

Dear Mr. Murphy: 

The following progress is reported for the period 25 April through 17 July 1994: 

TASK 1 - COORDINATION 
a. Prepared Progress Report No. 14 

TASK 2 - DATA COLLECTION 
a. Data collection is substantially complete. 

TASK 3- MAPPING 
a. No activity. 

TASK 4 - FIELD SURVEY 
a. Field surveying is completed. 

TASK 5 - HYDROLOGY 
a. Hydrology is complete. 

TASK 6 - HYDRAULICS 
a. Preliminary floodplain analyses were submitted to  the District, and 

review comments were received back from the District. 
b. Comments from the District are about 75 percent resolved. This includes 

selected HEC-2 reanalyses, replotting of selected cross sections, and replotting 
the profiles. 

c. Completed digitizing floodplains for all watercourses. 

TASK 7 - FINAL PRODUCTS 
a. The Hydrology Report is 90 percent complete. 
b. The Hydraulics Report is about 40 percent complete. 
c. The Hydrology Report and the Hydraulics Report are scheduled to  be submitted 

to  the District in  August. 
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The estimated percent completion by tasks are as follows: 

Task No. 

1 
2 
3 
4 
5 
6 
7 

Percent Com~leted 

95 
100 
95 

100 
100 
90  
75 

The following items of interest and special problems are noted: 

a. Final mapping has not been received as of this report period. 

b. The final review of hydrology indicates that the 24-hour storm (10-yr and 
100-yr) produces the largest discharges in Ashbrook Wash below Dam 4. 
The 6-hour storm produces higher discharges for other locations. 

Please call me if you have any questions. 

Sincerely yours, 
George V. Sabol Consulting Engineers, Inc. 

George V. Sabol, PhD, PE 
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JUN 2 5 1932 
George V. Sabol. Ph.D.. P.E. 
Project  Manager 
George V. Sabol Consulting Engineers. Inc. 
3501 ~ o r t h  16th Street  
Phoenix, Arizona 85016-6419 

SUBJECT: Notice of Selection f o r  Contract  FCD 92-04 

Dear D r .  Sabol: 

Your firm has been selected for  performing t h e  work i n  the Fountain Hi l l s  
North Floodplain Delineation Study. 

Additional information v i l l  be forthcoming regarding Schedule. Scope of Vork, 
and Fee Negotiations. 

C.-' Leanna cumberland 
Chief, Contracting Branch 
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George 2! SaboCConsuCting Engineers, Inc, 
1331 17th Street. Suite 700. Denver. Colorado 80202 

(303) 295-7016 FAX (303) 292-2415 

28 December 1992 

Mr. Geza E. Kmetty, P.E. 
McLaughlin Kmetty Engineers, Ltd. 
3501 N. 16th Street, Suite A 
Phoenix, Arizona 85016 

Subject: Fountain Hills (North) Floodplain Delineation Study 
Contract FCD 92-04 

Dear Geza: 

George V. Sabol Consulting Engineers, Inc. (GVSCE) received verbal 
notice to proceed with the referenced project on 8 December 1992. We 
anticipate receiving written notice to proceed shortly from the Flood Control 
District of Maricopa County 1FCDMC). I will be submitting copies of 
agreements/contracts between GVSCE and its subconsultants to FCDMC along with 
other documents that FCDMC will be requesting of GVSCE. As such, I am 
submitting this letter of agreement to you for your review and approval. 

The final negotiated fee proposal to FCDMC is dated 12 October 1992. 
Copies of pages from that fee proposal related to work to be performed by 
McLaughlin Kmetty Engineers, Ltd. (MICE) are shown in Attachment 1 .  A 
breakdown of the scope-of-work and related MKE personnel man-hours is shown in 
Attachment 2. 

The MKE responsibilities for the Fountain Hills project are as follows: 

1. The required hydraulic analyses (HEC-2 modeling), as specified in 
Attachment 2, are to be performed by MKE under the direct supervision of 
a MKE senior engineer. GVSCE will provide an engineer and an 
engineering technician to assist the MKE senior engineer in performing 
those hydraulic analyses and the preparation of the floodplain 
delineation maps. The Project Engineer (Thomas R. Loomis) of GVSCE will 
have overall supervision of the hydraulic analyses and preparation of 
the floodplain delineation maps. 

Note: Senior engineer is defined as an Arizona registered 
professional engineer (civil) with experience in hydraulic 
analyses of floodplains. Engineer is defined as a graduate 
engineer with EIT certification or better. Engineering 
technician is defined as a person with education and/or 
experience in engineering practice. 

2. MKE is responsible for all computer-aided designldrafting (CADD) and 
manual drafting services as specified in Attachment 2. 

3 .  MKE is responsible for the preparation of the Hydraulics Report as 
required under Contract FCD 92-04. The report will be reviewed by GVSCE 
prior to submittal to FCDMC. 
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Contract FCD 92-04 is a Fixed/Lump Sum contract, and as such, HKE will 
be reimbursed according to the fee proposal amount shown in Attachment 1, 
unless written authorization from GVSCE is provided for services over and 
above those designated herein. Monthly progress payments will be made upon 
receipt of monthly invoices by MKE and payment of invoices by FCDMC. 

If this agreement is satisfactory to you, please sign the original and 
the copy. Return the original to me. Please call me if you have questions. 

Sincerely yours, 
George V. Sabol Consulting Engineers, Inc. 

George V. Sabol, Ph.D., P.E. 

Enclosures: 
Attachment 1 - Pages of Fee Proposal to FCDMC dated 12 October 1992 

related to fee and man-hours for MKE. 
Attachment 2 - Itemized MKE man-hour schedule. 

Agreement Accepted 
McLaughlin Kmetty Engineers, Ltd. 

Date: I Z ~ & / ? L  
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ENGINEERS, INC. 
2255 N. 44th St. Suite 330 . Phoenix. AZ 8YX8 Phone (BO2) 244-2568 . ~ ~ ( 6 0 2 )  244.8947 

January 4,1993 
- OT 

Mr. Frank Brown, P.E. . .. 
MKE \ 
3501 North 16th Street 
Phoenix, AZ 85016-6419 

PRINCIPALS 
Edward A. Adair. P.E. 
R. Oerald Green. P.E. 
Samuel E. Kao. ~ h . 0 . .  P.E. 

ASSOCIA TES 
Michael J. Bonar. P.E. 
Uenis L. Howe. P.E. 
Hal E. Marron. P.E. 
Patrice M. Miller 

Reference: Local Advertisement 
Fountain Hills flood lnsurance Studies 

Dear Mr. Brown: 

Per our telephone conversation today regarding the shared publication of the legal 
advertisement for the Fountain Hills flood lnsurance Study, AGK's understanding is as 
follows: 

1. MKE will proceed with advertisement preparation and placement in the Arizona 
Republic and T ~ m s  of Fountain HiUs. 

2. AGK will be sent a copy of the advertisement to review prior to publication. 

3. Xm Murphy, flood Control District of Maricopa County, will be sent a copy of the 
advertisement prior to publication to review and approve. 

4. Two (2) Affidavits of Publication will be issued for each advertisement. One will 
name MKE (or Sabol) and the other will name AGK Engineers, Inc. as the party the 
affidavit was issued to. 

5. MKE will submit an invoice to AGK for AGKs share of the publication cost along 
with a copy of the original invoices from the publications. AGK will pay 5m of the 
,original invoice cost of publication to MKE. 

Sincerely, 

AGK ENGINEERS, INC. 

Hal E. Marron, P.E. 
Project Manager 
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early morning deluge; The runoff month's total to 3.85 inches and the I 
quickly filledthe town's washes, and total todate for the'yearan amazing , 
the rodcrews were out putting up 17.11 inches. . . . 

.barricades where the water was 
flowing across the mads. ~ o s t i ~  sunny'skies are expectid 

?here were r e p o ~  of water in the remainder of the week. For a 
some offices, but no major damage. complete log of the week's teni~era- ' 
Water did get into .the north fire tures and rainfall. see the weather 
statipn on Golden Eagle Boulevard. box at  the top of Page A-I. - 



Raging w 8 h  

fire 'station 
Rushing water spilling 6-6~1 the 

banks of an overburdened wash 
seeped intwFirn Station 23 on Gold- 
en Eagle Boulevard early Saturday 
m d n g  causing slight damage and 
a large clean-up. - 

.Hen* rains Friday night and 
early Saturday morning sent high 
water tolling down Ashbwk Wash 
fmm high in the McDowall Moun- 
tains. Th. firit a t i o n  lies in a low 
spot about 100 yards fmm the edge 
o f - ~ e  wash: 

Apparently, I; eulverl which car- 
ries water under Golden Eagle Bou- 
l e v e  became dogged with debris 
sending the water over the roidway 

. , (cont. on page A-7) 

THE TIMES Aug. 26, 1992 

- -~ 
Rocks and .debris were washed  around t h e  Fountain Hills Fire i 
Department station on Golden Eagle Boulevard early Saturday 
morning. The  stat ion was flooded when . . a culvert under Golden i 
Eagle b e c a m e  clogged. 

< 
. . . . whe'n he-amved for duty a short 1 

! 
. . .. ' time later mud and water had 

. . ... seeped under the'doorinto the build- 
' ing. There bas about two inches of i St at h 0 ,n, : ;;; ~ ~ ; ~ ~ t h ~ ~ ~ ~  and h a ~ ~ y  . . ; 

. . . ' Mondavmorninc. theoaih ofthe . . 
(cont. from p a g e  A-lj . , 

fldodwate; could b: see; as small. 
bushes and mass lav over under the ~~ 

and down.the driveway of'the fire force of the &earn.- fan was being 
station. . . . used t o  help dry the crawlspace 

~ i ref ighte ;~  .an .duty. a t  the sta- under the trajler which serres the 
tion were aware of the heavy rain .fire station. 
coming down, but not the rising The mud and water were re- 
wash UJI~~! a,col!eague amyed and moved from the building and the 
found ater about to came through carpet and flooring were cleaned UP. 
the door. To the rear of the fire stahon, a 
' Firefighter John Dooley -said rain gauge was anchored in the 

asphalt ofthe parking area and was 
washed away by the flooding.Daoley 
said there was no reading taken 
before the gauge disappeared, but 
when it was found down the wash it 
hsdnbo~ttwoinchesofmudcovered 
with another 1.5 inches ofwater. 
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At Ashbrook Wash crossing -- 

i"esi:4 : -I Crews try to keep FW Blvd. dry 
Bv Mlc l~ae l  S c h a r n o w  

Town ofticials are hopeful nui- 
sance flows on Fountain Hills Boule- 
vard a t  the Ashl>rook Wash crossing 
will r ~ o  longer be a prcrbleni. 

l l l e  large wash itself is still run- 
ning, but the town's street crew last 
week finished up n major "repair 
job" in an altempt to make the area 
prescntable. 

There were two problems a t  that  
location which resulted from the 
heavy rains Fountain lfills experi- 
enced in December aud particularly 
in dnnunry: 

* An underground drain pipe 
became clonaed. filrcinu the excess -- . 

. . . . . . . .  -- or nuisance water to run over the $' 
street. -. I. . f;sql 

'Thegroundwatertab~eisso~ow T h e  s t r e e t  crew backfil ls  a slnall t rench contalnlng a d ra in  p lpe  a t  tlie crossing thnt excess water 
Was literally being forced tllrough t h a t  wlll h e l p  k e e p  Fountaln  Hllls Blvd. d r y  a t  Ashbrook  W a s l ~ .  

I ion i~ic luding top 

.I,lt:st, ust;il~lislied 
I , , V  ; I ~ I I I I ~ ! I I I ~ ~ ~ ,  
I ,I I . ,  1 , , , ,  , , , . a  ( 

pavement cracks up to 15 feet away 
from the coricrete "dip." "The road is  basically setting on adding significantly to the p~oject's 

" ~ h ~ t ' ~  we were experienc- a layer of clay a t  thnt pcnnt, and tlie estimated cost. 
ing so ~ l ~ u c l i  tearing up of the pave- water runs right on top of that  un- 
"lent and notholes a t  that location." der the road." the engineer added. ........... r . ~  .................. 

said Street Superillter~dent pat Final patches fur cracks and 
Harvey. potholes were put on last week 

, 'Town Engineer Randy Harrel Thursday, Feb. 4, and a sniooth Man arrested 
I said the town is  pursuing "disaster layer of hot patch asphal! niny be 
I nssistance" funds from two sources added soon near the crossmg f 0 r aSSau lti n (J 
I in anattomot torecoi~omonevsoent . . 

for the receht fixes. . Long-term he lp  
"We actually madeapplicntio~i for 

eight different locations for disaster Ifarrel said both riuisnnce and 
assistance," Anrrel said. storm water problems won't be 

"We suffered quite a bit of dam- solved for the Ashbrook Wash a t  
see  a s  a result of those storms." Fountain Hills Boulevard until a " 

Assivtancefi~ndscoi~ldcomefrom pernlanent bux culvert is built. 
the Federnl Emerner~cy Mollone- IIe estimates thnt will cclst more - - 
ment Agency orthenational Dep&t- 
ment of Tmnsportation. 

"We had Fountain Hills Boule- 
vard undsr control last  summer." 
Ifarrel said. "The pipe was clean, 
arid the pavernent was in ri~ucli 
better shape." 

Because of the excess groundwa- 
ter found so far away from the actu- 
al wash crossing, the street crew 
instnlled a n  underground "drain" 
~ i p e ,  designed to divert the water 
and channel i t  into the wash rather 
than up through pavement cracks. 

than $250,000. 
"That's our long-term plan," Har- 

re1 said. "We are planningto secure 
federal aid funds to finance most of 
i t s  conrtructinn, so we're probably 
looki~ig a t  two to three years fur 
completion." 

l ' h e  box culvert would be lnrge 
enough to handle large storm tlows 
underneath the roadway and accoin- 
modak  pedestrian trnftic should a 
patliway ever be built in  the wash. 

roadway itself would have to 
be raised a s  well "over" the culvstt, 

DESIERTO ROSE 
LANDSCAPE SERVICES 
DESIGN, INSTALLATION, MAINTENANCE 

two women 
Williani Sdlreek of Foutitaii~ 

Hills was arrested for assault early 
Sunday morning, Feb. 7, nRer al- 
legedly pushing and throwing two 
wolnen a t  a home on Boxwood Lane. 

Sheriffdeputies arrestedschreck 
a t  approximately 4 a.m., said Sher- 
i e s  Sgt. Dave Toporek. 

Apparently. Slireck pushed one 
wornanintoabookcase thengrabbed 
and threw a second woman to the 
ground, Toporek said. 

In other matters, the Sheriffs 
Office reported: 

* At approximately 12:40 a.111. on 
Jan. 31, fourjuveniles were arrested 
for possession of alcohol near the 
intersection of Palisades and Foun- 
tain IIills boulevards. 

* Vnr~dnls apparently dam. 
electrical conduit and a drniri plpe 
on the roof of Four Peaks School oil 
tlie weekend of Jan. 30 and 31. At 
8:15 a.iii. on Monday, Feb. 1, school 
personr~el discovered and repnrtc~l 
t11e el:ttnap. 10 s l ~ c ~ . i ~ c ! r p ~ ~ t i ~ s .  
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35 homes cut off 

Floods draw attention to safety routes 

" 
cy nc.ccs8 plan. 

At i t s  first m e e t i n ~ l a s t  week the 
bonrd nsked RurallMetro Chief Bob 
Oden wlrnt the legnl problems of 
such R situntio~r wasror t11e district. 

Oden said he could not give a 
lrgnl opinion, but he snid lire- 
lighters must make every eror t  to 
rench a victim in an emergency 
nituntinn. 

Recent heavy rains brought to then cross the  wash on root, pick up wnuld be avaiinble. n r ~ d  It w o ~ ~ l d  
the nttentlon ofRio Verde Fire Uia- tlie ~qu iprnen t  nnd golf cart and go only be used if the Aver~ida Lhl Roy 
trict ollicials the need to prepare an to tho scene. route were clwed. Using nn access 
emergency access plan tor the ex- IIill also snid thnt an emergency route tlrrouglr Tontn Vnrdn wo111d 
treme northwest section ofthe corn- evacuntion plnn will be established likely result fn a aligl~t delny in 
munity. for the  neiglrbnrllood. Duringshrmy response time. 

Flash floodingin the wnsh across wrather the wnsh will be monitored The Fire District hnnrd will be 
Avenida Dei Ray between Arroyo and if there appears to be a d n n ~ e r  communicating its concnrn tn tlln 

So lu l lons  

n 
$$$ 
%&, &$, 
:@: 
[E!: 
$$:?:. .~:<,.:: 

g;: 
&$ 

The bonrd hnr decided to pursue 
two short-term appronches snd one 
long-term solr~tion to the access 
problem, according to IIiII. 

Repidents near the witsir on tlie 
north side will be asked tn etore 
enlergency equipment and a golf 
cart. 

Emergency personnel would 

Beeline 

Wny and Horseshoe Bend blocked ornosh floo&ng tile fire department Rio Verde Conrmunity Association 
all access to about 35 homes north of will residents to the board of directors and the residents 

(cant. l rom page A-15) 
.he cnc~nty. 

Other opponent8 felt i t  is prema- 
ur* t o  cn~nplete the study if there 
Ire no plnn* rnr cnnr t ror t i t~~~ or the 
nn.1 

!& 
~ $ 0  ,: ?, .... 'C, ,.. . 

. . 

the w a ~ h  during a recent stnrm. ' area. olthe nrea eo the are fully aware of 
Fire District Board Chairman N One potcntinl long.tem solution the potential proflem. 

Ill11 said the wash was running a t  a t  to  the rnbiern is  to accssr the aren Accord,ng to Rill, bot,l depth of four b e t  fir a couple or througff the new Tonto Verde devel- Aarnciatiorl rtreets colllnlit- hours, making i t  impossible Tor opment. tee, and the RioVerde Country Clilb 'omergenc~equipmenttoreacl~t~~ose Hill raid tlre developer will be are mnpiderin 
solutions to the living in the ares. toprovidean emeaencyrnute problem of floojirlg which occurs nt 

Forbnately there were no emer- to  Avenida Del Ray from the Tont. the wash. gency cnlls into the nrea while tlre Verde side. 
road wns closed, h e  added. He added tha t  the route would be T l ~ e  high woter usrinlly car~nes 

Addressing the proble~n will be designated for emergency only and the closure of tlie sixth liole on tho 
one of the flrst issues to face the new provide only limited passage. Quail Run Gdf  Course end crenhe 
Fire District board. llill estimated tha t i t  would be a t  a aignilicnnt c les~n~up  operation ror 

Ilill said flash flooding in the  lenst n year before such a route the streets comniittee. 
wneh from summer monmon ond 

Monthly lrikes for Februnry are 
scheduled for nest  week. On T h u n -  
dny, Feb. 11, Bob Maaon will be 
leading a group to Needle Rock 
north of Rio Verde alon the rlver. 
On Friday, Feb. 12, Bob i rooke will 
lend a group to F a t  Man's P a w  in 
South Mountain Park. Good ahoes 
are  needed for the South Mountain 
trek. 

winter stonns has been R problom 
for a long time. However, the recent 
flooding created the  most acute 
problcrn in memory ond increased 
awaretresanfa need For an emereen- 

A Ladies' Day Away is  planned 
for Rio Verde residenb on Friday, 
Mnrch 5.1919 outir~g will begin wit11 
n one-hour Cores  Conoertconducted 
by Jnmes Sedaree, conductor of the 
Phoenix Symphony Orchestra. Also 
performing mall be R. Carloe Nakai 
with the Native American Fluteand 
Cherry Rlrndea at the organ. Follow- 
irig th r r r  will be a ellop ing trip and 
optional lunch at  the k z m n  Cen- 
ter. The coat o r  tlrs mncert i s  $11. 

Rio Verde Review 
The p n u p  will leave Rio Verde in 
cnrpoolsnt9:15a.m.Thoseinterent- 
sd may sign up in  the post oliice. 

IncometRxforn~s are available on 
the table in the Rio Vsrde Post Of- 
fice. 

The second nn11un1 Ria Verde 
Tennis Club Champio~ishipn nre 
scheduled for Mollday, Feb. 22, 
through Sunday. Feb. 28. The event 
is "handicapped t o  even out the 
competition. 

The librarycommitteeisrendy to 
accept more bonlcs for the Onsin Li- 
brary. Booka need to be clrrrer~t nnd 
in good condition. Also, a dickinnnry 
is  needed. Call Millicent Ilarris, 
471-2407. 



And the rains just keep on c m -  
ing. 

h e  comunity received another 
drenching this past weekend. Total 
rainfall for the week waa 1.01 inches 
bringing the monthly total to 2:19 
inches and the annual total to 9.46 
inchaa~ . . . . . . - - . 

h a t ' s  about equal to t h e a v e w  
annual rainfall, but i t  haa been 
achieved in just nix weeks. A total of 
13.9 inches has fallen mnce Der 4, 
when the current wet cycle began. 

Forecasters are callingfor cantin- 
uing rain Wednesday through Frl- 
day and possibly into the weekend 
as  several more Pacific storms are 
scheduled to paaa through. Highs 
are predicted to be in the low to mid- 
608. 



'% @ @ 
ENGINEERS, INC. 
2255 iv 44ln St Sullr 330 . Ptroonlx. A2 65008 ' Phone (602) 244 2551 FAX:IdOZI 244 8947 

_ -- 
February 17, 1993 

\ 
Mr. Tim Murphy 
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
2801 West Durango Street 
Phoenix. AZ 85009 

- 
Edward A. Adslr. P.E 
R. Gerald Grccn, P.E 
Spmuel E. Kao. Pn D . P E 

Mlchscl J Bonar, P.E. 
Dcflls L. Howe. P.E. 
Hal E. Marron. P.E 
Ptlrlce M. Mitlcr 

Reference: Fountaln Hills Flood insurance Study 
Survey Control - Update 
AGK Project No. 310.43 

Dear Mr. Murphy: 

Slnce the writing of our letter of February 11. 1993, AGK has been able to obtain cnples of the vertical and 
horizontal control survey notes used for the aerlal mapping supplled by the Dlstrlct to AGK for the above 
referenced project. Based upon our revlew of these notes and our research, we wlsh to reflne our request 
for Information from that expressed In our February 11,1993 letter. The lnformatlon requested Is as follows: 

1. A comprehensive llstlng of all panel points, brass caps, and other control polnts that are either 
shown on or used to establish the control for the mapplng. The conlpret~ensive llstlng should 
Include the following: 

point number or name 
1983 NAD State Plane Coordinates 
local coordinales 
1929 NGVD ground elevation 
1929 NGVD monument elevation (If differcltt) 
local datum elevation (Indicate ground or nronument) 
descrlptlon of point - 
alternate descriptions or names for same point 

Thls listing should be complete for all low altitude and htgh altitude map panels, all control brass 
caps, and all the named points contained In the horizontal control survey. A partial llst ol these 
polnt names would Include: 

DEB 
ALLEN (AKA AL) 
LOUIE 
NEW MlCK IN.M.1 
RENA 
RW 

SWEAT 
NEW BAKER (N.B.) 
JULIE 
MF 
TEEPEE 

JUD 
N E W  ROBERT (N.R.) 
PADUC (AKA P.D. & PADUKE) 
PAT 
G.L. 



Mr. Tlm Murphy 
February 17, 1993 

Page 2 
. -- - 

The request for alternate names Is made due to namlng convention incorrsisfeneles found wilhln the 
survey notes. Two examples are as fdlows: 

Page 52 Horizontal Control 

Panel 1100 . ECC 32-1 (F.H. orlglnal control) 
Record 41559.1 10 N 17484.740 E 
Also Is BM #328 
Record Elev. = 2039.74 0.35 above ground 

(Edltors note: From the Town of Fountain Hills Benchmark 328 Is descrlbed as a PC located at 
coordinates 23807.998 N, 21801.806 E) 

Page 44 Vertical Control 

BM #16 - GLO BR Cap - angle point S.R.I.R. 
Eiev. 1536.12 0.55' above N.G. 

Thls Is the same descrlptlon given lo point ntimber 153 In the August 24. 1902 letter from Anderson 
Nelson and to panel polnt 1153. 

2. Copies of the available documentatlon of the I970 trian~ulation survey for Fountain Hills. It Is our 
understanding that poinls establlshdd as a part of thnt survey were used as thtl basis lor this new 
aerlal control survey and that no flew overall conlrd closure was performsd. Thls requested 
documentatlon could Include the original survey notes and/or Math Plats or Records of Survey 
created from these notes 

3. A more comprehensive descrlptlon of the method used to convert the elevatlons on (he mapplng 
from local datum to 1929 NGVD. The method descrlbed In Anderson-Nelson's letter of August 24. 
1992 cannot be confirmed in the fleld. ADOT's recent conslructlon of the Beeline Highway has 
destroyed the monument at the northwest corner of Its Intersection with Shea Boulevard. Other 
than the August 24 letter, AGK has been provMed no record lnforrnatlon showing that monument 
as pan ol the vertical control SUNey tor Fountain Hills. AGK Is currently conducting a control Survey 
that will Include ADOT control polnts and the two Indian boundary polnts ldenllfied as polnts 123 
and 153. We will keep you advlsed of the progress of this survey and Its Impact on the 1.26 feet 
adjustment factor used In the mapping conversion. 

We thank you for your prompt action on this request. 

Sincerely, 

AGK ENGINEERS. INC. 

H ~ E .  Marron, P.E. 
Project Manager 

cc: Tom Loornls, George Sabol & Assoclates 
Randy Harrell, Town of Fountain Hills 
Don Anderson, Andersor: Nelson 
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DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS 
BY FCDMC'S METHOD 

Project : Deadman Wash Floodplain Delineation Study 
Stream : Deadman Wash 

Locatlon :Just upstream of 1-17 brid~es 
Photo No : 10 

Sectlon Descrl~tlon : Bed material is cobbles. boulders. and large rock with weeds and brush. 
Floodplain has a dense.cover of trees andbrush. 
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ptesented to kick off Fh;'wwanis 
Park Fund. 

The money was raised fmm a 
jointly-sponsored High Teathe three 
Kiwanis Clubs held recently at the 
Rio Verde Country Club. Co- 
chairing the event were Joan 

1 Mffiivern of the Noon Kiwenis and 
Shirley Wright of Sunrise Kiwanis. 

The High Tea featured women's 
apparel from Fountain Fashionsand 
jewelry from Designs By Sami. 

"We want to thank Kay Kinder of 
Fountain FaahionsandSami Jackof 
Designs by Sami for their effortn 
and contributions to making this a 
big success," said McGivern. 

"Kay not only brought in her 
fashions, but donated the use other 
models, a guitarist for background 
music and an ice wulpture that 
made the event all that much more 
special. She even paid for the 
advanced romotiun. The Kiwanis 
Clubs rea lg  thank her." 

Kiwanis Park is a long-term 
project that  is being planned as  a 
joint project by the three clubs. It 
will likely be located along Kiwanis 
Dive adlacent to the clubhouse just 
south of Fountain Park and 
Lakeside Resort Casitas. 

The clubhouse and property were 
recently renamed the "Fountain 
HillsKiwanisPark Activity Center." 

It is envisioned that the property 
will be developed into a Jouth- 
oriented area. There is a wash 
bordering the property on the south 
that may al JO be developed. 

Representativeaof the three local 
clubs will be meeting in coming 
months to develop a plan for the 
property. Serving on that study 
group are Dr. Paul Kolwaite from 
Sunrise Kiwanis, Frank Clark from 
Noon Kiwanis and Bob Travis from 
Sunset Kiwanis. 

Organizers of the High Tea said 
another is planned for next March 
based on the success of this year's 
event. 

xWe now have 
a year's rainfall- 
in just 3 months 

And the rains just keep on com- 
ing. 

Now having more than our aver- 
age annual rainfall, last weekend's 
rains bring the annual total to 12.73 
inches --in juat three months! 

The heaviest rains occurred hi- 
day night and early Saturday morn- 
ing with 1.85 inches in the rain 
gauge as of 7:30 a.m. that day. An- 
other .I1 fell during the day. and 
another .28 was logged Sunday 
night and early Monday morning. 

Another week weather distur- 
bance is expected Friday, but fore- 
casters are calling for a nice week- 
end. 

Boy Scout Ryan 
plant life on cam 

trail 
work on acommuni 
that will create a 

The son of Ric 
he is a freshman 

Bob Treloar, a biolo 
school. The scout 
research on three 
plantlife systems, 
and Chihuahunn. 
plnnt life are reprC 
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George 2.! SaGoCConsuCting Engineers, Inc. 

3501 Norlh 16th Slrcel. Suite B. Phoenix, Arizona 85016 
(602) 234-3321 FAX (602) 248-7851 

14 April 1993 

Mr. Tim Mutphy 
Project Manager 
Flood Control District of Maricopa County 
2801 W. Durango Street 
Phoenix, AZ 85009 

Subject: Fountain Hills Floodplain Delineation Study (North) 
Preliminary Sub-Basin Delineation and HEC-2 Cross Section Locations 
Contract FCD 92-04 

Dear Tim: 

We have completed the preliminary sub-basin delineation and HEC-2 cross section locations. I have 
enclosed the following information for your review and comments: 

I. Preliminary hydrology Exhibits 6. C, and D at a scale of 1 "=400' (soils, land use, and 
TJrouting, respectively). 

2. Original pencil work maps used for suh-basin delineation, including: 

a. lW=200' Fountain Hills detailed mapping; 
b. lU=400' McDowell Mountain Park mapping covering the area north of the 200 scale 

maps; and 
c. 1"=100' original Fountain Hills development mapping covering most of the area west of 

the 200 scale maps. 

3. An overall land use map at a scale of In=800'. 
4. Town of Fountain Hills Zoning Map at a scale of 1" =8W. 
5. An overall soils map at a scale of 1"=2000'. 
6. Original pencil work maps used for location of HEC-2 cross sections and FEMA check sections, 

at a scale of 1 " =200'. 

Please return the original pencil work maps to me when you have completed your review. After we 
have agreed on cross section locations and suh-hasin houndaries, I will forward a revised set to Randy 
Harrel at the Town of Fountain Hills. 

I will be submitting draft copies of the following information by 4 May 1993 for your review: 

I .  Preliminary Hydrology Report Table of Contents. 
2. Preliminary Hydrology Report Section 2: Mapping and Survey Information. 
3. Preliminary Hydrology Report Section 3: Hydrologic Analysis 

3.1 Hydrologic Method Description 
3.2 Parameter Estimation 

3.2.2.1 Watershed Sub-Basin Parameters 



Mr. Tim Murphy 
14 April 1993 
Page 2 

I plan to spend next week in the-field verifying sub-basin boundaries, checking land use, and 
obtaining routing cross sections in the areas outside the detailed mapping. As always, feel free to 
accompany me on the field inspection. I hope Sandy can make it out there for a day or two. 

George will be in town on 4 May 1993 for a meeting with the Drainage Manual Steering Committee. 
We would like to schedule a coordination meeting for the afternoon of 4 May 1993 to discuss your 
review comments, the results of my field reconnaissance, the hydrology parameter estimation 
procedures, and progress on hydraulics. Please check with Sandy and establish a time for the 
meeting. We could also meet on 5 May 1993 if the 4th is inconvenient. Feel free to give me a call 
if you have any questions regarding this letter. 

Sincerely, 

w 
Thomas R. Loomis. P.E. 

cc: Sandy Story, Frank Brown, George Sabol 

Enclosure: Referenced maps. 
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LAND USE IDENTLFLER LXGEND FOR EXHlBl'r C 

Land Use Descriotion Town of Fountain Hills Zonine Classifieationg 

Very Low Density Residential Rural-43, Rural-190 
Low Density Residential R1-18, R1-35 
Medium Density Residential R l d ,  R1-7, Rl-8. R1-10 
Multiple Family Residential R-2, R-3. R-4, R-5 
Commercial C-S, C-O. C-1, C-2. C-3 
Industrial IND-1, IND-2, IND-3 
Natural Desert NIA 
School N/A 
Dedicated Drainage Easement Dedicated by rmrded plat (width > = 100'). 

Each map symbol may have one of the following qualifiers: 

N Natural (no development, zero percent impervious for the existing condition). 

P( ) Partially developed (< 50% built out). The value in parenthesis after the P represents the estimated existing 
condition percent impervious. All of these will be changed to F for the future condition. 

F Fully developed (> = 50% built out). Used for the existing condition if the polygon is greater than 50% 
built out. 



, , ,, t L , ,  . . . ... I 
will begettingasubatantial increase and threatened three homes. Early in 
in pay. I don't think she could have According to Fountein Hills Fire ~ ~ ~ ~ ~ Y &  
turned the  o r e r  down." Chief Tom Knapp, that blaze, 

on tv Hansen said a search committee pushed by a strong wind, jumped 
is being formed to find a new execu- across Mohave Road s short  That fire 
tive director. The committee will distance east ofFountain Hills. acres when I 
consist offour Chamber boardmem- However, quick action by fire- threatened 
bers a n d  one outside parson. fightera stopped the fire as i t  burned LP E nk 

The committee will consider all downhill into a wash. Knab id. 
resumes received, but will keep its If the fire had burned to the bot- me poun 
solicitation within Arizona. tom of the wash, the wind would took a &fen 

I gaa and stru 
started cu t t~  

Bulldozers m o wing.-in, to behind t h e ~ i ; ~ ,  the fi 

The crew 

FH washes next week 
By Mlchael Scharnow impossible. 

Engelthaler anid there are  a 
Cry! 

The town appears unable to pre- "multitude" dmosquitu problems in 
vent some Maricopa County-man- Fountain Hills and his once  is in 
dated grading in twa area  washes. aha e of controlling ontbreaks. 

MCO Properties will likely begin $0 major worry is  to prevent the The bulldozing work next week in  Ash- transmissionofdiseases,patticular- sumvision brwk Wash from Saguaro Boule- ly  encephelitis (sleeping sickness). planning an, vard east to  the Indian reservation once egain or and in the  wash just north of Morn- MOdlIhatlons . I t  will ma 
ingside a t  Lakeside Village. c o m m i ~ i o n  

A meandering swath ranging, Engelthaler said the two target pre]iminery 
anywhere from 10  feet to  50 feet O r  washes are "heavy breeding" areas have twice ta 
more in  width will be cut i n  by and need to be modified for access plan. 
MCO, which still owns the  washes. and contml. The 7 p.m 

The c o u n z  Departmentof Envi- The county wants a clear channel be h d d  a t  cou 
ronmental anagement notified cutintuthetwoshetehessorunning ~ ~ 1 1 .  
MCO the access i s  required so per- water has no chance to "pool" along cornmissir 
sonnel can spray the  areas for mow- the way and olfer breeding habitats tabled tL- 
quito control. far mosquitoes. In addition, a n  havjn o 

Tom Engelthaler, the  county's access lane i s  needed for personnel the  to,. . hi1 
vector control manager, told the and equipment along the defined bance ordinar Town Council May 6 that the two channel. Commissir 
sections have beeom0 80 heavily Engelthalersaid the best form of Stan Connick 
vegetated tha t  acmes in vi*uall~ prevention is  elimination of possible and if their 

breeding aitas. code was used 

Yet another Althoughthere haveonly been 12 Ridge mbdivi 
verified cases of encephalitis in  the  in i ts  present 

trial date county during the past 18 years, The"newWi 
Engelthaler attributed that to a n  11th hour d~ 

in FOX case aggressive breeding. control of mosquito MCO Propett couldn't rerpr 
Another trial d a b  haabeen setin 'We prioritize mosquito control not been info1 

the caseinvolving Town Councilman on ayear-round basis and eliminate tential problet 
Charlie Fox. mosquito sources a s  we find them," of the town's r 

The trial will begin i n  Scottadale he  Amsjoriy 
Justice Court June 14, more than Jim Rush, alocsl developer who strongly objec 
seven months after the  alleged i s  finishing out the Cottonwoods, a grading plan 
crime occurred. subdivision that  adjoins the Ash- chop oB 10 fee 

Fox a n d  a close friend, Strset run through tl 
Department maintenance worker (cant. on page A-10) in a wash to 
Danny Tancredi, were pulled over 
Nov. 2 by Sheriffa Oface deputies 
alter a report went out on missing 
campaign signs. 

Deputiesfound 19"John Vardian New Salt River la1 
for Fire Board" signs in  the back of 
Fox's white van, and the  Maricopa 
County Attorney's W ~ c e  later filed 
misdemeanor charges of theR and 

causes Beeline cc 
tampering with political signs. Construction on a new Snit River a m a t  ro 

In statements given to authori- tribal landfill started earlier this stops 1 er 
tiea,Fox andTancre& s a ~ d  a woman month, raising concerns among entrance u, fa 
called the Fox residence to  complain Fountain Hills residents about dust i 
about campaign signs littering a and traffic problems. Long-term n 
local street, and they were merely ~t was announced by The Times 
picking u p  those signs that  wen, in  March tha t  the new landEll site Mike Ross, 
down or damsged. would be located northeast of Gil- the Beeline d~ 

Tile highly-prrblicized cape has  b e d  Road along the Beeline High- ehout the 11. 
h ~ c n  thrn~rgh a n ~ ~ m h e r  nf continu- wnqr ir,st.n.ltl.n~fl.m ~ . i - . . v ~ l ' * r  -1 r 1 



Bonds 
(cont. from page A-1) 

district currently oms .  
The board asked for the tour 

because the Facilities Committee 
had asked for permission to explore 
the market for the land. 

The group visited three larger 
sites and two smaller sites adjacent 
to the  existing elementary schools. 

Thoseincluded a 17.5-acre parcel 
a t  Hawk and Arroyo Vista drives, a 
32-acre site on El Lago Boulevard 
near Cavern Drive and 19 acres 
along AspenDrive nearEagle'sNest 
Drive. ~ ~ 

The tour was conducted mostly to 
familiarize the board members with 
the property. 

There was discussion about the 
fact that  the  Aspen site may be 
within a flood olain. but that will 
not be known uiti l  l&er in the sum- 
mer when Maricopa Countyreleases 
i ts  new flood studv of the area. 

Also, the site; adjacent to the 
existing schools were talked about 
for potential expansion of those 
schools. 

It was also agreed that any dis- 
cussion about the El Lago site be 
done with open communication with 
neighbors i n  the area. 

Higgins said she wouldlike tosee 
the district retain ownership of that 
parcel, but  not necessarily use i t  as  
I school site. 

The property is not considered 
ideal for school construction. 

Crystal 
(cont.'from page A-1) 

Farrell said the Community De- 
velopment Department i s  responsi- 
ble for initial interpretation of the 
Zoning Ordinance and the commia- 
sion i s  free to vote against its find- 
ings and recommendations. 

"So long as the individual com- 
mission members do not render a 
decision that results in the property 
owner being totally unable to devel- 
op the property, their decision will 
not be the subject of litigation that 
would be difficult, if not impossible, 
to defend by the town," Farrell 
mote. 

Community Development Direc- 
tor Gary Jeppson aaid MCO Proper- 
ties has  not changed the subdivi- 
sion's configuration nor i ts  proposed 
grading plan. 

The public i s  invited to attend 
Kursday night's open meeting. 

, I t s  ..'I, "L , I . . ,  ,..._ -... 
~h~ district will be hiring about a The idea is to promote interna- second place in vlrr: 

dozen new teachem for the next ti~nalunderstandin~throu~h home- Diane Dehner was R:: 

school year.' stay experiences for students, in- place in decision maki 
one ofthe key options discussed creasing ~ l t u r a l  awarenese and coronado took one 1 

for cutting the budget was the re- acceptance. awards, and theschool 

duetion or elimination of , , J ~ ~ ~ ~ ~  I t  also is a good way to promote isunder the direction 
aides. study of foreign languages in our W O O I ~ ~ Y .  

D~~~~ h iday  that is being schools and stimulate interest in The J A G .  class 
. . other cultures. school juniors and 

All students who participate in importance of plcr 
the program have fullmedical cover- futures. They learn r, 
age and chaperons and coordinators e t i n g  resumes, 

Washes are available to assist the host fami- techniques and how ' 
IY. keep a job. Cor6nado i 

Students provide their o m  school i n  the Scot1 

(cont. from page A-1) trsnsportation and pocket money. District that is inr 
Thisaummer, theprogram needs J.A.G. P r w a m .  I t  i s  , 

brook wash, charged the problem is to place French students who will t h e  Ari  zone Sell 
dumping by MCO visit &om July 8 to Aug. 3, and &om Pmtnership- 

that i s  dus ing  the washes t o  flow July 30 to Aug. 22. 
with water on an almost constant AVUP of Spanish students will EVlT SUmrl 
basis. need host families from July 2 to  28. 

Rushsaidyearsago,beforeheavy Residents who are interested in sessions 
effluent irrigation was initiated by hosing a young person or having 
MCO, the Ashbrrnk Wash was their children participate in the TheEastValley In? 
mally dry, excspt for wet proqam in Europe should call " O ~ O ~ Y  (EVIT) will br 
during winter months. Tomlhon a t  837-1591. mer school classes for. 

Rush, a fonner head of the local puter skills and softr 
Classes begin on I! 

MCO h p e r t i e s  office. further Summer program an, wntinue until s. 
charged that ~ n n i n g  water i n  the 

14. ~ o f i n g s i d e  washis from a l e a k i n  for young teens ses,ons ,, ,.,Ri the Fountain Park lake bottom or 
the dam a t  the park. Touchstone Community, Inc., the a.m. until 9 p.m. Mr. 

n ~ ~ f ~ ~ ~  we tear out the wash, Phoenix,based social service agency Friday, and 8 a.m. in 
lets check the water and the source which operates aher  school child Saturday. 
ofwaterin the washes,w Rushsaid. care programs at  McDowell Moun- For students agn 

-1 think the water is induced by tain School, is holding a summer typing and Rogram~.  
man, and I think we can control the program for junior high schwl stu- are available. 
water flow and then aP:the same dents. For students ages 1 

Robin Keiner, an artist who hps are a variety of con?. time 'Iim- worked in th* prevention and Idtch- , availabls,.Thby-ra~ inating the wab r  source . . . 
T ~ P ~  by dry if there were key programain the P h o e ~ x  area,is puter Uaage and Ay 

no irrigation." directing the high school leadership typing and keypunrl, 
program called Teen Power. range of cburses worl. 

A comblnatlon The program i s  open to seventh cific soRwars. 
and eighth grade students. I t  win Students can learr, 
operate 2 1/2 hours each weekday perfect, Lotus, Excel Town Engineer Randy afternoon for seven weeks, Keiner There are also cl. 

said thereis no directrunoff of efflu- said, entry, machine tran ent from turfed the The goal of the program is to get computer maintenan, 
but he said using "wmmOn the kids involved and allow them to An electronics c,. 

sense" might lead one to conclude learn about decision making. available. 
the running water is re- The students will have input on The cost is $40 per I 

effluent from irrigation. the subjects for discussion groups. books will be charged 
We is a high Topics for discussion will include Lab time for con! 

water table in those areas between dNgs and sexuality, according to need to be scheduled. 
the rock and clay layers, and there ~ ~ i ~ ~ ~ .  When a parent is r 
is still water "This is not a classroom setting." course, each of their 

the said. she said. ' m e  kids will be discuss- they have registered 
"A are ing how and why they make specific discount. There will ' 

probably resulting in the current decisions: off the first child, 20 1 
situation." Some of the methods for student second, 30 percent off 

MayorJohn Cutillosaidhewould interaction will include c r a b ,  a 40 percent discount 
like to see the Option exam- spods, making a video, community All courses are 01). 
ined, rather than tearing up the and social exit with no credit oll 
washes, but Engelthaler said i t  Keiner said she has already Further informati. 
would be lo how talkedto the students, and they are reservations may bp 
long i t  would take for the washes to aware the program is available. calling 461-4197. 

up, if ever, Further information about fees Orientation for all 
gation be stopped. for the program and registration be in the EVITcafetrf 

Town staff ha s  examined some may be obtained by calling Karol ter Street, Mesa, o! 
preliminary grading plans sub- ~~d~ at 953-3001. May 26, a t  6 p.m. 
mitted by MCO, and i t  appears that 

. . a grading permit will be issued to .- .- LET US 
allow the scraping. 

MCO Vice President RE$ASHON 
y ~ u r  irnege 

permit is issued by the town. 

s ..,. h.". r ," r*.. v 8. I 



May 17, 1993 

Town of  FOUNTAIN HILLS 

Maricopa County Rood Conml District 
2801 W. Durango 
Phoenix, AZ 85009 

Attention: Tim Murphy 

Gentlemen: 

We have attached recent comxpondence and plan of work for MCO Properties in Ashbrook 
Wash, and the unnamed wash east of Panorama and noah of Morningside. This correspondence 
is for i n f ~ n n a ~ n  only. We would recommend that you do not change your N-Values for 
the seams, nor any cross section data, to reflect possible lowflow channel grading. Although 
the work will be occuning this summer, future maintenance of this lowflow channel and cleared 
area is questionable. If you have any further wncems, or need finiher clarification, feel h e  to 
call. 

Randy Harrel, P.E., L.S. 
Town Engineer 

-%om h m i s  - w/aa 
Hal Marron, Jr. - wlatt. 

* 

16836 East Palisades Boulevard - P.O. Box 17958 - Fountain Hills. Arizona 85269 - 16021 837-2003 - FAX. 16021 837-3145 



HD-TLI~A I IUN - LUNING CLEARANCE/BUILDING PERMIT 
TOWN OF FOUNTAIN HILLS DEPARTN OF COMMUNITY DEVELOPMENT 

AIN HILLS, ARIZONA 85269 

~ - ... -> ..--- 
BUILDING PERMIT NUMBER 

- 
WIIEN IIUMBEIIEO. APPROVED AND MACHINE VALI, 
OAlEO BELOW: 1lIIS BECOMES A PEWIT 10 BUU) 
AS NOIEO 

1 FIRE OISI. ST. FIRE MAR FIRE SPAlNKLERS 

I i~ereby cerlily ll>ai I am llle owner or duly aulhorlzed owner's agent, lhal I have read lhls appllcallon and 
Ihal all lnlornmtlon Is correct. I lurlher cerlily lhal I have read, undersland and will comply wllh all of Ihe 
provisions oulllned hereon. 1 also cerlUy lhal the plol plan submined Is a complete and accurala plan 
sliowitlg any and all existing and proposed slruclures on the subject properly. 

0 
TO KEEP Y O L ~  PERMIT ACTIVE AND AVOID UNNECESSARY EXPIRATION n 

IT IS IMPORTANT_THAT YOU CALL FOR INSPECTION AT LEAST EVERY 180 DAYS. z 
2 

I FOR INSPECTION CALL 837-2003 



161328 East Palisades Boulevard. P.O. Box 17795 
Fountain Hiils. Arizona 35269 

Telephone 1602) 837-9660 

May 10, 1993 

Town of Fountain Hills 
16836 East Palisades Blvd. 
Fountain Hills, AZ 85268 

To Whom It May Concern: 

In an attempt to clarify this grading permit application, I 
have discussed the work which we are proposing to do with Randy 
Harrel. As per his request, I am submitting the following: 

1. A copy of aerial photos of the area of work, outlining 
the approximate limits of construction. 

2.  A "typical sectionn diagram which shows the section which 
we will attempt to provide, depending on field 
conditions. 

3. A map showing the general area of construction. 
4. A copy of the letter which we received from Maricopa 

County Department of Environmental Management, requiring 
us to perform this work. 

5. We have guessed that we will move 2000 cubic yards of 
dirt. We will not know the actual amount until we 
complete construction. 

In conversations with the Army Corp of Engineers approximately 
2 years ago, they indicated to us that we would not need a 404 
permit in "Existing1 Fountain Hills, meaning the developed portion 
of Fountain Hills. 

If you have any further questions concerning this matter, 
please feel free to contact me. 

Sincerely, 

Ray '~aldwin 
Vice President 





E/l Low &ear 

- - 



Q 4B 
Geoge ?.! Sabof ConsuCtin~ En~ineers, Inc. - 

3 5 1  North 16th Street, Suite B. phoenix. Arizona 85016 
(602) 234-3321 FAX (602) 248-7851 

74 May 1993 

Mr. Tim Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 W. Durango Street 
Phoenix, AZ 85009 

Subject: Supplemental Hydraulic Analyses 
Contract FCD 92-04 
Fountain Hills Floodplain Delineation Study (North) 

Dear Tim: 

The Fountain Hills project has a number of existing culverts which must he analyzed as a part of the 
hydraulic calculations for floodplain delineation and hydrologic routing. The HEC-2 Special Culvert 
routine will be used for those culverts which lie in floodplain delineation study reaches. Our contract 
calls for verification of the HEC-2 results by use of external methods. 1 am proposing use of the 
HY8 Culvert Analysis Microcomputer Program Version 4.0 dated 30 April 1992 for this purpose. 
This version of the software, and the supporting documentation, was ohtained from the Center for 
Microcomputers in Transportation, University of Florida. The program automates the procedures set 
foah in the U.S. Department of Transportation, Federal Highway Administration, Hydraulic Design 
of Highway Culverts, Hydraulic Design Series No. 5 (HDS-S), dated September 1985. This program 
is also proposed for development of culvert rating curves for hydrologic routing for the following: 

1. The Principal Spillways for Dams 4, 6, 7, I I ,  and 36; and 
2. Culverts which do not lie in floodplain delineation study reaches. 

There is a stom drain system on Arrow Wash and Sunflower Wash which lies in the floodplain 
delineation study area. The storm drain conveys flows from both washes under the Palisades Plaza 
development located at the southeast corner of the intersection of Palisades Boulevard and Fountain 
Hills Boulevard. This system cannot be modeled effectively using the HEC-2 computer program or 
HY8. I am proposing use of the Texas Hydraulic System FHYSYS) microcomputer program, 
version 2.4.2 dated 3 1 January 1992. for modeling of this storm drain system. THYSYS was created 
by the Texas Department of Transportation and is maintained and supported by that agency. The 
program has modules for the following: 

1. Hydrology using the Rational method; 
2. Water Surface Prof les using the step backwater method; 
3. Bridge and culvert hydraulics; 
4. Storm sewer networks with either open channel or pressure flow; and 
5. Pump stations. 

Only the storm sewer network module would he used for this study. The program allows entry of a 
controlling tailwater elevation, which would he estimated using HEC-2. Flow rates can he estimated 



Mr. Tim Murphy 
24 May 1993 
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using the hydrology module or input directly. Flow rates would be input directly. The program 
estimates friction losses using the Manning equation. Minor losses at junctions are estimated 
externally and then input at the proper location. The program output lists computed water surface 
elevations, hydraulic gradeline elevations, velocities, and depths of flow. I have used this program 
for design projects and drainage master plans over the last eight years and have satisfied myself that 
the calculations are performed in an acceptable manner. This is the same program which Dr. Mays 
referenced last week at the HEC-2 class during his culvert discussion. Enclosed is a copy of the 
introduction section of the manual for your review. 

Please let know if you have any concerns over our use of these program fc~r verification trf the 
HEC-2 culvert modeling, or analysis of the Palisades Plaza storm drain system. 

Sincerely, 

L( 
Thomas R. Loom~s, P.E., R.L.S. 

Enclosure: THYSYS User's Manual introduction. 

cc: Dr. George V. Sabol 
Mr. Frank Brown 



@ @ 
George ?.! Sa6oCConsuCting 'Engineers, Inc. 

3501 North 16th Street. Suite B. phoenix, Arizona 8501 6 
(602) 234-3321 FAX (602) 248-7851 

24 May 1993 

Mr. Tim Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 W. Durango Street 
Phoenix. AZ 85009 

Subject: Golden Eagle Park (Phase I) Grading Plans 
Contract FCD 92-04 
Fountain Hills Floodplain Delineation Study (North) 

Dear Tim: 

Thank you for providing a copy of the plans for the proposed Golden Eagle Park last week. I have 
reviewed the plans with the goal of determining if the proposed park will have any detrimental effects 
on the function of Dam Number 4 as a flood control reservoir. The effects of the proposed grading 
changes are summarized in Table 1. 

TABLE 1 

Effects of Golden Eagle Park on Dam 4 Storage Capacity 



Mr. Tim Murphy 
24 May 1993 
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Keep in mind that the emergency spillway crest elevation is 1715. The surface areas listed are 
representative of only the areas affected by grading for the park improvements. The contour 
elevations listed ia Table 1 are the grading plan elevations after adjustment to the NGVD 1929 datum. 
The grading as proposed will cause a net increase in storage volume of 0.5 acre-feet at elevation 
1718.74. The earthwork for the site is close to halanced without consideration to shrink and swell. 
The grading, if constructed per the plans, will actually have a positive effect on the storage 
characteristics of the reservoir. We are proceeding with our work as planned. I will use the existing 
condition storage curve for hydrologic routing through Dam 4. 

Please feel free to contact me if you have any questions regarding this information. 

Sincerely, 

: Dr. George V. Sabol 
Mr. Randy Harrel 





e @ 
George SaGolConsulti~rg Errgineers, Inc. 

3501 North 16th Street. Suite 9. Phoenix. Arizona 85016 
(602) 234-3321 FAX (602) 248-7851 

3 June 1993 

Mr. Tim Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 W. Durango Street 
Phoenix, AZ 85009 

Subject: Golden Eagle Park (Phase 1) Grading Plans 
Contract FCD 92-04 
Fountain Hills Floodplain Delineation Study (North) 

Dear Tim: 

I talked with Mr. Jim Johnson of ADWR this morning concerning my letter to you dated 24 May 
1993. The letter was regarding Golden Eagle Park Phase I and its possihle effects on Dam 4. Jim 
found an error in my table. I had a typographical error in my spreadsheet formula to calculate 
volumes. This has been corrected and a revised tahle follows. 

TABLE I 

EFrects of Gulden Eagle Park on Darn 4 Storage .Capacity 
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The following paragraph is a repeat from my previous letter, revised to reflect the changes noted in 
the new table: 

Keep in mind that the emergency spillway crest elevation is 1715. The surface areas listed are 
representative of only the areas affected by grading for the park improvements. 23e contour 
elevations listed in Table I are the grading plan elevations a@r adjustment to the NGVD 1929 darwn. 
which is a -1.26 feet adjustment fiom the historical Fountain Hills datum. lhe grading as proposed 
will cause a net increase in storage volttine of approximately 1.2 acregeet ar the emergency spillway 
crest elemion of 1715. 23e eanhwork for the site is close to balanced without consideration to 
shrink anii sweII. m e  grading, ifconrrrucrerlpcr the plans, will have a slight positive effect on the 
storage characteristics of the reservoir. However, the net effect is probably less than the error 
associaled with the mapping. We are proceeding with our work as planned. I will use the existing 
condition storage curve for hydrolo~ic routing throu~h D m  4. 

Please feel free to contact me if you have any questions regarding this information. 

Sincerely, 

w Thomas R. Loomrs, P.E., R.L.S. 

cc: Dr. George V. Sabol 
Mr. Randy Harrel 
Mr. Jim Johnson 
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TABLE 1 
Effects of Golden Eagle Park on Dam 4 Storage Volume 

Cumulative 
Volume 

Area ( a m )  (acre-feet) 
Contour Existing Proposed Existing Proposed 

PI 121 PI 141 
- 

[51 
1702.74 0.00 0 - 
1704.74 0.01 0.17 0.0 0.1 
1706.74 0.94 1.14 0.7 1.3 
1708.74 2.67 2.96 4.2 5.2 
1710.74 5.12 5.45 11.8 13.5 
1712.74 7.79 7.53 24.6 26.4 
1714.74 10.15 9.87 42.5 43.8 
1716.74 11.52 11.24 64.2 64.9 
1718.74 12.10 11.93 87.8 88.1 

Cumulative 
Difference 

[q-141 
[a 
- 
0.1 
0.6 
1.1 
1.7 
1.8 
1.3 
0.7 
0.3 

Dam 4 
Existing 

Tohl 
Volume 

m 
- 
4.2 
10.9 
22.3 
39.4 
63.1 
93.9 
131.0 
172.7 

% 
Change 

~tqm)*lOo 
P I  

filename 



Town of FOUNTAIN HILLS 
. , . .  . . .  , 

June 9,~:1993 

Mr. William C. Jenkins, P.E. 
Chief, Safety of Dams 
Engineering Division 
Department of Water Resources 
State of Arizona 
15 South 15th Avenue 
Phoenix, AZ 85007 

Attention: Jim Johnson 

Re: Golden Eagle Park, Phase I Construction 

Dear Mr. Jenkins: 

This letter summarizes the discussion and resolution reached at our m e e ~ g  this morning 
concerning Dam #4. 

Golden Eagle Park is planned for consmction in the drainage basin upstream from 
Dam #4. It is intended that the park construction yield balanced earth work, i.e., no 
decrease in the storage capacity behind the dam. 

The Flood Control District of Maricopa County has a floodplain delineation study of 
Ashbrook Wash, including the Dam #4 area, ongoing at the present time. Preliminary 
hydrology including the dam stage/storage/discharge is anticipated to be available later 
this summer. with hvdraulics available next winter. Tom Loomis from Sabol & 
Associates, their design consultant, has indicated that the Phase I consmction plans 
for Golden Eagle Park are basically balanced, and in fact, yield a small increase in the 
storage capacity upstream from the dam. 

The storage capacity calculated by Tom Loomis is less than the storage capacity 
originally calculated for the dam. ADWR is concerned that this could result in a 
higher water surface pool elevation andlor a higher outflow itom the dam. 

- However, other factors in the watershed area including rainfall intensity changes and 
runoff coefficient (curve) changes may cause the pool elevation in peak outflow to 
either increase or decrease. 

The Town of Fountain Hills is constructing the park primarily with Heritage Grant 
funding. After receiving a Heritage Grant fund in 1991, the Town's application was 
denied in 1992, primarily because no consbuction has been done and no grant funds 

16836 East Palisades Boulevard - P.0  Box 17958 - Fountain Hills. Arizona 85269 - 16021 837-2003 - FAX: 16021 837-3145 



had yet been spent The Town is currently re-submitting an application for additional 
grant funding for 1993, and needs to get Phase I conshuction underway and 
completed. Because of this, it is highly undesirable to wait until new hydrology 
information is available to proceed with Phase I of the park consmction. 

Golden Eagle Park, Phase I construction will grade onIy 13 of the 25 acres in the 
park, and areas west of Golden Eagle Boulevard owned by MCO Properties and 
within the basin area will not be disturbed by the park construction. 

The Town will provide ADWR with a hydrologic model which will route the one half 
probable maximum flood through Fountain Hills Dam #4 and spillway. 

The consensus of the meeting was to allow the Town to proceed with construction of Golden 
Eagle Park, Phase I. There is adequate m m  within the basin that is not being graded during 
Phase I to allow a f u m  modification if necessary. The dam itself and spillway are also not 
within the limits of Phase I construction. 

The Town recognizes that if the water surface pool elevation or the peak oudlow increases 
detrimentally over the original calculated values, that modifications to the dam structure, 
spillway, or basin may be necessary in future phases of the park construction. The Town also 
recognizes its responsibility to the health and safety of the public as the part owner and 
designated operator of Dam #4. We look forward to reviewing the floodplain delineation data 
with you when it is available. 

Attached to this letter for your use are copies of the Town's 1991 contour mapping (1991 
photogrammetry), including the dam structures and basins for the seven Fountain Hills detention 
dams. Please note that the contour maps are on Fountain Hills (USGS) datum, and that the Flood 
Control Disnict's floodplain delineation study is all based on NGVD datum. 

Eiandy L.]I-laxel, P.E., L.S. 
Town Engineer 

cc: Ray Baldwin 
Lenny Allsbrooks 
Tom Loomis 
Tim Muq~hy 
Jack Moody 
Robin Goodman 
Paul Nordin 

GEl'PnASWIZ 
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. . / Town of FOUNTAIN HILLS 

February 15, 1994 

Mr. James E. Rydeen, AIA, President 
Armstrong, Torseth, Skold and Rydeen Inc. 
4901 Olson Memorial Highway 
Minneapolis, h.LN 55422 

Re: Rerouting Legend Wash for the Proposed 
Addition to McDowelI Mountain Elementary School 

Dear Mr. Rydeen: 

Per our discussions and your letter of February 7. 1994, we understand that should the May 
school bond issue pass, an eight classroom addition to McDowell Mountain Elementary School 
will be made, and Legend Wash rerouted to the south on your property. 

As you are aware, this wash is part of the Flood Plain Delineation Study currently being 
performed by the Maricopa County Flood Control Dismct and their consultant-George Sabol & 
Associates. Substantial completion of the Flood Plain Delineation Study is currently expected 
in June 1994. 

Several review/approval processes are possible, depending on the relative timing of the final 
phases of the Flood Plain Delineation Study, and of the site work plans for the school addition: 

Our preference would be to include the wash modifications as a "Committed Project 
Within 18 Months of Completion" in accordance with FEMA requirements, modify the 
Flood Plain Delineation and submit the modified delineation to FEMA initially. 

Other less desirable alternatives include delaying the FEMA submittal of TulipLegend 
Washes, omitting the school site from the initial Delineation Study, or requesting a 
Conditional Letter of Map Revision from FEMA after approval of the delineation. 

The length of the review process will, of course, depend on which one of these review procedures 
is taken. Obviously the modifications to the Hood Plain Delineation will be the financial 
responsibility of the School Disaict, l i e  any other developer in the flood plain. The most 
expeditious procedure to follow would probably be to coneact directly with George Sabol & 
Associates for these modifications. The Flood Conml Dis@ict would have to approve this, but 
as of this time, see no objection to doing so, per Tim Murphy. 

16836 East Pal~sades Boulevard - P.O. Box 17958 - Fountain Hills. Arizona 85269 - 16021 837-2003 - FAX 16021 837-3145 



Mr. James E. Rydeen 
February 15, 1994 
Page 2 

In addition to the School's rerouting of Legend Wash, the following additional upcoming flood 
plain modifications appear likely to be under way in the near future: 

The Town of.Fountain Hills has a federal aid project slated for Fountain Hills Blvd. at 
Ashbrook Wash (upgrading the existing dip crossing to a double barrel concrete box 
culvert) which is currently scheduled ro advenise for bid in May 1995. 

Paradise Ridge, a subdivision lying on the west side of Fountain Hills Blvd between 
Colony Wash and El Lago Blvd, has been submitted to the Town for preliminary plat 
review. This project contemplates rerouting an unnamed wash (Colony Wash North?) 
which is currently &ed up and retained, into Colony Wash, and the culvert under 
Fountain Hills Blvd. at Colony Wash enlarged. 

A HLiRF bond issue for the reconstruction of Fountain Hills Blvd. (Shea Blvd. to 
Palisades Blvd) is slated for March 8. Should this bond issue pass, it is anticipated that 
several additional culverts under Fountain Hills Blvd. will be enlarged, but the 
construction would probably not be completed for 3-4 years, and so would not quality for 
the FEMA "Committed Project". 

We hope this letter has been a help to you in your planning process, as well as to those 
organizations receiving information copies of this letter. We have attached your letter and school 
addition drawing, together with those informational copies for their reference, 

~ a n d y  ~&arre l ,  P.E., L.S. 
Town Engineer 

cc: Tim Murphy/MCFCD 
Cathy WalkerIMDFDC 
Walt Dunne/F.H. School Dist. 
Paul Nordin 
Gary Jeppson 



George 2? SaGoCConruCtiry Engineers, Inc. 
7950 East Acoma Drive. Suite 21 1. Scottsdele. Arizona 85260-6962 

(602) 483-3368 FAX (602) 483-3990 

RECEIVED MAR 1 8 1994 
7 March 1994 

Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Naricopa County 
2801 If. Durango Street 
Phoenix, AZ 85009 

Subject: Fountain Hills (North) FIS 
Contract FCD 92-04 

Dear Mr. Murphy: 

Enclosed are copies of the plotted cross sections for "verification" of 
the revised DTM that was recently completed by Kenney Aerial Napping Company. 
He have reviewed these, and you reviewed these in our office on 3 March 1994. 
It is our opinion, based on the enclosed plots, that the new mapping is 
adequate for floodplain analysis and mapping for the referenced project. 
Consequently, we will be proceeding with the hydraulic analysis and 
floodplain/floodway delineations using that mapping. 

Please call me if you have questions or wish to discuss this. 

Sincerely yours, 
George V. Sabol Consulting Engineers, Inc: 

George V. Sabol, PhD, PE 

Enclosure: Verification plots (17) sheets 

Copies: Mr. Geza Kmetty, MKE w/enclosures 
Dr. Sam Kao, ACK w/enclosures 



G e o ~ .  l2 SaGoC Conru l t i n~  En.ineelY, Inc. 
7950 East Acoma Drive. Suite 21 1. Scoasdale, Arizona 85260-6962 

(602) 483-3368 FAX (602) 483-3990 

I March 1994 

Mr. Timothy M .  Murphy 
P r o j e c t  Manager 
Flood Control D i s t r i c t  of Maricopa County 
2801 W .  Durango S t r e e t  
Phoenix, AZ 85009 

Subject :  Fountain H i l l s  (North)  FIS 
Contract FCD 92-04 

Dear Mr. Murphy: 

Pursuent t o  your request  of 3 March 1994, enclosed a r e  d r a f t  copies of 
Shee t s  8 ,  9 and 10 of the  Fountain H i l l s  (North) FIS work maps. The contour 
map t h a t  i s  shown i n  those s h e e t s  is t h e  mapping t h a t  is obtained from t h e  
r ev i sed  DTM t h a t  was recent ly  supp l i ed  by Kenney Aer ia l  Mapping Company. The 
work s h e e t s  show the  " s t r i p "  mapping of t h e  watercourses t h a t  a r e  t o  be 
de l inea ted  a s  per the  new DTM. 

We a r e  reviewing these  saps  and w i l l  b e  performing some e d i t o r i a l  
ref inement  We w i l l  eva lua te  us ing  less sc reen ing  on the  contour l i n e s  s o  t h a t  
they  a r e  more c l e a r l y  shown. P lease  review t h e s e  maps and provide comments 
and sugges t ions  as you f e e l  appropr i a t e .  

I am sending copies of t h e s e  maps t o  Mr. Randy Barrel  a t  your request .  
Mr. Harre l  should a l s o  provide comments and sugges t ions  a s  he f e e l s  
appropr i a t e .  

S ince re ly  yours, 
George V .  Sabol Consulting Engineers ,  Inc:  

George V. Sabol. PhD, PE 

Enclosure: Sheets  8, 9 and 10 of d r a f t  work s h e e t  maps 

Copies: Mr. Randy Harrel ,  Town of Fountain Hills wfenclosure 
Mr. Geza Kmetty, MKE w/o e n c l o s u r e  
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TO: File 

FROM: Tim Murphy 

FILE: Fountain Hills - North FCD 92-04 

DATE: July 7. 1994 

SUBJECT: Review comments on Escalante and Calante Washes to discuss with 
Frank Brown of McLaughlin Kmetty Engineers 

Escalante Wash 

1. For cross section 2.555 why isn't the thalweg located within the main 
channel as defined in the HEC-2 model? Why is the channel width only 9.8 
feet at this cross section? The channel appears to be much wider than 
this in the aerial photos and is 27 feet wide on the next downstream 
cross section. 

2 .  On cross section 2.764 you need to check the lengths of the left and 
right overbank reaches. 

3 .  Cross section 2.695 isn't indicated on the profile plot. 

Calante Wash 

4. Why doesn't the thalweg go through culvert number 527 (cross section 
1.093)? The plot of this cross section doesn't show the culvert. 

5. Check the channel reach lengths for cross section 1.778, 1.789 and 1.805. 
The distances specified in the HEC-2 model don't agree with the distances 
scaled off of sheet 7. 

6 .  On cross section 2.072 consider blocking out a portion of the right 
overbank for ineffective flow. 

Profile Plots 

7. Change the horizontal scale SQ that more cross sections can be shown on 
. each page. 

8. Show the town limits and road crossings. 

9. The profiles need to conform with the requirements shown in chapter 9, 
section B, of FEMA 37. 



ID Num. ELEV (ft) DESCRIPTION 

1 -A 1544.63 Top of Brass Cap set by G.L.O., near the intersection of Grande Boulevard 
and El Pueblo Boulevard, being the Southeast corner of Section 11, 
Township 3 North, Range 6 East. 

Top of Brass Cap, at  a point of curvature of center line of La Casa Drive, 
approximately 80  feet West of Del Cambre Avenue, being in the Southwest 
1 14 of Section 1 1, Township 3 North, Range 6 East. 

Top of Brass Cap on centerline of Deerskin Drive, approximately 190 feet 
Northeast from the intersection of Deerskin Drive and Escondido Drive, 
being in the Northwest 114 of Section 11, Township 3 North, Range 6 East. 

Top of Brass Cap, at  point of curvature of centerline of McDowell Mountain 
Road, approximately 80 feet North of the South line of Section 3, Township 
3 North, Range 6 East. 

Top of Brass Cap, at  Station 41 +33 on McDowell Mountain Road, 
approximately 185 feet East of Escalante Wash, being in the Southeast 114 
of Section 2, Township 3 North, Range 6 East. 

Top of Brass Cap set by G.L.O., stamped 1/16 Section 1 and 12, located 
approximately 36 feet East of the Southwest corner of Section 1, Township 
3 North, Range 6 East. 

Brass Cap in concrete at center of Northeast curb return at Southeast corner 
of intersection of San Marcus and El Pueblo Boulevard, being in the 
Northeast 114 of Section 1 1, Township 3 North, Rang 6 East. 

Top of Brass Cap at intersection of Vallecito Drive and Rosita Drive, being in 
the Southeast 1 14 of Section 1 1, Township 3 North, Range 6 East. 

Top of Brass Cap in concrete at the middle of Northeast curb return at 
intersection of Fountain Hills Boulevard and Kings Way, being in the 
Northeast 114 of Section 10, Township 3 North, Range 6 East. 

Top of Brass Cap at the intersection of Saguaro Boulevard and Sterling Way, 
being in the Southwest 114 of Section 11, Township 3 North, Range 6 East. 



ID Num. ELEV (it) 

2-C 1581.56 

DESCRIPTION 

Top of Brass Cap at  the center of the cul-de-sac at the West end of De Anza 
Drive, being in the Southwest 114 of Section 11, Township 3 north, Range 6 
east. 

Top of Brass Cap at  center of cul-de-sac at the South end of Arrow Drive, 
near the Southwest corner of Southeast 114 of Section 10, Township 3 
North. Range 6 East. 

Top of Brass Cap in concrete at middle of Southeast curb return at  the 
intersection of Fountain Hills Boulevard and Edgeworth Drive, being in the 
Southeast 114 of Section 10, Township 3 North, Range 6 East. 

Top of Brass Cap at the intersection of Hampstead Drive and Bainbridge 
Avenue, being in the Northwest 114 of Section 10. Township 3 North, 
Range 6 East. 

Top of Brass Cap at  the intersection of Glenbrook Boulevard and 
Tanglewood Court, being in the Northwest 1 14 of Section 10, Township 3 
North, Range 6 East. 

Top of Brass Cap at  the intersection of Mountainside Drive and Lost Hills 
Drive, being in the Northwest 114 of Section 15, Township 3 North, Range 6 
East. 

Top of Brass Cap at a point of tangency on Cavern Drive approximately 430 
feet Northeast of the intersection of El Lago Boulevard and Cavern Drive, 
baing in the Northeast 114 of Section 16, Township 3 North, Range 6 East. 

Top of Brass Cap at a point of tangency on Sunflower Drive, approximately 
80 feet Southeast of the intersection of Palisades Boulevard and Sunflower 
Drive, being in the Northeast 114 of Section 16, Township 3 North, Range 6 
East. 

Top of Brass Cap at the intersection of Palisades Boulevard and Golden 
Eagle Boulevard, being in the Southeast 114 of Section 9, Township 3 North, 
Range 6 East. 
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ID Num. ELEV (ft) 

7-A 1830.08 

DESCRIPTION 

Top of Brass Cap at the intersection of Blackbird Drive and Audubon Place, 
being in the Southeast 114 of Section 4, Township 3 North, Range 6 East. 

Top of Brass Cap at  the intersection of Golden Eagle Boulevard and 
Bainbridge Avenue, being in the Northeast 114 of Section 9. Township 3 
North, Range 6 East. 

Top of Brass Cap at the intersection of Golden Eagle Boulevard and Aspen 
Drive, being in the Southeast 114 of Section 4, Township 3 North, Range 6 
East. 

Top of Brass Cap at the intersection of Golden Eagle Boulevard and Nyack 
Drive, being in the Southwest 114 of Section 4, Township 3 North. Range 6 
East. 

Top of Brass Cap at the intersection of Kipling Drive and Runyon Place, 
being in the Southeast 114 of Section 4, Township 3 North, Range 6 East. 

Top of Brass Cap at the intersection of Marathon Drive and Greene Valley 
Drive, being in the Northeast 114 of Section 5, Township 3 North, Range 6 
East. 

Top of Brass Cap at the North end of Marathon Drive cul-de-sac, being in 
the Northeast 1 14 of Section 5, Township 3 North. Range 6 East. 

Top of Brass Cap at a point of tangency on the centerline of Aspen Drive, 
approximately 400 feet Northwest of the intersection of Aspen Drive and 
Rusty Nail Court, being in the Northwest 114 of Section 4, Township 3 
North, Range 6 East. 

Top of Brass Cap at the West end of Grassland Drive cul-de-sac, being in 
the Northwest 114 of Section 4. Township 3 North, Range 6 East. 

Top of Brass Cap at the intersection of El Lago Boulevard and Palisades 
Boulevard, being in the Northwest 114 of Section 16, Township 3 North, 
Range 6 East. 



DESCRIPTION ID Num. ELEV (ft) 

11-A 1772.83 Top of Brass Cap set in concrete on the East side of Longmont Wash 
approximately 30 feet South of Fountain Hills bench mark #295, being near 
the Southwest corner of Northeast 1 14 of Section 9, Township 3 North, 
Range 6 East. 

Top of Brass Cap set by G.L.O., stamped elev = 2026.82 (Fountain Hills 
bench mark #240) and located approximately 300 feet West of the 
intersection of Thistle Drive and Palisades Boulevard and approximately 40 
feet North of Palisades Boulevard, being the West 114 corner of Section 16, 
Township 3 North, Range 6 East. 

Top of Brass Cap set in concrete located S 89°52'21 " W 161 8.00 feet of 
bench mark 12-A, being in the Northeast 114 of Section 17, Township 3 
North, Range 6 East. 

Top of Brass Cap sat by G.L.O., (Fountain Hills bench mark #252), being the 
Common corner of Sections 8, 9, 16  and 17, Township 3 North, Range 6 
East. 

Top of Brass Cap set by G.L.O. (Fountain Hills bench mark #299) being the 
West 114 corner of Section 9, Township 3 North, Range 6 East. 

Top of Brass Cap set by G.L.O. (Fountain Hills bench mark #302) at the 
intersection of Sierra Madre Drive and Zapata Drive, being in the Southeast 
114 of Section 5, Township 3 North, Range 6 East. 

Top of Brass Cap at the intersection of Sierra Madre Drive and Lorma Lane, 
being in the Northwest 1 I 4  of Section 9, Township 3 North, Range 6 East. 

Top of Brass Cap in concrete at  North end of East headwall of box culvert in 
Zapata Wash at Montezuma Boulevard, being in the Northeast 114 of 
Section 8, Township 3 North, Range 6 East. 

Top of Brass Cap in concrete in rock outcrop on West side of Montezuma 
Boulevard and North side of Montezuma Wash, being in the Northeast 114 of 
Section 8, Township 3 North, Range 6 East. 



ID Num. ELEV (ft) DESCRIPTION 

14-A 209 1.39 Top of Brass Cap (Fountain Hills panel point #203 elev = 2092.98) at the 
intersection of Golden Eagle Boulevard and Cierro Alto Drive, being in the 
Northeast 114 of Section 5, Township 3 North, Range 6 East. 

Top of Brass Cap located on the South side of Golden Eagle Boulevard, 
approximately 2300 feet Easterly from the intersection of Montezuma 
Boulevard and Golden Eagle Boulevard, being in the Northwest 114 of 
Section 5, Township 3 North, Range 6 East. 

Top of Brass Cap in concrete on parcel 36, approximately 350 feet 
Northwesterly of intersection of Montezuma Boulevard and Cholula Drive, 
being in the Southwest 114 of Section 5, Township 3 North, Range 6 East. 

Top of Brass Cap in concrete located on the Southwest side of Ramon 
Drive, approximately 210 feet Southeast of the intersection of Cholula Drive 
and Ramon Drive, being in the Southwest 114 of Section 5, Township 3 
North, Range 6 East. 
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Town of FOUNTAIN HILLS . 

February 15, 1994 

Mr. James E. Rydeen, AIA, Resident 
Armstrong, Torseth, Skold and Rydeen Inc. 
4901 Olson Memorial Highway 
Minneapolis, MN 55422 

Re: Rerouting Legend Wash for the Proposed 
Addition to McDowell Mountain Elementary School 

Dear Mr. Rydeen: 

Per our discussions and your letter of February 7, 1994, we understand that should the May 
school bond issue pass, an eight classroom addition to McDowell Mountain Elementary School 
will be made, and Legend Wash rerouted to the south on your property. 

As you are aware, this wash is part of the Flood Plain Delineation Study currently being 
performed by the Maricopa County Flood Control District and their consultant-George Sabol & 
Associates. Substantial completion of the Flood Plain Delineation Study is currently expected 
in June 1994. 

Several reviewlapproval processes are possible, depending on the relative timing of the final 
phases of the Flood Plain Delineation Study, and of the site work plans for the school addition: 

Our preference would be to include the wash modifications as a "Committed Projecr 
Within 18 Months of Completion" in accordance with FEMA requirements, modify the 
Flood Plain Delineation and submit the modified delineation to FEMA initially. 

- Other less desirable alternatives include delaying the FEMA submittal of Tulipkegend 
Washes, omitting the school site from the initial Delineation Study, or requesting a 
Conditional Letter of Map Revision from FEMA after approval of the delineation. 

The length of the review process will, of course, depend on which one of these review procedures 
is taken. Obviously the modifications to the Flood Plain Delineation will be the financial 
responsibility of the School District, l i e  any other developer in the flood plain. The most 
expeditious procedure to follow would probably be to conh-act directly with George Sabol & 
Associates for these modifications. The Flood Conuol District would have to approve this, but 
as of this time, see no objection to doing so, per T i  Murphy. 

16836 East P ~ l ~ s a d e s  Boulevard - P.O. Boa 17958 - Fountair1 Hills. Arizona 85269 - 16021 837-2003 - FAX 16021 837-3 145 



Mr. James E. Rydeen 
February 15, 1994 
Page 2 

In addition to the School's rerouting of Legend Wash, the following additional upcoming flood 
plain modifications appear likely to be under way in the near future: 

The Town of.Fountain Hills has a federal aid project slated for Fountain Hills Blvd. at 
Ashbrook Wash (upgrading the existing dip crossing to a double barrel concrete box 
culvert) which is currently scheduled ro advertise for bid in May 1995. 

Paradise Ridge, a subdivision lying on the west side of Fountain Hills Blvd. between 
Colony Wash and El Lago Blvd, has been submitted to the Town for preliminary plat 
review. This project contemplates rerouting an unnamed wash (Colony Wash North?) 
which is currently dammed up and retained, into Colony Wash, and the culvert under 
Fountain Hills Blvd at Colony Wash enlarged 

A HURF bond issue for the reconstmction of Fountain Hills Blvd. (Shea Blvd to 
Palisades Blvd.) is slated for March 8. Should this bond issue pass, it is anticipated that 
several additional culverts under Fountain Hills Blvd. will be enlarged, but the 
consauction would probably not be completed for 3-4 years, and so would not quality for 
the FEMA "Committed Project". 

We hope this letter has been a help to you in your planning process, as well as to those 
organizations receiving information copies of this letter. We have attached your letter and school 
addition drawing, together with those informational copies for their reference. 

Randy  el, P.E., L.S. 
Town Engineer 

cc: T i  Murphy/MCFCD 
Cathy WaIkerWFDC 
Walt Dunne/F.H. School Dist. 
Paul Nordin 
Gary Jeppson 



Geo~pje 2? SaGoCConsuCting 'Engineers, Inc. 
7950 East Acoma Drive. Suite 21 1. Scotwdnle, Arizonn 85260-6962 

(602) 483-3368 FAX (602) 483-3990 

RECEIVED MAR 1 8 1994 
Mr. Timothy M. Murphy 
Project Manager 
Flood Control District of Maricopa County 
2801 W. Durango Street 
Phoenix, AZ 85009 

Subject: Fountain Hills (North) FIS 
Contract FCD 92-04 

Dear Mr. Murphy: 

Enclosed are copies of the plotted cross sections for "verification" of 
the revised DTM that was recently completed by Kenney Aerial Mapping Company. 
We have reviewed these, and you reviewed these in our office on 3 March 1994. 
It is our opinion, based on the enclosed plots, that the new mapping is 
adequate for floodplain analysis and mapping for the referenced project. 
Consequently, we will be proceeding with the hydraulic analysis and 
floodplain/tloodway delineations using that mapping. 

Please call me if you have questions or wish to discuss this. 

Sincerely yours, 
George V. Sabol Consulting Engineers, Inc: 

George V. Sabol, PhD, PE 

Enclosure: Verification plots (17) sheets 

7 March 1994 

Copies: Mr. Geza Kmetty, MKE w/enclosures 
Dr. Sam Kao, AGK w/enclosures 



G e o ~ .  l2 SaboC Consufting Engineel,, Inc. 
7950 East Acoma Drive. Suite 21 1. Scottsdale, Arizona 85260-6962 

(602) 483-3368 FAX (602) 483-3990 

7 March 1994 

Mr. Timothy M .  Murphy 
P r o j e c t  Manager 
Flood Control  D i s t r i c t  of Maricopa County 
2801 W. Durango S t r e e t  
Phoenix, AZ 85009 

Subjec t :  Fountain Hills (North) FIS 
Contract FCD 92-04 

Dear Mr. Murphy: 

Pursuent t o  your request  of 3 March 1994, enclosed a r e  d r a f t  copies of 
Sheets  8, 9 and 10 of the  Fountain H i l l s  (North) FIS work maps. The contour 
map t h a t  i s  shown i n  those s h e e t s  i s  t h e  mapping t h a t  i s  obtained from the  
r e v i s e d  DTM t h a t  was recent ly  supp l i ed  by Kenney A e r i a l  Mapping Company. The 
work s h e e t s  show the  " s t r i p "  mapping of t h e  watercourses  t h a t  a r e  t o  be 
d e l i n e a t e d  a s  per  the  new DTM. 

We are reviewing these maps and w i l l  he performing some e d i t o r i a l  
ref inement  We w i l l  eva lua te  using less s c r e e n i n g  on the  contour l i n e s  so  t h a t  
they  a r e  more c l e a r l y  shown. Please  review t h e s e  maps and provide comments 
and sugges t ions  a s  you f e e l  appropr i a t e .  

I am sending copies of these  maps t o  Mr. Randy Harrel  a t  your request .  
Mr. Har re l  should a l s o  provide comments and sugges t ions  a s  he f e e l s  
appropr i a t e .  

S ince re ly  yours,  
George V .  Sabol Consulting Engineers,  Inc :  

George V. Sabol,  PhD, PE 

Enclosure: Sheets  8 ,  9 and 10 of d r a f t  work s h e e t  maps 

Copies: Mr. Randy Harrel ,  Town of Founta in  Hills w/enclosure 
Mr. Geza Kmetty, MKE wlo e n c l o s u r e  
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TO: File 

FROM: Tim Murphy 

FILE: Fountain Hills - North FCD 92-04 

DATE: July 7, 1994 

SUBJECT: Review comments on Escalante and Calante Washes to discuss wiLrr 
Frank Brown of McLaughlin Kmetty Engineers 

Escalante Wash 

1. For cross section 2.555 why isn't the thalweg located within the main 
channel as defined in the HEC-2 model? Why is the channel width only 9.8 
feet at this cross section? The channel appears to be much wider than 
this in the aerial photos and is 27 feet wide on the next downstream 
cross section. 

2 .  On cross section 2.764 you need to check the lengths of the left and 
right overbank reaches. 

3. Cross section 2.695 isn't indicated on the profile plot. 

Calante Wash 

4 .  Why doesn't the thalweg go through culvert number 527 (cross section 
1.093)? The plot of this cross section doesn't show the culvert. 

5. Check the channel reach lengths for cross section 1.778, 1.789 and 1.805. 
The distances specified in the HEC-2 model don't agree with the distances 
scaled off of sheet 7. 

6. On cross section 2.072 consider blocking out a portion of the right 
overbank for ineffective flow. 

Profile Plots 

7. Change the horizontal scale so that more cross sections can be shown on 
. each page. 

8. Show the town limits and road crossings. 

9. The profiles need to conform with the requirements shown in chapter 9, 
section B, of FEMA 37. 
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ID Num. ELEV (ft) 

1 -A 1544.63 

DESCRIPTION 

Top of Brass Cap set by G.L.O., near the intersection of Grande Boulevard 
and El Pueblo Boulevard, being the Southeast corner of Section 11, 
Township 3 North, Range 6 East. 

Top of Brass Cap, at a point of curvature of center line of La Casa Drive, 
approximately 80  feet West of Del Cambre Avenue, being in the Southwest 
114 of Section 11, Township 3 North, Range 6 East. 

Top of Brass Cap on centerline of Deerskin Drive, approximately 190 feet 
Northeast from the intersection of Deerskin Drive and Escondido Drive, 
being in the Northwest 114 of Section 1 1, Township 3 North, Range 6 East. 

Top of Brass Cap, at point of curvature of centerline of McDowell Mountain 
Road, approximately 80 feet North of the South line of Section 3, Township 
3 North, Range 6 East. 

Top of Brass Cap, at  Station 41 +33 on McDowell Mountain Road, 
approximately 185 feet East of Escalante Wash, being in the Southeast 114 
of Section 2, Township 3 North, Range 6 East. 

Top of Brass Cap set by G.L.O., stamped 111 6 Section 1 and 12, located 
approximately 36 feet East of the Southwest corner of Section 1, Township 
3 North, Range 6 East. 

Brass Cap in concrete at center of Northeast curb return at Southeast corner 
of intersection of San Marcus and El Pueblo Boulevard, being in the 
Northeast 1 14 of Section 1 1, Township 3 North, Rang 6 East. 

Top of Brass Cap at  intersection of Vallecito Drive and Rosita Drive, being in 
the Southeast 1 14 of Section 1 1, Township 3 North, Range 6 East. 

Top of Brass Cap in concrete at the middle of Northeast curb return at 
intersection of Fountain Hills Boulevard and Kings Way, being in the 
Northeast 114 of Section 10, Township 3 North, Range 6 East. 

Top of Brass Cap at  the intersection of Saguaro Boulevard and Sterling Way, 
being in the Southwest 114 of Section 11, Township 3 North. Range 6 East. 



ID Num. ELEV (ft) DESCRIPTION 

2-C 1581.56 Top of Brass Cap at  the center of the cul-de-sac at the West end of De Anza 
Drive, being in the Southwest 114 of Section 11, Township 3 north, Range 6 
east. 

Top of Brass Cap at center of cul-de-sac at the South end of Arrow Drive, 
near the Southwest corner of Southeast 114 of Section 10, Township 3 
North, Range 6 East. 

Top of Brass Cap in concrete at middle of Southeast curb return at the 
intersection of Fountain Hills Boulevard and Edgeworth Drive, being in the 
Southeast 1 14 of Section 10, Township 3 North, Range 6 East. 

Top of Brass Cap at  the intersection of Hampstead Drive and Bainbridge 
Avenue, being in the Northwest 114 of Section 10, Township 3 North, 
Range 6 East. 

Top of Brass Cap at the intersection of Glenbrook Boulevard and 
Tanglewood Court, being in the Northwest 114 of Section 10, Township 3 
North, Range 6 East. 

Top of Brass Cap at the intersection of Mountainside Drive and Lost Hills 
Drive, being in the Northwest 114 of Section 15, Township 3 North, Range 6 
East. 

Top of Brass Cap at  a point of tangency on Cavern Drive approximately 430 
feet Northeast of the intersection of El Lago Boulevard and Cavern Drive, 
being in the Northeast 1 14 of Section 16, Township 3 North, Range 6 East. 

Top of Brass Cap at a point of tangency on Sunflower Drive, approximately 
80  feet Southeast of the intersection of Palisades Boulevard and Sunflower 
Drive, being in the Northeast 1 14 of Section 16, Township 3 North, Range 6 
East. 

Top of Brass Cap at  the intersection of Palisades Boulevard and Golden 
Eagle Boulevard, being in the Southeast 114 of Section 9, Township 3 North, 
Range 6 East. 



DESCRIPTION ID Num. ELEV (ft) 

7-A 1830.08 Top of Brass Cap at the intersection of Blackbird Drive and Audubon Place, 
being in  the Southeast 1 14 of Section 4, Township 3 North, Range 6 East. 

Top of Brass Cap at the intersection of Golden Eagle Boulevard and 
Bainbridge Avenue, being in the Northeast 114 of Section 9, Township 3 
North, Range 6 East. 

Top of Brass Cap at  the intersection of Golden Eagle Boulevard and Aspen 
Drive, being in the Southeast 114 of Section 4, Township 3 North, Range 6 
East. 

Top of Brass Cap at the intersection of Golden Eagle Boulevard and Nyack 
Drive, being in the Southwest 114 of Section 4, Township 3 North, Range 6 
East. 

Top of Brass Cap at the intersection of Kipling Drive and Runyon Place, 
being in the Southeast 114 of Section 4, Township 3 North. Range 6 East. 

Top of Brass Cap at the intersection of Marathon Drive and Greene Valley 
Drive, being in the Northeast 114 of Section 5, Township 3 North, Range 6 
East. 

Top of Brass Cap at the North end of Marathon Drive cul-de-sac, being in 
the Northeast 1 14 of Section 5, Township 3 North, Range 6 East. 

Top of Brass Cap at a point of tangency on the centerline of Aspen Drive, 
approximately 400 feet Northwest of the intersection of Aspen Drive and 
Rusty Nail Court, being in the Northwest 1 14 of Section 4, Township 3 
North. Range 6 East. 

Top of Brass Cap at the West end of Grassland Drive cul-de-sac, being in 
the Northwest 1 14 of Section 4, Township 3 North, Range 6 East. 

Top of Brass Cap at the intersection of El Lago Boulevard and Palisades 
Boulevard, being in the Northwest 114 of Section 16, Township 3 North, 
Range 6 East. 



ID Num. ELEV (ft) 

11-A 1772.83 

DESCRIPTION 

Top of Brass Cap set in concrete on the East side of Longmont Wash 
approximately 30  feet South of Fountain Hills bench mark #295, being near 
the Southwest corner of Northeast 114 of Section 9, Township 3 North, 
Range 6 East. 

Top of Brass Cap set by G.L.O., stamped elev = 2026.82 (Fountain Hills 
bench mark #240) and located approximately 300 feet West of the 
intersection of Thistle Drive and Palisades Boulevard and approximately 40 
feet North of Palisades Boulevard, being the West 114 corner of Section 16, 
Township 3 North, Range 6 East. 

Top of Brass Cap set in concrete located S 8g052'21 " W 161 8.00 feet of 
bench mark 12-A, being in the Northeast 1 14 of Section 17, Township 3 
North, Range 6 East. 

Top of Brass Cap set by G.L.O., (Fountain Hills bench mark #252), being the 
Common corner of Sections 8, 9, 16  and 17, Township 3 North, Range 6 
East. 

Top of Brass Cap set by G.L.O. (Fountain Hills bench mark #299) being the 
West 114 corner of Section 9, Township 3 North, Range 6 East. 

Top of Brass Cap set by G.L.O. (Fountain Hills bench mark #302) at the 
intersection of Sierra Madre Drive and Zapata Drive, being in the Southeast 
114 of Section 5, Township 3 North, Range 6 East. 

Top of Brass Cap at the intersection of Sierra Madre Drive and Lorma Lane. 
being in the Northwest 114 of Section 9, Township 3 North, Range 6 East. 

Top of Brass Cap in concrete at  North end of East headwall of box culvert in 
Zapata Wash at Montezuma Boulevard, being in the Northeast 114 of 
Section 8, Township 3 North, Range 6 East. 

Top of Brass Cap in concrete in rock outcrop on West side of Montezuma 
Boulevard and North side of Montezuma Wash, being in the Northeast 1 14 of 
Section 8, Township 3 North, Range 6 East. 



ID Num. ELEV (ft) DESCRIPTION 

14-A 2091.39 Top of Brass Cap (Fountain Hills panel point #203 elev = 2092.98) at the 
intersection of Golden Eagle Boulevard and Cierro Alto Drive, being in the 
Northeast 114 of Section 5, Township 3 North, Range 6 East. 

21 19.31 Top of Brass Cap located on the South side of Golden Eagle Boulevard. 
approximately 2300 feet Easterly from the intersection of Montezuma 
Boulevard and Golden Eagle Boulevard, being in the Northwest 114 of 
Section 5, Township 3 North, Range 6 East. 

1996.54 Top of Brass Cap in concrete on parcel 36, approximately 350 feet 
Northwesterly of intersection of Montezuma Boulevard and Cholula Drive, 
being in the Southwest 1/4 of Section 5, Township 3 North, Range 6 East. 

205 1.40 Top of Brass Cap in concrete located on the Southwest side of Ramon 
Drive, approximately 210 feet Southeast of the intersection of Cholula Drive 
and Ramon Drive, being in the Southwest 114 of Section 5, Township 3 
North, Range 6 East. 
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Town of FOUNTAIN HILLS 

January 11, 1993 

' 7 
Mr. William C. Jenkins, PE. 
Arizona Depamnent of Water Resources 
15 South 15th Avenue 
Phoenix,AZ 85007 

Attention: Jim Johnson 

Re: Fountain Hills No. 4 Dam (07.33) 

Gentlemen: 

Thris letter is in response to your letter of October 7, 1992. The Town of Fountain Hills is now 
the owner of the propew upsueam from the crest of Dam No. 4, and is the responsible parry for 
the dam. 

We are awai'ting establishment of the routine inspection date for this dam and the other dams 
within the town limits of Fountah Hills. 

We have begun maintenance operations by cleaning brush and debris from the inlet uash rack 
and the approach to the inlet 

We have no information at this time iIIdica~g how to prepare an Emergency Action Plan for 
the dam. and would request that you send us any materials necessary to accomplish this. The. 
Rocd Conml District of Maricopa County is currently preparing a Flood Plain Delineation Study 
of Fountain Hills; completion is anticipated in December 1993. We believe that it would be 
prudent to have the data from the Flood Plain Delineation Study available prior to completing 
the Emergency Action Plan. 

We did not see any errors on the dam identification fact sheet. 

We have engaged the consulting fum of Coe & Van Loo to provide master planning for Golden 
Eagle Park, which encompasses the upstream face and reservoir pool of Dam No. 4. We would 
anticipate that Mr. Jack Moody from that fum will be contacting you in the near fume to 
discuss, among other things, the following items: 

Effluent re-use in the reservoir pool and on the dam face. 
Landscape material selection for use on the dam face and toe. 

16836 East Palisades Boulevard - P.O. Box 17958 - Fountain Hills. Arizona 85269 - 16021 837-2003 - FAX: 16021 837-3145 



Mr. William C. Jenkins 
Page 2 
January 7, 1993 

Restrictions on usage of the reservoir pool (e.g., requirements for minimum flow 
channels through the pool area; extclt -of restrictions on fencing on the spillway 
approach). 

Thank you for your assismce. We will await notification of the next dam inspection date. 

Randy L. karrel, P.E., L.S. 
Town Engineer , 



ARIZONA DEPARTMENT OF WATER RESOURCES 
15 South lSlh Avenue, Phoenix. Arizona 85007 

Telephone (602) 542-1541 
Fax (602) 542-3383 

April 12, 1993 

FEE SYMINGTON 
Gov-r 

Mr. Ray Baldwin 
MCO Properties, Inc. 
16838 East Palisades Blvd 
Fountain Hills, Arizona 85286 

Subject: Fountain Hills Dam (07.31) Fountain Hills #6 Dam (07.39) 
Fountain Hills #7 Dam (07.32) Fountain Hills #11 Dam (07.40) 
Fountain Hills #36 Dam (07.38) Fountain Hills #19 Dam (07.41) 

Dear Mr. Baldwin: 

Enclosed for your information and action are copies of the repoN of the most recent safety 
inspections of the subject dams. An invoice for the inspection fees in the amount of $500.00 
will soon follow by separate mail. 

It is Department policy to review the License of Approval of each operating dam within state 
jurisdiction following its safety inspection. Based on the findings of the inspections and a 
review of our files, Fountain Hills, Fountain Hills #7, Fountain W s  #36, Fountain Hills #6, 
Fountain Hills #11, and Fountain Hills #19 Dams appear to be in satisfactory condition to 
operate as indicated on their current Licenses, issued December 6, 1984, respectively. The 
Licenses require no changes and remain in full force and effect. 

While the dams appear to be in satisfactory condition to impound water, some operation 
andlor maintenance deficiencies were noted that require your timely attention. The 
deficiencies are detailed in the respective inspection reports. Briefly, they include: 

Fountain Hills Dam (07.31) 

1. Dam needs an Emergency Action Plan. 



Fountain HiIk #7 Dam 107.32) 

1. Remove trees and vegetation (taller than two feet) on both the upstream and 
downstream face of dam. 

2. Remove trees in approach channel. 

3. Remove trees and bushes around the outIet works inlet structure. 

4. Replace missing bolts on hash rack. 

5. Remove debris from trash rack. 

6 . .  Remove bushes around trash rack. 

7. Outlet conduit is 113 full of sediment, this needs to be cleaned out. 

8. Remove trees in emergency spillway approach channel. 

9. Dam needs and Emergency Action Plan. 

10. Remove sediment in spillway basin. 

Fountain Hills #36 DAM 107.38) 

1. Remove trees and bushes (tailer than two feet) from the upstream and downstream 
face of dam. 

2. Remove vegetation in and around trash rack. 

3. Remove debris on fnsh rack. Remove debris and vegetation in and around trash rack. 

4. Patch cracks on wing walls in stilling basin. 

5. Remove trees and vegetation in emergency spillway approach channel. 

6 .  Dam needs an Emergency Action Plan. 

7. Remove sediment from inlet slab. 

8. Remove trees and desert broom around inlet structure. 

9. Remove sand and dirt in stilling basin slab. 



Fountain Hills #6 Dam (07.391 

1. Remove trees and vegetation (taller than two feet) from both the upstream and 
downstream face of dam. 

2. Remove debris from trash racks. 

3. Remove vegetation above out works intake structure wing walls. 

4. Remove silt/d'irt and rocks from stilling basin. Also remove rocks from drain slot. 

5. Remove vegetation from emergency spillway training walls. 

6. Dam needs an Emergency Action Plan. 

7. Remove trees from spillway approach channel. 

Fountain Hills #I1 Dam (07.391 

1. Remove trees and vegetation (taller than two feet) from both the upstream and 
downstream face of dam. 

2. Remove debris from trash rack. 

3. Remove tree above trash rack. 

4. Remove silt from stilling basin. 

5. Remove trees above stilling basin wing walls. 

6. Remove vegetation taller than two feet from emergency spillway channel. 

7. Dam needs an Emergency Action Plan. 

8. Patch the left wing wall (front face) of the outlet works inlet structure. 

Fountain Hills #19 Dam (07.41) 

1. Remove trees and vegetation (taller than two feet) from both faces of the dam. 

2. Remove trees and vegetation from outlet works inlet structure. 



3. Remove debris on and around trash rack. 

4. Remove trees and vegetation above inlet wing walls. 

5. Remove sediment in conduit, also clean concrete slab. 

6. Dam needs an Emergency Action Plan. 

Please advise us when this work has been completed. 

We tentatively plan to make our next reguIarly scheduled inspection of all dams during the 
month of December, 1995, with the exception of Fountain W s  Dam (07.31) which will be 
inspected during December, 1994, and will contact you in advance to arrange a mutually 
convenient inspection date and time. In the interim, please notify the Department promptly 
of any unusual or alarming conditions which may occur at the dams. 

You may contact Jim Johnson of the Safety of Dams and Flood Engineering Section at 
(602) 542-1541 if you have any questions. 

Sincerely, n 

Chief 
Safety of Dams & Flood Engineering 

Enclosure(s) 

cc: Randy L. Harrel, P.E., L.S. 

WUIJLTImja 
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3501 North 16th Street Phoenix. Arizona 85016-6419 (602) 248-7702 FAX (602) 248-7851 

January 18, 1993 

Mr. Ray Baldwin 
MCO Properties, lnc. 
P.O. Box 17795 
Fountain Hills. Arizona 85269 

GEZA E KhIEYTI' 
RONALD C MeLAUGIll.lN 

HALYIIRD E ERlCliSON 
W ~ L L I A M  It KEN1)AI.I. 

RALI'II 1- TORCN 
TERRENCE 1' KENYON 

Re: Right or entry for surveying purposes 

Dear Property Owners: 

The Flood Control Distric? of Maricopa County has contracted with George V. Sabol Consulting 
Engineers, Inc. (GVSCE), and their subcontractor McLaughlin Krnetty Engineers, Ltd.(MKE), to 
perform a Flood Delineation Study for the northern portion of the Town of Fountain Hills. The 
purpose of this study is to determine flood related hazard zones and delineate areas that may be 
subject to inundation during a "100-year flood" event. According to records at the Maricopa 
County Assessorb office, you own one or more parcels of land within the limits of the study area. 

The intent of this letter is to notify you of the commencement of surveying activities in support 
of the above mentioned study. In order to perform these surveys it may be necessary to enter 
your property. This activity should not result in any inconvenience or damage to property. If you 
have any ohjections to the entry onto your property, you must notify Mr. Tim Murphy of the 
Flood Control District at 50G-1501. Otherwise it will be assumed that you consent to the entry 
onto your property. 

The study and resulting maps wiII be used for floodplain management purposes and submitted to 
the Federal Emergency Management Agency for flood insurance information and revisions of 
Flood Insurance Rate Maps. This study should be available to the public in about 12 to 18 
months. 

The Flood Control District and its representatives appreciate your help in assuring the accuracy 
of this study by allowing access to your property for the surveyors and by providing any 
information you may have regarding past flooding or  related problems. 

If you have any questions regarding this study or the right of entry, please contact Mr. Tim 
Murphy of the Flood Control District, Mr. Tom Loornis of George V. Sabol Consulting Engineers, 
or Mr. Frank Brown of McLaughlin Kmetty Engineers. 

Mr. Tim Murphy, Hydrologist, Flood Control District, (602) 506-1501. 
Mr. Tom Loomis, Project Manager, GVSCE, (602) 234-3321 
Mr. Frank Brown, Project Engineer, McLaughlin Kmetty Engineers, Ltd. (602) 248-7702. 

Fran 2- Edward Brown, P.E. 
Project Engineer 

92491.W\Enhy.033 
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l:JlXil92%lH'2O 

DENVER. CO 
ISUS) 468-8b50 

' ;. ' " ~ " ' ; " " ' " ' - " " . C X " " r * - - J ~ . . , ~ , , ~ ; ~ 9 . . c 7 ~ ~ . : ~ " r , ~ ~ ~  . ~ ,  " .  w?..*-v.=*T,. ?. :-.,.-,-~" .--..-,- 
< 

' OhlPtITE IMCIWTPXIND SeIMCB5 IN: TRANSP(IRT&TI<IN I IUWIVII 'AI.  BYlilNWlllNli  I:IYlh ENIIIYUI:WIHII STORM DPAINAQ hNDRmDCONlROl 

W*TXJI IESOUI (C~~~TMENTA* I~ )D IS~BVMN E U N W I I ~ I U L I  MANAI:SYSNT WZCIALTIUID~ULICS MTeSTMIE5 AM)VnUIIFSECI>NIWIICS 



TOWN OF FOUNTAIN HILLS FLOOD DELINEATION STUDY 

RIGHT OF ENTRY FOR SURVEYING PURPOSES 

List of Propertv Owners Notified 

Mr. Walter Dunne, Superintendent 
Fountain Hills Unified School District 
14605 North Del Cambre 
Fountain Hills, Arizona 85268 

Mr. Ray Baldwin 
MCO Properties, Inc. 
P.O. Box 17795 
Fountain Hills, Arizona 85269 
Phone: 837-9GG0 

Mr. Gary Martinson 
Mirage Real Estate/Club Mirage 
14815 North Fountain Hills Blvd. 
Fountain Hills, Arizona 852683 
Phone: 837-8700 
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ARIZONA DEPARTMENT OF WATER RESOURCES 
15 South 15th Avenue, Phoenix, Arizona 85007 

Telephone (602) 542-1541 
Fax (602) 542-3383 

April 21, 1993 

RITA P. PEARSON 
Dir- 

Mr. Randy L. Harrel, P.E., L.S. 
Town Engineer 
Town of Fountain Hills 
16838 East Palisades Blvd 
Post Office Box 17958 
Fountain HiiIls, Arizona 85269 

Subject: Fountain Hills #4 Dam (07.33) 

Dear Mr. Harrel: 

Enclosed for your information and action is a copy of the report of the most recent safety 
inspection of the subject dam. An invoice for the inspection fees in the amount of $70.00 
will soon follow by separate mail. 

It is Department policy to review the License of Approval of each operating dam within state 
jurisdiction following its safety inspection. Based on the findings of the inspection and a 
review of our files, Fountain Hills #4 Dam appears to be in satisfactory condition to operate 
as indicated on the enclosed License of Approval. The License recognizes hown or 
suspected deficiencies present at the dam and outlines the conditions under which the 
Department permits continued operation. This License supersedes all previous Licenses or 
other operating consents issued for this dam. 

While the dam appears to be in satisfactory condition to impound water, some operation 
andlor maintenance deficiencies were noted that require your timely attention. The 
deficiencies are detailed in the respective inspection reports. Briefly, they include: 

1. Remove trees and vegetation (taller than two feet high) from upstream face of dam. 

2. Repair erosion, located midway on dam downstream face. 



3. Remove trees and bushes above wing walls at stilling basin. 

4. Remove sediment from stilling basin slab. 

5. Emergency Action Plan is needed for dam. Enclosed is information on how to 
develop emergency action plans. 

Please advise us when this work has been completed. 

We tentatively plan to m* our next regularly scheduled inspection of Fountain Hills #4 
Dam during December 1994, and will contact you in advance to arrange a mutually 
convenient inspection date and time. In the interim, please notify the Department promptly 
of any unusual or alarming conditions which may occur at the dam. 

We received a letter, dated March 10, 1993, in which you approved the Park Master Plan, 
submitted by Coe and Van Loo for the reservoir area. As we have discussed, because the 
project could impact the safety of the dam, it is essential that we be given the opportunity to 
review the construction drawings before construction begins. Review comments may 
necessitate revisions, but since you have been coordinating with us already on this project, a 
requirement for significant revisions is considered unlikely. 

You may contact Jim Johnson of the Safety of Dams and Flood Engineering Section if you 
have any questions. 

Sincerely, 

u 
William C. Jenkins. P.E. 
Chief 
Safety of Dams & Flood Engineering 

WCJlJLJImja 

Enclosures 



State of Arizona 
DEPARTMENT OF WATER RESOURCES 

LICENSE OFAPPRO VAL 
Pumuant /o 72.. 45-M/BfeIS, Chapfer 6 A/Ik/e 7, o/ fie Adzona Rev&& SL4lufe4 the D/REC78 DspBftD?ent o/ Wafer 

Resourns  SUBS fib f&n~@ o f A p p ~ / / o :  TDWN OF FWNTAIN HILLS 

AuI/rodz~hg fie use of FWNTAIN HILLS 1(4 Dam and Resffmh Rb Number 07.33 

&8/edin &c&n 10 , %p. 3N , Rge. 6~ , G. & &% ~7 & M, HARICOPA COU~I& &?@ ofA&ons, 

to /m~uulldwatPr~h 8cwm'enee w/fi andsui$ect fo the /o/!wil,g f e r n  endn,ndi&ns: . 

Use shall be only as a flood retarding structure, llmited to temporary 
storage during periods of flocd and for such edditlonal time as may bs rewired 
to ccnpletely evacuate the floodwaters through the w t l e t  conduits 

WBness my handandsea/of fie AAIL.8 DepBmntof Water Resourns 

P f i  2othcr/ 

/- -4- 

. Laurence , P.E. No. 9528 
Deputy Director, Engineering 

i 



TO: 

FROM: 

al @ 
Geoge 7.i L~a601Cotur~ltiqg Engineers, Inc. - - - 

3501 North 16th Street. Suite B. Phoenix, Arizona 85016 
(602) 234-3321 FAX (602) 248-7851 

Instructions for PhotoaametricaUv Dieitized Cross Sections 
. =- 

FRANK DEAL 
Kenney Aerial Mapping 

TOM LOOMIS 
George V. Sabol Consulting 
Engineers (GVSCE) 

May 11, 1993 

REFERENCE: August 28, 1992, proposal letter for Fountain H i s  North 

1. Using the stereoscopic map model prepare GR records for approximately 400 
cross sections (384 counted on computer fde), using the GR data pairs 
(elevation, stat~on) format of HEC-2 Provide a disk and a hardcopy printout 
of all records. 

a. Use both the blue layer (labelled XS-1, cyan) and the red layer (labelled 
XS-2, white) to prepare G R  data pairs. The green layer should be 
ignored for your purposes. 

2. Insert XI record identifiers between each set of GR words. Only Field 
l(stream station) of X1 record needs to  be fded out. Use stream stationing 
provided from GCA. 

3. GR record stationing will be from left to right looking downstream with the 
thalweg as station 10,000. Note: left is on the left while looking downstream. 

I. The elevation data are to be spaced no more than one-fourth of a contour 
interval, which in this case is 0.5 feet. This vertical tolerance applies across 
the entire cross-section width. 

a. A maximum of 100 data pairs are to be provided for each set of GR 
records. 

Please provide this information within 12 working days from the date of receipt, in accordance 
with your current contract with us, or I e know if there is a scheduling problem. ?7' 



D E P . A R m  OF 
WATER AND WASTE 

2406 South 24 Street, Suite E204 
Phoenix, Az 85034 

(602) 506-6667 

December 15, 1992 

Mr. Ray Baldwin 
MCO Properties, Inc. 
16838 East Palisades Blvd 
P. 0. Box 17795 
Fountain Hills, Az 85268 

Dear Mr. Baldwin: 

Our Vector Control staff has determined that extensive mosquito breeding 
has been occurring along several washes in Fountain Hills. These 
heavily overgrown washes provide excellent mosquito habitat due to the 
continued discharge of water into them which has artificially created 
marsh like conditions. With no clearly defined channel to carry this 
almost constant flow of water, and the dense vegetation which has 
subsequently developed, not only have a multitude of mosquito breeding 
sites occurred, but most of the breeding areas are not accessible for 
treatment with vehicle mounted or hand carried equipment. 

These washes no longer are subject to heavy flows, caused by rainstorms, 
which would scour out vegetation and keep a clear flow channel along the 
length of the wash. This natural cleaning of the washes is prevented by 
flood control structures which have limited such flows. The two worst 
problem areas are: 

t Ashbrook Wash, especially east of Saguaro Blvd. to El Pueblo Blvd. 

The wash east of the fountain which runs between Palisades Blvd. 
and the Ft. McDowell Reservation boun6ary. 

Reducing the irrigation of the "parkn area west of the High School may 
decrease the flow of water into Ashbrook Wash. It appears, however, 
that other sources, associated with the development of the area, will 
continue to feed water into the washes maintaining the heavy vegetative 
growth and subsequent mosquito breeding. ~ h e s e  areas are also 
attractive to wild birds which may be reservoirs of the viruses which 
cause encephalitis. This, along with the populations of Culex S p .  
mosquitos breeding in the water, poses a significant danger of 
transmission of either St. Louis Encephalitis or Western Equine 
Encephalitis to nearby residents. 

MARICOPA COUNTY .ENVIRONMENTAL QUALITY AND COMM[MITY SERVICES AGENCY 



Ray Raldwin 

I 
December 15, 1992 
Page 2 

In order to eliminate this danger and prevent its recurrence, you are 
therefore instructed to clear a low flow channel in the washes, where 
necessary, to prevent water from spreading and ponding. Such channels 
are to be maintained free of emergent and overbanging vegetation which 
could provide protective cover for mosquito breeding. We recommend that 
this work be undertaken as soon as possible and completed prior to the 
onset of warm weather next spring. If you are not able to make the 
physical corrections necessaryto eliminate all of the mosquito breeding 
in the washes, you will need to develop and implement an alternative 
plan to eliminate this dangerous (and illegal) situation. 

ff you have any questions on this matter, please call our Vector Control 
Manager, Tom Engelthaler, at 273-0895. 

Sincerely, 

cc. Tom Engelthaler 
Dale Bodiya 
Gene Bond, Legal Liaison 
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PHOENIX, ARIZONA 85008 

TO George V. Saba l  Consu l t .  Eng., I n c .  

7950 E .  Acoma Dr., S u i t e  211 

S c o t t s d a l e ,  AZ 85260-6962 

> WE ARE SENDING YOU gl Attached Cl Under separate cover via the following items: 

Shop drawings Prints Plans Cl Samples Specifications 

Copy of letter Change order 

DATE 

9-14-93 
JOB NO. 

5293 

THESE ARE TRANSMlllED as checked below: 

0 For approval Cl Approved as submitted R e s u b m i t c o p i e s  for approval 

@ For your use Approved as noted S u b m i t c o p i e s  for distribution 

As requested Returned for conections R e t u r n c o n e d e d  prints 

For review and comment 

FOR BIDS DUE 19 PRINTS RETURNED AFTER LOAN TO US 

I 
aTTINTION 

Thomas Loomis 
RE 

Golden  E a g l e  E s t a t e s  

F o u n t a i n  H i l l s  

REMARKS 

OESCRlPTlON 

P a v i n g  P lans ,  shts 1 - 1 4  C u l v e r t  D e t a i l s  s h t  12 of 14 

COPIES 

1 

COPY TO 
SIGNED-/, - 

rt enclo*um~ .re not as netad. k~ndly not#* us at once Don Prior 

OAT€ NO. 







Federal Emergency Manag Y 
Washington,  D.C. 20472 

IN REPLY REFER 
Case NO.: 97-09-534 

Community: Maricopa County, Arizona 
Community No.: 040037 
Panels Affected: 04013C1270 D, 1300 E, and 

1750 E 
Effective Date of 
This Revision: OCT 2 1 1997 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

The Honorable Don Stapley 
Chairperson, Maricopa County Board 

of Supervisors 
301 West Jefferson Street 
Phoenix, Arizona 85003 

Dear Mr. Stapley: 

This responds to a request that the Federal Emergency Management Agency (FEMA) revise the effective 
Flood Insurance Rate Map (FIRM) for Maricopa County, Arizona and Incorporated Areas (the effective 
FIRM for your community), in accordance with Part 65 of the National Flood Insurance Program (NFIP) 
regulations. In a letter dated February 10, 1997, Mr. Ron Nevin. Program Manager. NFIP, Flood Control 
District of Maricopa County, requested that FEMA revise the FIRM to show the effects of detailed studies 
along the following flooding sources: Arrow Wash, Ashbrook Wash. Balboa Wash, Caliente Wash. Cereus 
Wash, Chukar Wash, Colony Wash, Cyprus Point Wash, Emerald Wash, Escalante Wash, Fountain Channel, 
Greystone Wash. Hesperus Wash. Jacklin Wash, Kingstree Wash, Laser Drain, Legend Wash, Logan Wash, 
Malfa Drain, Mangrum Drain, North Colony Wash, Oxford Wash, Powder Wash, Sunburst Wash, Sycamore 
Wash, and Tulip Wash. 

All data required to complete our review of this request were submined with leners from Mr. Nevin. Because 
this Letter of Map Revision (LOMR) is based on a detailed hydrologic or hydraulic study conducted by a 
Federal, State. or local agency to replace an approximate study conducted by FEMA, fees were not assessed 
for the revlew. 

We have completed our review of the submitted data. We have revised the FIRM to add floodplain boundary 
delineations and zone designations of the flood having a 1-percent chance of being equaled or exceeded in any 
given year (base flood) along Arrow Wash, Ashbrook Wash, Balboa Wash. Caliente Wash, Cereus Wash, 
Chukar Wash, Colony Wash, Cyprus Point Wash, Emerald Wash, Escalante Wash. Fountain Channel, 
Greystone Wash, Hesperus Wash, Jackliin Wash, Kigstree Wash. Laser Drain, Legend Wash, Logan Wash, 
Malta Drain, Mangrum Drain, North Colony Wash, Oxford Wash, Powder Wash, Sunburst Wash, Sycamore 
Wash, and Tulip Wash. The modifications are shown on the enclosed annotated copies of FIRM 
Panel($) 04013C1270 D, dated April IS, 1988, and 04013C1300 E and 04013C1750 E, both dated 
September 4, 1991. This LOMR hereby revises the above-referenced panel(s) of the effective FIRM. 

Because this revision request also affects the Town of Fountain Hills, a separate LOMR for that community 
was issued on the same date as this LOMR. 

The modifications are effective as of the date shown above. The map panel@) as listed above and as modified 
by this letter will be used for all flood insurance policies and renewals issued for your community. 



A review of the determination made by this LOMR and any requests to alter this determination should be made 
within 30 days. Any request to alter the determination must be based on scientific or technical data. 

We are preparing a revised FIRM and Flood Insurance Study (FIS) repon for Maricopa County, Arizona and 
Incorporated Areas; therefore, we will not physically revise and republish the FIRM and FIS report for your 
corn* to incorporate the modifications made by this LOMR at this time. Preliminary copies of the FIRM 
and FIS repon will be distributed for review in fall 1997. For informational purposes, detailed flood hazard 
data for the above-mentioned flooding sources have been shown on the enclosed annotated copies of the 
Summary of Discharges Table, Floodway Data Table, and Flood Profde Panel@). Please note that corporate 
limits for the Town of Fountain Hills are not shown on the effective FIRM. We will incorporate the 
modifications made by this LOMR, the detailed flccd hazard data, and the corporate limits for the Town of 
Fountain Hiils into the preliminary FIRM and FIS report before they are distributed, and the modifications 
will be included when the FIRM and FIS report become effective. 

This revision affects effective FIRM Panels 04013C1270 D, 04013C1300 E, and 04013C1750 E. Effective 
FIRM Panels 04013C13M) E and 04013C1750 E are currently shown at a scale of 2.000 feet per inch. When 
the preliminary copies of the FIRM are distributed, portions of FIRM Panel 04013C1300 E will be replaced 
by FIRM Panels 04013C1288 F and 04013C1289 F, and portions of FIRM Panel 04013C1750 E will be 
replaced by FIRM Panels 04013C1726 F, 04013C1727 F, 04013C1728 F, and 04013C1729 F. The new 
FIRM panels will be shown at a scale of 500 feet per inch. 

This LOMR is based on minimum floodplain management criteria established under the NFIP. Your 
community is responsible for approving all floodplain development, and for ensuring all necessary permits 
required by Federal or State law have been received. State, county, and community officials, based on 
knowledge of local conditions and in the interest of safety, may set higher standards for construction in the 
Special Flood Hazard Area. If the State, county, or community has adopted more restrictive or comprehensive 
floodplain management criteria, these criteria take precedence over the minimum NFIP criteria. 

Because this LOMR will not be printed and distributed to primary users, such as local insurance agents and 
mortgage lenders, your community will serve as a repository for these new data. We encourage you to 
disseminate the information reflected by this LOMR throughout the community, so that interested persons, 
such as property owners, local insurance agents, and mortgage lenders, may benefit from the information. 
We also encourage you to prepare a related article for publication in your community's local newspaper. This 
article should describe the assistance that officials of your community will give to interested persons by 
providing these data and interpreting the NFIP maps. 

This determination has been made pursuant to Section 206 of the Flood Disaster Protection Act of 1973 (Public 
Law 93-234) and is in accordance with the National Flood Insurance Act of 1968, as amended (Title XI11 of 
the Housing and Urban Development Act of 1968, Public Law 90-448). 42 U.S.C. 4001-4128, and 44 CFR 
Pan 65. Pursuant to Section 1361 of the National Flood Insurance Act of 1968, as amended, communities 
participating in the NFIP are required to adopt and enforce floodplain management regulations that meet or 
exceed minimum NFIP criteria. These criteria are the minimum and do not supersede any State or local 
requirements of a more saingent nature. This includes adoption of the effective FIRM to which the regulations 
apply and the modifications described in this LOMR. Our records show that your community has met this 
requirement. 



A Consultation Coordination Officer (CCO) has been designated to assist your community. The CCO will be 
the primary liaison between your community and FEMA. For information regarding your CCO, please 
contact: 

Ms. Dorothy M. Lacey 
Director, Mitigation Division 

Federal Emergency Management Agency, Region IX 
The Presidio of San Francisco, Building 105 

San Francisco, California 94129-1250 
(415) 923-7177 

If you have any questions regarding floodplain management regulations for your community or the NFIP in 
general, please contact the CCO for your community at the telephone number cited above. If you have any 
technical questions regarding this LOMR. please contact Mr. John Magnotti of our staff in Washington, DC, 
either by telephone at (202) 646-3932 or by facsimile at (202) 646-4596. 

Sincerelv. 

Mitigation Directorate 

cc: The Honorable Jerry Miles 
Mayor, Town of Fountain Hills 

Mr. Randy L. Harrel 
Town Engineer 
Town of Fountain Hills 

Mr. Ron Nevitt J 
Program Manager 
NFIP 
Flood Control District of Maricopa County 







RECEIVED JAN 0 7 1993 
, ENGINEERS. INC. 

Edward A. Adair. P.E. 
R. Gerald Green. P.E. 
Samuel E. Kao. Ph.D.. P.E. 

A - 2255 M 44th St Swte  330 - ' ~ h o e n ~ x .  AZ 85008 . Phone (602) 244-2566 - FAX:lW2) 2444M7 

January 4, 1993 

Mr. Frank Brown, P.E. 
MKE 
3501 North 16th Street 
Phoenix, AZ 85016-6419 

ASSOCIATES 
Michael J. Bonar. P.E. 
Denis L. Howe, P.E. 
Hal E. Marron. P.E. 
Patrim M. Miller 

Reference: Local Advertisement 
Fountain Hills Flood Insurance Studies 

Dear Mr. Brown: 

Per our telephone conversation today regarding the shared publication of the legal 
advertisement for the Fountain Hills Flood Insurance Study, AGK's understanding is as 
follows: 

1. MKE will proceed with advertisement preparation and placement in the Arizona 
Republic and limes of Fountain Hills. 

2. AGK will be sent a copy of the advertisement to review prior to publication. 

3. Tim Murphy, Flood Control District of Maricopa County, will be sent a copy of the 
advertisement prior to publication to review and approve. 

4. Two (2) Affidavits of Publication will be issued for each advertisement One will 
name MKE (or Sabol) and the other will name AGK Engineers, Inc. as the party the 
affidavit was issued to. 

5. MKE will submit an invoice to AGK for AGK's share of the publication cost along 
with a copy of the original invoices from the publications. AGK will pay 50% of the 
oriainal invoice cost of publication to MKE. 

Sincerely, 

AGK ENGINEERS, INC. 

Hal E. Marron, P.E. 
Project Manager 



PUBLIC NOTXCE 
YOUR RIGHT TO KNOW 

ANNOUNCEMENT OF FLOOD & & A R D  STUDY 
The Flood Control District of Maricopa County, under 
authority of the National Flood Insurance Act of 1968 
(EL. 90-448), as amended, and the flood Disaster 
Protection Act of 1973 (P.L. 93-234), is funding a 
detniled uudy or flood huzard ateas in The Town of 
Fountain Hills, Arizona. 
The study is being performed for the Flood Control 
Distria by AGK Engineers and Geoge V. Sabol 
Consulting Engineers. 
The purpose of this study is to eramine and evaluate 
flood hazard a m s  which are developed or which are 
likely to be developed and to determine flood elevations 
for those o m s .  Flood elevations wtll be used by 
Maricopa County to wrry our floodplain manngement 
objectim of the National flood Insurnnce Program. 
They .orill also be used as the bm's for determining 
appmpriate flood insurance premium rates applicable for 
buiidings and their contents. 
This announcement is intended to notify all interested 
persons of the commencement of this study so that they 
may have nn opportunity to bring any relevant facts and 
technical data concerning local flood hazards to the 
attention of the Flood Control District for consideration 
in the course of this study. Such infomtion should be  
addressed to Mr. Tim Mutplty or Ms. Sandy Story, 
Rood Control District of Mancopa County. 2801 W. 
Durango Street. Phoenix, AZ 85009, telephone (602) 
506-1501. 

Published in on 
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PUBLIC NOTICE 
YOUR RIGHT TO KNOW 

ANNOUNCEMENT OF FLOOD HAZARD STUM 
The Flood Control District of Maricopa County, under 
authority of the National Flood Insurance Act of 1968 
(P.L. 90-448), as amended, and the Flood Disaster 
Protection Act 01 1973 (P.L. 93-234), is funding a 
detailed study 01 flood hazard areas in western Maricopa 
county as follws: 
The Toum of Fountain Hills, Arizona 
The study is being performed for the Flood Control 
District by AGK Engineas and George V. Sabol 
Consulting Engineers. 
The purpose of this omdy is to examine and evaluate 
flood hazard areas w h ~ d ~  are developed or which are 
likely to be developed and to determine flood elevations 
lor those areas. Flood e l w ~ t ~ o n s  will be used by 
Maricopa County to wrry out floodplain management 
objectives of the National Flood Insurance Program. 
They will also be used as the bas~s lor determming 
appropriate flood insurance premium rates applicable for 
buildings and their contents. 
This announcement is intended to notify all interested 
persons of the commencement of this study so that they 
moy h m  an opportunity to bring any relmnt fads and 
techneal data concerning iocai flood hazards to the 
attention of the Flood Control District for consideration 
in the course of t h ~ s  study. Such information should be 
addressed to Mr. Tim Murphy or Ms. Sandy Story, 
Flood Control District of Mar~cnpa County, 2801 W. 
Durango Street, Phoenix, AZ 85009, telephone (602) 
506-1501. 
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PUBLIC NOTICE 
YOUR RIGHT T O  KNOW 

ANNOUNCEMENT OF FLOOD HAZARD STUDY 
The Flood Control District of Maricopa County, under 
authority of the National Flood Insurance Act of 1968 
(P.L. 90448). as amended, and the Flood Disaster 
Protection Act of 1973 (P.L. 93-234), is funding a 
detailed study of flood h d  axas in western Maricopa 
County as Tollwn: 
The T m  of Fountain Hills, Arizona. 
The study is being performed for the Flood Control 
District by AGK Engineers and George Sabol 
Consulting Engineers. 
The purpose of this study is to examine and evaluate 
flood hazard arws which a n  developed or which are 
likely to be developed and to determine flood elevations 
Tor those areas. Flood elmtions will be used by 
Maricopa County to u r ry  out floodplain management 
objectives of the National Flood Insurance Program. 
They will also be used as the bas~s for determining 
appropriate flood insurance premium rat- applicable lor 
buildings and their contents. 
This announcement is intended to notify all interested 
persons of the commencement of this study so that they 
may haw an opportunity to bring any relmnt facts and 
technical data concerning local flood hazards to the 
attention of the Flood Control District for consideration 
in the course of this study. Such information should be 
addressed to Mr. Tim Murphy or Ms. Sandy Story, 
Flood Control District of Maricopa County, 2801 W 
Durango Street, Phoemx, AZ 85009, telephone (602) 
506-1501. 
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PUBLIC NOTICE 
YOUR RIGHT TO KNOW 

ANNOUNCEMENT OF FLOOD HAZARD STUDY 
The Flood Control District of Maricooa Counhr under 
authority of the National Flood 1nsu;ance ~ c t ' b f  1968 
(P.L. 90-448). as amended, and the Flood Disaster 
Protection Act of 1973 (P.L. 93-Z4), is funding a 
detailed study of flood hazard areas in The T m  of 
Fountain Hills. Arizono. 
The study b being performed for the Flood Control 
District by AGK Engineers and George V. Sabol 
Consulting Engineers. 
The purpose of this study is to exemine and ogluate 
flood hazard areas which arc developed or which arc 
&ly to be developed and to determine flood dog t iom 
for those areas. Flood elevations will be uscd by 
Maricopa County to carry out floodplain management 
objcnives of the National Flood Insurnncc Program. 
They will also be used as the basis for determining 
appropriate flood insurnnce premium r a t e  applicable for 
buildings and their contents. 
This announcement is intended to notify all interested 
persons of the commencement oC this study so that they 
may have an opportunity to bring any relevant facts and 
technical data concerning local flood hazards to the 
attention of the Flood Control District for consideration 
in the course of this study. Such information should be 
addressed to Mr. Tim Murphy or Ms. Sandy Story. 
Flood Control District of Merieopa County, 2.80801 W. 
Durango Street, Phoenix, AZ 85009, telephone (602) 
506-1501. 
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Geoge 72 SaGoC Comuiting Engineers, Inc. 

3501 North 16rh Street. Suite B. phoenix. Arizona 85016 
(602) 234-3321 FAX (602) 248-7851 

January 7. 1993 

The Arizona Republic 
c/o The  Arizona Business Gazette 
P.O. Box 1950 
Phoenix, Arizona 85001 

Attention: Tom, Legal Advertising 

Dear Torn: 

Enclosed is a legal ad to be published two separate times, one week apart. Please publish on 
any day of the week other than Monday or  Tuesday. 

According to your estimate. we are pre-paying $789.60. hy Check #2105. The Arizona 
Republic/Business Gazette will provide two originals of  the Affidavit of Publication. 

Very truly yours, 

GEORGE V. SABOL CONWLTING ENGINEERS, Inc. 

-. Thomas Rohert Loom~s, P.E. 
Pmject Engineer 

c: Tim Murphy. Flood Control District of Maricopa County 
Frank Brown, McLiughlin Kmetty Engineers 
Hal Marmn. AGK Engineers 



PUBLIC NOTUX! 
YOUR RIGHT TO KNOW 

ANNOUNCEMENT OF FLOOD &RD STUDY 
The Rood Control District of Maricopa County, under 
authority of the National Flood Insurance Aa of 1968 
(P.L. 90-448). as amended, and the Flood D k s t e r  
Protection An of 1973 (P.L. 93-234). is funding a 
detailed study of flood hazard areas in The Town of 
Foumin Hills. Arizona. 
The study is being performed for the Flood Control 
Distria by AGK Engineers nnd George V. Sabol 
Consulting Engineers. 
The purpose of this study is to examine and evaluate 
flood hazard arras which are dmloped or which are 
likely to be developed and to determine flood elevatioll~ 
for those arras. Flood elevations will be used by 
Maricopa County to carry out floodplain management 
object* of the National Flood Insurance Program. 
T h y  will also be used as the basis for determining 
appropriate flood insurance premium rates applicable Tor 
buildings and their contents. 
This announcement is intended to notify all interested 
persons of the commencement of this study so that they 
msy have an opportunity to bring any relevant facts and 
technical data concerning l o u l  flood hazards to the 
attention of the Flood Control District for consideration 
in the course of this study. Such information should be 
addressed to Mr. Tim Murphy or Ms. Sandy Story. 
Flood Control District of Maricopa County, 2801 W. 
Durango Street, Phoenix, AZ 85009. telephone (602) 
506-1501. 
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The Times of Fount:~in I i i l l s  . . . . . . 
P.0. Box 17869 . . . .. Fountain Hills, Arizon;~ 852(i') . .  . 

. . i.. 
7 . . 

Dear Kip: 
. . 

. ... . . .~ 
.. ... 

a 1e8:11 10 ~)uhlished two separ:lte times. one u e k  ap;lrt, please publish on two consecutive Wednesdays. 

A~ord ing  to Yjur ~5tim;lle. k :Ire p 
Fountain Hills will pr(lvi~le two origlnnl 

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

Very trufy yours, . . .i> . . 
. . , i 

., . 
GEORGE SABOL CONSUL~ING EN GIN^^^^, im- .: 

.? 

'llmmas Roljert Ltronlis, 
Project Engineer 

',* 

Hal M;~rron. AGK . 

. . 

. , . 
.. . . . 

The 

. . 
s :,4 ----., .rr2.-. .:,.. - .*.r.ci: c. .. .. . , . I  . '. ., < , ' c., .~ . . 

7 . .  I . .  - . .  
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'SIGNED L.. 
. ~ . . .  . . ,. : ,  . 

. . 

. . . . . .  0~~1- ' 

,' , . . .  . . ,  . : . .  . . .  I . . 
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H L I N  KMETTY ENGRS 
FRANK BROWN 
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\ C D400010 I I 
ADVERTISERICLIENT.NAME PLEASE RETURN COPY WITH PAYMENT 

TO DATE LINES/INCHES 1 I 
R E P E A T  Y O U R  A D  IN "BONUS W E E K L Y " .  R E A C H  O V E R  
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McLaughlin Kmetty Engineers ,  Ltd.  
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Phoenix ,  AZ. 85016-6419 

Invoice Num 93008 

DO NOTIPAY 
FROM THIS INVOICE 
Pay from End-Of-Month 
Statement. Account No. 

RECEIVED ' : 2 7 ~993 

THIS IS YOUR INVOICE FOR THE FOLLOWING LEGAL ADVERTISING: 
93008/FLOOD HAZARD STUDY Class No. 98 

(invoice 8) 

Runs: Republic Gazette Purchase Order 
1. Wed. Jan. 13, 1993 NO. 
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The Arizoim ~eplbl ~C/TIE Plloenix Gazette 

STATE OF ARIZONA 
COUNTY OF MARICOPA 

} ss. 

JOANLOHR, belngfiffilduly sworn, uponoathdeposesandsays:Thal 
she is the legal advertising manager01 !he Arizona Business Gazelle, 
a newspaper of general circulalion iq the county ol Maricopa. Slale of 
Arizona, published at Phoenix. Arizona, by Phoenix Newspapers Inc.. 
whichalso publishesThe Arizona Republicand The Phoenix Gazelle, 
and that {he copy hereto attached is a lruecopy of the advertisement 
published in the said paper on the dales as indicaled. 

JANUARY 13, 2 0 ,  1993 

-1993. .... i:.; .: - 

I Swom lo before me this 

25TH 
- - day of 

JANUARY 9 3 
- A.D. 19-.. 

OIFICUL 5ECI 
MARY LEE BOOHER 
~lmmrms mna- 

M C R I ~ P I  m ~ ~ n  
::I-. Murh 17.19!35 



- I AFFIDAVIT OF PUBLICATION 

OF FOUNTAIN HILLS AND RIO YEROE. ARKONA 

A publication of \Vestern Statea Publishers. Ine. 

STATE O F  ARIZONA 
COUNTYOF MAIICOPA 

L.ALANCRUIKSHANK, beingfirstdulys~vorn,uponoatl~deposesandsays:l'l~at 
he is the publisher of 

THE TIMES O F  FOUNTAIN HILLS AND R10 VERDE 
a newspaper of general circulation in the County ofMaricopa and the  Sta te  of 
Arizona, published a t  Fountain Hills, Arizona, and that the copy hereto attached 
is a true copy of the  advertisement a s  published weekly in The Times orFountain 
Hills and Rio Verde on the CoIlowing dates: 

- . _ . . . -, . C. -, , - 
,- 

Sworn to becore me this 

I -d3 day of 

A - L e -  A.D. 19 -& 

&/duo Notary Public L&/P&..~.~ .. 

OFFICIAL SFAL 



STATE OF ARIZONA 
COUNTY OF MARICOPA 

} SS' 

JOAN LOHR, being first duly sworn, uponoalhdeposes andsays:Thal 
she is the legal advertising manager of the Arizona Business Gazelle. 
a newspaper o l  general circulalion in the counly ol Maricopa. Slale of 
Arizona. published a l  Phoenix. Arizona, by Phoenix Newspapers Inc.. 
which also publishes The Arizona Republic and The Phoenix Gazelle, 
and that the copy hereto attached is a true copy ol the adverlisemenl 
published in the said paper on the dales as indicaled. 

JANUARY 1 3 ,  2 0 .  1 9 9 3  

Sworn to belore me h is  

25TH 
- day of 

JANUARY 9 3 
A.D. 19 

mm WK srrn a u- 
H ~ I I S ~ A  rn Nolary Public 

a\  ,-:..'' ,,.,&, Hl* ll.lPP, 



CONTRACT FOR CONSULTANT SERVICES 

CONTRACT FCD 92-04 

Pursuant to the provisions of the Arizona Revised Statutes (AXS.), 48-3603, the 
Board of Directors has the authority to enter into contracts. 

The Flood Control District of Maricopa County, Arizona, hereinafter called the 
"DISTRICT", is desirous of having certain professional services performed in connection 
with the Fountain Hills Floodplain Delineation Study (North), hereinafter called the 
"PROJECT" and as more fully described in Exhibit "A", Scope of Work, attached; and, 

GEORGE V. SABOL CONSULTING ENGINEERS, INC., hereinafter called 
"CONSULTANT", is desirous of performing said services; 

THEREFORE, the parties hereto mutually agree as follows: 

\ 
SECTION I - SERVICES OF THE CONSULTANT 

The CONSULTANT, under the general supervision of the Chief, Hydrologist of the 
District's Hydrology Division shall prepare studies, reports, surveys, plans, drawings, 
specjfications and cost estimates as are necessary for the PROJECT and according to the 
directions and designated standards of the DISTRICT and in accordance with Exhibit A. It 
is understood and agreed that the DISTRICT'S authorized representative shall be the Chief, 
Planning and Project Management Division or his duly authorized representative, hereinafter 
called the "AGENT and that helshe shall be the sole contact for d m i n i ~ t e ~ g  this contract 

The CONSULTANT shall meet periodically with the AGENT so as to keep the 
. DISTRICT informed of the progress of the work in accordance with the schedule defined in 

Exhibit A. 

The CONSULTANT shall promptly advise the AGENT of any factors, which may 
develop during the PROJECT, that would likely result in contract costs in excess of 
budgetary constraints. 

FCD 92-04 Page 1 of 9 



SECTION I1 - PERIOD O F  SERVICE 

The CONSULTANT shall complete dl work per the schedule provided in Exhibit 
"A", Scope of Work within 360 calendar days after receipt of the Notice to Proceed, 
inclusive of DISTRICT review time. Should extension of this contract period be necessary, 
and any such extension(s) continue the date of contract expiration for a time period of more 
than one year tiom the date of contract execution,.adjustment(s) of the consultant's fee($ 
may, upon agreement by both the DISTRICT and the CONSULTANT, be made in 
accordance with the Consumer Price Index for Urban Consumers, Western Division 
published by the U.S. Department of Labor, Bureau of Labor Statistics, using the published 
edition coinciding with the initial contract expiration date. Any such fee adjustment shall 
only apply to the extended contract time period. 

The CONSULTANT shall be paid for work under this Contract a lump sum fee of 
$249.847.00 plus any adjustments that have been approved in writing in accordance with the 
Maricopa County Procurement Code. 

The DISTRICT shall pay the CONSULTANT upon completion of the work as 
accepted by the DISTRICT, except that progress payments may be made as Vied by the 
CONSULTANT based on approved monthly progress reports subject to the limitations set 
forth in Exhibit "A", Scope of Work. Ten percent of all contract payments made on an 
interim basis shall be retained by the DISTRICT as insurance of proper performance of the 
contract or, at the option of the CONSULTANT, a substitute security may be provided by 
the CONSULTANT in an authorized form pursuant to procedures established by the 
DISTRICT. The CONSULTANT is entitled to all interest from any such substitute security. 

When the contract is fifty percent (50%) completed, one-half (112) of the amount 
retained will be paid to the CONSULTANT provided the CONSULTANT is making 
satisfactory progress on the contract and there is no specific cause or claim requiring a 
greater amount to be retained. After the conkact is f~ty percent (50%) completed, no more 
than five percent (5%) of the amount of any subsequent progress payments shall be retained 
providing the CONSULTANT is making satisfactory progress on the project, except if at 
any t h e  the DISTRICT determines satisfactory progress is not being made, ten percent 
(10%) retention shall be reinstated for all progress payments made under the contract 
subsequent to the determination. 

If the CONSULTANT desires a partial payment in accordance with the provisions 
above, the CONSULTANT will complete and forward, a DISTRICT provided form, 
indicating payment distribution to MBE/WBE f m s .  

FCD 92-04 Page 2 of 9 



Any retention shall be paid or substitute security returned or released, as applicable, to the 
CONSULTANT within forty-five (45) calendar days after. (1) final completion of all work 
per Exhibit A, (2) acceptance of work under the confract, (3) receipt of a completed 
"Certificate of Performance" form, (4) the CONSULTANT'S statement that no project 
disputes exist, (5) invoicing for any retained monies has been received by the DISTRICT, 
and (6) a document stating the total payments received by the prime as well as total 
payments the prime has made to MBE and WBE subcontractors, vendors, and suppliers. 

SECTION IV - THE DISTRICT'S RESPONSIBILITIES 

The DISTRICT shall furnish the CONSULTANT, at no cost to the CONSULTANT, 
the following information or services for this PROJECT: 

A. The copy of on-hand maps, records, survey ties, bench marks or other data 
pertinent to the PROJECT. This does not, however, relieve the CONSULTANT of the 
~esponsibility of searching records for additional information, for requesting specific 
information or for verification of that information provided. The DISTRICT does not - 
warrant the accuracy or comprehensiveness of any such information. 

B. AU available information and dam relative to policies, standards, criteria, ana 
studies, etc. impacting the PROJECT as identified by the CONSULTANT. 

C. Availability of staff for consultation with the CONSULTANT during the 
performance of studies and plan development in order to identify the problems, needs, and 
other functional aspects of the PROJECT. 

D. Examination of documents submitted by the CONSULTANT and rendering 
of decisions pertaining thereto promptly, to avoid unreasonable delay in the progress of the 
work by the CONSULTANT. The DISTRI(7T will keep the CONSULTANT advised 
concerning the progress of the DISTRICT'S review of work. 

SECTION V - ALTERATION IN SCOPE O F  WORK 

Any alteration in the scope of work that will result in a substantial change in the 
nature of the PROJECT so as to materially increase or decrease the contract fee will require 
negotiation of an amendment to the contract to be executed by the DISTRICT and the 
CONSULTANT. No work shall commence on the change until the contract amendment has 
been approved by the DISTRICT and the CONSULTANT has been notified to proceed by 
the AGENT. It is distinctly understood and agreed that no claim for extra work done or 

FCD 92-04 Page 3 of 9 



materials furnished by the CONSULTANT will be allowed by the DISTRIm except as 
provided herein, nor shall the CONSULTANT do any work or furnish any materials not 
covered by this agreement unless such work is first authorized in writing in accordance with 
the Maricopa County Procurement Code. Any such work or materials furnished by the 
CONSULTANT without such written authorization first being given shall be at his own risk, 
cost, and expense, and he hereby agrees that without such written authorization he will make 
no claim for compensation for such work or materials furnished. 

SECTION VI - RECORDS 

Records of the CONSULTANT'S payroll expense pertaining to this PROJECT and 
records of accounts between the DISTRICT and the CONSULTANT shall be kept on a 
generally recognized accounting basis and shall be available upon request to the DISTRICT 
or its authorized representative for audit during normal business hours. The records shall be 
subject to audit by appropriate grantor agency if the PROJECT is funded all or in part by a 
grant 

SECTION M - PROJECT COMPLETION 

If during the course of this contract situations arise which prevent completion within 
the allotted time, an extension may be granted by the AGENT. 

SECTION VIII - TERMINATION 

The DISTRICT may terminate this contract at any time upon reimbursement to the 
CONSULTANT of expenses which include reasonable charges for time and material for the 
percentage of work satisfactorily completed and turned over to the DISTRICT. 

The DISTRICT reserves the right to postpone, terminate or abandon this PROJEm 
for the CONSULTANT'S failure to compIete the PROECT on time, or failure to comply 
with the provisions of the contract The DISTRICT also reserves the right to terminate any 
or all parts of this contract for its own convenience as the DISTRICT may determine at its 
sole discretion. 

The DISTRICT hereby gives notice that pursuant to A.R.S. Section 38-511 "A" this 
contract may be cancelled without penalty or further obligation within three years after 
execution if any person significantly involved in initiation, negotiation, securing, drafting, or 

FCD 92-04 Page 4 of 9 



creating a contract on behalf of the DISTRICT is, at anytime while the contract or any 
extension of the contract is in effect, an employer, agenG or any other party to the contract 
in any capacity or a consultant to any other party of the contract with respect to the subject 
matter of the contract Cancellation under this section shall be effective when written notice 
from the Chief Engineer and General Manager is received by all of the parties of the 
contract In addition, the DISTRICT may recoup any fee for commission paid or due to any 
person significantly involved in initiation, negotiation, securing, drafting, or creating the 
contract on behalf of the DISTRICT from any other party to the contract arising as a result 
of the contract 

The CONSULTANT may terminate this contract in the event of nonpayment of fees 
as specified in Section IU, PAYMENTS TO THE CONSULTANT. 

SECTION I .  - OWNERSHIP O F  DOCUMENTS 

All original documents including, but not limited to studies, reports, tracings, 
drawings, physical and computer models, estimates, field notes, investigations, design 
analyses, calculations, computer software, and specifications, prepared in the performance of 
this Contract are to be and remain the property of the DISTRICT and are to be delivered to 
the AGENT before final payment is made to the CONSULTANT. The DISTRICT reserves 
the right to reuse the documents as it sees fit. However, the DISTRICT will not reuse, alter, 
or modify these documents without noting such alterations, modifications, or intent of their 
reuse, and will hold the CONSULTANT harmless kom any claims arising fiom the reuse, 
alteration, or modification of the documents. The CONSULTANT may retain reproducible 
copies of all such documents delivered to the DISTRICT. 

SECTION X - COMPLIANCE WITH LAWS 

The CONSULTANT is required to comply with all Federal, State and local laws, 
local ordinances and regulations. The CONSULTANT'S signahlre on this contract c e f i e s  
compliance with the provisions of the 1-9 requirements of the Immigration Reform and 
Control Act of 1986 for all personnel that the CONSULTANT and any subconsultants 
employ to complete this PROJECT. It is understood that the DISTRICT shall conduct itself 
in accordance with the provisions of the Maricopa County Procurement Code. 
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SECTION XI - GENERAL CONSIDERATIONS 

A. Prior to beginning the work, the CONSULTANT shall fumish the DISTRICT 
for approval the names of its key employees, and of its sub-consultants and their key 
employees to be used on this PROJECT. Any subsequent changes are subject to the written 
approval of the DISTRICT. 

The CONSULTANT in replacing a MBE/WBE subcontractor should attempt to contract 
with another MBElWBE. 

B. The failure of either party to enforce any of the provisions of this Contract or 
to require performance of the other party of any of the provisions hereof shall not be 
construed to be a waiver of such provisions, nor shall it affect the validity of this Contract 
or any part thereof, or the right of either party to thereafter enforce each and every 
provision. 

C. The CONSULTANT shall be responsible for the cost of any additional 
design, field layouf testing, construction and supervision necessary to correct those errors or 
omissions attributable to the CONSULTANT and for any damage incurred by the 
DISTRICT as a result of additional construction costs caused by such CONSULTANT errors 
or omissions. 

D. The fact that the DISTRICT has accepted or approved the CONSULTANT'S 
work shall in no way relieve the CONSULTANT'S responsibility. 

E. It is mutually understood and agreed that this Contract shall be governed by 
the laws of the State of Arizona, both as to interpretation and performance. Any action at 
law, suit in equity, or judicial proceeding for the enforcement of this Contract, or any 
provision thereof, shall be instituted only in the courts of the State of Arizona. 

SECTION Xtl  - SUCCESSORS AND ASSIGNS 

This Contract shall not be assigned by either party without prior written approval of 
the other except that the CONSULTANT may use in the performance of this Contract 
without prior approval of the DISTRICT, personnel or services of its related entities and 
afffiated companies as if they were an integral part of the CONSULTANT, and it shall 
extend to and be binding upon the heirs, executors, administrators, successors and assigns of 
the parties hereto. 
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SECTION XJD - NO KICK-BACK CERTIJ!ICATION 

The CONSULTANT warrants that no person has been employed or retained to 
solicit or secure this Contract upon any agreement or understanding for a commission, 
percentage, brokerage, or contingent fee; and that no member of the Board of 
Diiector~upervisors or any employee of the DISTRICT has any interest, financially or 
otherwise, in the CONSULTANT firm. 

For breach or violation of this warranty, the DISTRICT shall have the right to annul 
this Contract without liability, or at its discretion to deduct from the Contract prim or 
consideration, the full amount of such commission, percentage, brokerage, or contingent fee. 

SECT ION XIV - ANTI-DISCRIMINATION PROVISION 

The Flood Control Dismct of Maricopa County will endeavor to ensure in every way 
possible that minority and women-owned business enterprises shall have every opportunity 
to participate in providing professional services, purchased goods, and c o n m a l  services to 
the Rood Control Dismct of Maricopa County without being discriminated against on the 
grounds of race, religion, sex, age, or national origin. 

The CONSULTANT agrees not to discriminate against any employee or applicant for 
employment because of race, religion, color, sex, national origin, age, or handicap and 
further agrees not to engage in any unlawful employment practices. The CONSULTANT 
further agrees to insert the foregoing provisions in all subcontracts hereunder. 

SECTION XV - AMENDMENTS 

This Contract may be amended by mutual written agreement of the DISTRICT and 
the CONSULTANT. 

SECTION XVI - INDEMNIFICATION AND INSURANCE 

A. The CONSULTANT shall provide and maintain the following minimum 
insurance requirements: 

1. Professional Liability. The CONSULTANT shall show evidence of 
maintaining continuous insurance for the past three (3) years with a minimum coverage limit 
of $1.000,000.00 each claim andlor in the aggregate. 
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The CONSULTANT shall provide and maintain Professional Liability 
Insurance with a minimum single limit of $1,000.000.00 for each claim made and an 
aggregate limit of $1.000.000.00 for all claims made through this contract's completion date 
or the policy's life, whichever is longer. 

2. Commercial General Liability. Commercial general liability insurance with a 
minimum single limit of $1,000,000.00 for each coverage/occurrence. The policy shall 
include coverage for bodily injury and personal injury, broad form property damage and 
blanket contractual coverage. 

3. Automobile Liability. Automobile liability insurance, with an individual 
single limit for bodily injury and property damage of no less than $1,000,000.00, each 
occurrence, with respects to CONSULTANT'S vehicles (whether owned, hired, non-owned), 
assigned to or used in the performance of this contract 

4. Workers' Compensation Insurance, This insurance shall be maintained 
during the life of the contract 

5. Additional Insured. The policies, except professional liability and workers' 
compensation, required by 
this section shall name the DISTF3CT as Additional Insured, and shall specify that insurance 
afforded the CONSULTANT shall be primary insurance, and that any insurance coverage 
carried by the DISTRICT or its employees shall be excess coverage, and not contributog 
coverage to that provided by the CONSULTANT. No policy issued under this contract shall 
lapse, be cancelled, allowed to expire, or be materially changed to affect the coverage 
available to the DISTRICT without thirty (30) days written notice to the DISTRICT. 

6. DISTRICT approved documentation outlining the coverages specified in this 
section shall be filed with the DISTRICT prior to issuance of the Notice to Proceed. 

B. The CONSULTANT agrees to indemnify and save harmless the DISTRICT, 
any of its departments, agencies, officers, or employees from all suits, including attorney's 
fees and costs of litigation, actions, loss, damage, expense, cost or claims, of any character 
or any nature arising out of the CONSULTANT'S wanton, willful or negligent acts, errors or 
omissions in the performance of work under this Contract, and any wanton, willful or 
negligent acts, errors or omissions by any subconsultant or other agent used by the 
CONSULTANT in the performance of work under this Contract 
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IN WITNESS WHEREOF, the parties herein have executed this Contract 

GEORGE V. SABOL CONSULTING ENGINEERS, INC. 

Principal 

~ ? & f  
Title 

94 - ///02J-x 
Tax Identif~cation Number 

K O O D  CONTROL DISTRICT OF MARICOPA COUNTY 

LEGAL REVIEW 

Approved as to form and within the 
powers and authority granted under 
the laws of the State of Arizona 
to the Flood Control District of 
Maricopa County. 

Date: /dL 

Date: /a 171 L 
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Scope of Work FCD 92-04 
Flood Control District of Haricopa County 

Floodplain Delineation and Topographic Mapping 
For the Tovn of Fountain Hills (North) 

GENERAL 

The project consists of approximately 24 river miles of floodplain and 
floodvay delineations for the northern portion of the Tovn of Fountain Hills 
(TOM) as s h o ~  on Exhibit 1. This vill require the development of the 
surface vater hydrology for a 16 square mile vatershed. Five (5 )  major 
retention structures and numerous road crossings are anticipated to have 
significant impacts on the floodplain delineations and development of the 
vatershed hydrology. 

The consultant will develop the hydrology using the U.S. Army Corps of 
Engineer's HEC-1 computer model and the floodplain and floodway delineations 
using the HEC-2 computer model. The consultant must use sound engineering 
judgement in the development of the hydrologic and hydraulic models. The 
results of the models must be analyzed carefully and refinements made to the 
input parameters in order to obtain the most realistic results. 

The results of this study must be reviewed and approved by the District, the 
Town, and by the Arizona Department of Water Resources (Dm) prior to 
submittal to the Federal Emergency Management Agency (FEU). The study must 
then be revieved and accepted by the Federal Emergency Management Agency 
(FEU) prior to the finalization of this contract. As a part of this 
requirement, the consultant is responsible for all Public Notification 
regarding this study. 

Work under this Scope vill be completed within 360 days from the date of 
' Notice to Proceed. including District and ADWR reviews. 

TASK 1 COORDINATION 

1.1 The consultant will submit a project schedule showing coordination 
meetings and completion dates for each of the tasks and major 

' sub-tasks in the Scope of Work. The schedule vill be submitted 
within 14 days of the Notice To Proceed and shall be updated as 
needed. 

The consultant shall participate in regular coordination meetings 
(approximately every three weeks) vith the District's Project Manager 
and in milestone coordination meetings during the development of the 
hydrologic and hydraulic analyses. Coordination and milestone 
meetings vill be combined to the maximum extent possible and vill 
normally be held at the consultant's office. The consultant is 
responsible for the minutes of any meetings. 
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1.3 The consultant shall submit monthly progress reports at least 5 days 
before submittal of monthly invoices. The report shall be brief and 
should be no longer than two typed pages. At a minimum, the monthly 
report shall contain the folloving: 

a. A description of the work accomplished, by task during the 
reporting month. 

b. Percent ( I )  completed for the month and percent ( I )  cumulative 
completed for each task. 

c. A brief description of the vork to be accomplished the 
folloving month. 

d. A description of any problems encountered. 

1.4 The consultant is responsible for placing the legal advertising at 
the beginning of the study, notifying the public of the study. The 
ad will be run in a videly circulated newspaper twice, vith 
approximately one veek between runs. The ad also will be run tvice 
in a local newspaper that serves the area being studied. After the 
ad is run the consultant will supply the District with original 
affidavits of publication from the newspaper(s) for each day that the 
ad ran. 

1.5 The consultant vill obtain the necessary Rights of Entry from the 
property owners vhere access may be required. The consultant can use 
the District's records as may be necessary to complete this task. 
The consultant will furnish the District vith a list of all the 
property ovners notified and a sample Right of Entry letter. 

1.6 The consultant shall meet with officials from the Tovn of Fountain 
Hills. The purpose of this meeting is to identify local flooding 
problems and obtain information on current and planned public vorks 
projects, channel modifications, storm-drainage systems, development, 
and obtain the current corporate limits. The TOM Engineer will also 
be contacted for input during the development of the hydrology and 
hydraulics model. The Town Engineer should also be contacted for 
updates on the street construction projects. 

1.7 The District in coordination vith the Tovn will plan and conduct tvu 
public meetings. One representative from the consultant vill be 
required to attend each of the meetings. The first meeting will be 
to inform the public of the purpose and scope of the study. The 
second meeting vill be to inform the public and obtain public comment 
on the study results, and shall take place prior to the submittal of 
the study to FEHB. The consultant vill respond to the comments from 
the public and make revisions to the study if necessary. 
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1.8 Prior  t o  f ina l iz ing  of the hydrologic analysis ,  The consultant v i l l  
submit maps, hydrology report ,  and BEC-1 model t o  the Arizona 
Department of Vater Besources (ADVR) and any other governmental 
agency reviewers through the Di s t r i c t .  The consultant v i l l  respond 
t o  questions by the revievers and make modifications to  the 
hydrologic maps, model, and report  i f  necessary. 

1.9 The consultant v i l l  submit maps, hydraulics report ,  and HEC-2 model. 
t o  ADWR, F E U  f o r  reviev by the Technical Evaluation Contractor 
(TEC), and any other governmental agency reviewers through the 
Dis t r ic t .  The consultant w i l l  respond t o  questions by the reviewers 
and make modifications t o  maps, models and report  i f  required. 

i - TASK 2 DATA COLLECTION 

2.1 The consultant v i l l  c o l l e c t  and review pertinent data from the 
Dis t r ic t .  AD=, the Tom, and other  outside sources. Data t o  be 
collected v i l l  include previous flood hazard reports and hydrology 
f o r  the study area; exis t ing topographic mapping; h i s tor ica l  flooding 
information; as-bui l t  plans f o r  ex is t ing  structures;  F E U  Flood 
Hazard Boundary Maps and any Let te rs  of Map Amendment and/or 
Revisions and other pertinent. information.  

2.2  A v r i t t e n  report summarizing the data  collected v i l l  be submitted t o  
the D i s t r i c t  fo r  information purposes. A preliminary draf t  of t h i s  
report i s  due v i th in  90 days of Notice t o  Proceed. 

TASK 3 TOPOGRAPHIC MAPPIAG 

3.1 The Di s t r i c t  v i l l  supply data  f o r  use in  a Digital  Terrain Model 
(DTM) and contour mapping of the Fountain Hi l l s  area i n  a d i g i t a l  
format. The data was prepared a t  an edited scale of 1 inch a 100 
f ee t  with a contour i n t e rva l  of 2 fee t .  Hard copy 1 inch - 200 f e e t  
scale p lo t s  of the contour mapping v i l l  a lso be supplied to  the 
consultant. 

The DTM data v i l l  be supplied in an ASCII data f i l e  containing gr id  
coordinate data and break l i n e  data. The grid coordinate data i s  on 
a 75'x7St gr id  of spot elevations in the folloving-format: Easting. 
Northing, Elevation. The break l i n e  data along washes and ridges 
w i l l  be i n  the folloving format: Easting. Northing, Elevation. 
Descriptor. The descr iptor  v i l l  ident i fy  each point on a spec i f ic  
break l ine .  

The contour and planimetric data v i l l  be supplied in an AutoCAD 
Version 11.0 draving f i l e  format. 
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1.2 The consultant vill retain an aerial mapper to photogrammetrically 
determine the geometric cross section data for use in the HEC-2 
models. The photogrammetrically determined cross sections must meet 
the accuracy requirements of FEMA Document 37. -x 
Gui dnd elines a S March 1991. In 
those areas where the vegetation is too dense to determine the cross 
sections photogrammetrically, they will be determined by field 
survey. The consultant may also derive some of the HEC-2 cross 
sections from the DTM. 

3 . 3  The consultant vill develop the hydrologic base maps using the 
supplied mapping and DTM data. For those areas not covered by the 
supplied mapping, U.S. Geological Survey (USGS) topographical 
quadrangle maps vill be used. Additional topographic information may 
be available through the Town for those areas not covered by the 
detailed mapping. 

An overall watershed drainage basin map with sheet index will be 
prepared at a scale of 1 inch - 2000 feet. 
The off-site soils, land use. sub-basin delineation. time of 
concentration. and flood routing maps vill be based on 1 inch - 1000 
feet scale photo-enlarged copies of USGS 7.5 minute quadrangle maps. 

The on-site soils, land use, sub-basin, time of concentration, and 
flood routing maps vill be prepared on 1 inch = 400 feet scale maps 
using the supplied topographic mapping. 

3.4 Using the supplied topographic data the consultant will prepare the 
vork study dravings of the floodplain/floodvay delineations to a 
scaLe of 1 inch = 200 feet vith a contour interval of 2 feet. 

3.5 The consultant shall provide permanent non-erasable topographic 
mylars of the floodplain/floodway delineation vork study dravings. 
In addition to the topographic data and floodplain/floodvay 
delineations, each draving shall include a minimum of a north arrov, 
scale, section comers and quarter comers (if found), current and 
proposed streets and Highway names. State Plane Coordinate System, 
major drainage features, corporate boundaries, cross section location 
lines, channel station center line. Base Flood Elevations (BFEsJ, 
index map, description and elevation of control points and Ems, and 
reference marks used in ground control. A cover sheet vill be 
provided vith the project title, date of topographic mapping, and a 
location map shoving geographic range covered by each specific 
mapping sheet. The dravings shall be 24' X 36" in size. with a scale 
of 1 inch - 200 feet and a contour interval of 2 feet. See Exhibit 2 
for how the dravings are to be laid out. 

3.6  Sketch maps no larger than 11' x 17" for the study area must be 
included in the narrative report along vith the flood profile maps. 
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3.7 Digital  contour and planimetric data  developed f o r  t h i s  study sha l l  
be delivered according t o  the  D i s t r i c t ' s  Hydrologic Information 
System (HIS) Data Delivery Specif icat ions  revision 01.1. Topographic 
information from USGS topographic quadrangle maps should not be par t  
of the HIS product. 

TASK 4 FIELD SURVEY 

4.1 Field surveying sha l l  be undertaken t o  es tab l i sh  permanent elevation 
reference marks (Ems) ,  ve r i fy  the  accuracy of the topographic 
mapping, and vhere necessary t o  obtain surveys of bridges and other 
hydraulic s t ructures .  The consultant  s h a l l  coordinate a l l  the 
surveying vork and ensure t h a t  i t  meets FEMA requirements. Quali ty 
control on the  surveys v i l l  be per  FEMA Document 37. Flood Insurance 
Study Guidelines and Soecifications f o r  Studv Contractors. Match 
1991. Input from the D i s t r i c t  must be obtained regarding the  
proposed locations of the  ERNs. 

4.2 Ground Control f o r  Fie ld  Surveying: 

a. A l l  topographic mapping and survey vork s h a l l  meet o r  exceed 
Federal Emergency Management Agency (FEMA) minimum c r i t e r i a  a s  
defined i n  FEMA Document 37. This would include, b u t ' i s  not 
l imited to: the  establishment of "permanent' elevation 
reference marks (Ems): f i e l d  control: and ver i f ica t ion  of 
p rof i les  by the ground survey p ro f i l e  procedure. 

b. Horizontal and Ver t ica l  Control: Where readily available,  
surveys v i l l  t i e  i n t o  S t a t e  Plane Coordinate System 1983 NAD. 
Field control  s h a l l  be su f f i c i en t ,  a t  l e a s t  one 'permanent' 
point per  mile, such po in t ( s )  being used as Elevation Reference 
Marks (EWs). Surveys v i l l  be based on National Geodetic 
Vert ical  Datum (NGVD), per  FEU guidelines. 'Permanent. survey 
points s h a l l  cons i s t  of ex i s t ing  monumentation, such as brass 
caps o r  s imilar  survey monuments. Where addit ional 
monumentation i s  needed, survey markers conforming t o  Maricopa 
Association of Governments (MAG) Uniform Standard Detail  f o r  
Public Works Construction. d e t a i l  120-1. Type C ,  sha l l  be 
placed 2' +/- above grade, and topped v i t h  a brass cap. 
Elevation Reference Marks v i l l  be labe l led  on available maps 
and described i n  a manner vhich a l l ov  them t o  be readily 
located in  the f i e ld .  

4.3 The consultant s h a l l  ver i fy  the  accuracy of the  mapping by the 
procedures ca l led  f o r  i n  FEMA Document 37 o r  other methods approved 
by FEU. This s h a l l  include the  ve r i f i ca t i on  of cross sections used 
in  the floodplain delineation.  A minimum of 52 of the HEC-2 cross 
sections s h a l l  be ve r i f i ed  by f i e l d  surveying. The r e su l t s  of cross 
section ve r i f i ca t i on  v i l l  be submitted t o  the D i s t r i c t  p r io r  t o  
beginning the KEC-2 modeling. 
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Due t o  dense vegetation i n  some areas. t he  BEC-2 cross sections may 
have t o  be determined by f i e l d  survey. 

4.4 Field surveys o r  *as-buil t* plans (where available) of a l l  bridges. 
culverts,  flood 'retarding s t ruc tures ,  and other hydraulic structures 
are t o  be obtained by the consultant.  This information should be 
reduced and compiled into  an ll'x 17. (maximum s i ze )  drawing for  
inclusion i n  the f i n a l  report. The information presented i n  the 
drawing should be in a format appropriate f o r  use i n  the HEC-2 model. 
Field surveys o r  'as-builtg plans of bridges,  culverts,  hydraulic 
structures. and routing reaches must a l s o  be obtained where necessary 
for  proper hydrologic modeling. It may be necessary t o  f i e ld  survey 
some s t ructures  since the 'as-buil t '  plans may not be on 1929 NGVD. 

4.5 Fountain Hi l l s  Structure numbers 4, 6 ,  7,  11, and 36 shal l  be f i e l d  
surveyed. The f i e l d  survey s h a l l  determine the elevations of the 
principal and emergency spillways, the c r e s t  of each structure,  and 
other information necessary f o r  t he  development of the hydrologic and 
hydraulic models. Arrow and Sunflower Washes a r e  conveyed par t ia ly  
through a storm sewer system. This system should be f i e ld  surveyed 
for  the development of the hydrologic and hydraulic models. 

4.6 Due t o  changes since completion of the a e r i a l  mapping the following 
areas w i l l  have to  be f i e l d  surveyed: 

1. The area of Fountain H i l l s  High School dovnstream of Structure 
Number 4 t ha t  l i e s  within the floodplain. 

2. Oxford Wash between Fountain H i l l s  Boulevard and the confluence 
with Balboa 'dash. 

4.7 The consultant may have t o  do f i e l d  surveying t o  improve the accuracy 
of the DTM in the study wash reaches. Any inconsistencies in the 
wash contours should be iden t i f i ed  and visual ly  ver i f ied during the 
f i e ld  reconnaissance. These areas  can then be f i e l d  surveyed to  
provide supplemental break l i n e  data. The supplemental data w i l l  
then be input into  the DTM and new contours generated. 

TASK 5 IiYDROLOGY 

5.1 The hydrologic study of the  vatershed v i l l  be delivered t o  the 
Dis t r ic t  under separate cover from the hydraulic analysis. The 
consultant sha l l  use the U.S. Army Corps of Engineers computer 
program HEC-1. 1991 Version, t o  develop a hydrologic model f o r  the 
area. The methods and procedures i n  the  Drainaee Desim Manual for  
Maricoua Countv, Arizona: Volume I - Hvdroloer v i l l  also be used. An 
appropriate time step and number of ordinates is t o  be selected that  
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- 
allows f o r  complete calculation of the  f lood hydrograph without sacrif icing 
resolut ion of the  flood peak. A l l  ca lculat ions .  o r  assumptions used in 
developing sub-basin and routing parameters s h a l l  be documented and made a 
p a r t  of the  appendk f o r  the hydrology report .  F ie ld  surveys v i l l  need to be 
taken f o r  hydrologic modeling purposes. 

5.2 Hydrologic models sha l l  be developed f o r  each of the folloving 
events : 

a. 100-year, 6-hour, ex i s t ing  condit ion.  

b. 100-year. 24-hour, ex i s t i ng  condit ion.  

c. 10-year, future condition. 

d. 100-year, future condition. 

Pork on the  future condition HEC-1 models s h a l l  not  begin un t i l  the 
exis t ing condition models a re  approved. 

3 It i s  required t ha t  the consultant  obtain  the  approval of. the 
D i s t r i c t  a t  each of the following s teps:  

a .  Soi l  maps, vatershed boundary maps, and land use maps. 

b. BEC-1 parameter estimation. 

c.  BEC-1 f lov diagram and input  parameters. 

d. BEC-1 resul ts .  

5.4 Four meetings associated v i t h  four  t a sks ,  and tvo f i e l d  t r i p s  shal l  
be held v i t h  the Flood Control D i s t r i c t  s t a f f  a t  the following mile 
stones: 

a. One f i e l d  t r i p  a t  the  s t a r t  of the  project  t o  scope out the 
c r i t i c a l  points of the  vatershed and problem areas. 

b. Meeting number 1 as soon a s  bas ic  data  a re  gathered and the 
sub-basins have been delineated.  Sample HEC-1 parameter 
estimations should a l so  be presented and discussed a t  t h i s  
meeting. A copy of the  d r a f t  maps of the sub-basins must be 
delivered t o  the D i s t r i c t  a t  t h i s  meeting. 

c.  Meeting number 2 a f t e r  a l l  the  parameters have been estimated. 
A d r a f t  copy of the  parameters must be delivered t o  the 
D i s t r i c t  a t  l e a s t  one week p r i o r  t o  t h i s  meeting. 

d. Meeting number 3 a f t e r  the  preliminary BEC-1 resul ts  have been 
obtained and a d r a f t  repor t  has been prepared. A copy of the 
d ra f t  report and the  copy of the  BEC-1 on a floppy disc,  
compatible v i t h  the D i s t r i c t s  computer, must be delivered tvo 
veeks pr io r  t o  the meeting. A second copy of each v i l l  be 
forwarded by the D i s t r i c t  t o  ADWR f o r  t h e i r  review and comment. 
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e. fleeting number 4 t o  reviev.comments by the Dis t r ic t  and ADPR 
one week a f t e r  the consultant has received the reviev comments. 
The Di s t r i c t  v i l l  require a minimum of two veeks to  reviev the 
report  and the model. A second f i e l d  t r i p  may be scheduled fo r  
the same day so the r e s u l t s  obtained can be discussed. 

5.5 The consultant w i l l  develop the  hydrologic base maps using the 
supplied mapping and DTX data.  .For those areas not covered by the 
supplied mapping. U.S. Geological Survey (USGS) topographical 
quadrangle maps v i l l  be used. Additional topographic information may 
be available through the Tovn f o r  those areas a o t  covered by the 
detailed mapping. 

An overall  vatershed drainage basin  map v i t h  sheet index rill be 
prepared a t  a scale of 1 inch - 2000 fee t .  

The of f - s i te  so i l s ,  land use, sub-basin delineation. time of 
concentration, and flood rout ing maps wil1,be based on 1 inch - 1000 
feet  scale photo-enlarged copies of USGS 7.5 minute quadrangle maps. 

The on-site so i l s ,  land use, sub-basin, time of concentration. and 
flood routing maps v i l l  be prepared on 1 inch = 400 f ee t  scale maps 
using the supplied topographic mapping. 

5.6 Using appropriate hydrologic judgement. sub-basins are t o  be 
ident i f ied tha t  provide reasonable depiction of the vatershed 
condition. The sub-basins must be as  homogeneous as possible, using 
watershed area,  vatershed type (mountainous and f l a t  lands o r  urban 
and undeveloped areas) ,  and time of concentration as c r i t e r i a .  
Sub-basin break-dovns v i l l  be done i n  suff ic ient  de t a i l  t o  provide 
peak discharges a t  s t ruc tures ,  major road crossings, confluences, a t  
the study boundary l i m i t s ,  and a t  other intermediate points. The 
Tovn's input v i l l  a lso be obtained on the location of concentration 
points. 

5.7 The specif ic  hydrologic techniques t o  be used in t h i s  study are: 

a. Rainfall  Depth: Point p rec ip i ta t ion  values v i l l  be determined 
using the information and procedures described in the Drainave 
Design Manual f o r  Haricoua County. Arizona: Volume I - ' 

Hydrology. 

Rainfall  Distribution: Peak discharges and peak volumes f o r  
the 100-year 6-hour storm w i l l  be estimated using the 
Di s t r i c t ' s  Dis t r ibu t ion(s ) .  Peak discharges and peak volumes 
f o r  the 100-year 24-hour storm v i l l  be estimated using the SCS 
Type I1 r a i n f a l l  d i s t r ibu t ion .  
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b. Areal Reduction: The point precipitation values vill be 
areally reduced for critical concentration points. Areal 
reduction for the 6 hour rainfall duration will be applied 
using the curves in the Drainane Design Manual for Maricoua 
Countv. Arizona: Volume I - Hvdroloa. NOAA HYDRO-40 will be 
used vith the 24 hour rainfall reduction. Copies can be 
obtained from the District. 

c. Rainfall Excess: The Green and Ampt methodology vill be 
utilized for estimation of rainfall losses. The Lotus 
spreadsheet and procedures, provided by the District. will be 
used to determine composite parameter values for each 
sub-basin. 

d. Unit Hydrograph: The Clark and S-Graph method should be used 
folloving the procedures outlined in the grainape Desien Manual 
f f .  The 
choices in methodology vill be to the discretion of the 
consultant, with consent from the District. 

e. Time of Concentration and S-Graph Lag Equation: The Papadakis 
method should be used with the Clark unit hydrograph. along 
vith the MCUHPl computer program, to determine the time of 
concentration. If this method results in unsuitable times of 
concentration, other method(s1 must be used and compared for 
the most realistic result. The S-graph lag equation, along 
vith the MCUHP2 computer program, should be used vith the 
appropriate S-graph (Phoenix mountain or Phoenix Valley). 

f. Channel Routing: Channel routing vill be accomplished using 
either the Muskingum-Cunge or the Normal-Depth option of BEC-1. 
The choice of methodology will be at the discretion of the 
consultant, vith consent from the District. Average cross 
sections will be developed utilizing available mapping and 
field reconnaissance data. Sufficient field cross sections 
vill be taken to ensure that routing reaches are reasonable and 
representative of field conditions. 

The HEC-1 routing parameters for the reaches modeled using 
HEC-2 vill be adjusted after the HEC-2 cross sections are 
available. The resulting velocities and depths, for all 
reaches, must be assessed for realistic values. 

g. Reservoir Routing: Detailed analysis of structures and ponding 
areas vill be accomplished using the Modified Puls reservoir 
routing option of HEC-1. Stage versus discharge tables far 
hydraulic structures vill be estimated using appropriate 
hydraulic methodology. 
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h. Channel Transmission Losses: Attempts should be made to 
estimate infiltration losses through channel bottoms based on 
existing field data or literature. If sufficient data is not 
available, the final report must acknovledge so and explain hov 
the peaks and volumes of flov are affected by not including the 
transmission losses. 

5.8 The District vill provide appropriate references to facilitate . . 
parameter estimation. 

5.9 Output of the computer model should be rwieved to see if the peak 
flovs and volumes are realistic. d-g 

- the most realistic results is normal to the scone. 

5.10 Every attempt must be made to recover historic stream gage data and 
use it to compare with the results obtained by the hydrologic model. 
Major differences must be discussed in the final report. 

5.11.1 The final hydrologic report should include the folloving sections and 
documentation using ADUR standards (as a minimum): 

a. Scope of the study. 

b. Description of the vatershed. 

c. Previous studies and reports. 

d. Methodology. 

e. Assumptions. 

f. Results. 

g. Comparison of the results vith other studies and/or stream 
gages. 

h. Conclusion. 

i. List of references and agencies contacted. 

5.11.2 Tables and Figures for the main Text: 

a. Location map (maximum size ll'x 17') at the appropriate scale. 

b. Table shoving the flov peaks and volumes at critical 
concentration points for different rainfall events. 

c. Table shoving the critical peaks and volumes for major 
concentration points as compared to previous studies (vhere 
available). 
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d. Table(s1 shoving the major parameters for all sub-basins 
(slope, area, soil loss calculations, friction, total rainfall, 
time of concentration or lag, major structures. etc.). 

5.11.3 Tables and Figures for the appendices: 

a. Topographic base map(s) showing the sub-basins. routing 
reaches, Tc flov paths or lag flow paths. major man-made 
structures, and references (i.e. street names. Township. . .. 
Range. Section. etc.) at the scales defined in Task 5.5. 

b. Soils map(s) at the same scale as the base map. 

c. Land use map(s) at the same scale as above. 

d. Schematic map for the HEC-1 showing the sub-basins (area, Tc), 
the flov paths, the routing reaches (length, slope, friction, 
vidth, velocities, transmission losses, etc.), order of 
combining the hydrographs, channel, pipe or culvert dimensions 
(vhere appropriate). 

e. Pertinent data on all the structures in the watershed (such as 
spillway elevation. rating curves, etc.) 

f. One set of study maps (i.e. sub-basin boundary maps, flow path 
maps, soils maps, land use maps) to be folded and delivered in 

' a binder. . 

5.12 As part of the final products the consultant vill supply the 
hydrologic data in conformance with District's HIS Data delivery 
Specifications revision 01.1. 

Specific deviations from this hydrologic scope shall not be undertaken 
vithout the specific written concurrence from the Flood Control District. 

TASK 6 FLWDPLAIN AND FLOODWAY DELINEATION 

6.1 Floodplain and floodvay delineations must be obtained using the U.S. 
Army Corps of Engineers BEC-2 Yater Surface Profiles computer model. 
version 4.6.2, May 1991, and methodology acceptable to FEU. This 
model vill simulate the effects of floodplain geomorphology, flov 
changes, bridges, culverts, hydraulic roughness factors, effective 
flov limitations, split-flows, and other considerations. The 
consultant vill prepare the study using the guidelines established in 
FEH4 Document 37, F t  
for Studv Contractors, March 1991, and FIA Document 12. Auueals, 
Revisions. and Amendments to Flood Insurance Maus, January 1990. 

FCD 92-04 SOY Page 11 of 15 



6.2 The delineation vork shall meet requirements for floodplain and 
floodway delineations as prescribed by FEMA and ADWR. 

6.3 The consultant is to make refinements to the HEC-2 model based on 
reviev of the model results by the District, ADWR, FEMA, and the 
Technical Evaluation Contractor. The consultant shall reviev the 
IIEC-2 model results for reasonableness. 
p p e  
scoue. 

'6.4 The consultant vill prepare vorking maps and models of the 100-year 
floodplain and floodvay during the course of the hydraulic modeling 
analysis for reviev by the District at progress and milestone 
meetings. Floodvays are to be determined using equal conveyance 
encroachment methods to start vith, but only encroachment method 1 
will be used in the final analysis. The floodvay encroachment is to 
be as near the one foot maximum rise in elevation as possible. 
Before determining floodvays in areas of supercritical flow District 
approval must be obtained. 

6.5 The consultant must obtain District approval at each of the following 
steps: 

a. Field reconnaissance report and estimation of Maming's 'n' 
values. 

b. Proposed location and alignment of the cross sections and 
channel centerline. 

c. Floodplain (natural) delineation. 

d. Floodvay delineation using equal conveyance encroachment. 

e. Floodvay delineation using encroachment method 1. 

f, Final Hydraulics Report. 

6.6.1 The consultant vill conduct a field reconnaissance of the full study 
reach. This vill include,obsenration of channel and floodplain 
conditions for estimation of Manning's 'na values: photographic 
documentation of floodplain characteristics: determination of channel 
bank stations: observation of possible overflov areas: inspection of 
levees or other flood control structures; and measurement of bridge 
dimensions. 

6.6.2. Mannings 'n. values are to be determined using the methodology in the 
USGS report. Estimated Manninv's Rouehness Coefficients for Stream 
C C ,  April 1991. 
Copies of the report are available through the District. 
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6.6.3 A draft report on the field reconnaissance vill be submitted to the 
District for reviev and approval prior to beginning the HEC-2 
modeling. The report vill present the determination of channel and 
overbank 'n9 values using captioned color photographs or color 
photocopies. The report vill also discuss floodplain conditions 
affecting the delineation, describe structures and obstructions, and 
provide color photos or color photocopies of major hydraulic 
structures. Photo locations, structures, and 'n* values vill be 
displayed on reduced scale mapping included in the report. The final 
report vill be included in the Final Hydraulics Report. 

6.7.1 The cross section data for use in the MC-2 models will be determined 
photogrammetrically. The location and alignment of cross sections 
and channel centerline vill be submitted for the District's reviev 
and approval prior to digitizing the cross section data. Cross 
section stationing vill be from left to right looking dovnstream vith 
the thalveg as station 10,000. Cross sections vill be spaced 
approximately every 500 feet, unless geographic or structural 
constraints dictate othervise. Identification of cross sections vill 
be in river miles, increasing upstream. The stationing vill tie into 
the specified river mile of the existing F E U  studies. Cross section 
orientation may need to be altered after running of IIEC-2 model to 
make sure that they are perpendicular to flov per F E U  criteria. The 
photogrammetrically determined cross sections can be supplemented 
vith field cross sections and sections taken from the DTH. 

6.7.2 All cross sections will be plotted at appropriate standard 
engineering scales. The cross section plots vill shov vater surface 
elevations, ineffective flov areas, 'n" values, encroachments, 
channel stationing, bridges, culverts, and other pertinent 
information. All plots are to be accompanied by a legend. Draft 
plots of the cross sections are to be available to be used as a check 
of input data and for vorking sections during compilation of the 
floodplain model. Final plots of the cross sections vill be 
submitted as part of the Final Hydraulics Report. 

6 . 8  Bridges and culverts must be modeled in compliance vith HEC-2 
modeling requirements for the selected routine. Where multiple 
bridges occur. each bridge vill be modeled separately. The HEC-2 
modeling results for bridges. culverts. and other hydraulic 
structures must be checked by use of an independent method approved 
by the District. 

6.9 For floodplains identified as ponding areas, it is preferable to 
analyze the area by using the HEC-2 model, vhich sill provide the 
District vith vater surface elevations. If appropriate, the 
consultant shall identify in the ponded floodplains a floodvay. 

6.10 Flood zones must be determined according to F E U  criteria and clearly 
labelled on the final dravings. 
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o.11 The total area of the floodplain and floodvay must be determined for 
each reach in square miles and acres. 

6.12 The final report for the floodplain/floodvay delineation study will 
include, but is not limited to the following: 

' I. Introduction 
a. Purpose of study . . . 
b. Authority for study 
c. Coordination and acknowledgments 

a d. Public notification and contact 

I .  Area Studied 
a. Scope of study 
b. Community description 
c. Principal flood problems 
d. Flood protection measures 

111. Engineering methods 
a.'Hydrologic analyses 
b. Hydraulic analyses 

IV. Floodplain Nanagement applications 
a. Flood boundaries 
b. Floodvays 

1. Insurance applications and CRS summary 

VI. Other studies 

VII, Location of data 

VIII. Bibliography 

IX. Reduced Delineation Naps (llmxl7') 

6.13 As part of the final products the consultant vill supply the 
. floodplain and floodvay delineation data in conformance vith the 
District's HIS Data Delivery Specifications revision 01.1. 

7.1. One complete set of floodplain delineation vork study dravings at 1 
inch - 200 feet in reproducible form (mylar) and six,blueline copies 
as outlined in Tasks 3 and 6. 
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7 . 2  Nine copies of the Hydrology and Hydraulics reports as outlined in 
Tasks 5 and 6. The consultant will incorporate the comments of the 

. District. the Town. ADWR. F E U  and other revievers into the reports. 
Hardcopy printouts of the HEC-1 and HEC-2 models vill be included in 
the reports. The HEC-1 and HEC-2 model input and output files vill 
be su~iplied in a digital format on 5-1 /4 . .  1.2 MB diskettes 
compatible vith an IBM-AT personal computer.. 

7 . 3  One complete set of mylars for the foldout maps (no larger than 11" x 
17') used in the reports. 

7 . 4  Tabular list of control points (ERMs) used vith descriptions, 
elevations, and coordinates. 

7 . 5  Digitized topographic data and floodplain/floodvay data in 
conformance vith the District's HIS Data Delivery Specifications 
revision 01.1. 

7 . 6  Digitized hydrologic data in conformance with the District's HIS Data 
Delivery Specifications revision 01 .1 .  

7 . 7  Documentation for this study vill be as outlined in ADWR Sate 
Standard Attachment 1-90, Jnstructions for Or~anizin~ and Submitting 
Technical Documentation for Flood Studies, September 1991. 

7.8 One copy of the current FIRM panels shoving the proposed delineation. 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

Contract Change Order No. 1 

Date: March 31. 1993 FCD Contract No./Name: 92-04, Fountain Hills (North) FIS 

To: George V. Sabol Consulting Engineers, Inc. , ContractorlConsultm 

You are hereby directed to make the herein described changes from the plans and specifications or do the 
following described work not included in the plans and specifications on the above-mentioned project. 

Changes requested by: Leanna Cumberland 

Provide description of work to be done, estimate of quantities, and prices to be paid. Segregate. between 
additional work at contract price, agreed price, and actual cost Unless otherwise stated, rates for rental of 
equipment on actual cost work cover only such time as equipment is actually used and no allowance will be 
made for idle times. 

* (1) Estimate of increases and/or decreases in contract items at contract prices. 
.** (2) Estimate of extra work at agreed price and/or actual cost. 

We, the undersigned Contractor/Consultant, having given careful consideration to the change(s) pmposed, 
hereby agree, if this proposal is approved, that we will pmvide all equipment, furnish all material (except as 
may otherwise be noted above), and perform all services necessary for the work above specified, and we will 
accept as full payment therefor the prices shown above. 

Sheet N o . 1 o f  1 

By reason of this pmposed change N/A days extension of time will be allowed. 
Total new contract amount through this Qlange Order N o . 1  $249,847. 

Contractor/Consultant: G e o ~ e  V. Sabol Engineers 
1331 17th St .  Ste. 700 
Denver, CO 80202 

Recommended by: 
Date: 

DELETE PARAGRAPH 5 UNDER SECTION 111 - Payments To The Consultant and INSERT THE 
FOLLOWING PARAGRAPH: Any retention monies shall be paid or substitute security returned or 
released, as applicable, to the CONSULTANT within forty-five (45) calendar days after: (1) Completion 
of the work in Exhibit A through the submittal of District accepted/appmved documents to FEMA, (2) 
receipt of a completed "Certificate of Substantial Perfonnance" form, (3) the CONSULTANT'S statement 
that no project disputes exist; and (4) invoicing for any retained monies has been received by the District. 
Upon acceptance and approval of the project by FEMA and the completion of all work required by the 
DISTRICT, the CONSULTANT shall submit a final Certificate of Performance and its invoice for any 
sums remaining due and payable under this Contract 

I 

Unit 

Price 

Bid Item 

No. 

Difference 

+ or - 

As-Built 

Quantity 

Difference 

+ or - Description 

Estimated 

Quantity 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

Contract Change Order No. 2 

Date: 12/20/93 FCD Contract No./Name: FCD 92-04. Fountain Hills (North) FiS 

To: Georqe V. Sabol Consulting Emineers, Inc. , ContractorIConsultant. 

You are hereby directed to make the herein described changes from the plans and specifications or do 
the following described work not included in the plans and specifications on the above-mentioned 
project. 

Changes requested by: Tim Mumhv 

Provide description of work to be done, estimate of quantities, and prices to be paid. Segregate 
between additional work at contract price, agreed price, and actual cost. Unless otherwise stated, rates 
for rental of equipment on actual cost work cover only such time as equipment is actually used and no 
allowance will be made for idle times. 

* (1) Estimate of increases andlor decreases in contract items at contract prices. 
" (2) Estimate of extra work at agreed price andlor actual cost. 

Sheet No. 1 of 1 

We, the undersigned ContractorlConsultant. having given careful conskieratiin to the change(s) 
Proposed, hereby agree, if this proposal is approved, that we will provide all equipment, furnish all 
material (except as may otherwise be noted above), and perform all senices necessary for the work 
above specified, and we will accept as full payment therefore the prices shown above. 

Bid Item 

No. 

By reason of this proposed change-days extension of time will be allowed. 
Total new contract amount through this Change Order N 0 . L  $ 262,000 

ContractorlConsultant: Georae V. Sabol Enaineers By: 
7950 E. Acoma Dr., Ste. 21 1 Title: pCAMf 
Scottsdale. AZ 85260-6962 Date: zo zk- /pp3 

There were some problems with the 1st set of mapping supplied to George V. Sabol Consulting Engineers. 
Additional time and effort were required by the consultant to review and use this set of mapping. The 
additional efforts associated with this change order are detailed in the attached letter, dated November 30. 
1993, and made a palt of change order #2. Change Order #2 is in the amount of $12.153. 

- 

Description 

- 
Date: -1//1//5v 

Estimated 

Quantity 

As-Built 

Quantity 

Difference 

+ or - 
Unit 

Price 

Difference 

+ or - 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

Contract Change Order No. 3 

Date:12/27193 FCD Contract NoJName: FCD 92-04, Fountain Hills (North) FiS 

To: Georae V. Sabol Consultina Enaineers. Inc. , Contractor/Consu~ant. 

You are hereby directed to make the herein described changes from the plans and specifications or do 
the following described work not included in the plans and specifications on the above-mentioned 
project. 

Changes requested by: Tim Mumhv 

Provide description of work to be done, estimate of quantities. and prices to be paid. Segregate 
between additional work at contract price, agreed price, and actual cost. Unless otherwise stated, rates 
:cr rental of equipment on actua: cost work cover on13y such time as equipment is actualb uusd and no 
allowance will be made for idle times. 

" (1) Estimate of increases andlor decreases in contract items at contract prices. 
" (2) Estimate of extra work at agreed price andror actual cost. 

Sheet No. 1 of 1 

We, the undersigned Contractor/Consultant, having given careful consideration to the change@) 
proposed, hereby agree, if this proposal is approved. that we will provide all equipment, furnish all 
material (except as may otherwise be noted above), and petform all services necessary for the work 
above specified, and we will accept as full payment therefore the prices shown above. 

Bid Item 

No. 

By reason d this proposed c h a n g e x d a y s  extension of time will be allowed. 
Total new contract amount through this Change Order N 0 . L  $ 269,827 

ContractorlConsuitant: Georoe V. Saboi Enqineers By: 
7950 E. Acoma Dr.. Ste. 21 1 Title:-# 
Scottsdale. AZ 85260-6962 Date:/90 ~ r r  /W3 

Due to the problems with the 1st set of mapping, portions of it were revised by the aerial mapper. 
Additional staff time will be required for the verification and transference of the revised mapping to the 
consultant's computer system. The addiiional efforts associated with this change order are detailed in the 
attached letter. The procedures and specifications called for in the original scope of work will be adhered 
to, except where noted. The additional efforts associted with this change order are detailed in the attached 
letter, dated November 30, 1993, and made a part of Change Order #3. For those miles of delineation 
eliminated from the study, the consunant will deliver to the District all of the information and data gathered 
so far. Change Order #3 is in the amount of $7,827. 

Description 

Recommended by$ /E/$d> - 
Date: / - 0 ' Y v '  , 

Estimated 

Quantity 

As-Built 

Quantity 

Difference 

+ or - 
Unit 

Price 

Difference 

+ o r -  



SECTION 2: MAPPING AND SURVEY INFORMATION 

2.1 General 

The mapping and survey data used for the hydrology portion of this project is 

described by exhibit drawing as follows: 

Exhibit A - The base mapping used for Exhibit A consists of United States 

Geological Survey (USGS) 7.5 minute quadrangle maps. The maps were 

raster scanned and converted to  a vector based AutoCAD format, and merged 

to form a single drawing. Only the area specific to this project was scanned. 

The original quadrangle maps are at a scale of 1 inch = 2000 feet. The 

Exhibit A base mapping is plotted at a scale of 1 inch = 1500 feet. The 

following are the USGS quadrangle maps used for this study: 

Granite Reef Dam: 1964, 1962 photo date, 1974 photorevised, 
20-foot contour interval (CI), 10-foot 
supplementary CI (SCI). Orthophoto dated 1971. 

McDowell Peak: 1965, 1962 photo date, 1982 photorevised, 
10-foot CI. Orthophoto dated 1971. 

Sawik Mountain: 1964, 1962 photo date, 1982 photorevised, 
20-foot CI. 10-foot SCI. Orthophoto dated 1971. 

Fort McDowell: 1964, 1962 photo date, 1974 photorevised, 
1978 photoinspected, 20-foot CI, 10-foot SCI. 
Orthophoto dated 1971. 

Exhibit B - Exhibit B is the hydrology soils map. The SCS Soil Map 

Unit boundaries shown in this exhibit are derived from the soil maps 

contained in the Soil Survey o f  Aguila-Carefree Area, Parts o f  Maricopa 

and Pinal Counties, Arizona (SCS Soil Survey) [6.5:231. The soil 

survey maps are at a scale of 1 inch = 2000 feet. The boundaries are 

digitized into AutoCAD and plotted at a scale of 1 inch = 1000 feet in 

combination with the Subbasin boundaries. The street planimetrics are 

provided by the Town of Fountain Hills in AutoCAD format. 



Exhibit C - Exhibit C is the hydrology land use map. This exhibit, 

plotted at a scale of 1 inch = 1000 feet, contains land use 

boundaries, subbasin and major basin boundaries, and street 

planimetrics. The land use boundaries are derived from the Town of 

Fountain Hills Zoning Map [6.6:111 which was provided in AutoCAD 

format. The land use boundaries include multiple zoning categories. 

Refer to Section 3.2.2.1 for a description of how similar zoning 

classifications are generalized into land use categories. 

Exhibit D - Exhibit D is the hydrology subbasin. time of concentration, 

and flood routing map. The exhibit contains subbasin and major basin 

boundaries, time of concentration flow paths and elevations, HEC-1 

hydrograph flood routing flow paths and elevations, and subbasin 

concentration point locations. The exhibit is plotted at a scale of 1 

inch = 1000 feet west of Section 32, T4N, R6E and Sections 5, 8 and 

17, T3N, R6E. The easterly portion of the watershed is plotted at a 

scale of 1 inch = 400 feet. The 1000 scale portion of the exhibit is 

the majority of the undeveloped watershed. It is plotted on base 

topography from the USGS quadrangle maps described under Exhibit 

A. Only the 100-foot index contours are shown, due to the very steep 

terrain in this portion of the watershed. 

Exhibit E - Exhibit E is a schematic hydrograph routing diagram of the hydrologic 

computer model. 

The base mapping for the 400 scale portion of the exhibit is derived from 

1 inch = 200 feet scale mapping with a 2-foot contour interval 16.6:61. This mapping is 

provided by the Flood Control District of Maricopa County (District). The mapping covers 

Sections 2-5, 9-1 1, 14-1 6 and a portion of Sections 1, 8 and 17, all in Township 3 North, 

Range 6 East. The mapping was prepared by Kenney Aerial Mapping in 1991 under a 

subcontract with Anderson-Nelson, Inc., who was under contract with the Town of 

Fountain Hills. Horizontal and vertical control was done by Anderson-Nelson, Inc. The aerial 

photography date is 29 August 1991, and the Kenney Aerial Mapping project number is 

910804-1. The mapping was prepared using a Digital Terrain Model (DTM). Reproducible 



mylars and digital drawings in AutoCAD format are provided by the District. The DTM is 

based on grid spot elevations using a 75-foot interval, and break lines defining wash 

flowlines and ridges. Only the 10-foot index contours are included on this exhibit because 

the steep terrain causes the 2-foot intermediate contours to be indistinguishable at a scale 

of 1 inch = 400 feet. 

2.2 Summary 

There is other mapping available which is not used for the exhibit drawings but is 

used as supplementary information for estimating hydrologic parameters. These are 

included in the following summary of available mapping, and the abbreviations which will be 

used hereinafter. 

Photo ~ o r i z . ~  Contour 
Source Date Scate Interval Abbreviation - 

X feet 

KAM 7/90 40 1 Portions of Fountain Hills 40 Scale 
Mapping 

KAM 10169 100 

KAM 8/91 200 

Secs. 2-6, 7-1 1 and 14-18, 100 Scale 
T3N, R6E Mapping 

Secs. 2-5, 9-1 1,14-16 and 200 Scale 
Portions of I, 8, 17, T3N. R6E Mapping 

KAM NIA 400 10  Secs. 31-35, T4N, R6E 

USGS Varies 2000 Varies Entire Watershed 

400 Scale 
Mapping 

USGS 
Mapping 

a - 1 inch = X feet 

The survey control for the 40, 100. 200 and 400 scale mapping was done by 

Anderson-Nelson, lnc. or by Trico. Inc. However, Anderson-Nelson, Inc. owns Trico. Inc's. 

records for this mapping. The original survey control was done using the Town of Fountain 

Hills local coordinate system. The original vertical datum for the mapping is based on an 

Arizona Department of Transportation brass cap located at the intersection of Shea 

Boulevard and Arizona State Route 87. Anderson-Nelson, Inc. tied the local vertical datum 

into the NGVD 1929 system. All benchmarks on the local vertical datum are adjusted a 

minus 1.26 foot to convert to  NGVD 1929. 

The local coordinate system is converted t o  NAD 1983 by Anderson-Nelson, Inc. 
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The following adjustment factors are applied to  rotate and translate the local coordinate 

system to NAD 1983: 

NAD 1983 Northing = (Local Northing + 91 9086.5645376424)( 0.9998253) 

NAD 1983 Easting = (Local Easting + 729951.9067172697)(0.9998253) 
Rotation: No rotation necessary. 

The coordinate grid and elevations on the 200 scale mapping are on the NAD 1983 

system and NGVD 1929 datum. The coordinate grid and elevations on the 40, 100 and 400 

scale mapping are on the local coordinate system and datum. The coordinate grid and 

elevations on the USGS quadrangle maps are on the 1927 NAD system and the NGVD 1929 

datum. The USGS mapping, derived from the USGS quandrangle maps by rastor scan and 

vectorization, are rotated and translated from NAD 1927 to NAD 1983. The rotation and 

translation of the USGS mapping to NAD 1983 made it  possible to merge the USGS 

mapping AutoCAD file with the 200 scale mapping AutoCAD file. Supplementing the 200 

scale mapping with the USGS mapping makes possible the base map used for Exhibit D. 

Reduced copies of Exhibits A through E are provided in the following pages for 

convenience. Full size copies of the exhibits are provided in folders in this report. 

Extreme care must be taken when using the available mapping and improvement 

plans. This includes verification of the coordinate system and datum upon which the maps 

or plans are based. Adjustments can then be made accordingly. 
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SECTION 3: HYDROLOGIC ANALYSIS 

3.1 Hydrologic Method Description 

The watershed is modeled utilizing the methodology set forth in the Hydrologic Design 

Manual for Maricopa County, Arizona (Design Manual) [6.5:101, prepared by the Special 

Projects Branch, Hydrology Division, Flood Control District of Maricopa County, dated 

September 1990. This manual is specified for use in the Contract Scope of Work, which is 

contained under Section 1.5 of this report. The use of USGS regional flood flow frequency 

regression equations is not appropriate for this watershed because of the presence of 

significant flood retarding structures, flow splits caused by existing urban features and 

because the available regression equations do not reflect urbanized watersheds; therefore, 

the watershed is modeled using the unit hydrograph method. The watershed is modeled 

for the 10-year and 100-year, 6-hour and 24-hour duration storms for both the existing and 

future conditions. The future condition results and supporting documentation are 

contained under a separate report entitled Fountain Hills (North) Floodplain Delineation 

Study, Technical Data Notebook, Future Condition Hydrology. The two frequencies are 

used in order to provide the Town of Fountain Hills with peak discharges for culvert design 

(10-year), and peak discharges for floodplain delineation (100-year). Two storm durations 

are used in order to determine which storm results in the higher magnitude of discharge at  

various locations on the watershed. The temporal rainfall distributions used are the SCS 

Type II for the 24-hour duration storm, and the rainfall patterns and distributions suggested 

in the Design Manual for the 6-hour duration storm. The Clark unit hydrograph is used for 

hydrograph development. Rainfall losses are estimated using the Green-Ampt infiltration 

equation with an estimate for surface retention loss. Hydrographs are routed through the 

watershed using normal depth Modified Puls routing. Reservoir routing, where water is 

impounded by the flood detention structures present on the watershed, or where water 

ponds against roadway embankments, is accomplished using the Modified Puls method. 

The watershed is modeled using the U.S. Army Corps of Engineers (COE) HEC-1 Computer 

Program, version 4.0.1 E, dated May 1991, as implemented by Dodson & Associates, Inc. 

[6.5:71. 



The purpose in undertaking this study is t o  estimate peak discharges from the 1 0-year 

and 100-year recurrence storms at designated locations on the watersheds. In general, 

these locations are: 

1. Wash confluences and street crossings mutually agreed upon between the 
District, Town of Fountain Hills, and George V. Sabol Consulting Engineers, 
Inc. (GVSCE); 

2. Flood control detention structures; 

Beginning and ending points of washes designated for floodplain delineation; 
and 

Locations on the watershed where a significant flow split or diversion 
occurs. 

The peak discharges are then used for the hydraulic analysis portion of this study for 

estimating floodplain and floodway limits for the washes designated for detailed study. All 

peak discharges estimated in this report are for the existing condition. 

The study watershed in relationship t o  the State of Arizona is depicted on the 

Location Map, Figure 1. The study watershed in relationship to  the City of Phoenix and 

Maricopa County is shown on the Vicinity Map, Figure 2. 
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3.2 Parameter Estimation 

3.2.1 Drainaae Area Boundaries 

The study watershed is approximately 16.5 square miles in area. Refer to  Exhibit A in 

Section 2.2 for the study watershed delineation. The study area is bounded on the north 

by the McDowell Mountain Park and State owned land, on the east by the Fort McDowell 

Indian Reservation, on the south by the Fountain Hills (South) Floodplain Delineation Study 

area, and on the west by the City of Scottsdale and McDowell Mountain Park. 

The watershed contains major washes which are designated for floodplain and 

floodway delineation. These are: 

Arrow Wash 

Balboa Wash 

Escalante Wash 

Legend Wash 

Tulip Wash. 

Ashbrook Wash 

Caliente Wash 

Hesperus Wash 

Oxford Wash 

These washes converge into three washes a t  the east study boundaries. Two of 

these washes, Caliente and Escalante, are isolated watercourses with no major tributaries. 

All the other washes listed above are tributaries t o  Ashbrook Wash. 

The watershed drains west to  east, from the divide caused by the McDowell 

Mountains to  the east boundary of the study area, and ultimately into the Verde River. 

There are five flood retarding structures, which are dams regulated by the ADWR, located 

on the watershed. Refer to  Exhibit A. These dams were constructed in the early 1970s as 

a part of the initial phases of the Fountain Hills development. The dams were designed t o  

reduce peak flows from the McDowell Mountains upstream of the main development area. 

The dam spillways and impoundment volumes are significant hydrologic features that are 

analyzed in detail as a part of this study. 



The watershed is divided into 11 major basins to facilitate the modeling of the 

complex routing situations found on the watershed. This approach allows the use of 

naming conventions which make it easier to  follow the logic of the HEC-1 model. Hydraulic 

flow splits created by roadways and drainage structures cause diversion of runoff from one 

major basin into another at various locations, particularly along McDowell Mountain Road at 

the northeast corner of the study area. 

The watershed is a mix of undeveloped mountain and hillslope areas and urban 

development. Substantial areas zoned for development are still in a natural state. Many 

parcels in the urban area are protected from development because of steep slopes or 

because they were set aside as drainage easements at the time of development. The zoned 

urban area comprises 10.4 square miles of the 16.5 square mile study area. 

The watershed is characterized by steep rugged mountainous terrain along the west 

side of the study area, and hillslope and wash bottom for the remainder. The watershed 

ranges in elevation from a low of 1,504 feet to a high of 4,025 feet in the McDowell 

Mountains. The typical soil type in the mountain areas is a sandy loam-rock outcrop, in the 

hillslope areas is a sandy loam, and in the wash bottom areas is a loamy sand. The 

mountainous areas therefore have a high runoff potential and the hillslopes have a moderate 

runoff potential. 

The target criteria for delineating the watershed into subbasins was to use an 

average subbasin size for the hillslope areas of 0.1 25 square miles and an average size of 

0.5 square miles for the mountain areas. The average subbasin size after the watershed 

delineation was approved by the District, is 0.1079 square miles. The total number of 

subbasins in the study is 153. 



3.2.2.1 Watershed Subbasin Parameters 

The watershed subbasin parameters are estimated in conformance with the 

Design Manual. The procedures used for estimating parameters are contained in the 

following sections. The descriptions only cover procedures which vary from the 

manual or procedures which can be done under the manual in more than one way. 

The parameters used for input to  the HEC-1 computer program are summarized in 

Tables S-9 and S-10. The supporting calculations for these parameters are contained 

in Tables S-1 through S-8. 

Subbasin naming and concentration point numbering conventions are used for 

the Fountain Hills North study, and the Fountain Hills South study which is being 

done concurrently by another study contractor. The conventions are as follows: 

Major Basin names 1-200 201 and greater 
Subbasin names A, B, C... A, B, C... 
Concentration Point numbers 1-500 501 and greater 

General - Rainfall losses are estimated using the Green-Ampt infiltration equation. 

Soil textures are obtained from the SCS Soil Survey. The boundaries of SCS soil 

map units are digitized into AutoCAD using the original maps provided with the SCS 

Soil Survey. Section corners and quadrangle map corners are used for control t o  

calibrate the digitizer. 



Green-Ampt Parameters by SCS Soil Map Unit - The first step in determining rainfall 

loss values is to estimate Green-Ampt values for each SCS soil map unit present on 

the watershed. These are provided in Appendix A of the Design Manual, (see Table 

S-2). Table S-1 is an interpolation table used to  determine the DTHETA and PSlF 

parameters given an XKSAT value. The table is derived from Figure 4.3 of the 

Design Manual. The PSlF values are read directly from the curve. The DTHETA 

values are calculated using a linear logarithmic interpolation between the angle 

points on the figure. Table S-2 is a listing of the Green-Ampt parameters for every 

SCS soil map unit present on the study watershed. It is important to  note that the 

XKSAT values listed in column 2 of Table S-2 are composite values based on the 

major and minor soils described in the SCS Soil Survey. The values of PSlF and 

DTHETA in columns 3 through 5 are obtained by looking up the composite XKSAT 

value in Table S-1 and returning the corresponding PSlF and DTHETA entries. The 

XKSAT column in Table S-2 is listed as "unadjusted" because vegetation cover 

density correction factors are not applied in that table. The RTlMP values in column 

6 are taken from the SCS Soil Survey. The slope ranges in column 7 are derived 

from the SCS Soil Survey. The terrain class designation for each soil map unit 

shown in column 8, is assigned based on the slope range. Refer to  the "Terrain 

Classifications and Land Use Characteristics" section for a detailed description of 

the basis used to  assign terrain classifications. 

All of the soils listed in Table S-2 are characterized as gravelly, very gravelly, 

extremely gravelly, channery, or cobbly by the SCS soil survey. This means that 

the soils are characterized by significant percentages of broken rock up to  3 inches 

nominal size. The effects of large percentages of gravel on Green-Ampt parameters 

is unknown. The only adjustments made t o  account for these effects are described 

in Appendix A of the Design Manual. 

Green-Ampt Parameters by Subbasin - The XKSAT and RTlMP parameters are 

estimated for each subbasin by calculating composite values based on area. The 

soil map unit boundaries are digitized into AutoCAD. The subbasin and major basin 

boundaries are also digitized into AutoCAD as a part of the subbasin delineation 

process. The AutoCAD drawing files are then converted to  ARCllNFO format for 

calculation of soils and subbasin areas. The total area of all polygons for each soil 



map unit is calculated. ARCICAD, a geographic information system software 

package that interfaces with AutoCAD. is a more efficient tool for computing areas 

of multiple polygons than AutoCAD itself. 

The composite values of XKSAT and RTlMP are calculated for each subbasin 

using a spreadsheet after the polygon areas are calculated. Refer to Table S-3. 

Table S-3 is the calculations summary for estimating the XKSAT. RTlMP and Terrain 

Classifications for each subbasin. The data in this table is sorted by subbasin. The 

soil map units present in each subbasin, and the corresponding area and unadjusted 

XKSAT values, are listed in the first three rows of each subbasin data group. The 

percent impervious values associated with each soil map unit are listed as "% Rock" 

in row 4. The composite XKSAT parameter, shown in row 6, is calculated by 

averaging the common logarithm of the XKSAT values from row 3 using area. This 

is accomplished by multiplying the total area of each soil map unit in the subbasin by 

the common logarithm of the associated XKSAT value. The resultant products are 

then totalled, the sum divided by the total area of the subbasin, and the 

antilogarithm calculated. The result is the composite XKSAT parameter. The RTlMP 

parameter, listed in row 10, is calculated by area-averaging the RTlMP values from 

row 4. The log-averaging method is not used for RTIMP. The log-averaged XKSAT 

parameter is then adjusted for the effects of vegetation cover using Figure 4.4 from 

the Design Manual. Refer to  rows 6, 7, 8 and 9 of each subbasin group in Table S-3. 

The source of the Vegetation Cover Density value in row 7 is discussed under 

"Terrain Classifications and Land Use Characteristics". 

Table S-6 is the spreadsheet used t o  area-weight the DTHETA and surface 

loss parameters. The value of PSlF for each subbasin is estimated using the log- 

averaged XKSAT value from Table S-3 and the lookup table in Table S-1. The 

DTHETA (dry) and DTHETA (normal) values for each subbasin are estimated in a 

similar manner. However, the final DTHETA value used for each subbasin is a 

composite of the dry and normal values based on area averaging using land use 

percentages. Refer to  the "Terrain Classifications and Land Use Characteristics" 

section for more detail. 



The lookup table values of DTHETA and PSlF are shown in columns 3, 4, and 5 of 

Table S-6 for each subbasin. The log-average value of XKSAT (for bare ground) is 

in column 2. 

and A r e a  

The watershed delineation is accomplished using the various available 

mapping, aerial photographs, and field reconnaissance. The urbanized and urbanizing 

areas are delineated using the 200 scale mapping and the aerial photographs upon 

which the 200 scale mapping is based. Prints of the aerial photographs are provided 

by the District at a scale of 1 inch = 100 feet with each sheet covering one-quarter 

square mile. Improvement plans are also available for a limited number of streets in 

the study area. Copies of these are provided by the Town of Fountain Hills, 

Anderson-Nelson, Inc, HNTB, Coe and Van Loo Engineers, Kaminski-Hubbard, Inc., 

Stanley Franzoy-Corey, and Maricopa County. These plans are used as an aid in 

determining watershed divides at street intersections and where construction has 

occurred since the photo date of the 200 scale mapping. Areas of questionable 

topography, such as street intersections where subtle drainage patterns are not 

identifiable with 2-foot contour interval mapping, are marked for verification by field 

reconnaissance. 

The watershed delineation in Sections 31 through 36, T4N, R6E is done using 

the 400 scale mapping. The watershed delineation in Sections 6, 7, 18 and the non- 

urbanized portions of Sections 8 and 17, T3N. R6E are done using the 100 scale 

mapping. The watershed delineation in Sections 1 and 12, T3N. R5E, and Sections 

35 and 36, T4N. R5E. is done using the USGS mapping. The USGS 

orthophotographs are also used as an aid for subbasin delineation. Aerial photograph 

contact prints available from Aerial Mapping Company, Inc. [6.6:Xl are also used. 

Questionable areas are identified and marked for verification by field reconnaissance. 

Refer to Section 3.2.2.2 for a description of the information gathered by field 

reconnaissance. 

The coordinate basis for the 200 scale mapping and all field surveys done by 

GVSCE is the National Geodetic Survey North American Datum of 1983 (NAD 1983). 



The vertical basis is the National Geodetic Vertical Datum of 1929 (NGVD 1929). 

The delineated subbasins are digitized into AutoCAD using this coordinate system. 

Section corners, USGS quadrangle map corners, and aerial mapping control points 

were used for calibration of the digitizer. 

The subbasin boundaries, time of concentration flow paths and HEC-1 flood 

routing paths shown on Exhibit D may appear to be offset from the wash flow lines 

and ridges defined on the USGS base mapping. It is important to  remember that the 

boundaries and flow paths in the areas covered by the 100 and 400 scale mapping 

were digitized from these maps, which provide more detailed definition of washes 

and ridges than the USGS mapping. The resultant digitized lines may appear 

inconsistent with the USGS mapping in some areas when plotted using the USGS 

mapping for background. However, these boundaries and flow paths are actually 

more accurate than if digitized using the USGS mapping. 

Soils and land use polygon areas are calculated from AutoCAD drawings using 

ArcJCAD version 11.2. The soil map unit areas in Table S-3 are the total area of all 

polygons for a particular map unit within a subbasin. The land use areas in Table S-5 

are the total area of all polygons for a particular land use category within a subbasin. 

The areas for each subbasin and major basin are summarized in Table S-9. 

General - The terrain classifications of the watershed are defined using the following 

three classifications: 

1. Valley; 

2. Hillslope; and 

3. Mountain. 

Land use characteristics are assigned using the general terms "natural" and 

"urban". The "natural" characteristic includes all Valley, Hillslope, and Mountain 

Terrain classifications that are non-urban. The "urban" characteristic includes a 

number of land use categories. The assignment of terrain classifications to  areas of 



the watershed is discussed first, followed by a description of land use assignations, 

initial abstraction, then a description of how vegetation cover densities are 

estimated, and in conclusion Table S-6 is described on a column-by-column basis. 

Terrain Classification Assignment - The Valley, Hillslope and Mountain classifications 

are established for watershed areas by assigning a terrain class to each SCS soil map 

unit present on the watershed. The percentages of each land use in a given subbasin 

is then determined by totalling the areas of the corresponding SCS soil map units, 

and dividing by the total subbasin area. Refer to Tables 5-2 and S-3. A terrain class 

is assigned to each SCS soil map unit using the following criteria: 

1. The land slope range contained in the SCS Soil Survey is used in 
conjunction with the percent impervious for the map unit. 

2. The Valley terrain class is assigned if the slope range is between 0 and 15 
percent with a percent impervious value of zero. 

3. The Hillslope terrain class is assigned if the slope range is between 1 and 
15 percent and the soil map unit has a positive value for percent 
impervious. It is also assigned for slope ranges between 1 and 40 
percent, regardless of the percent impervious value. 

4. The Mountain terrain class is assigned to soil map units with slope ranges 
between 10 and 75 percent. 

This selection criteria can generally be applied to all soil map units in the SCS 

Soil Survey. However, each terrain class assignment must be examined for 

reasonableness. SCS soil map unit 63 has a slope range of 10 to 65 percent. Using 

the assignment criteria, this soil type should be assigned a Mountain classification. 

According to the SCS Soil Survey, this soil occurs in both Mountain and Hillslope 

areas. An examination of the location of type 63 soils on this watershed indicates 

that it occurs on Hillslope, not Mountain, areas. 

The terrain classifications shown in rows 11, 12 and 13 for each subbasin 

group in Table S-3 sum to 100 percent of the total subbasin. No attempt is made to 

separate land use characteristics at this point. The percentage of each terrain 

classification is calculated by totalling the areas of each soil map unit in row 2 that 

correspond to the appropriate terrain classification in row 5, dividing by the total 

subbasin area, and multiplying by 100. 



Land Use Assignment - Land use characteristics are assigned to subbasins using the 

land use identifiers shown in Table S-4. The differentiation between urban and 

natural land uses is necessary for the following reasons: 

1. Estimation of a composite percent impervious value for each subbasin 
based on impervious urban area and impervious rock outcrops in natural 
areas; 

2. Estimation of a composite vegetation cover density for each subbasin 
based on urban vegetation cover and natural vegetation cover; and 

3. Estimation of a composite DTHETA value for each subbasin based on use 
of DTHETA (dry) for natural areas and DTHETA (normal) for urban areas. 

There are no agricultural land uses on the study watershed. although some 

natural areas are irrigated using treated wastewater effluent. These areas have been 

assumed to  be negligible for the purposes of this study. The assignment of a land 

use characteristic to each land use polygon in a subbasin is done using key 

assumptions. The key assumptions involving percent impervious are: 

1. If a land use polygon is 50 percent or more developed, it is considered 
fully developed. The percent impervious is assigned using the values in 
Table S-4. An "urban" land use characteristic is assigned in row 4 of 
Table S-5. 

2. I f  a land use polygon is less than 50 percent developed, an actual percent 
impervious is measured and assigned. A "natural" land use characteristic 
is assigned in row 4 of Table S-5. By assigning the "natural" 
characteristic, DTHETA (dry) and the natural vegetation cover density are 
used for this polygon. This is a compromise to account for the effects of 
urbanization and still represent the dominant "natural" characteristics. It 
is therefore possible that a subbasin be characterized as having no urban 
area, but have an urban percent impervious greater than zero. An 
example is subbasin 208H. Refer to  Table S-6, page 3. 

3. If a land use polygon is undeveloped, an urban percent impervious value of 
zero is used. A "natural" land use characteristic is assigned. 

4. The terrain classification percent impervious is applied in addition to the 
urban percent impervious for the above situations. 



The key assumptions involving DTHETA and vegetation cover density are: 

1. A land use polygon within a subbasin which is assigned an "urban" land 
use characteristic, based on the percent impervious assumptions, is 
assigned a DTHETA (normal) value and the urban vegetation cover density 
is used. 

2. A land use polygon within a subbasin which is assigned a "natural" land 
use characteristic, based on the percent impervious assumptions, is 
assigned a DTHETA (dry) value and a natural watershed vegetation cover 
density. 

Urban land use codes are used to  name each land use polygon within a 

subbasin using the above assumptions. The land use codes are representative of the 

density of development within the polygon. Density of development is directly 

related to municipal zoning classifications. In order to simplify the modeling effort, 

similar zoning categories are lumped together. This keeps the number of land use 

polygons within a subbasin from becoming unmanageable, and does not adversely 

affect the accuracy of the model. The municipal zoning classifications lumped in 

each land use code are shown in Table S-4. The municipal zoning classifications are 

derived from the Town of Fountain Hills Zoning Ordinance t6.6:CI. The percent 

impervious values assigned to  each land use code are taken from the county wide 

table of estimated values provided by the District with the Design Manual. 

Initial Abstraction - Initial abstraction (IA), or surface retention loss, is estimated 

using Section 4.2 of the Design Manual. The values for natural terrain classes are 

assigned per Design Manual Table 4.1. The dominant land surface treatment in the 

urbanized area, outside impervious areas, is desert landscaping or native vegetation. 

A value of 0.10 inches is assigned for urban pervious areas. This includes an 

allowance for the effects of plastic liners underlying the desert landscaping. A value 

of 0.05 inches is assigned for urban impervious areas. The IA for natural rock 

outcrop areas is assumed to  be the same as for the natural terrain class. 



Vegetation Cover Density Assignment - The XKSAT parameter is corrected for the 

effects of vegetation cover. Vegetation cover density (VCD) for both the "natural" 

and "urban" land use characteristics are considered. The "natural" VCD assigned for 

each subbasin is listed in column 13 of Table S-6. The estimate of average VCD for 

each subbasin is assigned based on the following: 

1. Observations made during the field reconnaissance; 

2. Measurements made using the 1 inch = 100 feet scale aerial photographs 
(prints of the photography used to  prepare the 200 Scale Mapping); and 

3. Consideration of north and south facing slopes in the "natural" areas. 

Vegetation density transects were taken at various locations on the 

watershed during the field reconnaissance. These locations are identified on Exhibit 

"D". The transects were taken using a 100-foot chain at locations selected to  be 

representative of the average VCD in the area. These VCD values are used to assign 

values to subbasins where it is not practical to  take transects, and small scale aerial 

photographs are not available. The assignment is based on interpolation between 

known values, engineering judgement, similarity of terrain, and consideration of 

slightly higher densities on north facing slopes than on south facing slopes. 

The following photograph is an example of an area with an estimated 

vegetation cover density of 38 percent. 



VCD at Location 531 532 

(Sheet 1 of Exhibit "D") 

This photograph was taken in subbasin 205G. 

The estimated average vegetation cover density for urbanized areas is listed 

in column 14 of Table S-6. The majority of the landscaping in the study area 

consists of desert plants with very few lawns. Many areas have left the native 

vegetation in place. Vegetation cover in the urban setting is estimated to  range 

from 20  percent to  30  percent (average of 25 percent of the pervious area. The 

average development land use in the study area is medium density residential (MDR) 

which has an average percent impervious of 45  percent. 

The average urban VCD is therefore: 

VCDUrba, = ( 1 0 ~ 0 ~ 5  )25 -14% . A value of 15 percent is assumed. 



The following photograph is an example of the typical urban vegetative landscaping. 

VCD near C541 

This photograph was taken in subbasin 206G. 

Table S-6 Description - The data in Table S-6 is generated, by column, as follows: 

Column 1 : Subbasin identifier. 

Column 2: Bare ground logarithmic averaged XKSAT for the subbasin from row 6 
of the subbasin data group in Table S-3. 

Column 3: Value of DTHETA for a dry watershed condition derived from Table 
S-1 using the XKSAT value in column 2. 

Column 4: Value of DTHETA for a normal watershed condition derived from 
Table S-1 using the XKSAT value in column 2. 

Column 5: Value of PSlF derived from Table S-1 using the XKSAT value in 
column 2. 

Column 6: The percentage of Valley terrain classification in the subbasin taken 
from row 11 of the subbasin data group in Table 5-3. This 
percentage may include urbanized area. 



Table S-6 Description - (continued) 

Column 7: The percentage of Hillslope terrain classification in the subbasin taken 
from row 12 of the subbasin data group in Table S-3. This percentage 
may include urbanized area. 

Column 8: The percentage of Mountain terrain classification in the subbasin taken 
from row 13 of the subbasin data group in Table S-3. This percentage 
may include urbanized area. 

Column 9: The percentage of "urban" land use in the subbasin taken from row 6 
of the subbasin data group in Table S-5. 

Column 10: The percentage of "natural" land use in the subbasin with a Hillslope 
terrain classification. The value is estimated as follows: 

t101 = [71 - t91 
where: t71 > 191 

1101 = 0 
where: t71 s [9] 

The number in brackets is the column number from Table S-6. 

Column 11: The percentage of "natural" land use in the subbasin with a Mountain 
terrain classification. The value is estimated as follows: 

[I 11 = I81 - ((91 - 171) 
where 181 - (t91 - t71) 2 0 and t91 - t71 > 0 

[Ill = 0 
where I81 - (191 - t71) c 0 

[Ill = t81 
where [91 - [71 i 0 

Column 12: The percentage of "natural" land use in the subbasin with a Vallev 
terrain classification. The value is estimated as follows: 

[I21 = t61 - (t91 - I81 - t71) 
where 161 - (191 - t81 - t71) r 0 
and t91 - 181 - [71) > 0 

[I21 = t61 elsewhere. 

Column 13: The average vegetation cover density of the "natural" land use in the 
subbasin. Represents the adjusted Valley, Hillslope, and Mountain 
portions of the subbasin. 



Table S-6 Description - (continued) 

Column 14: The average vegetation cover density of the "urban" land use in the 
subbasin. 

Column 15: The estimated percentage of the subbasin which is impervious due to  
"urban" land use, taken from row 7 of the subbasin data group in 
Table S-5. 

Column 16: The estimated percentage of the subbasin which is impervious due to  
hydraulically connected rock outcrops. 

Column 17: The estimated total percentage of the subbasin which is impervious 
due to  urbanization and hvdraulicallv connected rock outcroo. The 
value is calculated as follows: 

RTIMP (total) = (1 51 + 11 61. 

Column 18: The estimated area weighted DTHETA value for the subbasin, 
calculated as follows: 

( DTHETA (weighted ) = [3] 

Column 19: The estimated area weighted VCD for the subbasin, calculated as 
follows: 

VCD (weighted ) = [I 31 ([lOI+~~~+[l21 



Table S-6 Description - (continued) 

Column 20: The estimated area weighted initial abstraction (IA) value for the 
subbasin calculated as follows: 

Terrain Class Initial 
or Land Use Abstraction 

(inches) 

Valley 0.35 
Hillslope 0.1 5 
Mountain 0.025 

Urban (pervious) 0.10 
Urban (impervious) 0.05 

Note: The values for initial abstraction, as 
shown, are derived from Table 4.1 of the 
Design Manual 

IA (weighted) = 

Time of Concentration 

The time of concentration for each subbasin is estimated using the Papadakis 

and Kazan empirical equation: 

T, = ,4 L0.50 K:.52 -0.31 i-038 

where Tc = subbasin time of concentration in hours 

L = length of the hydraulically longest flow path in miles 

S = watercourse slope in feet per mile 

Kb = representative watershed resistance coefficient 

I = average rainfall excess intensity, during the time Tc, in 
inches/hour 

Solution of the Tc equation is an iterative process. 

The watercourse slope is adjusted per Figure 5.4 of the Design Manual if 

greater than 225 feet per mile. The Tc parameters for each subbasin are listed in 



MCUHPl computer program. The results are listed in Tables S-8a and S-8b for the 

100-year, 6-hour and 100-year, 24-hour storms. respectively. The T, should not be 

larger than the duration of the most intense period of rainfall excess, to meet the 

basic assumptions upon which the Clark Unit Hydrograph is based. The duration of 

the most intense portion of rainfall excess is defined as 90 percent of the total 

duration of rainfall excess for the purposes of this study. That time is listed in 

column 21 of Table S-8 for each subbasin. The calculated value of T, can be 

compared with the 90 percent value by comparing columns 21 and 22 of Table S-8. 

Only 12 percent of the subbasins do not meet this criteria. Since the subbasins 

which do not meet the criteria are very small (less than 0.3 square miles), the Clark 

Unit Hydrograph is more appropriate than the alternative S-Graph method. 

Therefore, the Clark Unit Hydrograph is used for all subbasins. The T, and R results 

are summarized for each storm duration in Table S-10. 

The Clark Unit Hydrograph is selected for use for this study. The average 

subbasin size of 0.1 1 square miles precludes use of the S-Graph method unless 

guidelines for use of the Clark Unit Hydrograph cannot be met. In particular, the 

duration of the most intense portion of rainfall excess should not be less than the 

time of concentration. A check for this guideline is made for each subbasin and the 

results for the 100-year, 6-hour and 100-year, 24-hour storms are listed in column 

17 of Table S-8a and S-8b, respectively. 

Time-Area R w  

The time-area relation is a required parameter for use with the Clark Unit 

Hydrograph. A time-area relation is selected for each subbasin, depending on the 

characteristics of that subbasin. It is impractical to develop individual time-area 

relations for each subbasin in a model with numerous subbasins. Synthetic time- 

area relations are therefore used for this study. The watershed can be characterized 

using three categories: 



1. Natural, 

2. Urbanizing, and 

3. Urbanized. 

Three synthetic time-area relations are available for use in the Design Manual. 

The N-D relation on Figure 5.7 of the Design Manual is used for subbasins 

categorized as natural. The U-D relation on Figure 5.6 of the Design Manual is used 

for subbasins categorized as urban. The HEC-1 default time-area relation is used for 

subbasins categorized as urbanizing. An urbanizing subbasin is defined as having an 

urban percentage of subbasin area greater than zero and less than 50 percent. Refer 

to column 11 of Table S-7. An urban subbasin is defined as having an urban 

nercentage of subbasin area greater than or equal to 50 percent. 

The subbasins characterized as urbanizing using the values in Column 11 of 

Table 5-7 were visually evaluated for reasonableness. The simplifying assumptions 

upon which the values in column 11 are based are the reason for performing this 

evaluation. Those subbasins with an urbanized drainage collection system, but are 

not fully developed yet, are assigned an urban time-area relation. The relation 

selected for each subbasin is listed in column 10 of Table S-9. 

The following is an example of the calculation procedures for the 100-year, 

6-hour storm used in preparing the data in Tables 5-3 through S-9. Subbasin 207K 

is used for this example since all three terrain classes and a small area of urban land 

use are present. 



Green-Ampt Parameter Calculations for Subbasin 207K - 

Note: Some disparity between sample calculations and values in the tables can 

exist due to  greater precision of spreadsheet numerics. 

Step 1: Calculate the log-average value of XKSAT. Refer to Table S-3, page 24. 

Log-Avg XKSAT = 1 oa, where 

a = (  
log (0.33) x (22.6) + log (0.17) X (53.9) + log (0.07) x (6.4) 

82.9 1 
Log-Avg XKSAT = 10- 0.7208 = 0.19 inches per hour 

Step 2: Calculate the average Vegetation Cover Density (VCD) for the subbasin. 
Refer to  Table S-6, page 3. 

Use 25 percent. This value is then entered in Table S-6, page 3, column 
19 and Table S-3, page 24, row 7, of the subbasin 207K data group. 

Step 3: Adjost XKSAT to reflect the effects of vegetation cover. Refer to  Table 
S-3, page 24. 

XKSAT (adjusted) = (1.17) (0.19) = 0.22 inches per hour 



Green-Ampt Parameter Calculations for Subbasin 207K - (continued) 

Step 4: Calculate the composite value of RTIMP irockl for the subbasin. Refer to  
Table S-3, page 24. 

RTIMP (composite) = (35)@2 .6) + (OI(53.9) + (0)(6.4) = 9.5% 
22 .6 + 53.9 + 6.4 

Use RTIMP = 9.5 percent. This value is then placed in column 16  
of Table S-6. 

Step 5: Calculate the totalpercentages of Valley, Hillslope, and Mountain terrain 
classifications. Refer to  Table S-3, page 24.  

Hillslope (composite) = 53.9 + 6.4 (100 ) = 72.7% 
22.6 + 53 .9 + 6.4 

Use 72.7 percent. The Valley and Mountain percentages are calculated 
in a similar manner. The resultant values are then placed in Table S-6, 
columns 6, 7 and 8. 

Step 6: Determine the DTHETA and PSIFparameters. Refer to  Table S-6, page 3. 
Use the log-averaged XKSAT value of 0.1 9 in column 2 to look up the 
values for DTHETA (dry), DTHETA (normal), and PSlF in Table S-1. 

DTHETA (dry) = 0.38 

DTHETA (normal) = 0 .25  

PSlF = 5 .4  inches 

These values are then placed in Table S-6, columns 3,4 and 5, 
respectively. The PSlF value is also placed in Table S-9, column 7. 

Step 7: Calculate the percentage of urban area in the subbasin. Refer to Table S- 
5, page 14. A land use polygon is considered "urban" if the identifier 
includes a "-F". 

Percent Urban = 30.3 100 = 36.5% 
13 .6+32.7+0.8+0.9+30.3+0.1+4.7 

This value is placed in Table S-6, column 9. 



Green-Ampt Parameter Calculations for Subbasin 207K - (continued) 

Step 8: Calculate the urban percent impervious for the subbasin. Refer to  Table 
S-5, page 14. The percent impervious for each land use polygon is taken 
from Table S-4. 

RTlMP (urban) 

This value is placed in Table S-6, column 15. 

Step 9: Calculate the totalpercent impervious for the subbasin, including rock 
and urbanization. Refer to  Table S-6, page 3. 

Use RTlMP (total) = 31.7 percent. This value is placed in Table S-9, 
column 9. 

Step 10: Calculate the adjusted Valley, Hillslope, and Mountain percentages of the 
subbasin. The adjustment is t o  subtract the "urban" area from the 
percentage of terrain class. Almost all "urban" area lies in a Hillslope 
terrain class. All of the Valley soils lie in wash bottoms so there should 
be little if any "urban" areas in the Valley terrain class. The adjustments 
are therefore made in the order Hillslope, Mountain, and Valley. Subbasin 
207J is used for this example in order to  show adjustments to  both the 
Hillslope and Mountain percentages. Refer to Table S-6, page 3. 

Hillslope = 171-191 = 3.0 - 16.2 = -13.2% 
-13.2 < 0; therefore: Hillslope = 0 % 

Mountain = 181-(191-171) = 97.0 - (1 6.2-3.0) = 83.8% 
77.8% r 0; therefore: Mountain = 83.8% 

Valley = 0 

These values are placed in Table S-6, columns 10, 11 and 12, 
respectively. 



Green-Ampt Parameter Calculations for Subbasin 207K - (continued) 

Step 1 1 : Calculate the weighted value of DTHETA, considering the "urban" and 
"natural" land use types. Refer to  Table S-6, page 3 (sub-basin 207K). 

DTHETA (weighted ) = [31([10 1+[111+ 112D+141[91 
100 

Use DTHETA (weighted) = 0.33. This value is placed in Table S-6, page 
3, column 18 and Table S-9, column 6. 

Step 12: Calculate the weighted InitialAbstraction, /A, in inches. Refer to  Table S- 
6, page 3. 

IA (weighted) 

Use IA (weighted) = 0.15 inches. This value is placed in Table S-6, page 
3, column 20  and Table S-9, column 5. 



Time of Concentration Calculation for Subbasin 207K - 
Step 1 : Estimate the average slope o f  the time o f  concentration lTc I flow path. 

Refer to Table S-7, page 3. The top and bottom elevations and the 
length of the Tc path are listed in columns 3, 4 and 5, respectively. 

Slope = (P I  - [4 D 
151 

= 401 feet per mile 

401 > 200, therefore the slope should be adjusted per Figure 5.4 of the 
Design Manual. The curve on Figure 5.4 can be simulated using the 
following expressions: 

No adjustment for slope < 225 
Slope (adjusted = 133.800 In (Slope) - 500.865 for 

225 < slope < 400 
Slope (adjusted) = 61 5 5 0  In (Slope) - 74.683 for slopez400 

The adjusted slope for subbasin 207K is therefore: 

Slope (adjusted) = 61.550 In (401) - 74.683 = 294 feet per mile 



Time of Concentration Calculation for Subbasin 207K - 

Step 2: Calculate weighted Kb equation parameters m and b. Refer to Table 5-7, 
page 3. The weighting calculation is based on land uselterrain class 
percentages. 

These values are placed in Table S-7, columns 12 and 13, respectively. 

Step 3: Calculate the value o f  Kb. Refer to  Table 5-7, page 3. 

Kb = m log A + b = [I21 log [21 + 1131 
=(-0.01952) (log ((0.1 2955)(640))) + 0.1 235 
=0.086 

Use Kb = 0.09. This value is placed in Table S-7, column 14. 

Step 4: Calculate the time o f  concentration, in hours. The time of concentration 
equation in the Design Manual must be solved iteratively. This is 
accomplished using the MCUHPl computer program supplied with the 
Design Manual. The resultant T, value is placed in Table S-8a. column 
23. 



Time of Concentration Calculation for Subbasin 207K - 
Step 5: Establish a time-area relationship and calculate R. The three synthetic 

dimensionless time-area relationships listed in Table 5.2 of the Design 
Manual are used as follows: 

Area Curve 
%Urban = 0 Natural 

0% < % Urban < 50% HEC-1 Default 
% Urban > 50% Urban 

Table S-7, column 11 is used t o  determine which curve applies to a given 
subbasin. The result is placed in Table S-9, column 10. 

The storage coefficient. R, is calculated by MCUHP1. The result is 
placed in Table S-8, column 24. The duration of 90 percent of rainfall 
excess is placed in Table 5-8, column 21 for comparison with the T, value 
in column 22. 



Table $1 

Note: The values in this table 
are taken from Figure 4.3 of 
the Drainage Design Manual. 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.17 ... XKSAT (Log averaged) 
21 % ... Vegetation Cover Density (VCD) in percent 
1.12 ... C k  0.889+1.111*VCD -AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.19 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Tenain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Tohi ares in wunre miles - 0311 

0.17 . .. XKSAT (Log averaged) 
25% ... Vegetation Cover Density (VCD) in percent 
1.17 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.24 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Termin = Mountain (composite) Total area m square miles = 0.081 

0.17 ... XKSAT (Log averaged) 
33 % ... Vegetation Cover Density (VCD) in percent 
1.26 ... &. 0.889+l.lll*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 
0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(uoadj)) 

0.0% ... RTIMP (Composite) 
0.0% ... Tenain = Valley (wmposite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Toid ares m square mae, = 0.079 
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Table S-3 
XKSAT and  Terrain Classifications by Subbasin 

Existing Condition 

0.17 ... XKSAT (Log averaged) 
26% ... Vegetation Cover Density (VCD) in percent 
1.18 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT>=1.2 &VCD<=10% 

0.20 ... XKSAT (Adj. for VCD using Ck=XKSAT(a$J/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Termin = Mountain (composite) Total ama in s m r e  mile = 0.071 

0.19 ... XKSAT (Log averaged) 
38 % ... Vegetation Cover Density (VCD) in percent 
1.31 ... Q: 0.889+1.I11*VCD - AppliedEXCEFT forXKSAT> =1.2 &VCD<=10% 

0.25 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unsdj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Tenain = Hillside (wmposite) 
0.0% ... Termin = Mountain Iwmposite) Total a m  in aware miles = 0.183 

0.32 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Q: 0.889+1.111*VCD-AppliedEXCEFTforXKSAT>=1.2&VCD<=10% 

0.39 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Tom area io m a r e  m a s  = 0.038 I 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

SailM.pUnhNo. ... 40 41 93 0 0 0 0 0 0 0 0 0 

S U d ) .  2.2 0.0 9.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAWndl) ... 0.17 0.17 0.33 - - - - - - - - - 
%Rock ... 0% 0% 0% - - - - -. - - - -. 

T- C b  ... Hilbbpe Hilblopc H i l b h p  - .- ... - - -- - - -. 

0.29 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+ l.llI*VCD -Applied EXCEPT fof XKSAT> =1.2 & VCD< -10% 

0.36 ... XKSAT (Adj. for VCD using Ck= XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (comvosite) Totol area in square miles = 0.018 

202c WiM.pUdNo.  ... 93 0 0 0 0 0 0 0 0 0 0 0 

S o i i M m p U d M . ~ )  ... 4.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I 

XKSAWdj )  ... 0.33 -- .- ... - - .- -. - - - - 1 

% Ra(r ... 0% -- - -. .- - -- - - - - - 
T-CLu ... Hilblopc -- ... ... - -. -. 

0.33 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck 0.889+1.111*VCD -AppliedEXCEPT forXKSAT>=1.2&VCD< =lo% 

0.41 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in mare mikes = 0.008 

0.19 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+I.lII*VCD-AppliedEXCEFTforXKSAT>=1.2&VCD<=lO% 

0.23 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in muare miles = 0.063 
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Table 53 
XKSAT and Terrain Classifications by Subbnsin 

Existing Condition 

0.17 . .. XKSAT (Log averaged) 
31% ... Vegetation Cover Density (VCD) in percent 
1.23 ... ~:0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.2 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

I 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in sqmre maes = 0.104 

0.19 . .. XKSAT (Log averaged) 
31 96 ... Vegetation Cover Density (VCD) in percent 
1.23 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.23 ... XKSAT (Adj. for VCD usmg Ck=XKSAT(adj)/XKSAT(unadj)) 1 
0.0% ... RTIMP (Composite) 1 
0.0% ... Terrain = Valley (composite) 

liMl.046 ... Terrain = Hillside (composite) 1 
0.0% ... T m i n  = Mountain (composite) Total arm in m a r e  miles = 0.013 1 

0.17 ... XKSAT (Log averaged) 
31 96 ... Vegetation Cover Density (VCD) in percent 
1.23 ... Ck 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>-1.2&VCD<=10% 

0.21 ... XKSAT (Adj. for VCD using Q=XKSAT(adj)j)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

I 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (cornpasite) Total area in sware miles = 0.013 
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Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.21 .. . XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for =SAT> =1.2 & VCDC -10% 

0.27 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(uaadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Total area in =ware miles = 0J79 

2021 Soil%# Unit No. ... 40 41 66 93 0 0 0 0 0 0 0 0 

SoilM.pUnitAm4~:) ... 5.3 0.6 0.8 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XRSAWndj? ... 0.17 0.17 0.73 0.33 - - - - - .- - - 
%Rocli ... 0% 0% 0% 0% - -. - - - - - - 

i 
T & C h  ... ~ H i l k b p ~ i ~  - - - 

I 

0.23 ... XKSAT (Log averaged) 
29% ... Vegetation Cover Density (VCD) in percent 
1.21 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT> =1.2 & VCDC = 10% 

0.28 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... R'I?MP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Tarrain = Mountain (composite) Total men in m a r e  ma- 0.017 

0.17 ... XKSAT (Log averaged) 
29% ... Vegetation Cover Density (VCD) in percent 
1.21 ... Ck: 0.889+ I.lll*VCD -Applied EXCEPT for =SAT> =1.2 & VCDC =lo% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Temin = Mountain (composite) Total area in sipare miles = 0.2'19 
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Table S-3 
XKSAT and  Terrain Classifications by Subbasin 

Existing Condition 

0.17 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... ~0.889+1.11l*VCD-AppIiedEXCE~forXKSAT>=l.2&VCD<=10% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Vailey (wmposite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in ssuare miles = 0.044 

0.17 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+ 1.111*VCD - Applied EXCEPT for XKSAT> =1.2 & VCD C = 10% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTJMP (Composite) 
0.0% ... Tenain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in saopm miles = 0.103 

203D SoilWpUnitNo. ... 40 41 o o o o o o o o o o 
SailhlrpUnitArsW ... 0.3 68.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAWdj> ... 0.17 0.17 - - - - - - - - - -. 
X R a L  ... 0% 0% - -. - -. -. - - - - - 

Trrnio Clu ... HilLrOpr HULopc - - .- -. .- - - -. - - 

0.17 . . . XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck:0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.21 ... XKSAT (Adj, for VCD using Ck=XKSAT(sdj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... T& = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Total a m  in m a r e  miles = 0.108 
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Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

Soil M.p Unit No. ... 40 41 % 0 0 0 0 0 0 0 0 0 

SoilM.pUmiIAr4.f) ... 6.3 33.2 20.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAW..al, ... 0.17 0.17 0.07 - - - - - - - - - 
%Rosk ... 0% 0% 0% - - - -. .- - - - - 

Ten& C * r  ... HilLbpc Hihbp. iiihbpc - -. - - - - - - - 

0.13 ... XKSAT (Log averaged) 
23% ... Vegetation Cover Density (VCD) in percent 
1.14 ... Q: 0.889+1.11l*VCD -AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.14 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)KKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area m s4lure miles = 0.093 

0.17 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Clc:0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Totol area m muare o3es = 0333 

0.16 ... XKSAT (Log averaged) 
27% ... Vegetation Cover Density (VCD) in percent 
1.19 ... Ck: 0.889+1.1ll*VCD-AppIiedEXCEPTforXKSAT>=1.2&VCDC=10% 

0.19 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)KKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Total area m square miles = 0.248 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.20 ... XKSAT (Log averaged) 
19% ... Vegetation Cover Density (VCD) in percent 
1.10 ... Ck: 0.889+1.lII*VCD -Applied EXCEPT for XKSAT> =1.2 & VCDC =lo% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTMP (Composite) 
0.0% ... Termin = Valley (wmposite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Total area in m a r e  miles = 0307 

2031 SoilhfmpUmit No. ... 40 41 66 93 0 0 0 0 0 0 0 0 

SoiIhbpUnith(w) ... 15.5 15.7 20.2 57.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

X K S A W d D  ... 0.17 0.17 0.23 0.33 -- -. .- - - - - - 
%M ... 0% 0% 0% 0% - ..- .- - - - -. - 

%main C b .  ... HiUrlopr Hilbiopc Hillabpc H i U r b  - .- - - 

0.26 ... XKSAT (Log averaged) 
25% ... Vegetation Cover Density (VCD) in percent 
1.17 ... Ck: 0.889+1.111*VCD - Applied EXCEPTforXKSAT>=1.2 &VCD<=10% 

0.30 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = M o u n t  (composite) TOW area in square miies = 0.171 

0.19 ... XKSAT (Log averaged) 
20% ... Vegetation Cover Density (VCD) in percent 
1.11 ... Ck: 0.889+1.111*VCD -Applied EXCEPTforXKSAT>=l.2&VCD<=lO% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in sware miles = 0.039 
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Table 5-3 
XKSAT and Terrain Classifrutions by Subbasin 

Existing Condition 

S0ilM.p unit No. ... 40 66 93 0 0 0 0 0 0 0 0 0 

S d M . p U n i t h ( u )  ... 81.8 17.4 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSATRIndiJ ... 0.17 0.23 0.33 -- -. ... -.. .- - - - 
% Rali ... 0% 0% 0% - .- - .- .- - - - - 

T& Cluu ... H i b l o w  Hib* H i l l l q r  - .- -. - .- - - - -. 

0.18 ... XKSAT (Log averaged) 
16% ... Vegetation Cover Density (VCD) in pe rwt  
1.07 ... Ck: 0.889+1.111*VCD -Applied EXCEPT forXKSAT> =l.Z&VCD<=lO% 

0.20 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... T& = Hillside (composite) 
0.0% ... Teflain = Mountain (composite) Total area in square miles = 0.160 

204A S O ~ I M . ~ U ~ ~ N O .  ... 40 41 o o o o o o o o o o 

S o i l M q U o * M ~ )  ... 68.6 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XlCrA'RUp.d$ ... 0.17 0.17 - - .- - ... - - - - - 
%Ro* ... 0% 0% - - - - -. - - - - - 

TIII.ia Cluu ... Hmlcpc H i l l +  - - - - 

0.17 ... XKSAT (Log averaged) 
21 % ... Vegetation Cover Density (VCD) in percent 
1.12 ... Ck: 0.889+1.111*VCD - AppliedEXCEPT forXKSAT>=l.Z&VCD< =lo% 

0.19 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(uasdj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in square mil- 0.108 

0.17 ... XKSAT (Log averaged) 
29% ... Vegetation Cover Density (VCD) in percent 
1.21 ... 0.889+1.111*VCD -AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.7% ... Terrain = Valley (composite) 

99.3% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in square miles = 0.126 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.17 ... XKSAT (Log averaged) 
24% ... Vegetation Cover Density (VCD) in percent 
1.16 ... Q: 0.889+l.Il1*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.20 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) I 

0.0% ... RTIMP (Composite) I 

0.0% ... Terrain = Valley (composite) 
100.0% ... Temin = Hillside (composite) 

0.0% ... Tenain = Mountain (composite) Total a m  in w r e  miles = 0.077 

204D W M . ~ U ~ ~ ~ N O .  ... 4a o o o o o o o o o o o 
S ~ i l M . p U r , , t ~ ~ )  ... 2K.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

I 
XKSAT(IJdD ... 0.17 -- - - - - - - - - - - 

a w . OX -- - - - .- - ... - - - - 
Tunm C b  ... HilkIw -- - .- -. - - - - 

I 
0.17 .. . XKSAT (Log averaged) 
15% ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck: 0.889+1.111*VW -AppIiedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(dj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 

i 
I 

0.0% ... Terrain = Mountain (composite) Total area in w n  d e r  = 0.044 

0.17 ... XKSAT (Log averaged) 
17% ... Vegetation Cover Density (VCD) in percent 
1.08 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in srmare miles = 0.071 
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Table S-3 
XKSAT and  Terrain Classifications by Subbasin 

Existing Condition 

0.10 ... XKSAT (Log averaged) 
15% ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck: 0.889+1.111*VCD-AppliedEXCEFTforXKSAT>=1.2&VCD<=10% 

0.11 ... XKSAT (Adj. for VCD using Ck=XRSAT(adj)/XKSAT(unadj)) I 

0.0% ... RTIMP (Composite) 
I 

0.0% ... Terrain = Valley (composite) 
100.0% ... Terrain = Hillside (composite) 

0.0% ... Terrain = Mountain (composite) Total area iu square miles = 0.077 
I 

205A soil ~ . p  Unit NO. 31 o o o o o o (I o O o o 
SoiM.pU&Am(r) ... 75.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAT(Uludfi ... 0.33 --- - -. - -. - - - - - - 
% h k  ... 35% - -- -. .- .- A - - - - - 

T-cbm ... M - 6  - -. - -- - - - - i 
0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD -AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
35.0% ... RTIMP (Composite) 

1 
0.0% ... Terrain = VaUey (composite) 

I 

0.0% ... Terrain = Hillside (composite) 
i 

100.0% ... Terrain = Mountain (composite) Totd area iu square miles = 0.118 1 
1 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density p C D )  in percent 
1.22 ... Ck: 0.889+1.1II*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total area iu square miles = 0311 
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Table 5 3  
XKSAT and Terrain Classifientions by Subbasin 

Existing Condition 

S U N .  . 31 0 0 0 0 0 0 0 0 0 0 0 

SoilM.pU&Ar.r(~) ... 37.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAT(Uodj> ... 0.33 -- - - .- -. - -- -. - - - 
%Rock ... 35% - -. - .- -- -. - - -- - - 

T.minCLrP ... M-I.ia -- ... -. - -. .. -. - - - - 

0.33 ... XKSAT (Log averaged) 
31 % ... Vegetation Cover Density (VCD) in percent 
1.23 ... Ck 0.889+1.111*VCD -Applied EXCEPT for XKSAT> -1.2 & VCD< =lo% 

0.41 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total area in square mile = 0.059 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> =1.2 & VCD< =lo% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Tow ares in squm mas = 0319 

SoililM.pU&Na ... 31  0 0 0 0 0 0 0 0 0 0 0 

SoilM.pU&AmA(r) ... 139.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAT(Umd3 ... 0.33 -- ... .- .- -. - .- -- - - - 
% Rod; ... 35% -- - - - ... -. - - - - - 

T u n i n c h  ... Maml.ia - -- - - -. - - - - - - 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+I.IIl*VCD - Applied EXCEPT forXKSAT>=1.2 & VCDC -10% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 

0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) TotJ area in a r e  miles = 0318 

File = C:\P\35\QWIMTS-EX.WB1 25-Aug-94 Table S-3, Page 12 



Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

20- SoilM.pUo*No. ... 31 0 0 0 0 0 0 C 0 0 0 0 

S ~ i l M . p U o i t ~ ( . ~ ) . . .  103.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XXSARlJdj> ... 0.33 - -. ... - ... - ... ... .- - -. 
% Rock ... 35% -- - -. -. ... - -- - -. - - 

Tm&.CLY ... M d  - - -- - -. - - - - - 

0.33 ... XKSAT (Log averaged) 
31 % ... Vegetation Cover Density (VCD) in percent 
1.23 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 
0.41 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 

35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total area io square miles = 0.161 

0.30 ... XKSAT (Log averaged) 
38% ... Vegetation Cover Density (VCD) in percent 
1.31 ... Ck: 0.889+l.IIl*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
31.2% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
10.8% ... Terrain = Hillside (composite) 
89.2% ... Terrain = Mountain (composite) Total area in -re mile = 0.185 

0.31 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+I.111*VCD-AppIiedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.39 ... XKSAT (Adj. for VCD using Ck=XKSAT(ndj)lXKSAT(uoadj)) 
31.6% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
9.9% ... Terrain = Hillside (composite) 
90.1% ... Terrain = Mountain (composite) Tow area io square miles = 0.261 
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Table 53 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.22 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.11l*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.28 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
15.2% ... RTIMP (Composite) 
1.3% ... Terrain = Valley (composite) 

55.3% ... Terrain = Hillside (composite) 
43.4% ... Terrain = Mountain (composite) Total a m  io square milep = 0354 

0.25 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... CL: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> =1.2 & VCD< =lo% 

0.30 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)MSAT(unadj)) 
3.5% ... RTIMP (Composite) 

24.6% ... Tenain = Valley (composite) 
65.5% ... Terrain = Hillside (composite) 
9.9% ... Terrain = Mountain (composite) Total area in square mile.- 0369 

0.18 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in pertent 
1.22 ... Ck:0.889+1.lll*VCD-AppliedEX~PTforXKSAT>=1.2&VCD<=lO% 

0.22 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unsdj)) 
1.5% ... RTIMP (Composite) 
2.8% ... Terrain = Valley (composite) 

92.7% ... Terrain = Hillside (composite) 
4.4% ... Terrain = Mountain (composite) Totnl nrep in srmarr mile = 0345 
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Table S-3 
XKSAT and  Terrain Classifications by Subbasin 

Existing Condition 

0.23 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+l.lll*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.29 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) I 

0.0% ... RTIMP (Composite) > 

20.7% ... Terrain = Valley (wmposite) 
79.3% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Total area in square miles = 0.118 

0.20 ... XKSAT (Log averaged) 
21% ... Vegetation Cover Density (VCD) in percent 
1.12 ... Ck: 0.889+l.lll*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% i 

0.2 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
18.0% ... Terrain = Valley (composite) 
82.0% ... Terrain = Hillside (composite) 4 
0.0% ... Terrain = Mountain (composite) Total area in wlune miles = 0 3 9  1 

0.18 ... XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck:0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
1.1% ... Terrain = Valley (composite) 
98.9% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Totd area in square mil- = 0.156 

File = C:\P\35\QWIN\TS-EX.WB1 Table S-3, Page 15 I 



Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.21 ... XKSAT (Log averaged) 
18% ... Vegetation Cover Density (YCD) in percent 
1.09 ... Ck: 0.889+ 1. I I l*VCD - Applied EXCEPT for XKSAT> = 1.2 & VCD< =lo% 

0.23 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

13.7% ... Terrain = Valley (composite) 
86.3% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in m a r e  miles = 0.128 

206B bilMmpUoitNo. ... 8 40 41 % 0 0 0 0 0 0 0 0 

SoilM.pUdAra( .e)  ... 12.5 6.4 33.7 8.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

X K S A W d J  ... 0.96 0.17 0.17 0.07 -- - -. -- - - - 
% R a L  ... 0% 0% 0% 0% -- ... - - - - - 

Tm.k  Clur ... V d y  H h l o p e  Wilblop W i i o p  - - -. - .- .- - 
0.21 ... XKSAT (Log averaged) 
16% ... Vegetation Cover Density (VCD) in percent 
1.07 ... Ck: 0.889+l.lll*VCD -AppliedEXCEPTforXKSAT>=1.2%VCDC=lO% 

0.23 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

20.4% ... Terrain = Valley (composite) 
79.6% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in ware miles = 0.0% 

206C SoilMmpUdNa. ... 8 40 41 0 0 0 0 0 0 0 0 0 

SoilM.pUdIArclw) ... 6.1 0.6 8.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAT(lJrd.j) ... 0.96 0.17 0.17 -- - - .- - .- -. -. - 
%Rock ... 0 %  0% 0% - - - -. .- - - 

Tunin Clur ... V d l y  Hillslop H i l o p  - -. - -. - .- - 
0.34 ... XKSAT (Log averaged) 
25% ... Vegetation Cover Density (VCD) in percent 
1.17 ... Ck: 0.889+l.IlI*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

39.8% ... Terrain = Valley (composite) 
60.2% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in square mil- 0.024 
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Table $3 
XKSAT and Terrain Classifientions by Subbasin 

Existing Condition 

0.17 ... XKSAT (Log averaged) 
16% ... Vegetation Cover Density (VCD) in percent 
1.07 ... Ck: 0.889+l.lII*VCD - Applied EXCEPTforXKSAT>=1.2&VCD<=lO% 

... XKSAT (Adj. for VCD using Ck=XKSAT(adj)flMSAT(madj)) 

. . . RTIMP (Composite) 

... Terrain = Valley (composite) 

... Terrain = Hillside (composite) 

... Terrain = Mountain (composite) Total area in muare miles = 0.062 

206E m oil ?&p Unit No. ... 8 40 o 0 0 o o o 0 0 0 o 
SoiiMqUdI~m) _.. 5.9 8.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAT(Vlud3 ... O.% 0.17 -- .- - - - -. - - - - 
5-  ... 0% 0% - - - - - - - - - - 

T & C h  ... V W  Hilblop - .- .- - -. - 
0.34 ... XKSAT (Log averaged) 
25% ... Vegetation Cover Density (VCD) in percent 
1.16 ... Ck: 0.889+1.111*VCD -Applied EXCEPT forXKSAT>=l.Z&VCD<=lO% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

40.6% ... Terrain = Valley (composite) 
59.4% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in muare mile  = 0.023 

0.29 . .. XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> =1.2 & VCD< -10% 

0.35 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

34.0% ... Terrain = Valley (composite) 
66.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in square miles = 0.157 
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Table 5-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

bid &Unit No. ... 8 40 41 0 0 0 0 0 0 0 0 0 

WdM.pUnitA&.s) ... 7.4 49.2 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

X K S A W d a  ... 0.96 0.17 0.17 - - .- - -. - - - - 
I Rod: ... 0% 0% 0% - -. - - - - - - - 

7- C * r  ... V* Hiu.bpe - .- - -. - - - - 

0.21 ... XKSAT (Log averaged) 
27% ... Vegetation Cover Density (VCD) in percent 
1.19 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.25 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 1 
0.0% ... RTIMP (Composite) I 

U.O% ... Terrain = Valley (wmposite) 
87.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Tom area in m a r e  miles = 0.089 

206H U N .  . 41 0 0 0 0 0 0 0 0 0 0 0 

SoilM.pU.ilA-(.!2)... 37.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

I 
X E S A W d a  ... 0.17 - - - -. - -. - - - - - 
%M ... 0% - - - .-- ... -. ... - A - .- 

T s m i o C h  ... HiUalopc -- A - -. - - 
I 

0.17 ... XKSAT (Log averaged) 
22% ... Vegetation Cover Density (VCD) in percent 
1.13 ... Ck: 0.889+1.lll*VCD-AppliedEXCEPTforXKSAT>=l.2&VCD<=10% 
0.19 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Terrain = Hillside (wmposite) 

1 
4 

0.0% ... Terrain = Mountain (composite) Total a m  in srmare miles = 0.059 1 
2061 Soil ~ . p ~ . i l  NO. ... 41 o o o o o o o o o Q o 

b idM.pUr i lh ( . c )  .... 13.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
X K S A T W d ~  ... 0.17 - - - - .- - - .- .- - - 

%Rod: ... 0% - - - -. - - - - - - 
TsmioCLY ... HiUalop -- - - - -. .- - - - - 

0.17 ... XKSAT (Log averaged) 
23 % ... Vegetation Cover Density (VCD) in percent 
1.14 ... Ck: 0.889+1.11l*VCD - AppliedEXCEPT forXKSAT> =1.2&VCD<=10% 

0.19 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in srmare miles = 0.021 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

206.l N o  . 41 0 0 0 0 0 0 0 0 0 0 0 

Soil?&pUnitAm(w) ... 33.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

X Y S A W d a  ... 0.17 - -. - - .- - - - - - - 
%Rock ... 0% - -.- - - -- .- - -. - - - 

T"&n Clu ... mbp - -. - - .- - - - - - - 

0.17 ... XKSAT (Log averaged) 
15% ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in mare  o3er = 0.060 

0.17 ... XKSAT (Log averaged) 
29% ... Vegetation Cover Density (VCD) in percent 
1.22 ... C k  0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in w r e  m i l s  = 0.056 

0.17 .. . XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck. 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Total area in ssoare miles = 0.060 
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Table 53 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

Soil M.p UM No. ... 8 40 41 0 0 0 0 0 0 0 0 0 

Soi1M.pUmitM.o) ... 5.4 0.0 32.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

X E S A W d D  ... 0.96 0.17 0.17 - .- - - - - - - - 
R o o t  . 0% 0% 0% - - - .- - - - - - 

Tsrnin Clw ... Vdby  Hilblopc H i l h b  - - - - - - - - - 

0.22 ... XKSAT (Log averaged) 
15% ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck:0.889+l.lll*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.23 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

14.0% ... Terrain = Valley (composite) 
86.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area m quare miles = 0.W 

0.27 ... XKSAT (Log averaged) 
16% ... Vegetation Cover Density (VCD) in percent 
1.07 ... Ck 0.889+ 1.111*VCD -Applied EXCEPT for =SAT> =1.2 & VCD< =lo% 

0.29 ... XKSAT (Adj. for VCD using &=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

27.5% ... Terrain = Valley (composite) 
72.5% ... Temin = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in square mils = 0.152 

207A SoiMepUnitNo. ... 31 40 61 0 0 0 0 0 0 0 0 0 

S o i l M ~ ~ U m l M r )  ... 139.6 23.5 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSATWdD ... 0.33 0.17 0.15 - - -. .- - ... - - - 
%Root ... 35% 0% 0% - - - .- .- - - - - 

Tonin Clw ... Mem& Hilb- psiop - - - - - - - - - 

0.30 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.37 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
29.8% ... RTIMP (Composite] 
0.0% ... Terrain = Valley (wmposite) 

14.8% ... Terrain = Hillside (composite) 
85.2% ... Terrain = Mountain (composite) Total area in square miles = 0356 
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Table S3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

Sail Map Unit No. ... 31 40 61 0 0 0 0 0 0 0 0 0 

S O U . . .  1U.S 8.1 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSATWd3 ... 0.33 0.17 0.15 - - -. - .- - - - 
% RaL ... 35% 0% 0% - -- - .- -- - - - - 

Twmh C h  ... MovnUio Hilhlop Hilblop - - ... -. - .- .- - - 
0.31 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.1ll*VCD -Applied EXCEPT for %SAT> =1.2 &VCD< =lo% 

0.38 ... XKSAT (Adj. for VCD using Ck=XKSAT(acj)lXKSAT(unadj)) 
32.4% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
7.4% ... Terrain = Hillside (composite) 

92.6% ... Terrain = Mountain (composite) Total oren in square miles- 0308 

207C Soil Mapunit No. ... 31 40 61 0 0 0 0 0 0 0 0 0 

Wi?WU.kAds) ... 43.3 7.5 59.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSATWdD ... 013 0.17 0.15 - - - -. -. - - - - 
%PI,& ... 35% 0% 0% - - - - - - - - - 

T- C h  ... Motmain Hiilopc Hilblope - - - -- 
0.21 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck:0.889+I.llI*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.26 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
U.7% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

60.9% ... Terrain = Hillside (composite) 
39.1% ... Terrain = Mountain (composite) Total o m  in stmare mile = 0.173 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD -AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.40 ... XKSAT (Adj. for VCD using a=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total a m  in swore miles = 0.197 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.33 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.111*VCD -Applied EXCEPT forXKSAT> =1.2 & VCD<=10% 

0.42 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total area in square mil- = 0 . m  

207F S U N  . 31 61 0 0 0 0 0 0 0 0 0 0 

SoilM.pUaitMy.) ... 77.7 3.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAWndD ... 0.33 0.15 - - -. - .. .- - - - 
%Rc& ... 35% 0% - - - - - - -- - - 

T s n i n C h r  ... Mnml.ie H i b l ~ p e  - - -. - - - - 
0.32 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.IlI*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.41 ... XKSAT (Adj. for VCD using Ck=XKSAT(dj)flMSAT(unadj)) 
33.7% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
3.8% ... Terrain = Hillside (composite) 

96.2% ... Terrain = Mountain (cornpasite) Total area in mare mike = 0.U6 

0.19 ... XKSAT (Log averaged) 
29% ... Vegetation Cover Density (VCD) in percent 
1.21 ... Ck: 0.889+1.111*VCD - Applied EXCEPT forXKSAT> =1.2& VCD< =lo% 

0.23 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
8.2% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

76.6% ... Terrain = Hillside (composite) 
23.4% ... Terrain = Mountain (composite) Total area in smun miles = 0136 
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Table 5 3  
XKSAT and  Terrain Classifications by Subbasin 

Existing Condition 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Clr: 0.889+1.111*VCD - Applied EXCEPT for XKSATS =1.2&VCD<=10% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Tolal nres m xmace mils = 0.124 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)flMSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 
0.0% ... Terrain = Hillside (wmposite) 

100.0% ... Termin = Mountain (composite) Totnl area in square mi ls  = 0.073 

0.32 ... XKSAT (Log averaged) 
29% ... Vegetation Cover Density (VCD) in percent 
1.21 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for %SAT> -1.2 & VCDC =lo% 

0.39 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)flMSAT(unadj)) 
34.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 
3.0% ... Terrain = Hillside (composite) 

97.0% ... Terrain = Mountain (composite) Totnl area in square maas = 0.0s 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

SoilMapUdtNo. ... 31 41 % 0 0 0 0 0 0 0 0 0 

SoilM.pUnilitAo(.s) ... 22.6 53.9 6.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSATWmdj) ... 0.33 0.17 0.07 --- - .- ... -. - - - - 
% R o o t  ... 35% 0% 0% --- - - .- -. - - - - 

Tcmin Ch" ... Mamuim Hillbpc Hi&& - - - - - - - - - 
0.19 ... XKSAT (Log averaged) 
25 % ... Vegetation Cover Density (VCD) in percent 
1.16 ... Ck. 0.889+1.111*VCD - Applied EXCEPT for =SAT> =1.2 &VCD< =lo% 

0.22 ... XKSAT (Adj. for VCD using Ck=XKSAT(sdj)lXKSAT(unadj)) 
9.6% ... RTIMP (Composite) 

I 
i 

0.0% ... Terrain = Valley (composite) 
72.7% ... Terrain = Hillside (composite) 
27.3% ... Terrain = Mountain [composite) Total area m wonre miles = O.WO I 

0.15 ... XKSAT (Log averaged) 
20% ... Vegetation Cover Density (VCD) in percent 
1.11 ... Ck: 0.889+l.lll*VCD - Applied EXCEPT forXKSAT> =1.2&VCD<=lO% 

0.17 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)iXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 

! 
I 

0.0% ... Terrain = Mountain (composite) Total area m square miles = 0.080 

207M k i l ~ . p u d t ~ o .  ... 8 41 % o o o o o o o o o 
S o i l M . p U ~ ~ ~ )  ... 2.2 59.7 12.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSATWmdj? ... 0.96 0.17 0.07 - - - - - .- - - 
z ~ o d r  ... 0% 0% 0% - ... -. ..- - - - - - 

Tcmin Ch" ... VIUcy Hilhlop WilLlop -- - -. .- -. ... - - 

0.15 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck: 0.889+1.111*VCD - Applied EXCEPT forXKSAT>=1.2 &VCD<=10% 

0.19 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) i 
0.0% ... RTIMP (Composite) 
3.0% ... Terrain = Valley (composite) 

97.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in sqoare maes = 0.116 
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Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.25 ... XKSAT (Log averaged) 
34% ... Vegetation Cover Density (VCD) in percent 
1.27 ... Ck: 0.889+l.IIl*VCD - Applied EXCEPT forXKSAT> -1.2 & VCD< =lo% 

0.32 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(nnadj)) 
0.0% ... RTIMP (Composite) 

26.2% ... Terrain = Valley (composite) 
73.8% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Told arm in wunre rmks = 0.049 

0.19 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck: 0.889+1.11I*VCD -Applied EXCEPT for XKSATS -1.2 & VCD< =lo% 

0.23 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)flMSAT(unadj)) 
0.0% ... RTIMP (Composite) 

14.6% ... Terrain = Valley (composite) 
85.4% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total arm m ware mile = O.U1 

208A S O ~ M . ~ U & N O .  ... 31 o o o o o o o o o o o 
So i IMapUmkArM~)  ... 88.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSATNndJ ... 0.33 - - - - - - - - - - - 
% Root ... 35% - - - -- - - .- A - - - 

1aniDCb.l ... Ma0t.i .  - - - - - - - - - - 
0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD - AppliedEXCEPT for XKSAT>=1.2 &VCD<=10% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Totnl ares iu ware mile = 0.139 

File = C:\P\35\QWIN\TS-EX.WB1 Table 5-3, Page 23 



Table 5 3  
XKSAT and  Terrain Classifications by Subbasin 

Existing Condition 

0.33 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+l.lll*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.42 ... XKSAT (Adj. for VCD using Ck=XKSAT(dj)lXKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total area in m a r e  mile = 0.027 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT> =1.2 & VCD< =lo% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(dj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total area in m a r e  mile = 0.066 

0.33 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.111*VCD - AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.42 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (comwsite) Total area in square maen = 0.075 
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Table 5 3  
XKSAT and Terrain Classifications by Subbnsin 

Existing Condition 

0.33 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck: 0.889+1.11l*VCD -Applied EXCEPT for XKSAT>=1.2 & VCD< =lo% 

0.41 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total area in m a r e  mae = 0.062 

0.33 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck: 0.889+1.lll8VCD - AppliedEXCEPTforXKSAT>-1.2&VCD<=lO% 
0.41 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 

35.0% ... RTIMP (Composite) 
0.0% ... Terrain - Valley (composite) 
0.0% ... Terrain = Hillside (wmposite) 

100.0% ... Terrain = Mountain (composite) TOW area in sqmne mils - 0.069 

0.29 ... XKSAT (Log averaged) 
27% ... Vegetation Cover Density (VCD) in percent 
1.19 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for =SAT> -1.2 & VCDC =lo% 

0.34 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
27.9% ... RTIMP (Composite) 
0.0% ... Terrain = VaUey (composite) 

20.2% ... Terrain = Hillside (wmposite) 
79.8% ... Terrain = Mountain (composite) Tolal area in square mile = 0.129 
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Table 5-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

208H SoilMapUnilNo. ... 31 41 63 0 0 0 0 0 0 0 0 0 

SoilM.pUitA.rr(u) ... 4.9 20.5 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

X K S A W d j J  ... 0.33 0.17 0.14 - .- ... .- - .- -. - - 
%Rock ... 35% 0% 25% -- - .- - ... .- - - - 

T n b r  CLu ... Mauatlia Hibkpe Hihbpc - ... .- -. .- -. - .- - 
0.19 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck:0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.23 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
8.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

82.2% ... Terrain = Hillside (wmposite) 
17.8% ... Terrain = Mountain (composite) Toid area in square miles = 0.043 

2081 soil~puoit~o.  ... 31 o o o o o o o o o o o 
SoilM.pUnhAra(w) ... 74.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

X B A W d j 7  ... 0.33 - - - .- .- - - ... -. - - 
%Rock ... 35% - ... - - - - .- - - - - 

T n b r  C h  ... Mouatlia --- ... ... -. ... .- - - 

0.33 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> -1.2 & VCD< =lo% 

0.42 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (wmposite) 

100.0% ... Terrain = Mountain (composite) Total area in w a r e  miles = 0.117 

208J Soil Map Unit No. ... 31 0 0 0 0 o 0 o 0 o 0 0 
SoilM.pVnith(.c)  ... 51.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAT(UdD ... 0.33 --- -. - .- ... .- - - - - - 
%R&... 35% -- - - -- - .- -. - - .- - 

TaninCLu ... Mamuin - - .- - - - .- - - - - 

0.33 ... %SAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+l.lll*VCD -Applied EXCEPT for XKSAT> =1.2 & VCD< =lo% 

0.42 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total area in mum miles = 0.081 
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Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

208K soil ~ a p  Unil NO. ... $1 o o o o o o o o o o o 
SoilM.pUnitb(w) ... 30.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XYSAT(Undj3 .. 0.33 --- -. - - ... - .- -. - - - 
% Fa& ... 35% -- -. -. -. - - - .- - - - 

T-Cb ... M-hb - -. .- ... - - - - - - 

0.33 ... XKSAT (Log averaged) 
37% ... Vegetation Cover Density (VCD) in percent 
1.30 ... Ck: 0.889+1.111*VCD -Applied EXCEPT forXKSAT> =1.2 &VCD< =lo% 

0.43 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... T m i n  = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) TOM ares in muare milea = 0.048 

0.33 . .. XKSAT (Log averaged) 
37 96 ... Vegetation Cover Density (VCD) in percent 
1.30 ... Ck: 0.889+ I.lllmVCD - Applied EXCEPT for XKSATZ -1.2 & VCDC =lo% 

0.43 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Totnl area in w a r e  m i l s  = 0.059 

0.32 ... XKSAT (Lag averaged) 
37% ... Vegetation CoverDensity (VCD) in percent 
1.30 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 
0-42 ... .SAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unsdj)) 

34.7% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
3.5% ... Terrain = Hillside (composite) 

96.5% ... Terrain = Mountain (composite) TOM area in square miles = 0.159 
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Table 53 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.14 ... XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.17 ... XKSAT (Adj. for VCD using Ck=X~~AT(adj)flMSAT(unadj)) 
23.7% ... RTIMP (Camposite) 

0.0% ... Terrain = Valley (composite) 
99.4% ... Terrain = Hillside (composite) 
0.6% ... Terrain = Mountain (composite) Total uos in square miles = 0.047 

0.29 ... XKSAT (Log averaged) 
35% ... V e e t i o n  Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT> -1.2 & VCDC =lo% 

0.37 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
33.5% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

15.1% ... Terrain = Hillside (composite) 
84.9% ... Terrain = Mountain (composite) Torpl a m  in square mnes~;  0330 

0.17 ... XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT>=1.2&VCD<=10% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)flMSAT(unadj)) 
27.6% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

74.3% ... Terrain = Hillside (composite) 
25.7% ... Terrain = Mountain (composite) Total a m  in square miles = 0.058 
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Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.23 ... XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+I.llI*VCD - Applied EXCEPT for XKSAT> =1.2 & VCD< -10% 

0.28 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 1 
31.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

40.1% ... Terrain = Hillside (composite) 
59.9% ... Terrain = Mountain (composite) Total aren io swam miles = 0.094 I 

1 

0.14 ... XKSAT (Log averaged) 
28 % ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+1.111*VCD - AppliedEXCEPTforXKSAT>=1.2 & V W < = 1 0 %  

0.17 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) I 
25.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) TOW area m sqmm mXes = 0.010 i 

0.14 .. . XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for =SAT> =1.2 & VCD<=10% 

0.17 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
25.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in sqoare miles = 0.068 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

Soil Mg UnilNo. ... 31 63 0 0 0 0 0 0 0 0 0 0 

SoilMgLldlAM.~X ... 40.5 43.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

X K S A W ~ ~  ... 0.33 0.14 --- - - - -. - -. - - - 
X Rock ... 35% 25% - - - .- .- - - - - - 

Tcmh C h  ... MowlaioHilblop - - ... - .- .- - ... - - 

0.21 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.111*VCD -Applied~XCEPTforXKSAT>=1.2 &VCD<=10% 

0.27 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
29.8% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

52.0% ... Tenain = Hillside (composite) 
48.0% ... Terrain = Mountain (composite) Total a m  in mare miles = O.U2 

0.20 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> =1.2 &VCDc=lO% 

0.26 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
29.2% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

58.1% ... Terrain = Hillside (wmposite) 
41.9% ... Terrain = Mountain (composite) Total a m  in square m i l e  = 0 3 4  

0.14 ... XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.17 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
25.0% ... RTIMP (Composite) 
0.0% ... Termin = Valley (wmposite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) To(al area in mare miles = 0.029 
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Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

208 w Soil b% Unit No. ... 41 63 0 0 0 0 0 3 0 0 0 0 

SoiM.pUnith(.s) ... 9.4 22.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKMTRlndj) ... 0.17 0.14 - - - ... ... -. .- - - - 
%&odr ... 0% 25% - - - - -. - .- - - - 

T- Clu ... H i b l o p  Hillslope -- -- - - - - - - - - 
0.15 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT> =1.2 & VCD< =lo% 

0.18 ... XKSAT (Adj. fw VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
17.7% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (cornpasite) Total a m  in muare milea = 0.050 

0.19 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck: 0.889+1.lIl*VCD -Applied EXCEPT for XKSAT> -1.2 & VCD<=10% 

0.23 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
16.5% ... RTIMP (Composite) 
U.6% ... Tenain = Valley (composite) 
87.4% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) TOW aren in m a r e  miles = 0.075 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.IlI*VCD-ApptiedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unndj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrsin = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total aren in swan milea = 0.3643 
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Table 5-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+l.lIl*VCD - Applied EXCEPTforXKSAT> -1.2 &VCD<=10% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Tenain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total a m  in squam miles = 0.083 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+l.lll*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total ares m swam miles = 0.064 

0.33 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Qr: 0.889+I.lll*VCD -Applied EXCEPT forXKSAT>=1.2 & VCD<=10% 

0.42 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Tom a m  in sauam mil- = 0344 I 
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Table S3 
XKSAT and  Terrain Classifications by Subbasin 

Existing Condition 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in p e m t  
1.22 ... Ck:0.889+1.111*VCD-AppliedEXCEPTfarXKSAT>=1.2&VCD<=10% 

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (composite) 

100.0% ... Terrain = Mountain (composite) Total a m  in square miles = 0.149 

209F Soi1M.p Unit No. ... 31 41 0 0 o 0 0 o 0 0 0 0 

SoilM.pUnitA,=.(.~) ... 127.7 16.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XESATWodfI ... 0.33 0.17 - - - - - -- -. - - - 
%Fa& ... 35% 0% - - - - - -. -. - - - 

i 
Te".hC*r M ~ ~ u m I i i i l * ~  - , - - - - - - 

0.31 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2%VCD<=10% 

0.39 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(uaadj)) 
30.9% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

11.6% ... Terrain = Hillside (composite) 
88.4% ... Terrain = Mountain (composite) Total a m  in w a r e  m i k  = 0326 

0.33 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> =1.2 & VCD< = l o %  

0.40 ... XKSAT (Adj. for VCD using Ck=XKSAT(Pdj)lXKSAT(unadj)) 
35.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
0.0% ... Terrain = Hillside (wmposite) 

100.0% ... Terrain = Mountain (composite) Total area in ware  mila - 0.204 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.19 ... XKSAT (Log averaged) 
35% ... Vegetation Cover Density (VCD) in percent 
1.28 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> -1.2 & VCDC 1 1 0 %  

0.24 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
18.3% ... RTIMP (Composite) 
0.0% ... Tenain = Valley (composite) 

73.1% ... Terrain = Hillside (composite) 
26.9% ... Tennin = Mountain (composite) Total area in sauare miles = 0.083 

0.16 ... XKSAT (Log averaged) 
22% . Vegetation Cover Density (VCD) in percent 
1.13 ... Ck:0.889+1.11I*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 1 
5.3% ... RTIMP (Composite) 1 
0.0% ... Terrain = Valley (composite) 

97.6% ... Terrain = Hillside (composite) i 
2.4% ... Terrain = Mountain (composite) Tow p l~ .  in square mil- = 0.182 

0.23 ... XKSAT (Log averaged) 
26 % ... Vegetation Cover Density (VCD) in percent 
1.18 ... Ck: 0.889+1.lll*VCD - AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.27 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(madj)) 
0.0% ... RTIMP (Composite) 

25.1% ... Terrain = Valley (composite) 
74.9% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in square milea = 0.123 
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Table 5-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.16 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for %SAT> =1.2 & VCDC =lo% 

0.20 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
4.2% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in woan miles = 0.107 

0.26 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck: 0.889+ l.lll*VCD -Applied EXCEPT for XKSAT> =1.2 &VCD< =lo% 

0.32 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
5.3% ... RTIMP (Composite) 

32.1% ... Terrain = Valley (composite) 
67.9% ... Terrain = W s i d e  (composite) 
0.0% ... Terrain = Mountain (composite) Total area in mare miles - 0.082 

0.17 ... XKSAT (Log averaged) 
26% ... Vegetation Cover Density (VCD) in percent 
1.18 ... Clr: 0.889+1.111*VCD-AppliedEXCEPTfor%SAT>=1.2&VCD<=lO% 

0.20 ... XKSAT (Adj. for VCD using Clc=XKSAT(adj)/XKSAT(unadj)) 
18.7% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

66.9% ... Terrain = Hillside (wmposite) 
33.1% ... Terrain = Mountain (composite) TOM area io sauare ma- - 0.140 
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Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.1 1 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck: 0.889+l.lll*VCD - AppliedEXCEPT for =SAT> =1.2 & VCD<=10% 

0.14 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)flllCSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in ssoare miles = 0.028 

0.32 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent i 
1.22 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT> =1.2 &VCD<=10% 

0.39 ... XKSAT (Adj. for VCD using Q==SAT(adj)/XKSAT(un.dj)) 
34.4% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 
1.6% ... Terrain = Hillside (composite) 

98.4% ... Terrain = Mountain (comwsite) Total a m  in square miles - 0.093 

0.20 ... XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 
0.25 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 

24.2% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

30.8% ... Terrain = Hillside (composite) 
69.2% ... Terrain = Mountain (composite) Total area in muare mites = 0.162 I 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

Sod M.pUaitNo. ... 31 40 61 63 96 0 0 0 0 0 0 0 

SoilM.pUnitAm4ui) ... 6.5 6.7 20.9 2.9 7.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

)[KSAMrndB ... 0.33 0.17 0.15 0.14 0.07 -- - .- - - - - 
%Rod; ... 35% 0% 0% % 0% -- - - - - - - 

T& C*u ... ~ o w m h ~ i b l o p s  nilrlopc ~ i l h l ~  ~ i b p .  - -. - - - - - 
0.15 ... XKSAT (Log averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck: 0.889+l.l11*VCD - Applied EXCEPT for =SAT> =1.2 & VCDC =lo% 

0.19 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
6.7% ... RTXMP (Composite) 
0.0% ... Terrain = Valley (composite) 

85.4% ... Terrain = Hillside (composite) 
14.6% ... Terrain = Mountain (composite) TOM area in squaremiles = 0.070 

2101 SoilMmpUnitNa. ... 40 41 % 0 0 0 0 0 0 0 0 0 

S o i l b 6 p U n i t M . r )  .... 4.7 4.1 U.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 
XKSAWudj) ... 0.17 0.17 0.07 - - - - - - - - - 

% Rod; ... 0% 0% 0% --- - .- .- - - -- - - 1 
T- C b  ... H i  H i i b p .  Hilhiopr -- - - - 

0.09 ... XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+l.lll*VCD -Applied EXCEPT for XKSAT> =1.2 & VCD< = 10% 

0.11 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in smnm mil- = 0.049 

I 

0.12 ... XKSAT (Lug averaged) 
32% ... Vegetation Cover Density (VCD) in percent 
1.24 ... Ck:0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=l.2&VCDC=lO% 

0.15 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.9% ... Terrain = Valley (composite) 

99.1% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Tatol nrea in square miles = 0.103 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

210K .%id ~ . p  u a  NO. ... 8 40 41 % o o o o o o o o 

S U A ) .  6.5 6.6 5.7 30.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAT(udjJ... O.W 0.17 0.17 0.07 -- -. ... ... -- - - - 
% RoEL ... 0% 0% 0% 0% -- .- .- .- - .- - - 

T-CLr ... Valley Hilop Hiiblopr HnilLbp --- - - - - -. - - 

0.12 ... XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.15 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)flCKSAT(unadj)) 
0.0% ... RTlMP (Composite) 
U.1% ... Terrain = Valley (composite) 
86.9% ... Terrain = Hillside (composite) 
0.0% ... Termin = Mountain (composite) Total area in square mile4 = 0.077 

0.22 ... XKSAT (Log averaged) 
34% ... Vegetation Cover Density (VCD) in percent 
1.27 ... Ck: 0.889+l.lll*VCD - Applied EXCEPT for XKSAT>=1.2 & VCD< =lo% 

0.28 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)flCKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
15.5% ... Terrain = Valley (composite) 
84.5% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in square mil- = 0.137 

0.16 ... XKSAT (Log averaged) 
29% ... Vegetation Cover Density (VCD) in percent 
1.21 ... Ck: 0.889+ l.lll*VCD -Applied EXCEPT for XKSAT> =1.2 & VCDC =lo% 

0.20 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

15.8% ... Terrain = Valley (composite) 
84.2% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in srmare mile = 0.162 
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Table S-3 
XKSAT and  Terrain Classifications by Subbnsin 

Existing Condition 

0.38 ... XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Clr: 0.889+I.IlI*VCD - Applied EXCEPT for XKSAT> =1.2 &VCD< =lo% 

0.46 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)KKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

56.5% ... Terrain = Valley (composite) 
43.5% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in square mi le  = 0.049 

211A Soil ~ . p  unit NO. ... 41 o o o o o o o o o o o 
soilM.pUoil~u:) ... 91.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAT(Und3 ... 0.17 - -. .- -- - - -. - - - -. 
%Ra* ... 0% - -. - - - -. - - - - 

T n n i n C l w  ... H i U l b p  -- ... .- .- -. 

0.17 ... XKSAT ( L Q ~  averaged) 
31% ... Vegetation Cover Density (VCD) in percent 
1.23 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> -1.2 & VCD< =lo% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(uaadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in m a r e  mile = 0.143 

0.17 ,.. XKSAT (Log averaged) 
30% ... Vegetation Cover Density (VCD) in percent 
1.22 ... Ck:0.889+l.lII*VCD-AppliedEXCEPTforXKSAT>=l.2&VCD<=10% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in s w a m  miles = 0.109 
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Table S-3 
XKSAT a n d  Terrain Classifications by Subbasin 

Existing Condition 

Soil M.p Unil No. ... 8 40 41 96 0 0 0 0 0 0 0 0 

%iM.pUnilAmNr) ... 2.5 0.2 20.5 4.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

X K S A W d D  ... 0.96 0.17 0.17 0.07 - - - - .- - - - 
% . 0% 0% 0% 0% -- .- -. - - - - - 

Tunis C h  ... Valley Hilblope Hilblop H i l b b p  -- - -. -. .- - - - 

0.17 ... XKSAT (Log averaged) 
15% ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for =SAT> =1.2& VCD< =lo% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
9.1% ... Terrain = Valley (composite) 

90.9% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total ares in square mils = 0.043 

0.44 ... XKSAT (Log averaged) 
21 % ... Vegetation Cover Density (VCD) in percent 
1.12 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 
0.49 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)iXKSAT(unadj)) 

0.0% ... RTIMP (Composite) 
55.6% ... Terrain = Valley (composite) 
44.4% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total ares in square miles = 0.071 

0.22 ... XKSAT (Log averaged) 
16 % ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> =1.2 & VCD< =lo% 

0.24 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

22.7% ... Terrain = Valley (composite) 
77.3% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total ama in squnn mJe = 0.156 
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Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

Soil hkp Unit No. ... 8 36 40 41 0 0 0 0 0 0 0 0 

SoilM.pUitAr4=) ... 29.5 0.4 23.0 19.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XXSAT(Udj7 ... 0.96 0.07 0.17 0.17 - -. ... ... - - - - 
%Rack ... 0% 0% 0% 0% - .- .- -. - - - - 

T- C h  ... VllLy Hilblop Hib% H i b l o p  - -. - - -. -- - - 
0.34 ... XKSAT (Log averaged) 
15% ... Vegetation Cover Density (VCD) in percent 
1.06 ... C k  0.889+1.111*VCD -Applied EXCEPT forXKSAT> =1.2 &VCD< =lo% 

0.36 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) I 

0.0% ... RTIMP (Composite) 
40.9% ... Terrain = Valley (composite) 
59.1% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total am m w a r e  miIa = o.1U i 

1 

0.17 ... XKSAT (Log averaged) 
15% ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain .= Mountain (compcsite) Total area in scrupre mila = 0.008 I 
0.15 ... XKSAT (Log averaged) 
26% ... Vegetation Cover Density (VCD) io percent 
1.18 ... Ck:0.889+I.lIl*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)KKSAT(unadj)) I 

0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

I 
100.0% ... Terrain = Hillside (composite) 

0.0% ... Terrain = Mountain (composite) TOW ares in s w r e  olae = o.on 
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Table  53 
XKSAT a n d  Terra in  Classifications by Subbasin 

Existing Condition 

0.17 ... XKSAT (Log averaged) 
24% ... Vegetation Cover Density (VCD) in percent 
1.16 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT> -1.2 & VCDC = l o %  

0.20 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)TXKSAT(unadj>) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total ntea in square miles = 0.041 

21W SoilMapUnilNo. ... 40 % 0 0 0 0 0 0 0 0 0 0 

SoilMqUmitAM~c) ... 8.1 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSATWmdj) ... 0.17 0.07 - - .- - - - - - - 
%Rooli ... 0% 0% - - -- - - -. -- - - - 

T d  Clu ... H i b l q r  Hillslop - - .- - - - - 1 

0.15 .. . XKSAT (Log averaged) 
26% ... Vegetation Cover Density (VCD) in percent 
1.17 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Tom ares in ware miles = 0.015 

0.15 ... XKSAT (Log averaged) 
26 96 ... Vegetation Cover Density (VCD) in percent 
1.17 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=l.Z&VCD<=10% 

0.18 ... XKSAT (Adj. for VCD using a=XKSAT(adj)/MCSAT(unadj)) 
0.0% ... RTIMP (Composite) 

22.4% ... Terrain = Valley (composite) 
77.6% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total ares in square miles = 0.102 
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Table 5 3  
XKSAT a n d  Terrain Classifications by Subbasin 

Existing Condition 

0.33 ... XKSAT (Log averaged) 
17% ... Vegetation Cover Density (VCD) in percent 
1.07 ... Ck: 0.889+1.111*VCD -AppliedEXCEPTforXKSAT>=1.2&VCDC=1098 

0.36 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

43.6% ... Terrain = Valley (composite) 
56.4% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in ~ l l u r e  miles- 0.096 

0.17 ... XKSAT (Log avemged) 
31 96 ... Vegetation Cover Density (VCD) in percent 
1.23 ... Ck:O.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=lO% 

0.21 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/M<SAT(unadj)) 
0.0% . .. RTIMP (Composite) 
0.0% ... Terrain = Valley (wmposite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) T o w  area in square mil- 0.081 

SdlMqUnitNa. ... 40 41 0 0 0 0 D 0 0 0 0 0 

S o i l h h p U n i t ~ K ) . . .  3.1 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSAWmdjI ... 0.17 0.17 - - - - ... - - - - - 
% R d  ... 0% 0% - - .- - -. - - -. - - 

T- Chr ... Hi* Hiblopc - - - - ... -. - - - - 
0.17 ... XKSAT (Log averaged) 
27% ... Vegetation Cover Density (VCD) in percent 
1.19 ... Ck: O.889+1.111*VCD-AppliedEXCEPTforXKSAT>=l12&VCD<=10% 

0.20 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)MSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (wmposite) 
0.0% ... Terrain = Mountain (composite) Total area in square r n h  = 0.020 
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Table 53 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.17 ... XKSAT (Log averaged) 
28% ... Vegetation Cover Density (VCD) in percent 
1.20 ... Ck: 0.889+1.111*VCD -Applied EXCEPT forXKSAT> -1.2 & VCD<=10% 

0.20 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(uaadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in square dssl 0.W 

0.17 ... XKSAT (Log averaged) 
26% ... Vegetation Cover Density (VCD) in percent 
1.18 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT>=1.2 &VCD< =lo% 

0.20 ... =SAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total uen in square miles = 0.050 

0.17 ... XKSAT (L.og averaged) 
27% ... Vegetation Cover Density (VCD) in percent 
1.18 ... Ck: 0.889+I.IIl*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=108 

0.20 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  w square miles = 0.066 

I 
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Table S3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.17 ... XKSAT (Log averaged) 
15% ... Vegetation Cover Dmsity (VCD) in percent 
1.06 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT>=l.Z&VCD<=lO% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total nren in square m i l s  = 0.027 

211v SoiM.pUnnNa. ... 40 41 0 0 0 0 0 0 0 0 0 0 

SoilM.pUnit/\ra(ac) ... 3.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XKSATWnda ... 0.17 0.17 - - ... -. .- -. - - - - 
% ~ o c k  ... 0% 0% -- - .- - - - - - - - 

Tmvin C b  ... H a *  Hilbbps --- - .-- - - 

0.17 ... XKSAT (Log averaged) 
15 % ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck: 0.889+1.111*VCD - AppliedEXCEPT for =SAT> =1.2 &VCD<=lO% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in mare mile, = 0.005 

0.17 ... XKSAT (Log averaged) 
17% ... Vegetation Cover Density (VCD) in percent 
1.08 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT> =1.2& VCD< =lo% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total area in sqoaro mile, = 0.030 
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Table S-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

211x Soil M.p Unk No. ... 8 36 40 41 % 0 0 0 0 0 0 0 

SailM.pUnitAo(ac) ... 35.7 10.2 88.9 0.6 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

%KSATRlmdj)... 0.96 0.07 0.17 0.17 0.07 - - - - - - - 
%Rod;... 0% 0% 0% 0% 0% -- - .- - - - - 

T& C h  ... Vdky Wbpc Hiblqr. Hihbpc H U b p  - - - -. ... - - 

0.25 ... XKSAT (Log averaged) 
18% ... Vegetation Cover Density (VCD) in p a n t  
1.09 ... Ck: 0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

I 
0.27 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)KKSAT(unadj)) I 

0.0% ... RTIMP (Composite) 
26.0% ... Terrain = Valley (composite) 
74.0% ... Terrain = Hillside {composite) 
0.0% ... Terrain = Mountain (composite) Total a m  ia muam mils = 0214 i 

i 

211Y Soil M.p Unit No. ... 8 36 40 41 0 0 0 0 0 0 0 0 

SDilM.pUnitA+.~) ... 3.0 27.2 24.1 2.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

d . . .  O.% 0.07 0.17 0.17 - -- .- .- - - - - 
% Rod; ... 0% 0% 0% 0% --- .- - - - - - - 1 

T& Ch. ... V.Ury H i b b p  H i b p  H i i b l ~  - - 4 
I 

0.12 ... XKSAT (Log averaged) 
24% ... Vegetation Cover Density (VCD) in percent 
1.16 ... Ck: 0.889+1.111*VCD - Applied EXCEPT for XKSAT>=1.2 &VCD< =lo% 

0.14 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(uoadj)) 
0.0% ... RTIMP (Composite) 
5.2% ... Terrain = Valley (composite) 

94.8% ... Terrain = Hillside (composite) 

I 
i 

0.0% ... Terrain = Mountain (composite) Total area in spare miles = 0.089 4 

0.31 ... XKSAT [Log averaged) 
19% ... Vegetation Cover Density (VCD) in percent 
1.09 ... ~0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.34 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

47.0% ... Terrain = Valley (composite) 
53.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in muare mils = 0.083 
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Table 5 3  
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.12 ... XKSAT (Log averaged) 
19% ... Vegetation Cover Density (VCD) in percent 
1.10 ... Ck: 0.889+I.lll*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.14 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)iXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Totnl a m  in square d e ~  = 0.034 

0.12 ... XKSAT (Log averaged) 
22% ... Vegetation Cover Density (VCD) in percent 
1.14 ... Ck: 0.889+l.llI*VCD-AppIiedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.U ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)iXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) T d  area m sqsm milea = 0.040 

0.07 ... XKSAT (Log averaged) 
15% ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck: 0.889+1.111*VCD -AppliedEXCEPTforXKSAT>=1.2 &VCD<=lO% 

0.07 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTINP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in w a r e  drs BL: 0.027 
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Table 5-3 
XKSAT and Terrain Classifications by Subbasin 

Existing Condition 

0.08 ... XKSAT (Log averaged) 
16% ... Vegetation Cover Density (VCD) in percent 
1.06 ... Ck: 0.889+ 1.11 l*VCD - Applied EXCEPT for XKSAT> = 1.2 & VCD < = 10% 

0.08 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) I 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Totnl area in square miles = 0.041 1 

1 

0.14 ... XKSAT (Log averaged) 
17% ... Vegetation Cover Density (VCD) in percent 
1.08 ... Ck: 0.889+1.111*VCD -Applied EXCEPT for XKSAT> =1.2& VCD<=10% 

0.15 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)lXKSAT(unadj)) 
0.0% ... RTIMP (Composite) 

25.1% ... Terrain = Valley (composite) 
74.9% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Total a m  in sqlmre mJg = 0.034 4 

0.16 ... XKSAT (Log averaged) 
19% ... Vegetation Cover Density (VCD) in percent 
1.10 ... Ck:0.889+1.111*VCD-AppliedEXCEPTforXKSAT>=1.2&VCD<=10% 

0.18 ... XKSAT (Adj. for VCD using Ck=XKSAT(adj)/XKSAT(unadj)) 1 
0.0% ... RTIMP (Composite) 
0.0% ... Terrain = Valley (composite) 

100.0% ... Terrain = Hillside (composite) 
0.0% ... Terrain = Mountain (composite) Totnl a m  in square miler = 0.053 
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Table 54 

Land Use Identifiers and Percent Impervious Estimates 

Qualifiers: 
-F Fully developed 
-P Less than 50% developed 
-N Undeveloped (natural) 
(##) Value in parenthesis is estimated % impervious 

Example: VLDR-P(23) indicates a partially developed VLDR land use with an 
estimated average percent impervious value of 23 % for the entire parcel. 

Fie = table-s.wbl 





Table 5 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

201A Lad Use Identifier ... LDR-N ND 

Lnd Use A m b c )  ... 44.0 94.6 
P n c ~ n t ~ n i w e  ... 0% 0% 
Lad UrCh. r .  ... Nawnl Natunl 

Urbm Arca ... - - 
0.0% ... P v u a t  U* UrbnnamainSqIwemrlea= 0.0000 
0.0% ... C o m d t e  Utbm P m t  Impmdom Totel area in $mare mil6  = 02166 

201B Land U r  Identifier ... LDR-N ND 

Lnd Usa Arca(ac) ... 3.8 47.8 
Pcrccnt hpeWi0IIS ... 0% 0% 

L n d U r  Char. ... Natunl N.lural 
Urban Arca ... - - 

0.0% ... Puumt Urban U ~ n r e a i o a g o p ~ m r l e a  = 0.0000 
0.0% ... Compmite Utblo Percent Impervious Totel area in sc~uare miled = 0.0807 

201C Lnd U r  ldcntificr ... LDR-N ND 

Land U r  h & c )  ... 48.0 2.3 
Perwmlnpcwiour ... 0% 0% 

h d  Usc Cbu. ... Nafunl Naiutal 
Urban Area ... - - 

0.0% ... Pement U* u*amainsqu91~*= 0.0000 
0.0% ... Cornno?& Urban P m e n t  impn;om ToW.reninsqruremil6 - 0.07S 

201D Lad u r  Identifier ... LDR-N NLY 0 0 0 0 0 0 

Lnd Uw h ( a c )  ... 15.9 29.5 0.0 0.0 0.0 0.0 0.0 0.0 
Pcreent lmpcwhs ... 0% 0% - - - - - - I 

Land U r  Char. ... Nawnl Nstunl - - - - - - 
Urbm Area ... - - - - - - - 

0.0% ... Pemmt U h  U l t m a m a i n s q ~ a n e m i l e s =  I 

0.0% ... C o m d t e  Urbm Percppt ImpeRiolu Total area in seuare miles = 0.0709 

201E lmnd U r  Identifier ... C-PO LDR-N ND 0 0 0 0 0 
Lnd U r  A m ( = )  ... 2.0 33.2 81.9 0.0 0.0 0.0 0.0 0.0 
Pcrtcat lmpclvious ... 7% 0% 0% - - - - - 

LadUseChar. ... Nawnl Natural Natural - - - - - 
Urbm Arca ... - - - - - - - - 

0.0% ... Percent UrbM U l t m a m a i n s q u ~ ~ m i l E s  = 0 . w  
0.1% ... Comwaite Urban Percent Imwrviom Totsl area in square m i l e  = 0.1831 
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Table S-5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

202A hnd Use ldcntifia ... C-PO LDR-N 0 

Land Use Arabc) ... 2.2 22.0 0.0 
P~rCuUkq10rpsrvi0~8 ... 7% 7% - 

hod U n  Char. ... Natunl N a t u l  - 
Urban Ara ... - - - 

0.0% ... Parcen( UliMlI UrbanPrrninsguuemiIes - 0.0000 
7.0% ... Canpasite Urbm Percent I m d o u ~  Tota Iammrrmnremi le~  = 0.03% 

202B M Use Identitier ... G P O  LDR-N 

M Usc AM(ac) ... 0.9 10.6 

Primen1 Iotpcrvioua ... 7% 0% 
M Use Char. ... N a t u l  N a t u l  

Urbm A M  ... - - 

0.0% ... W e n t  Urban U r b a n a m i n s q = & =  0.0000 
0.6% ... Compasite Urban P m e n t  Impervious Total a m  in s w m  miles - 0.0179 

202C h d  Use Identifier ... C-PO LDR-N 

Land Use Aru(ac) ... 1.3 3.6 
Pment lmpcrvious ... 7% 7% 
Lmd Usc Char. ... N a m l  Natural 

UrbMAM. . .  - - 
0.0% ... Pexenl Urb.0 Urban.repinsqunre&- 0.0000 
7.0% ... Composite Urbm Percent Impervious Total a m  in smrpre m k  = 0.0077 

202D ~ n a  use 1dentifi.r ... C - p ~  LDR-N o o o o o o 
M U n  Aru(ffi) ... 2.4 37.6 0.0 0.0 0.0 0.0 0.0 0.0 

Pemotlmpcwiws ... 7% 7% - - - - - - 
Land Usc Char. ... NaLunl Nawnl - - - - - - 

Urban A M  ... - - - - - - - 

0.0% ... Pmxnt urban U ~ . r e p i n ~ & -  0.0000 
7.0% ... Composite Urban P m m t  ImpeRiolln TOW area in wonre miles = 0.0616 

202E ~ n d  US ~dmtificr ... C-PO LDR-N o o o o o o 
Land Use Aru(ac) ... 2.5 64.1 0.0 0.0 0.0 0.0 0.0 0.0 
Pcmntlmpcrvi ow... 7% 0% - - - - - - 

hod Use Char. ... Naiutal N a m l  - - - - - - 
Urban AIM ... - - - - - - - - 

0.0% ... Percent Urban Urban~rrninsqmaremiIes = 0.OOM) 
03% ... Composite Urbao Percatt Impemiru~ TotPl a m  in square m i l s  - 0.1041 
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Table S5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

202F L ~ I  use idcdtiiu ... C-PO LDR-N o 
Land Use Aru(ac) ... 2.2 6.2 0.0 
Pcrccnthperviaus ... 7% 0% - 

L n d  U r  Char. ... Natud Naoml - 
urbm Aru  ... - - - 

0.0% ... P m m t  Urban Urbnnpreninsquaremile= 0.0000 
1.8% ... Composite Urban Percent lmpeniou~ Total area in srrunre milea = 0.0131 

2026 Ld Uw Identifier ... C-PO LDR-N 

L d  U.c Am(ac) ... 1.8 6.6 

Pcrccot hperviour ... 7% 0% 
LndUscQr. ... Natural Natunl 

Urbln AM ... - - 

0.0% ... PeFeent Urban U ~ p r e n i n s q u u e m i l e r =  0.0000 
1 5 %  ... Compabite Urban Percent Im&m Total m a  in m r e  milea = 0.0132 

202H Land Use Identifier ... C-PO LDR-N 

Land U r  Aru(ac) ... 4.3 110.5 
Porccnt Impewious ... 7% 0% 

W U u C h a r .  ... Natunl Naturnl 
U h  A r u  ... - - 

0.0% ... Percent Urbno Urbnnpreninsquaremiler= 0.0000 
03% ... Composite Urban Percmt Impemious Total area iu srrunrr mi le  - 0.1794 

2021 Land Use Identifier ... C-PO MDR-F 

Lad Use AIU(ac) ... 10.5 0.7 
brcont Impmious ... 7% 45 % 

Land U r  Char. ... Natunl Urban 
Urbm AM ... - 0.7 

6.1% ... Percent Urban U r b n o n r e s i n s ~ d e  = 0.0011 

93% ... Composite Urbnn Percent lmrmmious Total area in muare miles = 0.0175 

203A L n d  U r  Identifier ... DE LDR-F MDR-F MDR-P(22) ND 0 0 0 
LandUseAM(ac) ... 14.4 24.4 1.3 3.5 135.1 0.0 0.0 0.0 
Rrccnt Impcwious ... 0% 25 % 45 % 22% 0% - - - 

LndUlr  Qr. ... Natud Urban Urban Natud Natunl - - - 
UrbmAIU... - 24.4 1.3 - - - - - 

14.4% ... Peretot Urban Urbansreainsqunrermles= 0.0401 
4.2% ... Composite Urbnn Percmt Imperviow Total a m  in m a r e  milea = 03792 
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Table $5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

203B Lad U s  Identifier ... DE LDR-P LDR-N MDR-P 0 0 

Land Ule Aru(.o) ... 3.1 4.0 20.4 0.9 0.0 0.0 

Rrscnlhrpc~iwr ... 0% 25 % 0% 45 % - - 
L n d  U r  C h r .  ... Natural U h m  Nawnl U h m  - - 

U h m  Aru ... - 4.0 - 0.9 - - 

17.4% ... Perce~t Urbp. Ulbsnnreainqunremiler = 0.0077 
5.0% ... Comtmite Urban Percent ImDerviour Total area in square miles = 0.044s 

203C Lad Uac Identifier ... WR-F LDR-PI MDR-P(22) ND 0 0 

Land Use Aru(sc) ... 0.2 17.6 10.1 38.2 0.0 0.0 

Pcrccnt h p c ~ i w a  ... 25% 22 % 22 % 0% - - 
Land U r  Char. ... Urban Natu-I Natural Nrmnl - - 

U h m  AM ... 0.2 - - - - - 

0 3 %  ... M e t  Urbp. Urb.nnreainsqonrr&= 0.0003 
9.3% ... Compmite Urbm Percat lmlmnirms Total nren in maore miles = 0.1031 

203D Lad Use Identifier ... LDR-N ND 
Lnd U r  AM(ac) ... 23.8 45.3 
R r s m  lmpwiws ... 0% 0% 

Lad Use Char. ... Natunl Natural 
Urban Aru ... - - 

0.0% ... Percad Urbnn Urbsnnreain~loplamilos- 0.0000 
0.0% ... CornPorite Urban Pemat  ImDerviouq Totnlareainsqllnremiles= 0.101#) 

203E Land Use ldsncificr ... LDR-N 
Lad Use &(a=) ... 59.7 
Pcrccdhnpcwious ... 0% 

Lad U r  Char. ... Nslud  
U h m  AM ... - 

0.0% ... P m m t  Urban U r b n n n r e s i u ~ m i l e a =  0.0000 
0.0% ... Composite Urbm Percent Impervious Total area in muare mites = 0.0934 

203F  and use identifier ... ND o o o o o o o 
Ldnd U s  Aru(8c.f ... 213.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pcxcnt Lnpcrviwn ... 0% - - - - - - - 

Land Uac Chu. ... Natural - - - - - - - 
urb.nAru ... - - - - - - - - 

0.0% ... Percent Urbnn Urbp.areninsqonrrmiles= 0.0000 
0.0% ... Composite Urban Percat Impervious Totnl area in square mitea - 03333 
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Table 5 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

203G Land Usc Idedtier ... LDR-N ND 

Land U r  Am(ec) ... 58.5 IW.3 
P c r ~ e ~ t h p ~ n i o u s  ... 0% 0% 

L n d  U.c Char. ... N a t u d  Natunl 
U h n  A,"... - - 

0.0% ... Percmt Urbp .  U h p r e p i n s q m r e & =  0.0000 
0.0% ... Cornlasite Urbp .  Percent Irnperviol~s Total area in sqmare m i l e  = 03482 

203H  and u r  ~dcntificr ... WR-N 

Land U r  A,"(ac) ... 132.3 

Percent lmpcrvious ... 0% 
Land Uw Char. ... N~tural  

Urban Ama ... - 

0.0% ... Puceot Urbp.  U r b p . u e n i n ~ m i l 5  = 0 . m  
0.0% ... Composite Urban Perrent Impervious Total area in square miles = 03068 

2031 L n d  Usc Identifier ... C-PO LDR-N MDR-F 0 0 0 
Land Usc AM(as) ... 9.0 100.2 0.0 0.0 0.0 0.0 
k e r n  Impervious ... 7% 0% 45 % - - - 

W U r  C h r .  ... Natural Natunl Urban - - - 
Urban A m  ... - - 0.0 - - - 

0.0% ... Percent Urbp .  Urbnnareainsqunre&= 0.0001 

0.6% ... Cornwtite Urban Percent Impervious Total .ren in s w r e  m i l e  = 0.1707 

2035 ~ n d  US IWGC~ ... c-PO LDR-N MDR-F o 
LandUscA,"(ac) ... 18.1 2.5 4.2 0.0 
Pcrccntimpnviovl ... 7% 0% 45 % - 

Land Use Char. ... Natural N a ~ r a l  Urbm - 
U h  A," ... - - 4.2 - 

16.8% ... Perrpnt U r b m  U h p r e p i n i l q l l l l ~ & =  0.0065 
U.7% ... Composite Urbp. Percent Irnwrvious Total area in scfoare m i l e  - 0.0389 

203K L n d  Use Idenxitier ... G P O  D E  M D R P  0 0 0 0 0 
Land Uw Am(=) ... 5.2 3.5 93.9 0.0 0.0 0.0 0.0 0.0 
PerccrUlmpcnilou* ... 7% 0% 45 % - - - - - 

Land U r  Char. ... Natural Naoml  Urban - - - - - 
U h m  A," ... - - 93.9 - - - - - 

91.6% ... P-t Urbm U b p r e p i n s q m r e & =  0.1467 
41.6% ... Comwsite Urban Percent Impervinlos Total area in sqnare miles = 0.1W 
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Table 5 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

204A L n d  U s  Idcmifier ... LDR-N 0 

Land Uls Aru(ac) ... 68.9 0.0 
Pcrruulmpcrvious ... 0% - 

L n d  Urn Char. ... Natural - 
Urbao AM ... - - 

0.0% ... P- UdIm Urbno nren in aquare mila  = 0.0000 

0.0% ... Cornparite Urban Percmt lmwmious Total ares h square miles = 0.1077 

204B L n d  Usc Identifier ... C-PO LDR-N 0 0 0 

Land UI Aru(ac) ... 2.7 78.0 0.0 0.0 0.0 
hraot ~ ~ C N ~ O U S  ... 7% 0% - - - 

bod Ulc Char. ... Natunl Natural - - - 
Urban AM ... - - - - - 

0.0% ... Pexcmt UrbM UrbMareainsqliaremib = 0.0000 
0 3 %  ... Cmnparite Urban Peremt Imwrviow Toid area in square mile = 0.UM) 

1 

204C L n d  UI Identifier ... C-P(24) 

L n d  Ulc Area(ac) ... 12.8 
Psreent impewwus ... 24% 

Land Use Char. ... Natural 
Urban Am... - 

C-PI.7) MDR-F MFR-PO5) 

15.6 10.7 10.0 
7% 45 % 35% 

Natural Urban Natural 
- 10.7 - 

21.8% ... Percmt Urban Urbonoreainrquaremila = 0.0168 
25.4% ... C o m h t e  Urban Percent lmperrious Total area in m a r e  mile = 0.0767 

204D Land Uw Identifier ... C-P(24) MDR-F MFR-PO5) 0 0 0 

 ad uw ~ ~ ( a c )  ... 2.0 16.7 9.5 0.0 0.0 0.0 
Psrocot Impervious ... 24% 45 % 35% - - - 

LndU.sCiur. ... Natunl Urbm Natunl - - - 
Uhan AM ... - 16.7 - - - 

593% ... PmmtUrbnn Urban area in sqture miles = 0.0261 
43% ... Commite Urban Pereeot lmwrvious Total area h m o m  mile  = 0.0441 

204E  and uw ldcntifisr ... C - ~ 2 4 )  MDR-F MFR-P MFR-POS) SCHOOL@) 0 0 0 

bod Use AM(ac) ... I .4 28.7 0.7 1.4 12.9 0.0 0.0 0.0 
Percent Impervious ... 24% 45 % 65 % 35% 23 % - - - 

bod U.c Char. ... Natural Urban Urban Natural Natural - - - 
Urban AM ... - 28.7 0.7 - - - - - 

653% ... Percmt Urban Urbnoa~!ainsqliaremJe,= 
38.0% ... Commsite Urban P m m t  Irnpervioav Total area in square mile  = 0.0705 
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Table S-5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

204F M U.e ldcntificr ... MDR-P 
laxi use Aru(ac) ... 49.4 
Percent Impcrviws ... 45% 
laxi Use. Char. ... Urban 

U l b a n h  ... 49.4 

100.0% ... P ~ e n t  U h  U r b a n u o n i n s q w e ~ u i l e s -  0.0771 
45.0% ... Comwsile Urban Percent Immrviom T d  area in square IIliIes = 0.0771 

205A ~anduewntiti~ ... ND 
Land U r  Aru(ac) ... 75.2 
Percent Impervious ... 0% 
laxi Use Char. ... Natuml 

U l b m A r u . . .  - 

0.0% ... Perrmt U h  U r b a n a r e a m s q w e m i I e s =  0,0000 1 
0.0% ... Composite Urban Pemmt IrnrmRiom Totnl area in square miles = 0.1175 

205B Land Use Identifier ... ND 
M U u A r u ( a c )  ... 135.2 
Perccrd Impclviour ... 0% 
laxi U u  Chsr. ... N a m d  

Urban A m  ... - 
0.0% ... Perrent Urban U r b a n a m a i n ~ d e s  = 0.0000 
0.0% ... Cornpasite Urbm P e r c a t  I m ~ r v i o u s  Total area in swan mil= = 03112 

205C Land Usc Identifier ... ND 
laxi U.e Aru(ac) ... 37.6 
Pcrcontlmpcwiw~ ... 0% 

Land Usc Char. ... Nahml 

U b  A r u  ... - 
0.0% ... Percent Urbnn Urban area in sqwe miles = 0.0000 
0.0% ... Campasite Urban Percent ImmrVinm Total area in s s u n n  m i l a  - 0.0588 1 

205D Land Upe Idcntificr ... ND 0 0 0 0 0 0 0 

L.nd U r  -(a=) ... 204.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pemntlmpcrviws ... 0% - - - - - - - 

Land Use Char. ... NoNral - - - - - - - 
Urban A r u  ... - - - - - - - - 

0.0% ... Perrent urban U r b a n ~ i n ~ I I l i I e s =  0.0000 
0.0% ... Comcadte U r h  Percent Irnwmiaw T o t n l a r e a i n s q u a r e d a  = 03191 
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Table S-5 

Subbasin Land Use Areas and Urban RTIMP Ertimates 
Existing Condition 

205E kod Um Identifier ... ND 0 
Land Use Aru(ac) ... 139.2 0.0 
Percent lmporvious ... 0% - 

Land U s  Char. ... Natural - 
Urban Area ... - - 

0.0% ... Peremt Urban U ~ p r p . i n s q ~ d e =  0.0000 
0.0% ... Composite Urban Percent I m l w i a u  Total area in srmsre d m  - 02175 

205F IAXI ~wi&.otiticr ... ND 
Lnd Use Aru(sc) ... 103.2 
h e n r  lmpoffiour ... 0% 

Land Use Char. ... Natural 
Urban Area ... - 

0.0% ... percent U ~ M  u r b a n p r p . i n ~ q a p ~ e m i l ~ =  0 . m  
0.0% ... Composite U r b ~  Percent l n ~ p e n i o l ~  Totnl a m  in square m i l s  = 0.16U 

2056 Land Usc Identifier ... ND 

Land UrArca(ac) ... 118.7 
Percent lmpcffious ... 0% 

L n d  UW Char. ... Natural 
Urban A r u  ... - 

0.0% ... Peremu Urban U h  area m sgum miles = 0.0000 
0.0% ... Composite U r b ~  Percent l m l w i o u s  Total area in square milea = 0.1855 

205H Land Uss ldea ib r  ... ND 

kod Uac Aru(ac) ... 166.7 
P e w  lmpcrvious ... 0% 

Land Urn Char. ... Natural 
Urbm Area ... - 

0.0% ... P- urban u ~ y ~ . i n ~ r m l ~  = 0 . m  
0.0% ... Composite Urban Percent I m l w i o m  Totd a m  m srmpre m i l s  = 02605 

2051 Land Uw ldcdficr ... ND 0 0 0 0 0 0 0 
kod Use Aru(ac) ... 226.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pcrc+nt ImptffMus ... 0% - - - - - - 

Lnd Use Char. ... Nsutral - - - - - - - 
U r b a n h a  ... - - - - - - - 

0.0% ... percent urban U h p r p . m s q u p ~ e m i I e s =  0 . m  
0.0% ... Composite Urban Percent Impervious Total area in m r e  m i l s  = 03539 
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Table $5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

2055 M Use Idcntiticr ... ND 

L a d  U s  Am(nc) ... 236.5 

Pcrecnt lmpewioua ... 0% 
Land Ule Char. ... Natunl 

Urban A m  ... - 
0.0% ... p w m t  urban u r b n n n r e ~ m ~ m 3 e r =  o.ooo0 
0.0% ... C o m d t e  Urban Percent Imperviau$ TOW area in square mJes = 03695 

205K Lnd U.e McMiticr ... ND 

Lnd Uu Am(#o) ... 157.0 
Pcreenl Impervious ... 0% 

L n d  Use CLur. ... Natural 
u*m A m  ... - 

0.0% ... Perceat Urban U I b a n n r e n i n ~ r e & =  0.0000 
0.0% ... Composi(e Urban Percmt lmpewinur Total area in square miles = 03454 

205L M use Mentitior ... ND 
M Uu Aru(ac) ... 75.3 
PereenI hpcrvimls ... 0% 
M Uu C b r .  ... Natural 

Urban A m  ... - 
0.0% ... percent urban u r b ~ n r e ~ m ~ ~ n r e ~ =  o.oo00 
0.0% ... Comon*te Urban Percent Imoerious ~ o t d  area m sqoare m a s  = 0.1176 

205M L n d  Use ldcatitier ... DE LDR-P(I5) LDR-P(16) MDR-F ND 0 

Land Usc Am(ac) ... 24.3 9.2 2.8 37.4 15.1 0.0 
P c r r e n t h p c ~ i w s  ... 0% 15% 16% 45 % 0% - 

Land Usc Cbr. ... NsUual Natural Natural Urban Natural - 
Urban Am ... - - - 37.4 - - 

42.2% ... P e r e m  U h  U r b a n ~ i n s q , w e & =  0.0584 
21.0% ... Cornlasite Urban Percent lmpeniom Total area in square miles = 0.U85 

205N Land Use Identifier ... DE MDR-F ND 0 0 0 0 0 

Land Use Am(ao) ... 16.9 1.8 81.2 0.0 0.0 0.0 0.0 0.0 
Perecnt lmpcrvious ... 0% 45 % 0% - - - - - 

Land Uac Char. ... Natural Urban Nafunl - - - - - 
Urbur Am ... - 1.8 - - - - - - 

1.8% ... P w m t  Urbnn Urbannresmsqunromiles= 0.0028 
0.8% ... Commsite Urbm Pwrmt  lmperviom Total area in sqosre miles = 0.1561 
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Table S-5 

Subbnsin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

206A  and use idcntificr ... DB LDR-F LDR-P(IS) MDR-F ND o o 
Land Usc Aw(ac) ... 18.2 0.0 4.7 57.9 0.9 0.0 0.0 
Pcnent hpmpcrviou~ ... 0% 25 % 15% 45 % 0% - - 

Land U.c Char. ... Natural Urban Natunl Urbm Natural - - 
Urban A m  ... - 0.0 - 57.9 - - - 

70.9% ... Percent Urban Urbansreainsqunremilfs= 0.0906 
32.8% ... Composite Urtrno Percent Impervion~ Totd a r m  m aware  mile  = 0.1278 

206B Land Use Identifier ... DE LDR-P(I5) MDR-F 0 

Land U r  h ( a c )  ... 4.6 0.6 55.8 0.0 
Pcffiont h p e ~ i w 8  ... 0% I5 % 45 % - 

Land UscChr .  ... Natural Natural Urban - 
U h  AM ... - - 55.8 - 

915% ... b e n t  Urtrno Urban nres h sqwur  milea = 0.0811 
413% ... Compwite Urban Percent Imvervious Total area m moare  m i l s  = 0.099 

206C Lnd Use Identifier ... DE LDR-N MDR-F 0 

Lnd Use Am(ac) ... 1.2 9.8 4.2 0.0 
Pemcntlarp~r~ious ... 0% 0% 45 % - 

Land Usc Char. ... Natural Natural Urban - 
U r b a n h  ... - - 4.2 - 

275% ... Peruot Urban U r b a n a r e a m ~ u p r p m i l s  = 0.0065 
UA% ... Composite Urban Perced Imperviow Total area in m u r e  miles = 0.0238 

206D Land U r  Identifier ... WR-F LDR-N MDR-F 0 0 0 0 0 
Land Usc Aru(ac) ... 1.1 2.8 35.5 0.0 0.0 0.0 0.0 0.0 
Percenthperviovs ... 2.5% 0% 45 % - - - - - 

Land Usc Char. ... Urban Natural Urban - - - - - 
Urban AM ... 1.1 - 35.5 - - - - 

92.9% ... Perceat Urban Urtrnoareamsqoarermlps- 0.Mn 
413% ... Compai(eUrban Percent Imvenioen TOW area in muare mil- = 0.0616 

206E Land Use Identitier ... LDR-N MDR-F 0 0 0 0 0 0 
Lard Ula h ( a c )  ... 14.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 
Pcmcm Impervious ... 0% 45 % - - - - - - 

Land Usc Char. ... Natural Urban - - - - - - 
Urban AM ... - 0.5 - - - - - - 

3.8% ... Percmt Urban UrbanareaiosqvnrelnJps= 0.0009 
1.7% ... Composite Urban Percent Impervious Total area m ssoare miles = 0.0227 
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Table S-5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

206F Land U.c Identifier ... DE LDR-N LDR-P(24) LDR-PB8) MDR-F 0 0 0 
bmi U w  Arca(ac) ... 2.0 80.9 6.3 9.0 2.4 0.0 0.0 0.0 
Percent Imperviwr ... 0% 0% 24 % 28% 45 % - - - 

bmi U r  Cbsr. ... Nstuml Natunl Natural Nstunl Urban - - - 
Urban A r u  ... - - - - 2.4 - - - 

23% ... M m t  Urban U r b ~ p r e p m s c p a r e d e s =  0.0037 
5.1% ... Cornlasite U h  Perceet Impervious Total area in square miles = 0.1571 

2066  and ur ~dcntificr ... C - ~ 0 4 )  

Land Use Aru(sc) ... 2.9 
Percent Irapcniour ... 24% 

Land U r  Char. ... Nntunl 

Urban Aru ... - 

C-PO DE LDR-N LDR-P(24) MDR-F MFR-F MFR-P(35) 
0.8 5.9 30.0 6.6 9.9 0.0 1.1 
7% 0% 0% 24 % 45 % 65 % 35 % 

Natunl Natunl Natural Natunl Urban Urbm Natural 
- - - - 9.9 0.0 - 

173% ... Peremt Urbn. U r b ~ l r e n i o s q u p r e m i l e s =  0.0155 1 
12.5% ... Complsite Urban Percent lmllerviour Total area in mare miles = 0.089s 

4 

206H Land Urn Identifier ... LDR-N LDR-P(28) MDR-F 0 0 
Land Use Aru(ac) ... 15.4 l .O 21.3 0." 0.0 
Rmcnt Irapcrvious ... 0% 28% 45 % - - 

Land Use Char. ... Natunl Natuml Urban - 
Urban A m  ... - - 21.3 - 

565% ... Percmt U h  UrbPnareainsqvnrrmiles= 0.0333 
26.1% ... Composite Urban Perrent Irnpenious Total area in ~ l u r r e  miles = 0.0590 

2061 h d  Use Identifier ... LDR-N LDR-P(28) MDR-F 0 0 0 0 0 

Land U r  h ( a c )  ... 0.3 6.5 6.5 0.0 0.0 0.0 0.0 0.0 I 

Perccnt Irapwviw ... 0% 28% 45 % - - - - - 
LandUleCbsr. ... Natuml Natuml Urban - - - - - 

Urban AM ... - - 6.5 - - - - 
48.9% ... Percent Urban ~ I ' b M ~ ~ ~ s q ~ n r e ~ =  0.0102 
35.7% ... Cornlasite U h  Percent Impeninus Total prep in w a r e  miles = 0.0208 

206.J L a d  U r  Identifier ... LDR-P(28) MDR-F 0 0 0 0 0 0 
Lnd Use Aru(ac) ... 0.9 37.4 0.0 0.0 0.0 0.0 0.0 0.0 
Percant lnrpcrviws ... 28% 45 % - - - - - - 

Land Usc Char. ... Natural Urban - - - - - - 
urbm Aru ... - 37.4 - - - - - - 

97.6% ... P a m  Urbm U h p r e p i n s c p a r e m J p s =  

44.6% ... Composite Urban Percent Impervinuv Total area in square miles = 0.0599 
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Table S 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

206K Land Use Identifier ... LDR-N LDR-PQ8) MDR-F 0 

Land Use Am(ac) ... 29.4 4.9 1.4 0.0 
Percent lmpclvioua ... 0% 28 % 45 % - 

h d  Uu Char. ... Natural Natural Urbao - 
Urbanh ... - - 1.4 - 

4.0% ... Percent U k  Urban area in sqvare mile = 0.0025 
5.6% ... Composite Urban Percent lmpewiour Total area in square miles = 0.0558 

206L Land U r  Identifier ... LDR-N LDR-P(28) MDR-F 0 0 

Land U r  Am(ac) ... 18.2 19.9 0.0 0.0 0.0 
P C ~ C ~ ( ~ ~ C M O U I  ... 0% 28% 45 % - - 

Land U r  Char. ... Natunl Natural Urban - - 
U h  h ... - - 0.0 - - 

0.0% ... Percent Urban U k ~ i n a g u n r e & =  0.OWO 1 
14.7% ... Cornmite Urban Percent Imgewious Totnl area in square miles = 0.0595 

206M Lnd U r  Identifier ... DE LDR-P(28) MDR-F MFR-F 0 
Land U r  Am(ac) ... 1.1 0.0 32.3 4.7 0.0 
Percent ~ c l v i o u s  ... 0% 28% 45 % 65 % - 

L n d  Use Char. ... Natural Natural Urban Urban - 
Urban A m . . .  - - 32.3 4.7 - 

97.1% ... Percent U k  U r b a n p r e p i n a g u n r e ~ =  0.0579 

463% ... C o r n m e  Urban Pereent lrngewious Total arm in square miles = 0.05% 

206N Lnd Uro Identifier ... C-P(24) DE MDR-F MFR-F MFR-P(35) SCHOOL(23) 0 0 
Land UM A m ( a ~ )  ... 0.7 15.7 8.3 69.7 2.3 0.5 0.0 0.0 
Percent Impcwiaus ... 24% 0% 45 % 65 % 35 % 23 % - - 
Lnd U r  Char. ... Natunl Natural Urban Urban Natud Natural - - 

Urban A m  ... - - 8.3 69.7 - - - - 
803% ... h t  U r b ~  Ulbnnar~ainagunremiles = 0.U19 

51.6% ... Composite Urban P m e o t  lmgenious Total area in square miles = 0.1518 

207A ~r identifier ... ND o o o o o o o 
Land U r  Am(ac) ... 163.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Rrccnt Impervious ... 0% - - - - - - - 

Land Use Char. ... Natural - - - - - - - 
Urban A m  ... - - - - - - - - 

0.0% ... Percent U k  Urban a m  in square miles = O.Wo0 , 
0.0% ... Composite Urban Percent lnupervious Total area in square miles = 03561 i 

F i e  = C:\P\3fiQWIN\TSSEX.WB1 Table S-5, Page 12 1 



Table 5 5  

Subbasin Land Use Areas and Urban RTIMP Estimntes 
Existing Condition 

207B L n d  Usc ldcntificr ... ND 0 

L a d  Ulc A M ( . c )  ... 133.3 0.0 
Pcrcclulmpmious ... 0% - 
kad Use Char. ... Natunl - 

Ucbm A M  ... - - 
0.0% ... PelCelt U h  U h n r e s i n a c l u p n m i l e s =  0.0000 
0.0% ... Cornpmite U h m  Percent Im~erviou% Totnl area in so~lilre miles = 03082 

207C k a d  use ~dmtifier ... ND o 
Land Use h ( . C )  ... 110.7 0.0 
Percent Imperviwn ... 0% - 

Land Ust Char. ... Natunl - 
Ucbm Aru ... - - 

0.0% ... P e l ~ m t  U h  U h u e n i n s q m m m i l e s =  0.0000 1 
0.0% ... Cmomite Urban Percent Imverdom Total area ie mure mil s  = 0.1130 

207D ~ m d  US lderaifisr ... ND VLDR-N o o o 
Land Usc AM(ac) ... 73.2 53.0 0.0 0.0 0.0 
Puccnt Impervious ... 0% 0% - - - 
Lnd Ulc Char. ... N a m d  N . ~ m l  - - - 

u t t s ~ n  h ... - - - - - 

0.0% ... P& Urban U h a m a i n s q u a m m i l r s  - 0.0000 
0.0% ... Com&te U r b ~  Pemmt I r n v e w i w  Totnlupninsrmaremiles = 0.1971 

207E Lnd Use Identifier ... ND VLDR-N 0 0 0 0 0 0 
L n d  Usc AM(ac) ... 37.3 62.8 0.0 0.0 0.0 0.0 0.0 0.0 
k m u ~  Impcrviwr ... 0% 0% - - - - - - I 

L n d  U r  Char. ... Natural Natural - - - - - - 
Urban Aru ... - - - - - - - i 

0.0% ... peremt urbso  urbanamainaclupnmaes = e . w  
0.0% ... CarnwFito UIIIan Percwt Im&om  TO^ anrep in mare miles = 0.1565 

207F laxiUscldcntificr ... ND VLDR-F VLDR-N Q o o o o 
kad Usc h ( w )  ... 55.6 0.3 24.9 0.0 0.0 0.0 0.0 0.0 
h r ~ ~ n t l m p c ~ i o u l  ... 0% 15% 0% - - - - - 

L n d  UuCher. ... Nstuml Urban Na tud  - - - - - 
Ucbu, Aru ... - 0.3 - - - - - 

0.4% ... Perreat U r b ~  Urbnoareainsquremiles = 0.0005 
0.1% ... Com&te Urbm Percwt l m p e r d o u ~  Total area in mare  miles = 0.1261 
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Table 5-5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

2076 Lna Usc ldcntifier ... DE LDR-P(16) ND VLDR-N 0 0 
LadUscAru(aa) ... 1.5 0.7 140.9 8.1 0.0 0.0 
k c n t  ~lpcrviaus ... 0% 16% 0% 0% - - 

Lnd Use Char. ... Natunl Natunl N.tunl Natunl - - 
Urban A m  ... - - - - - - 

0.0% ... P e r c a  Ulban Urbannrepinslpremiles-  0.0000 
0.1% ... Cmpnsite Urban Perceet Imuervinla Total a m  in mre m i l s  = 03363 

207H Land Usc Idcntitiir ... ND VLDR-N 0 

kndUleAru(.f) ... 17.1 62.6 0.0 
Rlccntlmpcrviou~ ... 0% 0% - 

Land U r  Char. ... Naunl Narunl - 
Urban- ... - - - 

0.0% ... Urban U r b a n a m i o s q u u s d s =  OaOOO 
0.0% ... Cnmpmite Urban P e w t  I m m i n m  Total n m  in wunre mile = 0.1245 

20n Lnd Use Identitier ... VLDR-N 

Lnd U s  Aru(rc) ... 46.7 
PD~centlrnpcrvious ... 0% 

knd UuChar. ... Nmunl 
usbm AIea ... - 

0.0% ... P d  Urban Urbnnnrepinsquusmiles= 0.0000 
0.0% ... C m &  Urban P e r e a t  Imuersinm T o r s l a r e a i n a ~ u u s d s =  0.07~9 

2075 Lnd Use Identifier ... DE LDR-P(14) MDR-F ND VLDR-F VLDR-N 

Lad U s  Aru(ac) ... 0.5 I .7 0 3  2.7 9 3  44.9 
P e r c c ~ ~ c ~ o u s  ... 0% 14% 45 96 0% 15% 0% 

Land U u  Char. ... Natural Namral Urban NlNnl Urbm Natunl 
Urban AM ... - - 0.3 - 9.3 - 

163% ... Percent Urban U r b a n ~ . i n s q ~ m i l ~ =  0.0151 
3.0% ... CnmpaGte Urban Pereeot lmmrviom Totdarenin~aunremiies = 0.0928 

207K Lnd Urc Idcntitier ... DE LDR-P(l4) LDR-P(16) LDR-P(4) MDR-F MDR-P(1) ND VLDR-N 
Lnd U.oAM(@ ... 13.6 32.7 0.8 0.9 30.3 0.0 0.1 4.7 
Pcrrcnt Impervious ... 0% 14% 16% 4% 45 % 1% 0% 0% 

Lahd Us8 Ck. ... Natual Natural Natursl Natunl Usban Natural Natunl Nntunl 
Udan Aru ... - - - - 30.3 - - - 

363% ... Perewt Urban 
22.1% ... Composite Urban Pemeot Imp~rvin~rs 

U r b a n a m i n ~ ~ w r e m i l e s  = 0.0473 
Total area in wunre m i l s  = 0.12% 
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Table S-5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

207L tnd Uss ldcntiiior ... DE LDR-P(I5) LDR-P(16) MDR-F MDR-P(27) ND 0 

L n d  Usc Aru(sc) ... 0.7 1.7 19.0 26.5 0.0 3.5 0.0 

Percent lmpewiour ... 0% 15% 16% 45 % 27% 0% - 
Land UaeChar. ... Natural Natural Natud U h  Namd Natural - 

U d n  Aru ... - - - 26.5 - - - 

51.5% ... Percent Urban U l b . o m a i n q u a r e n i l e r =  0.0414 
29.6% ... CommWeUlb.o Percent Impervious Total nrep in s ~ r ~ p ~  mlen = 0.0804 

2 m  land Uae Identifier ... C-P(4) DE LDR-P(16) LDR-P(4) MDR-F MDR-P(27) 0 0 

tnd Usc Ar&(ac) ... 4.1 16.7 0.1 49.9 1.4 2.0 0.0 0.0 
Perecnt k p w i a n  ... 4% 0% 16% 4% 45 % 27% - - 

Lend U s  Char. ... Natural Natural N.uld  Natural Urban Nahml - - 
UrburArra... - - - - 1.4 - - 

1.9% ... Pmxnt Urban U l b . o m a i . s q l l m n i l e r =  0.0022 j 
4.5% ... Composite urban Pesceot ~mpervious ~ o t a l  a m  in swpre ma@ - 0.1159 

I 

207N Lend U u  Identifier ... DE LDR-P(I5) MDR-F MDR-PQ7) 0 0 
Land U.c Ann(.=) ... 0.9 12.3 0.1 18.2 0.0 0.0 
Percent Impervious ... 0% 15% 45 % 27% - - 

L n d  Use Char. ... Natural Natural Urban Natural - - 
UrbsnAn. ... - - 0.1 - - - 

0 3 %  ... Pewat Urban U r b m n r e p i n ~ ~ =  0.0001 
21.6% ... Composite Urban Percent Impervious TOM area kt square miles - 0.0492 

2070 Land Use IdsrUificr ... DE LDR-P(I5) LDR-P(4) MDR-P(2'I) SCHOOL(4) VLDR-P(5) VLDR-PO 0 

Lad Uae Aru(ac) ... 22.9 0.4 27.2 22.5 10.0 0.3 0.1 0.0 
p c r c ~ ~ r v i o u a  ... 0% 15% 4% 27 % 4% 5 % 7% - I 

L n d  Uw Char. ... Natural Natural Natural Nmnl Natunl Natural Natud - 
U h  Arra ... - - - - - - - - 

I 

0.0% ... Percent Urban Urbanmainsql lmmile3= 0 . w  
9 3 %  ... Cornpasite Urban P w m t  Impervioos Total area in swpre mlen - 0.1305 

208A Lad U a  Identitier ... ND VLDR-N 0 0 0 0 0 0 
Land Uae Ama(ac) ... 0.8 87.9 0.0 0.0 0.0 0.0 0.0 0.0 
Pncmt Impswious ... 0% 0% - - - - - - 

Land U a  Char. ... N a d  Natural - - - - - - 
Urban Aru ... - - - - - - - - 

0.0% ... Peltent Urbnu U r b P n a m i n E q , l a R d ~ =  0 . w  
0.0% ... Composite Urban Perceut Impervious Total area m square miles = 0.1386 
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Table 5-5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

208B L n d  Uffi Identifier ... VLDR-N 0 

Lrod U& Am(& ... 17.2 0.0 
Percent Impervious ... 0% - 

Lnd Usc Char. ... Natural - 
Urban Aru ... - - 

0.0% ... PBncDDt Urban U l b s e n r p s i n s q u a r e m h =  0.0000 
0.0% ... Composite Urban P e m d  Impnious Total area in swam miles = 0.0269 

208C Land Usc Identifier ... ND VLDR-N 0 

L n d  Use AN(ac) ... 28.0 14.5 0.0 
Per~~nflmpcwious ... 0% 0% - 
knd U r Q u r .  ... Natural N a t u d  - 

urn= A,W ... - - - 

0.0% ... Percmt Urban U r b m l r e n i n ~ m i l s =  0.0000 1 
0.0% ... C m d t e  Ulban Percpnt Imoervious TotaI ares  in swam miles = 0.0664 

208D  and vw ~d~mifititi.r ... VLDR-N 

Land U u  Aru(.c) ... 47.7 
Percent lmpcn;lo"s ... 0% 

Land UaeChar. ... Natural 

Urban Aru ... - 

0.0% ... Patent Urban urbanareainsquare*= 0.0000 
0.0% ... Composite Urban Pemmt Imcemous ~ o t a l  area in srmnre miles - 0.0745 

208E lroa U.c identifier ... DE LDR-N VLDR-N 0 0 0 0 0 

Land Ust Aru(ac) ... 0.4 0.7 38.6 0.0 0.0 0.0 0.0 0.0 
PcrcenI Impervious ... 0% 0% 0% - - - - - I 

Land U r  Char. ... Nawral N a t u d  Nalunl - - - - - 
Urbm Are4 ... - - - - - - - - 

0.0% ... Pment Urbna U ~ a r e a i n s q w u e m i I e s =  0.0000 , 
0.0% ... Composite Urban Percent Immmious Total area in swam mJEp = 0.Wl I 

208F l r o a u ~ - = ~ d c m i i i t ~  ... DE MDR-N VWR-N o o o o o 
Land U u  AR.(ac) ... 0.6 0.2 43 A 0.0 0.0 0.0 0.0 0.0 
PcrcenIhpewiaus ... 0% 0% 0% - - - - - 

L n d  Use Char. ... Natural N a t u d  Natural - - - - - 
U r b m A N . . .  - - - - - - - 

0.0% ... W e n t  Urban Urban area in squnre miles = 0.0000 
0.0% ... C o m d t e  Urban Percmt lmp~rvious TOM area in s m r e  miles = 0.0691 
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Table S S  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

2086 Land U r  Identitier ... DE LDR-N LDR-P(14) MDR-F MDR-N MDR-P(.5) MDR-P(I) VLDR-N 

Land Ulc AM(ac) ... 11.5 23.4 l l . 7  4.3 2.0 5.8 9.3 3.7 
Percent I ~ ~ c w ~ o u ~  ... 0% 0% 14% 45 % 0% 1% 1% 0% 

Land U r  Char. ... Natural N a m d  Natural Urbm Natural Natural N a m d  Namnl 
Urban A M  ... - - - 4.3 - - - - 

53% ... Fwc~mt Urban Urbanareainsgunre&= 0.0067 

63% ... Composite Urban P e r c a t  lmperpiars TOM area in m a r e  miles = 0.12% 

208H h o d  US ~ d ~ n t i f i ~ r  ... DE 

Land uw AM(ac) ... 10.2 
Pcmcnt lmperviwr ... 0% 

Land Usc Char. ... Natunl 
U h n  A M  ... - 

0.0% ... pereenl urban Urbanareain~clvnremiles 3 0.0000 4 
0.5% ... Composite Urban Percmt I m v e d o m  Total area in square miles = 0.0428 

2081 Land Usc Identitier ... VLDR-N 

Land U r  AM(.=) ... 74.9 
Pcrocntlmperviovs ... 0% 

Land Uw Char. ... Natural 

U l b ~  A M . . .  - 
0.0% ... Perem1 urban U r b n o u p p i n ~ m i l e s =  0.OOW 
0.0% ... Compmite Urban Percent Impeniom Total area in square miles = 0.1171 

2087 Land Usc ldrmificr ... VLDR-N 0 0 0 0 0 0 0 

LandUwAM(.e) ... 51.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pcrunt impervious ... 0% - - - - - - - 

Land U r  Char. ... Natural - - - - - - - 
u h . - - - - - - - 

0.0% ... Percmt Urban U r b n n n r e a i n s q u a r e ~  = 0 . W  

0.0% ... C o m ~ d l e  Urban P e r r a t  Irnpeniouri Totnl area in square miles = 0.0811 

208K u I . LDR-N VLDR-N o o o o o o 
Land Ulu AM(ac) ... 13.3 17.1 0.0 0.0 0.0 0.0 0.0 0.0 
Pcromt lmpcrvious ... 0% 0% - - - - - 

Land Usc Char. ... Natud  NsIural - - - - - - 
Urban A M  ... - - - - - - - - 

0.0% ... Pescent Urban Urbanareainsgunre&= 0.0000 
0.0% ... Corn~nsite Urban P e r e a t  lmpenious TOM ores in m a r e  miles = 0.0476 I 
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Table 5-5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

208L L n d  Us. Identifier ... LDR-N VLDR-N 0 

Land Use h ( s c )  ... 4.9 32.7 0.0 
Percent lmpcrvioua ... 0% 0% - 

Land Use Char. ... Natural Natural - 
U r b r n h . . .  - - - 

0.0% ... F%mmt Urban Urbannrpliurqunremilca = 0.0000 
0.0% ... Composite Urban Percent lmpervioua TOM arm in SWR mnes = 0.05fla 

208M knd U.c Identitier ... DE LDR-N MDR-P(.S) MDR-P(13) VLDR-N 

L n d  Usc h ( a c )  ... 0.2 29.1 27.1 5.4 40.3 
Perccntlmpsrviavs ... 0% 0% 1% 13% 0% 

Land Use Char. ... Natunl Natural Nahml Natural Nawnl 
U r b r n h  ... - - - - - 

0.0% ... Pelrmt Urban Urbannrepinsqnnrrmiles = 0.0000 
0.8% ... Comwsite Urban Pement lmperviom Total area in square miles = 0.1594 

208N L n d  Use Identifier ... DE LDR-N MDR-P(I) MDR-P(I3) MDR-P(I5) MDR-P(l8) 0 
L n d  Usc h ( a c )  ... 4.0 0.4 4.1 17.0 0.0 4.7 0.0 
Rmcnt Impervious ... 0% 0 %  1% 13% IS % 18% - 

Land U r  Char. ... Nstunl Natunl Natural Natural Natunl Natural - 
Urban AM ... - - - - - - - 

0.0% ... P e r r a t  Urban U h ~ r e n i n r q u n r e & =  0.0000 
103% ... Composite Urban Pertmt Impervious Total area io square miles = 0.0471 

2080 Land Use ldcntificr ... VLDR-N 0 0 0 0 0 0 0 

LUrdUsc Area(-) ... 147.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pefficnt lmpervicau ... 0% - - - - - - - I 

L.odU.cQr. ... Nntunl - - - - - - - 
u r b ~  h ... - - - - - - - - 

0.0% ... P-t UrbM UrbanamiosqnnrrmJmS = 0.0000 
0.0% ... Composite Urbm Percent lmperriour Total area in saaare miles = 03294 

208P Land Use Identifier ... LDR-N MDR-N MDR-P(I5) VLDR-N 0 0 0 0 

18.6 0.7 Land Usc Ares(ac) ... 4.5 13.6 0.0 0.0 0.0 0.0 

R m c a  lmpcrviau~ ... 0% 0 %  15% 0% - - - - 
Land U r  Char. ... Natural Natural Natunl Natvnl - - - - 

Urban h ... - - - - - - - - 

0.0% ... Pereeot Urban U r b a n n r e p i n ~ m i l e s =  0.MW)O 
0 3 %  ... Cammi te  Urban Percent Impervious Total area io square miles = 0.0584 

i 
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Table 5 5  

Subbasin Land Use Areas and Urban RnMP Estimates 
Existing Condition 

2OSQ Lnd U r  Identifier ... DE LDR-N MDR-N MDR-P(13) MDR-P(I5) VLDR-N 0 0 

Lnd Uw Aru(ac) ... 5.5 5 .5 15.1 2.2 0.2 31.9 0.0 0.0 
Percclulmpcrviws ... 0% 0% 0% 13% 15% 0% - - 
Lnd Use Char. ... Nasnl  Natural Natural Natural Natural Natunl - - 

Urban Aru ... - - - - - - - - 

0.0% ... Percent Urbnn uhnaream8quarermla-  0.WOO 
05% ... Cornmite Urban Percent ImpeRious Total a m  in a4llaremiler = 0.0943 

208R Lnd U.c Identitior ... MDR-N MDR-P(1S) VLDR-N 0 

Lnd U r  AIU(ac) ... 3.3 0.1 3 3  0.0 
Pe~ntlmpervious ... 0% 15% 0% - 

Lnd U r  Char. ... Natural Natural Natural - 
Urban Aru ... - - - - 

0.0% ... P d  Urban Urbauareainsgus~milm = 
03% ... Cm&e U ~ M  P e m d  Impenions T o t o l ~ i n s r m a r e m i I ~ s -  O.OlM 

2085 Land Use Identifier ... DE 

Land U r  AIM(*=) ... 2.8 
Psrcsnt impervious ... 0% 

Land Uw Char. ... Natunl 
Urban Aru ... - 

MDR-N MDR-P(I3) MDR-P(I5) VLDR-N 

0 3  1 5 3  25.4 0.0 
0% 13% 15% 0% 

Natural Namnl Natunl Natvnl 
- - - - 

0.0% ... Peatsat Urbnn Uhn.reaio.quprcIIIilEs= 0.0000 
133% ... Cmpnrite Urban Percent Impervious Total area in square mas' - 0.0682 

208T Lnd Use ldmtifiificr ... VLDR-N 0 

Lnd U r  Aru(ac) ... 84.3 0.0 
Pmcal IJnpervioua ... 0% - 

Lnd U r  Char. ... Natunl - 
urbm AIU ... - - 

0.0% ... Urban Urbanareaiu8quaredea = 0 . m  
0.0% ... Camlasite Urban Percent Impervimu Total area m a4llare d e a  = 0.U18 

208U L n d  Uw Identifier ... VLDR-N 0 0 0 0 0 0 0 I 

L d  Use ArC.(ac) ... 05.6 0.0 0.0 0.0 0.0 0.0 0.0 0 4  
Pe~NIvlpe,viwli ... 0% - - - - - - - 

Lnd U r  Char. ... Natural - - - - - - - 
Urban Aru ... - - - - - - - 

0.0% ... per~ea t  urban u ~ ~ ~ ~ D I ~ ~ u P ~ I I I ~ ~ E ~  = o.oo00 
0.0% ... Com~o&e Urban Percent Impervious ToW a m  in lquare milea = 0.1337 
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Table 5 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

208V Lad U.e ldcnlifk ... MDR-N VLDR-N 0 0 0 0 

land U r  Aru(&c) ... 0.7 17.1 0.0 0.0 0.0 0.0 
Pchccat lmpsrvious ... 0% 0% - - - - 

L n d  Use Char. ... Natunl Naoml - - - - 
U I ~ M  AM ... - - - - - - 

0.0% ... Percent U h  Urban area in m r e  miles = 0.OMH) 
0.0% ... Composite Urbno Percent Impervious Total area in square mile  = 0.0278 

208W Land Uw Idsntifier ... MDR-P(I5) VLDR-N 0 0 0 0 0 0 

Land Usc Am(ac) ... 10.8 21 d 0.0 0.0 0.0 0.0 0.0 0.0 

Pchccmlmpervicur ... 15% 0% - - - - - - 
Lnd Use Char. ... Natural Natural - - - - - - 1 

urbm AM.. .  - - - - - - - - 

0.0% ... Percent Urban Urbm nres in square miles = 
5.0% ... Compos4te U h  Perrent Impervious Total ares in s w a n  mats = 

! 
208X Lnd Useld~atificr ... DE MDR-P(13) MDR-P(15) MDR-P(l8) VLDR-N 0 0 0 

L n d  U a  Ama(ac) ... 15.4 0.0 3 J 17.0 12.3 0.0 0.0 0.0 
Pchccnt Impervious ... 0% 13% 15% 18% 0% - - - 

1 
land UseChar. ... Natural Namral N m n l  Natural Natural - - - i 

I 
U r b a o h  ... - - - - - - - - 

0.0% ... PefTmt UrbM urbannrepinsquuomilaF= 0.0000 
7.4% ... Comrmite Urban Perca t  I m ~ n i o u s  T o t a l n r e s i n m r e o 3 e s  = 0.0754 , 

209A L n d  Use Identifier ... ND VLDR-N 0 

Land Use h a ( a c )  ... 134.8 IW.6 0.0 
Pclrcat lmptwioua ... 0% 0% - 

Lrnd Use Char. ... Natural Natural - 
U h n  AM ... - - - 

0.0% ... Percent Urbno U h n r e p m s q u a n ? n d e =  0.0000 1 

0.0% ... Composite Urban P m a t  Imperviou. Total a m  m square milts - 03678 1 

209B Lad U= Identifier ... VLDR-N 0 0 0 0 0 0 0 

Lnd U r  Ana(ac) ... 33.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Percmtlmpmious ... 0% - - - - - - - 

Landuse Chm. ... Natural - - - - - - - 
Urban A m  ... - - - - - - - 

0.0% ... Percmt Urban UrbannresmsquaremilaF= 0.0000 
0.0% ... Cornnosite Urban Pveeot Impervious Total area m square milea = O.QS31 
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Table 5 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

209C Land U u  Identifier ... ND VLDR-N 0 
Lad U u  Am(.e) ... 5.4 35.5 0.0 
Percent Impcrviw ... 0% 0% - 

Land U w  Char. ... Natud Natud - 
Urban AN ... - - - 

0.0% ... P- Urbm Urbanueninsqonne&= 0.MHH) 
I 

0.0% ... C o m h t e  Urbpn P m m t  lmpeniow Total area in square miles = 0.0639 

209D ~.na uu ~cicmificr ... ND VLDR-N o 
Lad U r  Am(=) ... 14.2 142.0 0.0 
Percca Lnprviovr ... 0% 0% - 

L a d  Uac Chsr. ... Natural Naluml - 
Urban Ans  ... - - - 

0.0% ... Pemmt UUrbnn Urb~areainsqwremiles= 0 1 
0.0% ... Gnnvndle Urbm Perceot Impervinuc Total area in mare m i l s  - 03442 

209E Lud Uw Identifier ... VLDR-N 

Land Uac Ans(ac) ... 95.4 
Percent ImpcNiws ... 0% 

L n d  U w  Chr. ... Natural 
Urban Am ... - 

0.0% ... Pement Urban Urbanueninsqonnedea= 0.OWO 
0.0% ... Comrnrite Urbm Percent lmpervioos Total area in wuare miles = 0.1490 

209F ~aod  ~r ~dcntificr ... MDR-N ND WR-N o o o 
Land Usc Ans(ac) ... 12.4 79.9 52.2 0.0 0.0 0.0 
PCITW~~CN~OIU ... 0% 0% 0% - - - 
Lnd Uw Chr. ... N a m d  N a m d  Natunl - - - 

Uhan Ar ... - - - - - - 

0.0% ... Purrmt U* Urbamueninsqonnemiles= 0.0000 8 

0.0% ... Composite Urbpn P e m t  Impervioos Total area in square miler - 03251 I 
2096 Lud U r  Idcmificr ... ND VLDR-N 0 0 0 0 0 0 

Und Usc AN(so) ... 0.7 129.8 0.0 0.0 0.0 0.0 0.0 0.0 
Parcentlmp~ious ... 0% 0% - - - - - - 

Land Usc Char. ... Natud Natunl - - - - - - 
UrbsnAN... - - - - - - - 

0.0% ... Percplt Urban Urbmueninsquaremiles = 
0.0% ... Comrnrite Urban Percent l~npervious Total area in square m i l s  - 0.2038 

O 0  I 
File = C:\P\3nQWIN\TS-EX.WB1 



Table S-5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

209H Imnd Usc Iderdificr ... ND VLDR-N 0 0 

Imnd Uec Aru(ac) ... 23.8 29.6 0.0 0.0 
Pereea Impervious ... 0% 0% - - 
bnd U s  Char. ... Natural Nalunl - - 

Urban AN ... - - - - 

0.0% ... Percent Urban urbanareainsqupremils = 0.0000 
0.0% ... Com&te Urbno Perceot Impervious Total area in square miles = 0.0835 

2091 Lnd Use. Idcntificr ... ND VLDR-N 0 0 

L n d  U r  Aru(ac) ... 17.8 98.9 0 .O 0.0 
Pcr~cmImpcrviou~ ... 0% 0% - - 
L.od U r  Char. ... Natural Natural - - 

U h n  Aru ... - - - - 

0.0% ... perteat urban u r b p n a r e a m ~ m i l e s =  0 . m  i 
0.0% ... Comwsite Urban Percent Impervious Total area in square miles = 0.1a3 

210A land U e  Identifier ... DE LDR-PUS) LDR-P(4) MDR-P(27) VLDR-N VLDR-P(I0) VLDR-P(5) VLDR-Po 

Imnd Uffi Aru(ac) ... 0.6 0.4 0.2 4.4 26.1 0.6 12.9 33.3 
Percod Impervious ... 0% 15% 4% 27 % 0% 10% 5 % 7% i 

LandUuChar. ... Natural Natural NaNral Natural Natural NaNd Natural Natural 
Urban AN. . .  - - - - - - - - 

0.0% ... Percenl Urban UIban~iosqunred~ 0.0000 
5 5 %  ... Comrasite Urban Percent Impervious Total area in sauare miles = 0.U27 

210B Land Use Identifier ... DE LDR-P(4) MDR-F MDR-P(I) MDR-P(18) VLDR-N VLDR-PO 0 

L n d  U.c AM(=) ... 0.3 37.5 0.1 18.3 10.2 0.1 1.8 0.0 
PCrCeId ~ C M O U S  ... 0% 4% 45 % 1% 18% 0% 7% - 

kad Use.Chr. ... Natural Natural Urban Natunl Natural Natural Natural - 
U r b m h .  .. - - 0.1 - - - - - 

0.1% ... Percent Urban UrbanareainKlllnremJas= 0 . w 1  
5.4% ... C o m d t e  Urban Percent Impewina Told area in square de = 0.1067 

210C Imnd U w  ldcnificr ... DE MDR-P(18) VLDR-N 0 0 0 0 0 

Lad  Ulla Aru(ac) ... 3.0 5.0 44.2 0.0 0.0 0.0 0.0 0.0 
Pcr~cnIImpcrvious ... 0% 18% 0% - - - - - 

LndUscCh.r.  ... Nsiural Natural Natural - - - - - I 
Urb m A r u . . .  - - - - - - - I 

I 
I 

0.0% ... Percent U h  Urbansreainsq~miles = 
1.7% ... Compo~ite Urban Percent lmwrviow Total area in square mil- = 0.0817 I 
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Table 5 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

210D M Use Identifier ... W R - N  
Lad Ulc AN(ac) ... 89.4 

PcmcrU hpcwious ... 0% 
land Use Char. ... Natunl 

Urban AM ... - 
0.0% ... Percent Urban Urban area in square dea = 0.0000 
0.0% ... C o m h t e  Urban Percent Impewiovs Total area in square mila = 0.1397 

210E L n d  Ur ldcntificr ... VLDR-N 0 

M Ulc AN(ac) ... 17.6 0.0 
Rrcsnt lmpcrviour ... 0% - 

land Unc Char. ... Natunl - 
UrbmAM... - - 

0.0% ... perrent UM ~rbpo area in squsre milea = 0.o000 1 
0.0% ... C o m ~ d t e  Urban Percent Impemow Total rma m square milea = 0.0275 

210F Land Use Identifier ... VLDR-N 
Ld UE AIU(.E) ... 59.3 
Percent Imperviws ... 0% 

Land Urc Char. ... Natud 
Urbm Aru ... - 

0.0% ... Percent Urban Urban wea in square miles = 0.0000 
0.0% ... Composite Urban Percent Impewiour Total area in square mila = 0.0926 

210G Land Use Idcntificr ... VLDR-N 

Ld Ur Area(ac) ... 103.4 
Rrocnt Impcrviwr ... 0% 

land U.c Char. ... Natural 
Urban AN ... - 

0.0% ... P-t Urban Urb~weamsq~sromik  = 0.OOW 
0.0% ... Cornpasite Urban Percent Irnperviouv Total #rep in square mil= = 0.1615 

210H  and US ~cnt i f i ec  ... VLDR-N o o o o o o o 
M Us0 AIU(ao) ... 44.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Rmcnt Impervious ... 0% - - - - - - - 
LdUuChar. ... Natud - - - - - - - 

Urban A M  ... - - - - - - - - 

0.0% ... Perrmt U b  U r b a n w e a i n ~ m i l e s  = 
0.0% ... Comcmite Urban Percent Impewinr~ Total area in -re mila = 0.0697 
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Table S 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

2101 Idnd U a  ldcntificr ... VtDR-N 0 

L n d U r A r u ( a c )  ... 31.4 0.0 
P c m  hpry ious  ... 0% - 

L n d  U s  Char. ... Natural - 
U r b a n h . . .  - - 

0.0% ... Percmf Urban Urbanupninquammilms= 0.0000 
0.0% ... C o m d t e  Urban P e r c a t  Imperviwr; Total area in srmare miles = 0.0491 

2105 Lod U r  Identifier ... VWR-N 

L n d  U a  Ambc)  ... 66.1 

Percent lmpetviws ... 0% 
L.lld Use Char. ... Natunl 

Urban Aru  ... - 

0.0% ... Perrella urban Urbanaresins,@wedes - 0 .  1 
0.0% ... Composite Urban Percent I N P ~ ~ ~ ~ O U S  Tolal ares in square miles = 0.1033 

210K Land Use ldsntificr ... VLDR-N VLDR-P(I0) 0 

L n d  U a  Am(ac) ... 48.8 0.5 0.0 
PC-t lmpcryiws ... 0% 10% - 

Land Ur Char. ... Natural Natural - 
UrbanAru ... - - - 

0.0% ... P- U h  U r b n n m a L . s q u p r e m i l e =  0 . w  
0.1% ... Compafiite Urban Percent I m w r v h w  Total ares in m a r e  miles = 0.0771 

210L Idnd U a  identifier ... MDR-F MDR-N MDR-P(35) RW VLDR-N 

Lod Uw h ( a c )  ... 0.0 2.6 0.0 0.0 81.3 
Paveat lntperyious ... 45% 0% 35% 90% 0% 

L n d  Usc Char. ... Urban Natunl Natural Urban Natuml 

Urban A r u  ... 0.0 - - 0.0 - 

0.0% ... Percmt Urban Urban in d e s  = 0.0001 
0.0% ... Composite Urhm Perreet Imrmmbm Total area in sqoare miles = O.Ul4 I 

210M Land Use Identifier ... SCHOOLW) VLDR-N VLDR-P(I0) 0 0 0 0 0 

Lod U a  ~ m ( a c )  ... 0.2 103.1 0.6 0.0 0.0 0.0 0.0 0.0 
P e w  lmpmioua ... 22% 0% 10% - - - - - 

Land Use Char. ... Natunl Nstvnl Natunl - - - - - 
U h m  A m  ... - - - - - - - 

0.0% ... Perca t  U h  urbanpllpina,@wemilms= 0 . w  
0.1% ... Composite Urbm Percent Impervious Total ares in square miles = 0.1624 
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Table 5 5  

Subbnsin Lnnd Use Areas and Urban RTIMP &timates 
Existing Condition 

210N h o d  U s  Identifier ... DE MFR-PO SCHOOL(Z2) VLDR-P(I0) 0 0 

Land Use Aru(ac) ... 0.1 0.6 1.4 29.0 0.0 0.0 
Rreont Impervious ... 0% 7% 22% 10% - - 

k n d  U r  Char. ... Natural Nalunl Natunl Natural - - 
Urban As. ... - - - - - - 

0.0% ... Percent Urban Urbanareain.q"aremiles= O.OO00 
10.4% ... Compasite Urban Percmt Impervious Total ares in square miles = 0.0485 

2 l l A  Land Us. ldcntitlcr ... LDR-P(I5) MDR-F MDR-P(2n VLDR-P(5) 

Land Uac AM(ac) ... 54.7 6.4 0.0 30.3 
Rrccnt Impervious ... 15% 45 % 27 % 5% 

h n d  &Char. ... Natural Urban Natural Natural 
U k n  Area ... - 6.4 - - 

7.0% ... Percml Urban Urbnonre~insqoue& = 0.0100 4 
13.8% ... Composite Urban P m w t  I m d m  Total area in square miles = 0.1429 

211B h n d  Usr Identifier ... LDR-N LDR-P(I5) LDR-P(Z8) MDR-F VLDR-P(5) 0 

Land Usc h ( a c )  ... 0.5 0.2 11.8 7.9 49.0 0.0 
R m e n  Impervious ... 0% 15% 28 % 45 % 5% - 

Land Use Char. ... Natural Natural Natural Urban Natunl - 
Urban As.... - - - 7.9 - - 

11.4% ... percmt urban u r b a n ~ ~ e p i n ~ m i l ~  = 0 . 0 ~ 1  
13.4% ... Compa?ite Urbao Percwt I m d o u s  Total area in swam miles = 0.1OSS 

211C Ldnd U s  Identifier ... MDR-F SCHOOL@.%) 0 0 

Lud U e  Aru(ao) ... 26.7 0.7 0.0 0.0 
Perecnt Impswiour ... 45 % '2.5 % - 

Land U r  Char. ... Urban Natural - - 

Urban A m  ... 26.7 - - 
97.4% ... Pemmt Urban urban area in^&= 0.0417 
445% ... C o m w d e  Urban Percwt I m p d o u s  Total ares in square miles = 0.0428 

211D Land Us. Idcdficr ... LDR-P(28) MDR-F MFR-PO SCHOOL@) VLDR-P(I0) VLDR-P(S) 0 0 

h n d  Uac As.(ac) ... 3.3 23.4 5.5 0.2 5.1 7.6 0.0 0.0 
R.lccntImpcwious ... 28% 45 % 7% 25% 10% 5 % - - 

Land U r  Char. ... Natunl Urban Natunl Natural Natunl Natunl - - 
Urban& ... - 23.4 - - - - - - I 

I 
51.8% ... Percent Urban Urban area in square miles = 
283% ... C o m h t e  Urban Percent Impervious Total a m  in square mnes = 0.0705 I 
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Table S-5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

211E L n d  U r  Identifier ... MDR-F MFR-F SCHOOL(25) 0 0 

b n d  U r  Aru(a6) ... 85.4 0.1 14.0 0.0 0.0 
Percca Impowious ... 45% 65 % 25% - - 

b u d  Usc Char. ... Urban Urbm Natunl - - 
Urban Aru ... 85.4 0.1 - - - 

86.0% ... Percent Urban Urbnnaresi.q-&= 0.l337 
421% ... Comnmite Urban Percent Imperviow Total area in m a r e  miles 5 0.1555 

211F h d  use Identifier ... DE MDR-F 

Lnd Use h ( a c )  ... 2.4 0.0 
Percent ImpLmpcrviws ... 0% 45 % 
Lnd UscCb.r. ... Natural Urban 

UrbM Aru ... - 0.0 

MFR-F MFR-P(34) 0 

69.6 0.2 0.0 
65 % 34% - 

urbm Nauml - 
69.6 - - 

%A% ... Percent Urban Urbanareamsquaremiles= 0.1088 
62.7% ... Compxite Urban Pemmt Impervious Total ares in s w a m  miles = 0.1l.29 

2116 Luld Use ldcaifier ... RW 

L n d  Usc Area(ac) ... 4.9 
Percent Imperviws ... 90% 

L n d  Usc Gxac. ... Urban 
Urban A ,  ... 4.9 

100.0% ... Pement Urban Urbanareainsqu~re&= 0.0076 
90.0% ... Comwsite Urbnn Percmt Impemiots Total area in m a r e  miles = 0.0076 

211H L n d  Ulc Identifier ... MDR-N MDR-P(35) SCHOOLV) W R - N  0 0 0 0 
b n d  Usc Area@) ... 0.6 3.5 1.6 41 3 0.0 0.0 0.0 0.0 
Pcrscot Impmiaus ... 0% 35% 22% 0% - - - - 

L n d  Usc C11.r. ... Natunl Natural Natural Natural - - - - 
Urban Aru ... - - - - - - - 

0.0% ... P e r c w  Urban Urbanareainsqnare&= 0,0000 
3.4% ... Composite Urbnn Pemmt Impervious Tanl  area in sgonte miles = 0.0734 

2111 Lnd Usc Identifier ... MDR-P(35) 0 0 0 0 0 0 0 
Lrnd Use h ( w )  ... 26.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pcrccnt I ~ ~ c N ~ M ~ s  ... 35% - - - - - - - 

L n d  U u  Char. ... Natud - - - - - - - 
urbm Aru ... - - - - - - - - 

0.0% ... Pereeot Urbau Urbannrppmsqnaremilm= 0.0000 
35.0% ... Cornmite Urban Percent lmpenious Total area in s w a m  miles = 0.0408 

File = C:\P\35\QWINTS-EX.WBI Table S-5, Page 26 



Table S-5 

Subbasin Lnnd Use Areas and Urban RTIMP Estimates 
Existing Condition 

21W Lud U x  lderuificr ... MDR-F MDR-P(35) SCHOOL(22) 0 0 

lad U x  AM(=) ... 1.1 5.6 2.7 0 .O 0 .O 
Percent impervious ... 45% 35 % 22% - - 

t o d  Usechar. ... Urban Natural Natural - - 
U r b a n h . . .  1.1 - - - - 

11.6% ... h w t  Urbao U r b a o . r o p i n ~ m i l e a =  0.0017 
324% ... Composite Urban P e m t  Impeniom Totnl area in mwre mile  = 0.0118 

211K land Use Identifier ... DE MDR-F MFR-PO SCHWL(22) VVLR-P(I0) 0 0 

Lad U r  AM(8o) ... 10.7 7.6 13.6 32.9 0.5 0.0 0.0 

Pcfficntlntpmious ... 0% 45 % 7% 22 % 10% - - 
L n d U r  Char. ... Natunl Uhan Natural Natunl Natural - - 

Urban A M  ... - 7.6 - - - - - 

11.6% ... Perreot Urbao Urban area in squnre milea = 0.0118 
17.8% ... Composite Urban Percent Impervious Totnl area in swam miles = 0.1020 

211L t o d  Useldentitier ... C-F DE MDR-F MDR-P(35) MFR-F MFR-P(37) MFR-P(9) 0 

land Use AM(ac) ... 0.8 8.8 39.2 1.7 2.7 6.4 I .5 0.0 
Pefficnt Impervious ... 75% 0% 45 % 35% 65 % 37% 9% - 

land Use Char. ... Urban Natunl Urban Natural Urban Nalunl N a m d  - 
Urban A M  ... 0.8 - 39.2 - 2.7 - - - 

69.8% ... P m w t  U h a n  UrbPD~repinsqunremJes = 0.866P 
37.8% ... Composite Urban Percent Imperviom Total area in m a r e  miles = 0 . 0 9 s  

211M Luld Uw ldentificr ... MDR-POS) MFR-P(I8) MFR-P(9) 0 0 0 

M Use AM(%) ... 38.9 11.0 2.1 0.0 n.0 0.0 
Percent Impervious ... 35% 18% 9% - - - 

l andUxChar .  ... Natural Natunl Natunl - - - 
Urban A M . . .  - - - - - - 

0.0% ... Percmt Urban Urban area in squnre m h  = 0.DbQO 
309% ... Composite Urban Perceot Impervious TOW area in saware miles = 0.- 

211N Lad Ues Identifier ... MDR-F MDR-P(35) MFR-P(9) 0 0 0 0 0 

Land U s  AM(ac) ... 0.3 5 .2 7.6 0.0 0.0 0.0 0.0 0.0 
Peffica Impervious .. . 45 % 35% 9% - - - - 

LsadU.e Char. ... Urban N a t u d  Natural - - - - - 
Urban A M  ... 0.3 - - - - - - - 

2.6% ... Perewt Urban U ~ M  in sq- Ids = 0.00aS 
20.2% ... Comwdte Urban Percent Impervious TOM area in stpare miles = 0.0204 
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Table 5-5 

Subbnsin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

2110 Land Use Idcntific~ ... MDR-F MDR-PR5) MFR-PC)) 0 0 0 

hod Use Aru(ac) ... 0.1 3 . 9  0.4 0.0 0.0 0.0 

PEroeDf lmpewiou~ ... 45 % 35% 9% - - - 
Land Uw Char. ... Urban Natural Nalunl - - - 

a n  Aru . 0.1 - - - - - 

0 3 %  ... Perant Urbm Urben arm in 6qiqun1-e milts = 0.0001 
34.6% ... Comlasae Urban Percent Imper*iou~ Total a m  in square mile = 0.04U 

211P L n d  Use Idt~fificr ... MDR-F MDR-PRS) 0 

Land Use Aru(rc) ... 21.3 0.2 0.0 

Pcrecntlmpcrvious ... 45% 35 % - 
Idnd Ulc Char. ... Urban Nalural - 

Urban Aru ... 21.3 - - 
993% ... Perceni Urbpn Urbnn in n q ~ l e  milts = 0.0332 
44.9% ... Cornwsite U r b  Percent I m p e ~ o u ~  To@ a m  in mtzare milts = 0.0335 

2114 b a d  Use 1dcntitie.r ... MDR-P(3S) MFR-F SCHOOL(0) 0 0 

L.nd Urc Aru(ac) ... 1.9 0.8 10.8 0.0 0.0 

Pcrcsor Impervious ... 35% 65 % 0% - - 
Land Use Char. ... Nslunl Urban Natural - - 

Urban Area ... - 0.8 - - - 

5.6% ... h e a t  Urban Urbpnaminsqwremilm= 0.OOU 
8 5 %  ... C o m d t e  Urbpn P m e n t  Impprvious To@ a m  in square mile = 0.0211 

211R Land Use Idcntitier ... DE MDR-P(35) MFR-F SCHOOL(0) 0 0 

Land U r  Arm(=) ... 0.0 25.3 4.6 24.0 0.0 0.0 
Rmsm lmpclviaus ... 0% 35 % 65 % 0% - - 

L n d  Use Qr. ... Nahml Nalunl Urban Nalural - - 
U h  Aru ... - - 4.6 - - - 

8.6% ... Percent Urban Urbanore~in£qma~-emilea= 0.W72 
22.0% ... Cornowsite Urbm Perreot Imperviol~~ Total a m  in square mile = 0.0844 

211s Land Use Idemificr ... LYE MDR-POS) MFR-F MFR-P(18) 0 0 0 0 

Land Use Aru(ac) ... 13.8 11.6 6.6 0.2 0.0 0.0 0.0 0.0 
Perocnt Impervious ... 0% 35% 65 % 18% - - - - 

Land Use Char. ... Natural Natunl Urban Nalunl - - - - 
Urban Aru ... - - 6.6 - - - - - 

205% ... Pemwt U h  Urban area in spoare mile = 0.0103 
26.1% ... Coruwsite Urban Percent Irupprvicim Total area in muare milts = 0.0504 
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Table S 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

2l lT Land U r  Identifier ... C-F DE MDR-PD5) MFR-F MFR-N MFR-P(l8) MFR-P(35) MFR-P@) 

h d  Use Am(ac) ... 2.0 0.8 0.0 2.6 7.7 2.5 11.0 15.9 

Percwr: lmporvioua ... 75% 0% 35% 65% 0% 18% 35 % 9% 

Land Use Char. . .. Urban Natunl Natunl Urban Natural Natural NaUnl Natud 
Urban A m  ... 2.0 - - 2.6 - - - - 

10.8% ... P-1 Urbnn Urbanamin.Yq"aremilei= 0.0072 
21.0% ... Compasite Urban Percenl Impemiom Totnl a m  in square miles = 0.0664 

211U Lud Use Identifier ... MDR-F MDR-POS) RW VLDR-N 0 

h n d  Use Am(ac) ... 8.5 0.7 8.3 0.1 0.0 
Percent h Q c ~ i w s  ... 45% 35% 90% 0% - 

Land UscChar. ... Urbm Nstunl Urban Natunl - 
UrbmAna. . .  8.5 - 8 3  - - 

955% ... Percenl Urbnn Urbno area in square miks = O . W  
6 5 %  ... Composite Urban Percent Impervloas Totnl a m  in srmpre miles = 0.0274 

211V land Use Identifier ... RW 

Lnd Use Am(@ ... 3.1 
Rrccn: Impervious ... 90% 

land UK Char. ... Urban 
Urban Ana ... 3.1 

100.0% ... Percm1 UrLw Urbannreninsqunnmilei= 0.0009 
90.0% ... Composite Urban Percent Impervious Total area in square m i l s  = 0.0049 

211W h n d  UK ldcntifi~r ... C-F MFR-Pp7) 0 0 0 

LndUrAru(ac)  ... 16.4 2.6 0.0 0.0 0.0 
Rrcsnt Impervious ... 75% 37% - - - 
Lud Use Char. ... Urban Natural - - - 

Urban A m  ... 16.4 - - - 

865% ... Percpnt UrLw Urban a m  in squam milts = 0.0257 
69.9% ... Comporite Urban Percent Impenicw T o w  a m  in square miles = 0.0297 

211x h U d i  . DE MDR-F MFR-F MFR-N MFR-P(34) MFR-P(37) 0 0 

Land Use Ana(ac) ... 17.4 0.6 61.7 3.0 40.3 13.9 0.0 0.0 
Percent Impervious ... 0% 45 % 65 % 0% 34% 37% - - 

land U u  Char. ... Natural Urban Urbm Natural Natunl Natural - - 
Urban A m  ... - 0.6 61.7 - - - - - 

455% ... Percent UrbPn U ~ m l l ~ ~ i n 8 q l l ~ r 0 d e s =  0.0973 

433% ... Commite Urbm Percml impervious Totnl a m  in aware miles = 03139 

File = C:\P\35\QWIN\TS-EX.WB1 25-Aug-94 Table S-5, Page 29 



Table $5 

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

211Y Land Urc Identifier ... DE MDR-F MFR-N 0 0 
Land Use Am(ac) ... 6.6 21 3 29 3 0.0 0.0 
Rlocnt Impervious ... 0% 45 % 0% - - 

b n d  U u  Char. ... Natuml U h  Natural - - 
Urbm Am... - 21.3 - - - 

373% ... Percent Urbnn U r b M a r e a i n l g o n r r m i b -  0.0333 
16.8% ... Commsite U h  Pertpot Impemions Totalnresinsqu~remiles= 0.0893 

2112 use ~ c n t i ~ i c r  ... DE MDR-F o 
Luus U r  Am(=) ... 12.4 40.4 0.0 

Percent impervious ... 0% 45 % - 
Land Uw Char. ... Nstural Urban - 

U ~ b m  ... - 40.4 - 
I 

765% ... Percmt UrbM Ulbno nres in square miles = 0.0632 1 
34.4% ... Compodte Urban Perceot Impen iou~  Total a m  in swam miles = 0.0825 

211AA Lnd Use Identifier ... MDR-F SCHOOL(23) 0 

knd Ulc Am(ac) ... 15.6 6.1 0.0 
pcrccnt lmperviw. ... 45% 23 % - 

Use Char. ... Urban Natural - 
Urbm Am ... 15.6 - - 

71.9% ... Penxnt U h  U r b ~ n r ~ n i n ~ q t m r e &  = 0.0344 

38.8% ... Commsite Urban k m t  lmpeniom Total area in square mles - 0.0340 

211AB w use ~c~ntificr ... MDR-F MFR-N o 
Luus Use AN(Ic) ... 13.1 12.4 0.0 
Pcrccntlmpcrviolu ... 45% 0% - 

L.ndUrQur .  ... Urban Natud  - 
urn- ~m ... 13.1 - - 

51.4% ... Perreat UrbM Urban l re~ in lgonr rmi les=  

23.1% ... Compodte Urban Percent lrnperviau5 Total a m  in -re miles es 0.0397 

211AC Land Use Identifier ... DE MDR-F 0 0 0 0 0 0 
knd Use Am(ac) ... 0.1 17.5 0.0 0.0 0.0 0.0 0.0 0.0 
Percent Impervious ... 0% 45 % - - - - - - 
knd UscChar. ... Natural Uhnn - - - - - - 

Urbm Am ... - 175 - - - - - - 

995% ... Percmt U h  Urban oren in square miles = 0.0273 
44.8% ... Composite Urban Percent Impemious Total area in m a r e  m i l e  = 0.0275 
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Table 5 5  

Subbasin Land Use Areas and Urban RTIMP Estimates 
Existing Condition 

211AD Land Use Identifier ... DE MDR-F 

L a d  U s  Am(ac) ... 0.0 24.9 
Percent Impcmous ... 0% 45 % 

h n d  U.c Char. ... Natural Urban 

Urban Am ... - 24.9 

MFR-N 0 0 0 

15 0.0 0.0 0.0 
0% - - - 

Nalunl - - - 

94.1% ... PprCent U~XXU urbM1~ninsqvsreln~ps= 0.0389 i 
42.4% ... Composile Urban Percmt Impedaa  Total area in s w a n  & = 0.0413 1 

211AE h n d  us ~dentirier ... OK MDR-F 
h n d  Ur Am(sc) ... 3.4 18.7 
PnscnLnpcrviovr ... 0% 45 % 

L a d  U s  Char. ... Naluml Urban 

Urban A m . . .  - 18.7 

84.8% ... Pment Urban U h m a i . % p r e & =  
383% ... Commdte Urban Percmt Immrviopr Totnl area in wuare miled = 0.0344 

211m Land Ur ldcmificr ... MDR-F MFR-N 0 0 0 0 0 0 

Land uu AIC.(~E) ... 21.2 1z.5 0.0 0.0 0.0 0.0 0.0 0.0 
Pcm~~lmpcrviwr ... 45% 0% - - - - - - 

Land Use Char. ... Urban Natuml - - - - - - 
Urban Am ... 21.2 - - - - - - 1 

62.8% ... P-t Urban Urban area in sqwm d e d  = 0.0331 J 
283% ... Cornwrite Urban Percmt lrnrprvioe Totnl area in square miles = 0.0527 
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Table 5-6 

Subbasin Weighted DTHETA and Surface Loss Parameters 
Existing Condition 
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Table S-6 

Subbasin Weighted D m A  and Surface Loss Parameters 
Existing Condition 
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Table S-6 

Subbasin Weighted DTHETA and Surface Loss Parameten 
Existing Condition 
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Table 5 6  

Subbasin Weighted DTHETA and Surface Loss Parameters 
Existing Condition 
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Table 5 6  

Subbasin Weighted D-A and Surface Loss Parameters 
Existing Condition 
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Table 5-6 

Subbasin Weighted DTHETA and Surface Loss Parameters 
Existing Condition 

Note: I .  DTHETAW), DTHETA(Nomul), and PSF are taken fmm Table S-1 using bare grmnd Log. Avg. XICSAT for lookup. 

2. lA(wcighlcd) is based on: Valley: 0.35 

Hillslope: 0.15 
Mountain. 0.25 
U&m @~N~ous): 0.10 
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Table S-7 

Existing Condition Subbasin T i e  of Concentration Parameters 
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Existing Condition Subbasin T i e  of Concentration Parametera 
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Table S-7 

M n g  Condition Subbasin T i e  of Concentration Parameters 
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Existing Condition Subbasin T i e  of Concentration Parameters 
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Table 5-7 

Existing Condition Subbasin T i e  of Concentration Parameters 
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Table S-8s 

Time of Concentration and Duration of Rainfall Excess 
Existing Condition 100-year, 6-hour Stom 
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Table S-8a 

Time of Concentration and Duration of Rainfall EKoess 
Existing Condition 100-year, 6-hour Stonn 
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Table S-8a 

Time of Concentration and Duration of Rainfall Excess 
Existing Condition 100-year, 6-hour Storm 
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Table S-8a 

Time of Concentration and Duration of Rainfall Exeess 
Existing Condition 100-year, 6-hour Storm 
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Time of Concentration and Duration of Rainfall Excess 
Existing Condition 100-year, 6-hour Stonn 
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Table S-8a 

Time of Concentration and Duration of Rainfall Excess 
Existing Condition 100-year, 6-how Stonn 
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Table S-8b 

Time of Concentration and Duration of Rainfall Exegs 
Existing Condition 100-year, 2Qhour Stom 
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Table S-8b 

Time of Concentmtion and Duration of Rainfall Exegg 
Existing Condition 100-year, W o w  Storm 
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Time of Concentration and Duration of Rainfall EKms 
Existing Condition 100-year, *hour Sbnn 
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Table S-8b 

Time of Concentration and Duration of Rainfall Excess 
Existing Condition 100-year, %hour Storm 
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Table S-8b 

Time of Concentration and Duration of Rainfall Exms 
Existing Condition 100-year, 24-hour Stonn 
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Time of Concentration and Duration of Rainfall Exms 
Existing Condition 100-year, 24-how Storm 

Pile = C:\P\35\QWIN\TABLEES8.WB1 Table S-8b, Page 6 





Table S9 

Summary of Existing Condition Subbasin Parameters 
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Summary of Existing Condition Subbasin Paramekm 
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Table S-9 

Summary of Existing Condition Subbasin Parameters 

Total Watershed Area = 16.50481 
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100-year Existing Condition Tc and R values 
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Summary of Clark Unit Hydrograph Parameters 
100-year Existing Condition Tc and R values 
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Summary of Clark Unit Hydrograph Parameters 
100-year Existing Condition Te and R values 
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Table S10 

Summary of Clark Unit Hydrograph Parameters 
100-year Existing Condition Tc and R values 



3.2.2.2 Reach Route Parameters 

General 

Routing of subbasin hydrographs is done utilizing the normal depth channel 

option under HEC-1. The routing reach paths are shown in Exhibit D. Plots of the 

cross sections used for each route are shown in Appendix C. Refer to Exhibit E for 

a flood routing diagram on which the combination and routing logic is depicted for 

both the 6-hour and the 24-hour storms. Each route is identified by a name which 

consists of the upper and lower concentration point numbers which define the 

reach. Reach 501 502,for instance, starts at  concentration point 501 at the upper 

end, and extends to concentration point 502 at the lower end. 

Field Reconnaissance 

A field reconnaissance was done during the period 19 April 1993 through 23 

April 1993. The reconnaissance included the following tasks: 

1. Verification of selected subbasin boundaries and T, paths; 

2. Obtaining typical cross sections for routing reaches where detailed 
topographic mapping is not available; 

3. Obtaining vegetation transects for the purpose of estimating vegetation 
cover density at selected locations on the watershed; and 

4. Obtaining topographic data for estimating the hydraulic characteristics of 
flow splits. 

Reach Route Cross Section* 

Reach route cross sections were determined using following data sources: 

I. The 100 Scale Mapping; 
2. The 200 Scale Mapping; 
3. The 400 Scale Mapping: 
4. By field reconnaissance; 
5. Photodigitized HEC-2 cross sections; and 
6. As-built construction plans. 



The appropriate mapping was used for those reaches where photodigitized 

cross sections are not available. Cross sections were surveyed during the field 

reconnaissance in  reaches where the only maps available are USGS quadrangle 

maps. The cross section used for any particular reach is deemed representative of 

the hydraulic characteristics of that reach. 

The source used to  develop a cross section for each reach is listed in column 

4 of Table R-1. That table also lists the name of the subbasin that contains the 

reach, the reach length, and the reach top and bottom elevations and average slope. 

These physical characteristics are obtained from the available mapping. 

Reach Route n Values 

The Mannings n value report prepared for the floodplain delineation portion of 

this project was used as the basis for n value estimation. The n values selected are 

representative of the average values for the channel and both overbanks for the 

reach. The n values selected for each reach are shown on the cross section plots in 

Appendix C. The n values were checked for reasonableness using USGS values and 

methodology [6.5:271. 

Photographs were taken during the field reconnaissance of the channels 

upstream and downstream of hydraulic structures, and where field cross sections 

were taken in the upper watershed. These photographs were used as an aid for 

n value estimation. The photographs are bound in notebook format and are 

available for review at the District. The following photographs are an example of a 

typical wash in the upper reaches of the watershed. These photographs are taken 

in reach 532533. Refer t o  sheet 1 of Exhibit D. The cross section was taken 

approximately 550 feet upstream of C533. 

The wash lies in subbasin 205G and is named Hesperus Wash. Note the flat. 

rocky bottom, free of vegetation and the dense vegetation on the channel banks 

and in the overbank areas. The n values selected for routing computations for this 

reach are 0.045 for the channel and 0.060 for the overbank areas. These are 

typical values used for the routing reaches in the upper watershed. 



Location 532533: Looking upstream at channel 

Location 532533: Looking downstream at right overbank 

3-32 



General - Routing computations are accomplished using the Normal Depth channel 

routing option in HEC-1. The eight point cross section for each reach was 

determined as described above. The other parameters necessary for the hydraulic 

computations are: 

1. Number of routing computation steps; 

2. Main time interval; and 

3. Channel infiltration losses. 

The selection of these parameters, and a check on the reasonableness of the 

selections, is discussed in the following sections. 

Reach Route Step Estimation - Estimation of the number of routing steps for input to 

the HEC-1 models is an iterative process. The process for estimating the number of 

steps is as follows: 

Step 1 : An initial estimate of the number of steps (NSTEPS) for each reach was 
made, assuming an average velocity of 5 feet per second. The HEC-1 
models were run using the assumed values. 

Step 2: The reach travel time was calculated by subtracting the time-to-peak (Tp) 
at the beginning of route operation from the T at the end of the route 
operation. A new estimate of NSTEPS for eaci reach was then calculated 
using the reach length and HEC-1 travel time. The HEC-1 models were 
then rerun using the new NSTEPS estimates. 

Step 3: Step 2 was repeated until the travel time from the previous run equaled 
the travel time from the current run. Convergence normally occurred 
within three iterations. 

The results for the final iteration are shown in columns 15.16 and 17 in 

Tables R-2 and R-3. Table R-2 contains the results for the 100-year, 6-hour storm 

and Table R-3 the results for the 100-year, 24-hour storm. The values in these 

tables are described as follows: 



Table R-2 Description 

Column 1: Reach name consisting of the top and bottom concentration point 
numbers. 

Column 2: Average slope of the reach, ftlft. 

Column 3: Length of the reach, in feet. 

Column 4: The average n value for the reach cross section based on horizontal 
width of the left and right overbanks, and channel. 

Column 5: Discharge, in cfs, entering the top of the reach. 

Column 6: Routed discharge, in cfs, calculated by HEC-1 at the bottom of the 
reach. 

Column 7: The average discharge in the reach calculated using columns 5 and 6. 

Column 8: Channel base width, in feet. 

Column 9: Top width of flow, in feet, calculated using Manning's equation, the 
average discharge from column 7 and the average n value from 
column 4. 

Column 10: Depth of flow, in feet, calculated using Manning's equation. 

Column 1 1 : Average velocity in the reach, in fps, calculated using Manning's 
equation. 

Column 12: Wave celerity, in fps, calculated by dividing the value in column 3 by 
that in column 15 and converting the units appropriately. The wave 
celerity value is accurate to plus or minus one HEC-1 computation 
time step. 

Column 13: Minimum average velocity in the reach, in fps, calculated as follows: 

where: 0.01 67 is the main time interval, in hours 
3600 is the conversion factor from hours to seconds 
1.67 is the factor relating wave celerity to average 
velocity 

Wave celerity for subcritical turbulent streams can be estimated to 
range from 1.33 to 1.67 times the average velocity [6.5:121. The 
reach travel time calculated by HEC-1 can be expected to be accurate 
to within plus or minus one time step. 



Table R-2 Description (continued] 

Column 14: Maximum average velocity in the reach, in fps, calculated as 

follows: 

[I41 = [31 / ((11 51 - 0.01 67) (3600) (1.33)) 

Column 15: Travel time through the reach, in hours, calculated using HEC-1. 

Column 16: Value of NSTEPS from the HEC-1 output file calculated as follows: 

1161 = 115110.0167 

where: 0.01 67 is the main time interval, in hours. 

The check for reasonableness of routing results included the following: 

1. Checking the HEC-1 output file for warning or error messages, and then 
evaluating those messages (refer to section 3.4.2). 

2. Checking columns 5 and 6 to verify that peak discharges were attenuated 
and did not increase. 

3. Checking the average velocity in column 11 to determine if it falls within, 
or reasonably close to, the range defined by columns 13 and 14. 

4. Checking top width and depth of flow for reasonableness against the 
cross section plots in Appendix C. 

The results presented in Tables R-2 and R-3 are found to be reasonable. 

Computation Time Interval and Minimum Reach Length - The computation time 

interval (CTI) should lie within the range of 0.1 and 0.25 times the smallest Tc 

value. The shortest T, is 0.1 33 hours, with many subbasins having T,'s in the 

range of 0.200 to 0.300 hours. A CTI of 0.1 times 0.133 is 0.01 33 hours or 0.8 

minutes. Since this subbasin (21 1V) is very small, about 3 acres, and is not 

representative of the majority of the subbasins, a larger CTI could be used. 

However, a CTI value of 1 minute was selected for this study in order to resolve 

routing warning errors given by HEC-1. Refer to section 3.4.6 for more details. 



Assuming an average velocity in any given routing reach of 10 fps, the 

minimum length of a reach is estimated as follows: 

Lmi, = (60 sec)(lO fps) = 600 feet. 

In general, routing reaches of less than 600 feet are not included in the HEC-1 

models. Exceptions are made for reaches with velocities much slower than 10 fps. 

Routing reaches that are considered too short to  route are noted in Table R-1. 

Channel Infiltration Losses - Channel infiltration losses are not included in the routing 

computations. These losses are considered negligible because of the typically 

narrow channels and moderately impervious soils which underlie the channel beds. 



Table R-1 

Reach Route Physical Data 



Table R-1 

Reach Route Physical Data 
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Table R-1 

Reach Route Physical Data 



Table R-2 
Reach Route Hydraulic Data for the 100-year, 6-hour Storm 

Existing Condition 



Table R-2 
Reach Route Hydraulic Data for the 100-year, 6-hour Storm 

Existing Condition 



Table R-2 
Reach Route Hydraulic Data for the 100-year, 6hour Storm 

Existing Condition 



Table R-2 
Reach Route Hydraulic Data for the 100-year. G-hour Storm 

Existing Condition 



Table R-3 

Reach Route Hydraulic Data for the 100-year, 24-hour Storm 
Existing Condition 



Table R-3 

Reach Route Hydraulic Data for the 100-year, 24-hour Storm 
Existing Condition 



Reach Route Hydraulic Data for the 100-year, 24-hour Storm 
Existing Condition 



Reach Route Hydraulic Data for the 100-year, 24-hour Storm 
Existing Condition 



3.2.2.3 Storage Route Parameters 

General 

Reservoir storage routing computations are done for the five flood control 

structures present on the watershed, and at numerous locations where ponded 

water could have a significant attenuation effect on peak discharges resultant from 

a 10-year storm. The hydraulics of the control structures at each location were 

modeled to  obtain stage versus discharge curves. The storage characteristics of 

each impoundment area was determined and stage versus storage curves prepared. 

Each storage location was modeled using the HEC-1 Modified Puls Method option. 

Field Reconnaissance and Survey 

Each storage area was visited in the field and photographs taken of the 

impoundment area and control structures. Control structures for which there are no 

reliable as-builts were field surveyed. Non-critical structures were surveyed using a 

laser level and hand tape. Critical structures were as-built by a survey crew. The 

physical information gathered included the size, type, length and number of barrels, 

inlet and outlet elevations, a cross section typical of the downstream channel, and a 

profile along potential embankment overtop locations. Table R-4 contains a list of 

drainage culvert structures which were visited during the field reconnaissance. 

Table R-4 columns which require additional description are listed below: 

Column 1 : The HEC-1 concentration point where the structure is located. If the 
identifier starts with an "M", then that row describes a miscellaneous 
culvert for which a HEC-1 concentration point was not defined. 
Those culverts typically lie in  a reach where the floodplain will be 
defined using HEC-2. 

Column 2: This column lists the culvert material, where: 
CMP = corrugated metal pipe; 
RCP = reinforced concrete pipe; and 
RC = reinforced concrete 

Column 9: This column lists whether or not a reservoir route operation is 
performed at  this location. 

Column 10: This column lists whether or not a flow diversion occurs at this 

location. 



Column 11 : This column lists whether or not existing suitable as-built plans are 
available. A "y" indicates that suitable plans are available. The 
number listed is the GVSCE file number which can be cross 
referenced using the reference list in section 6. An "n" indicates that 
suitable as-builts are not available and a field survey was performed. 

Column 12: This column lists whether or not the structure lies in a HEC-2 study 
reach. 

Percolation Losses 

Percolation loss rates are included in the storage routing computations for 

the five flood control structures present on the watershed. Percolation losses are 

assumed to be negligible for the other reservoir route operations, due to  relatively 

small surface ponding areas. The loss rate at each flood control structure was 

selected using the following method: 

I. The highest anticipated ponding stage was sketched on Exhibit B. 

I .  The dominate soil map units in the ponding area were selected. 

3. The XKSAT values for the selected map units were averaged and the 
resultant value convened into a loss rate in cfslacre. 

The loss rates are applied in the HEC-1 models using the RL record option. The 

oercolation loss rates for each structure are: 

I. Dam 4 (C599): 0.97 cfslacre; 

2. Dam 6 (C560): 0.40 cfslacre; 

3. Dam 7 (C584): 0.1 5 cfslacre; 

I. Dam 1 l 1C578): 0.97 cfslacre; 

5 .  Dam 36(C536): 0.1 7 cfslacre. 

These loss rates are conservative. Actual losses could be as much as ten times 

greater. However, sufficient data is not available t o  substantiate use of higher loss rates. 



Table R 4  

List of Drainage Culvert Structures 



Table R 4  

List of Drainage Culvert Structures 



Hvdraulic Cornoutations 

The hydraulics of most culvert structures were modeled using the HY-8 

computer program 16.5:261. The U.S. Army Corps of Engineers HEC-2 computer 

program [6.5:181 was used for selected culverts. Each structure was checked 

under inlet and outlet control. The highest stage resultant from the two  conditions 

was used. 

The hydraulics of overflow of dam emergency spillways and roadway 

embankments were modeled using the Ohio Department of Natural Resources 

Uneven Weir computer program, version 1 .O 16.5:151. 

The results of the storage route hydraulic calculations are shown in Tables 

R-5 through R-25. The results are shown graphically on Figures R-1 through R-21. 

Supporting calculations are contained in Appendix A. 

Tables R-13, R-15. R-16, R-17 and R-19 are the rating curves for the five 

flood control structures existing on the watershed. These correspond to  Dams 36, 

6, 11, 7 and 4, respectively. The original design data for the dams, prepared by 

TRICO, Inc. 16.6:13,6.6:D-Rl is included. The TRlCO design data is based on the 

Town of Fountain Hills local bench mark datum. not NGVD1929. 

Surface Area Comoutations 

The ponding areas upstream of each structure were planimetered from the 

available mapping. The area associated with each contour up to  an elevation 

typically 2 feet higher than the top of the overflow embankment was 

measured. The total storage volume in acre-feet for appropriate elevations 

was then calculated using the conical method. The calculated volumes were 

input to the HEC-1 computer models with corresponding outflow discharges. 

The results are shown in Table R-5 through 13-25 and Figures R-1 through 

R-21. 



TABLE R-5 
Storage and Discharge vs. Stage Data for C503 

' Note: Weir flow over the road will start at El > 1551.41 



TABLE R-6 
Storage and Discharge vs. Stage Data for C504 

Note: Weir flow over the road will start at EL > 1543.74 



TABLE R-7 
Storage and Discharge vs. Stage Data for C50 



TABLE R-8 
Storage and Discharge vs. Stage Data for C508 



TABLE R-9 
Storage and Discharge vs. Stape Data for C511 and M13 



TABLE R-10 
Storage and Discharge vs. Stage Data for C512 (Stock Tank) 



TABLE R-11 
Storage and Discharge vs. Stage Data for C513 



TABLE R-12 
Storage and Discharge vs. Stage Data for C523 



TABLE R-13 
Storage and Discharge vs Stage Data for C536 (Dam 36) 



TABLE R-14 
Storage and Discharge vs. Stage Data for C538 



TABLE R-15 
Storage and Discharge vs Stage Data for C560 (Dam 6 )  

Stags Storage Tot& 
YGVD 29 L o d  Vdums Discharge 

1814.74 1816.00 0.30 
181 8.74 1820.00 6.30 

-1 822.74 1824.00 25.10 
1826.74 1828.00 55.20 
1830.74 1832.00 97.30 
1834.74 1836.00 152.1 0 
1835.74 1837.00 169.60 
1836.74 1838.00 187.00 1146 
1837.74 1839.00 204.50 2391 
1839.74 1841.00 242.00 5950 
1841.74 1843.00 281.00 10666 
1843.74 1845.00 320.00 16408 



TABLE R-16 
Storage and Discharge vs Stage Data for C578 (Dam 11 1 

Storage Totd 
NGVD 29 L o c d  Volume Dischayle 

Datum Datum lacre-feet) _ Ids)  
--T 
1782.74 1784.00 0.00 
1786.74 1788.00 3.04 
1790.74 1792.00 10.64 
1794.74 1796.00 22.68 
1798.74 1800.00 42.40 

.1802.74 1804.00 72.60 
1806.74 1808.00 1 12.80 
1810.74 1812.00 165.40 
1812.74 1814.00 198.05 2243 
1814.74 181 6.00 230.70 5775 
1816.74 1818.00 269.10 10502 



TABLE R-17 
Storage and Discharge vs Stage Data for C584 (Dam 7 )  

Note: When stags > 1928 a flow split will occur 
into sub basin 210H. Total discharge column 
is for flow passing dam 7 only, it does not 

includa diversion discharges into sub basin 
ZlOH for atages above 1928. 

P 
Totd 

Dischage 
(&I 
7 

198 
233 
265 
293 
31 9 
343 
365 
395 
829 
1640 
4033 
7306 
11 3 5  

Stspe Storage 
YGVD 29 Locd Vdume 

Datum Datum [aaa-feal 
1882.74 
1894.74 
1898.74 
1902.74 
1906.74 
1910.74 
1914.74 
1918.74 
1924.74 
1925.74 
1926.74 
1928.74 
1930.74 
1932.74 

1884.00 
1896.00 
1900.00 
1904.00 
1908.00 
1912.00 
1916.00 
1920.00 
1926.00 
1927.00 
1928.00 
1930.00 
1932.00 
1934.00 

0.00 
2.80 
6.40 
11.60 
18.60 
28.60 
41.80 
61.80 
108.00 
128.10 
148.20 
173.70 
203.70 
233.60 



TABLE R-18 
Storage and Discharge vs. Stage Data for C586 



TABLE R-19 
Storage and Discharge vs Stage Data for C599 (Dam 41 

Note: NE Corner of High School Cafeteria EL = 171 6.49 

Tri-Co. 
Tmal 

Discharge 

A 
0 

150 
285 
420 . 
510 
555 
610 
645 
705 
755 
825 
1650 

.1716.74 1718.00 170.63 4875 

.1718.74 1720.00 213.75 10710 

Storage 
Vduma 

(acre-fast) - 
- 

0.00 
2.25 
7.88 
15.75 
28.1 3 
44.25 
65.63 
91.88 
129.38 
148.13 

Stape 
NGVD 29 

Datum 

1696.74 
1698.74 
1700.74 
1702.74 
1704.74 
1706.74 
1708.74 

,1710.74 
,1712.74 
,1714.74 
1715.74 

Locd 
Datum r- 

1698.00 
1700.00 
1702.00 
1704.00 
1706.00 
1708.00 
1710.00 
171 2.00 
1714.00 
1716.00 
1717.00 



TABLE R-20 
Storage and Discharge vs. Stage Data for C600 



TABLE R-21 
Storage and Discharge vs. Stage Data for C605 

Note: 1. Weir flow over the road will start at EL > 1730.70. 
2.  Total flow is the lesser of columns 5 and 6 plus column 7 .  



TABLE R-22 
Storage and Discharge vs. Stage Data for C609 



TABLE R-23 
Storage and Discharge vs Stage Data for C611 

* Note: 1. Weir flow over the road will start at EL > 1684.0. 
2. Total flow is the lesser of columns 5 and 6 plus column 7. 
3. Column 5 is calculated using the equation Q=0.67A(Zgd)^0.5, where 
is the cross sectional area of the grated inlet and d is the depth above 
elevation 1675.65. The value of A is assumed to be 10.4 sf which refle 
a clogging factor of 2. 



TABLE R-24 
Storage and Discharge vs. Stage Data for C618 

Note: Weir flow over the road will stan at EL > 1744.35 



TABLE R-25 
Storage and Discharge vs. Stage Data for C619 

* Note: Weir flow over the road will start at EL > 1692.0 



Figure R-1 
Storage and Discharge vs Stage for C503 
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Figure R-2 
Storage and Discharge vs Stage for C504 
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Figure R-3 
Storage and Discharge vs Stage for C507 
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Figure R-4 
Storage and Discharge vs Stage for C508 
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Rgure R-5 
Storage and Discharge vs Stage for C511 



Figure R-6 
Storage & Discharge vs Stage for C512 
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Figure R-7 
Storage & Discharge vs Stage for C513 
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Storage and Discharge vs Stage for C523 
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Storage and Discharge vs Stage for C536 
(Dam 36) Below Emergency Spillway Crest 
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Figure R-9b 
Storage and Discharge vs Stage for C536 

(Dam 36) Above Emergency Spillway Crest 
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Figure R-10 
Storage and Discharge vs Stage for C538 
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Figure R-l la  
Storage and Discharge vs Stage for C560 
(Dam 6) Below Emergency Spillway Crest 
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Figure R-l lb 
Storage and Discharge vs Stage for C560 
(Dam 6) Above Emergency Spillway Crest 
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Figure R-12a 
Storage and Discharge vs Stage for C578 

(Dam 11) Below Emergency Spillway Crest 
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Figure R-12b 
Storage and Discharge vs Stage for C578 

(Dam 11) Above Emergency Spillway Crest 
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Figure R-13a 



Figure R-13b 
Storage and Discharge vs Stage for C584 
(Dam 7) Above Emergency Spillway Crest 
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Figure R-14 
Storage and Discharge vs Stage for C586 
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I Figure R-15a 
Storage and Discharge vs Stage for C599 
@am 4) Below Emergency Spillway Crest 
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Figure R-15b 
Storage and Discharge vs Stage for C599 
(Dam 4) Above Emergency Spillway Crest 
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Figure R-16 
Storage and Discharge vs Stage for C600 
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Figure R-17 
Storage and Discharge vs Stage for C605 
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Figure R-18 
Storage and Discharge vs Stage for C609 
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Figure R-19 
Storage and Discharge vs Stage for C611 
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Figure R-20 
Storage and Discharge vs Stage for C618 
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Figure R-21 
Storage and Discharge vs Stage for C619 
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3.2.3 Statistical Parameters 

There are no statistical data available for this watershed other than regional 

precipitation data and minimal gage data for a few watersheds that may be hydrologically 

comparable. The precipitation depth-duration-frequency statistics used for this study are 

derived from the NOAA Atlas 2 for Arizona [6.5:241. Deficiencies of that Atlas are 

recognized, and a revised precipitation-frequency analysis is currently underway by the 

National Oceanographic and Atmospheric Administration. The results of the revised Atlas 

may differ from the precipitation statistics that are used herein; however, until the revised 

Atlas or an equally accepted presentation of precipitation statistics is available, the current 

Atlas precipitation-frequency statistics are recommended for use. 

3.2.4 Precioitation 

3.2.4.1 Rainfall Distributions 

The storms specified for analysis in this study are the 100-year, 6-hour and 

24-hour duration storms. The rainfall distributions, based on watershed area, for 

the 6-hour duration storm are furnished by the District and are listed in Section 

2.4.2 of the Design Manual. Each precipitation pattern is valid for a certain 

watershed area. The five precipitation patterns and corresponding watershed areas 

are input to the HEC-1 model using the JD record option. The 24-hour rainfall 

distribution used for this study is the SCS Type II, in accordance with the 

requirements set forth in the Design Manual. 

3.2.4.2 Precipitation Data 

Point precipitation values used for this study are derived from the isopluvial 

maps in the Design Manual. Refer t o  Figures P-1 and P-2 for a depiction of the 

isopluvials for the 100-year, 6-hour and 24-hour storms, respectively, overlaid on 

the watershed. Those figures were used t o  estimate an average point precipitation 

value for the entire watershed for both storms. The point precipitation values used 

for this study are listed in Table P-1. 



TABLE P- I  

Point Precipitation Values for Fountain Hills North 
Storm Frequency and Point 

Duration Precipitation 
inches 

3.2.4.3 Aerial Precipitation Reduction 

The precipitation reduction for the 6-hour storms is based upon the 

depth-area curve developed for the historic storm of 1954 over the Queen Creek, 

Arizona area, as developed by the U.S. Army Corps of Engineers in 1974. That 

depth-area curve is listed in the Design Manual. 

The precipitation reduction factors used for the 24-hour storms are derived 

from information contained in NOAA Technical Memorandum NWS HYDRO-40 

[6.5:141. The point precipitation values versus watershed drainage area are 

contained in Table P-2. Depth-area reduction for all storms was simulated in HEC-1 

using the JD record option. 

TABLE P-2 

24-Hour Aerial Precipitation Reduction Factors 
Zones A and C - Central Arizona 

NOAA Technical Memorandum NWS Hydro40 

Watershed Area 
square miles 

I1 1 

Reduction Factor Point Precipitation, inches 
10-year 100-year 

12) (3) 14) 
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Figure P-2 
100-year, 24-hour Precipitation lsopluvials 



3.2.5 Gaoe Data 

3.2.5.1 Streamflow Gaging Stations 

The District, ADWR and the USGS have compiled streamflow gage data for 

various washes in Maricopa County and the State of Arizona. The data is 

summarized in a state-wide report entitled Basin Characteristics and Streamflow 

Statisticsin Arizona as o f  1989 [6.5:271. In addition to  USGS gage data, the 

District also maintains a series of streamflow gages in Maricopa County. 

Unfortunately, none of these gages lie in or near the Fountain Hills North study area. 

The results from that study for representative washes in central and southern 

Arizona are summarized in Table G-1 and shown graphically in Figure G-1. 

Modeling results for typical subbasins and key concentration points upstream 

of the flood control structures are summarized in Table G-2. Those modeling results 

are also plotted on Figure G-I for comparison with the USGS data. Refer t o  Section 

3.3 for a discussion of the comparison between the USGS data and the modeling 

results. 



Table G-I 

Station 

Log Pearson Ill Analysis Summary for Representative Washes in Central and Southern Arizona 

Station Name 
Number 

(1) (2) 
"510070 West Fork Sycamore Creek Near Sunflower 
510080 West Fork Sycamore Creek Near Sunflower 
510100 East Fork Sycamore Creek Near Sunflower 
510170 Camp Creek Near Sunflower 
512200Salt River Tributary In S. Mountain Park 
51 5800 Hartman Wash Near Wickenburg 
" 5 1 6 6 0 0 0 ~  Wash Near Morristown 
"517200Centennial Wash Tributary Near Wendon 
51 9600 Rainbow Wash Tributary Near Buckeye 
520100 Military Wash Near Sentinel 
5201 30 Darby Arroyo Near Ajo, AZ 
520160Gibson Arroyo at Ajo, AZ 
'520230Crater Range Wash Near Ajo 

Watershed is similar to the Fountain Hills area. 

Main 
Drainage Mean Channel 

Area Elevation Slope 
sm feet Wmi 

Log Pearson Ill 
Record Discharge For 
Length Omax 100-Year Storm 
years cfs cfs cfslsm 



Table 0-2 

HEC-1 
Identifier 

Modeling Results at Representative Locations for the 100-year, 6-hour Storm 

Main 
Drainage Mean Channel 100year. 6-hour 

Station Name Area Elevation Slope Peak Discharge 
sm feet Wmi d s  cfslsm 

(11 (21 (31 (41 (51 (6) (7)  
2048 Subbasin in upper Caliente Wash watershed 0.1 3 1,699 128 208 1.600 

Subbasin in upper Hesperus Wash watershed 
Subbasin in upper Hesperus Wash watershed 
Subbasin in upper Ashbrook Wash watershed 
Subbasin in upper Ashbrook Wash watershed 
Subbasin in upper Cloudburst Wash watershed 
Un-named wash 
Escalante Wash dls of McDowell Mtn. Park 
Escalante Wash at McDowell Mtn. Road 
Hesperus Wash at N. Town boundary 
Above Dam 36 
Ashbrook Wash at N. Town boundary 
Above Dam 6 
Bristol Wash at Montezuma Blvd. 
Bristol Wash dls of Montezuma Blvd. 
Above Dam 11 
Above Dam 7 



+ USGS LP3 Values A Modeled Values 

0.10 1 .oo 
Drainage Area (sm) 

Note: 

The USGS gages listed in boxes are on washes that are similiar to the Fountain Hills area. 

Figure G-1 

Comparison of USQS LP3 Values with Modelling Results 
100-year Unit Peak Discharges vs Area 



3.2.5.2 Precipitation Stations 

One recording precipitation gage has been established on the study watershed by 

the District. Two other gages are situated about 4 and 6 miles north of Fountain Hills. 

These gages are located as follows: 

Fountain Hills Gage: Established 9 December 1993. Located in Section 15 
T3N R6E at Latitude 33O36'40" and Longitude 11 1 O43'29". The gage is at 
elevation 2,280 feet. 

McDowell Mountain Gage: Established 6 August 1990. Located in 
Section 16 T4N R6E at Latitude 33O43'00" and Longitude 11 1 O44'42". The 
gage is at elevation 2,040 feet. 

Asher Hills Gage: Established 2 August 1990. Located in Section 1 T4N 
R6E at Latitude 33O43'03" and Longitude 1 1 1 041'01 ". The gage is at 
elevation 1,680 feet. 

3.3 Calibration 

3.3.1 General 

Calibration of the HEC-1 models is not possible because of the lack of available 

physical data. In lieu of calibration, confidence checks are performed on the modeling 

results. These confidence checks consist of: 

1. Comparison with USGS gage data for representative watersheds; 

2. Runoff volume checks using surveyed high water marks in the impoundment areas 
upstream of the major flood control structures (dams); 

3. Comparison of modeled results with estimates using a USGS regional regression 
equation; and 

4. Comparison of modeled results with results from previous FIS studies completed in 
Maricopa County. 

These checks are only made using the watershed upstream of the dams. Peak 

discharges in washes downstream of the dams are significantly affected by those 

structures. 



3.3.2 Comoarison with USGS Gaae Da& 

The selected USGS gage data for representative washes are summarized in 

Table G-1 . The modeled results selected for comparison are listed in Table G-2. The data 

from Tables G-1 and G-2 is plotted on Figure G-1. The USGS gaged watersheds which are 

the most similar to  the Fountain Hills area are identified on both Table G-1 and Figure G-1. 

The USGS data are for watersheds in the size range of about 1.5 to  almost 10 square 

miles, and the unit peak discharges range from about 350 cfslsquare mile to  about 1,800 

cfslsquare mile. The average of the data from Table G-1 is about 900 cfslsquare mile for 

these small watersheds. The model subbasins for comparison are generally smaller than 

the gaged watersheds and range in size from 0.1 2 square miles to  2.91 square miles. The 

unit peak discharges range from 884 cfslsquare mile to  2,141 cfslsquare mile, and the 

average of the data from Table G-2 is about 1,300 cfslsquare mile. It is reasonable for the 

smaller model subbasins t o  produce higher unit peak discharges than the selected gaged 

watersheds, and this is depicted in Figure G-1 . There is no reason to  doubt the validity of 

the modeled results based on this comparison. 

3.3.3 Runoff Volume Checks Usina S u ~ e v e d  Hiah Water Marks 

High water debris lines were noted upstream of the major flood control structures 

during the hydrology field reconnaissance in April 1993. The high water marks were 

staked in the field and later field surveyed t o  obtain the ponding elevation upstream of each 

of the five dams. The debris lines appeered to  be recent; therefore, the precipitation 

records of the two gages described in Section 3.2.5.2 were obtained for the previous 2 4  

months. Two convective summer storms and one general winter storm were noted. The 

winter storm, which occurred on 3 and 4 December 1992, was determined to be the most 

likely cause of the high water marks. 

The two  precipitation gages for which data are available, the McDowell Mountain 

and Asher Hills gages, lie north of the study watershed. The assumption was made that 

the storm had a similar distribution and total rainfall over the study watershed as recorded 

by the two gages. The actual precipitation distributions recorded by both gages were used 

as input to the HEC-1 model and a separate run was made using both rainfall distributions. 

The two  rainfall distributions are plotted on Figure C-1. 



The results of this confidence check are shown in Table C-1 . The actual stage for 

each structure is listed in column 3. This is the average of the field surveyed elevations at 

each structure. The estimated peak discharge leaving the structure and the corresponding 

upstream stage are listed in columns 4 and 5, respectively, for rainfall input using the 

McDowell Mountain gage, and in columns 6 and 7, respectively, for rainfall input using the 

Asher Hills gage. The measured high water elevation for each dam lies within the range of 

stage defined by columns 5 and 7. 

There is no reason to doubt the validity of the HEC-1 model based on this comparison. 

Table C-1 

Comparison of Modeling Results with Suweyed Highwater Marks for the Storm of 
3 and 4 December 1992 

Modeled Results 

Surveyed Stage McDowell Mtn. Asher Hills 

HEC-1 ID (high water mark) 0, Stage 0, Stage 

(1 (2) (3) (4) (5) (6) (7 )  

4 C599 1,706.5 51 3 1,708.7 203 1,699.8 
6 C560 1,814.6 138 1,816.1 59 1,812.1 
7 C584 1,890.7 188 1,896.3 64 1,888.4 
11 C578 1,791.2 204 1,792.1 76 1,783.6 
36 C536 1,866.7 21 2 1,866.1 74 1,856.5 

High water marks were observed in the outlet ends of the principal spillways of 

Dam 7 and Dam 11. The marks were water stains located 3.2 feet and 3.0 feet above the 

outlet flowline of Dams 7 and 11, respectively. The modeled outlet depths of flow (from 

HY-8), assuming the surveyed high water mark stage elevations at the inlet, are 2.6 feet 

and 3.5 feet for Dams 7 and 1 I, respectively. These depths are reasonably close to  the 

measured depths and provide a measure of confidence for the culvert hydraulic models. 
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Figure C-1 

Cumulative Precipitation vs Time for Storm of 3 and 4 December 1992 



3.3.4 Comoarison With USGS Reaional Rearession Eouation 

The Arizona Department of Transportation (ADOT) Highway Drainage Design 

Manual - Hydrology (ADOT Hydrology Manual [I I) lists preliminary USGS regional 

regression equations for use in Arizona. The Fountain Hills North study watershed lies in 

flood region 12. The regression equations for flood region 12  are listed in ADOT Table 

10-6 which is included herein as Table C-2. ADOT Figure 10-20 is also included herein as 

Figure C-2. Figure C-2 is a scatter diagram of mean basin elevation versus drainage area 

for the gages upon which the regression analysis was performed. 

The comparison is made using the 1 00-year, 6-hour modeled results for Dams 6, 7, 

1 1 and 36. Dam 4 is not included because it is influenced by Dams 6, 7 and 11. The 

results of the comparison are shown in Table C-3. The modeled results are significantly 

lower than those estimated using the 100-year regression equation but fall within the 31  

percent standard error. There is no reason t o  doubt the model results based on this 

confidence check. 



Table C-2 
(Ref. - ADOT Hydrology Manual Table 10-6) 

Flood Magnitude-Frequency Relations for the 
Central Arizona Region lR12) 

Equation: Q, peak discharge, in cubic feet per second1 AREA, drainage area, in square 
miles; and ELEV, mean basin elevation, in feet divided by 1,000. 

Recurrence 
interval 
in  years Equation 

Average standard 
error of model 

in  percent 

(1) (2) (3) 

2 Q = 41.1 AREA 0.629 102 

Q = 238  AREA"^^^ E L E V - O . ~ ~ ~  

Q = 479 AREA 0.661 ELEV-0.398 

Q = 942 AREA 0.630 ELEV-0.383 

LOG Q = 7.36 - 4.1 7  AREA-^.^^ -0.440 LOG ELEV 

LOG Q = 6.55 - 3.17 AREA-O" -0.454 LOG ELEV 

12,000 - , , , a , , , . ,  , , ,.,,,., , . ,,,,,., , , , ,,,,,, , , , ,,,, 
Cloud of 

- - ~ o m m o n  ~ o l u e s  
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FIGURE C-2 
(Ref. - ADOT Hydrology Manual Figure 10-20) 

Scatter Diagram of Independent Variables for R12 Regression Equation 

3-66 



Table C-3 

Comparison of Modeled Results with USGS Regional Regression Equation 

Dam No. 

Drainage 

HEC-1 ID Area, sm 

Mean 100-year Discharge.ds 

Elevation USGS HEC-1 Model 

3.3.5 com~arison with Previous FIS Studies in Maricoaa County 

The Arizona Department of Water Resources (ADWR) has adopted State Standard 

55-2 t6.5:31 which includes envelope curves of FIS 100-year peak discharges for each 

county in the state. The curve for Maricopa County is included herein as Figure C-3. The 

100-year, 6-hour peak discharges for Dams 6, 7, 11 and 36 are plotted on Figure C-3 for 

comparison. There is no reason to doubt the validity of the HEC-1 model based on this 

comparison. 
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3.4 Special Problems and Solutions 

3.4.1 channel Flow Solits 

3.4.1.1 Discussion of Problem 

There are eleven ( I  1 ) significant flow splits on the study watershed identified during 

the subbasin delineation process. All of these are caused by development on the 

watershed. The development conditions which can result in these flow diversions are: 

1. Roadway embankments which cause ponded storm water to  overtop the roadway or 
bar ditches and be directed away from the main channel into a different watershed. 

2. Street intersections where the street cross section is the primary conveyance 
mechanism. Intersection grades result in diversion of flow from one street into another. 

3. A stock pond where flow can escape at t w o  different locations. 

The locations of significant flow splits on the watershed are identified on the 

various exhibits by use of a triangle symbol around the concentration point number. 

3.4.1.2 Solution and Results 

The flow split rating curves used for input to  the HEC-I diversion operation at each 

split location were developed by hydraulic analyses as described in Section 3.2.2.3. A 

separate rating curve was prepared for each leg of the split and the results plotted in a 

stage versus discharge format. The flow split tables were then created by reading the 

discharge from each rating curve at common stage elevations. The results are summarized 

in Figures D-1 through D-11. The following is a brief description of each split location, the 

hydraulic analysis methods used, and the location of supporting calculations. 

C504 - C504 is located at the bottom of subbasin 202A at McDowell Mountain 

Road. Water ponds against the roadway embankment and drains under the road 

through a single 24" CMP. A reservoir route is performed at this location. When 

stage 1541.7 is reached, flow begins to  spill into the west bar ditch. The overflow 

drains south to  C505. The culvert rating curve is developed using HY-8. The 

overflow rating curve is developed using HEC-2. Refer to Appendix A for 



supporting calculations, and Figure D-1 for the rating table and curve. 

C505 - C505 is located at the bottom of subbasin 2028 at McDowell Mountain 

Road. Water ponds against the roadway embankment and drains under the road 

through a single 21 " CMP. The ponded volume is not significant enough to  warrant 

a reservoir route. When stage 1538.8 is reached, flow begins to  spill into the west 

bar ditch. The overflow drains south t o  C506. The culvert rating curve is 

developed using HY-8. The overflow rating curve is developed using HEC-2. Refer 

to Appendix B for supporting calculations, and Figure D-2 for the rating table and 

curve. 

C506 - C506 is located at the bottom of subbasin 202C at McDowell Mountain 

Road. Water ponds against the roadway embankment and drains under the road 

through a single 18" CMP. The culvert is completely filled with sediment; therefore, 

the culvert hydraulic capacity is not included in the flow split rating curves. The 

culvert is modeled using HY-8 and the results are included for future use. The 

ponded volume is not significant enough t o  warrant a reservoir route. When stage 

1531.4 is reached, flow begins to  spill into the west bar ditch. The overflow drains 

south to  C507. The bar ditch rating curve is developed using HEC-2. When stage 

1533.5 is reached, flow begins t o  overtop McDowell Mountain Road and reenters 

the wash downstream of the culvert. The roadway overflow is modeled using the 

uneven weir program. Refer t o  Appendix B for supporting calculations, and Figure 

D-3 for the rating table and curve. 

C508 - C508 is located at  the bottom of subbasin 202E at McDowell Mountain 

Road. Water ponds against the roadway embankment and drains under the road 

through a single 42" CMP. A reservoir route is performed at this location. When 

stage 1527.6 is reached. flow begins to  spill into the west bar ditch and flow north 

to  C507. The culvert rating curve is developed using HY-8. The bar ditch rating 

curve is developed using HEC-2. Refer to  Appendix A for supporting calculations, 

and Figure 0-4 for the rating table and curve. 

C512 - C512 is located at  the bottom of subbasin 202H downstream from 

McDowell Mountain Road. An existing stock tank is located at this point. When 



stage 1531.0 is reached, flow begins t o  overtop the embankment adjacent t o  the 

south shoulder of McDowell Mountain Road. This flow follows the historical 

drainage pattern (pre-stock tank) in an easterly direction. The embankment 

overflow is modeled using the uneven weir program. When stage 1531.6 is 

reached, flow drains south into Bahia Drive and drains to C591. The overflow 

rating curve for this component of the split is developed using HEC-2. A reservoir 

route is performed at this location. Refer t o  Appendix A for supporting calculations, 

and Figure D-5 for the rating table and curve. 

C523 - C523 is located on Caliente Wash at McDowell Mountain Road. The split 

consists of three flow components. Flow drains under the roadway via a single 66" 

CMP. When stage 1658.6 is reached, flow begins to drain southerly in the west 

bar ditch to Fountain Hills Boulevard and then to  Balboa Wash at C548. When 

stage 1659.2 is reached, flow begins t o  overtop McDowell Mountain Road and 

drain into the wash downstream of the culvert. The culvert rating curve is 

developed using HY-8. The bar ditch rating curve is developed using HEC-2. The 

roadway overflow curve is developed using the uneven weir program. A reservoir 

route is performed at this location. Refer t o  Appendix A for supporting calculations, 

and Figure D-6 for the rating table and curve. 

C543 - C543 is located at Oxford Wash and Maple Drive. The majority of the f low 

is contained in Oxford Wash. A t  stage 171 5.6, flow can spill into Glenbrook 

Boulevard. Both flow components are modeled using HEC-2. This flow split and 

C545 were modeled at  request of the District to  determine if a flood hazard exists 

along Glenbrook Boulevard. No flow during the 100-year event is diverted into 

Glenbrook Boulevard; therefore, only minor local flows cause a problem in this 

street. Refer to Appendix B for supporting calculations, and Figure D-7 for the 

rating table and curve. 

C545 - C545 is located at the intersection of Glenbrook Boulevard and Tamarack 

Lane. The flow split is caused by the street intersections. Both flow components 

are modeled using HEC-2. Refer t o  Appendix B for supporting calculations, and 

Figure D-8 for the rating table and curve. 



C611 - C611 is a detention basin located just south of the intersection of Palisades 

Boulevard and Wendover Drive. A reservoir route was performed at this location. 

The basin is drained by a single 60" CMP storm drain that drains to Arrow Wash at 

C620. The inlet to  the storm drain is protected by a "beehive" shaped trash rack. 

Flow which overtops the basin drains across Palisades Boulevard into Wendover 

Drive. Before construction of the basin and storm drain, flooding occurred at the 

intersection of Wendover Drive and Stancrest Drive. The storm drain is modeled 

using THYSYS. The basin overflow is modeled using the uneven weir program. 

The capacity of the trash rack was estimated using the orifice equation and 

assuming a 50 percent clogging factor. The capacity of the trash rack is less than 

the capacity of the storm drain. The flow split rating curve is based on the trash 

rack capacity. This flow split was modeled at  the request of the District to 

determine the effectiveness of the detention basin and storm drain. No flow during 

the 100-year event is diverted into Wendover Drive. Refer to  Appendix A for 

supporting calculations, and Figure D-9 for the rating table and curve. 

C614 - C614 is located at the intersection of El Lago Boulevard and Cavern Drive. 

El Lago Boulevard is the significant drainage conveyance and flow is diverted 

northerly into Cavern Drive. Both flow components are modeled using HEC-2. 

Refer to  Appendix B for supporting calculations, and Figure D-10 for the rating table 

and curve. 

C615 - C615 is located at the intersection of El Lago Boulevard and Mimosa Drive. 

El Lago Boulevard is the significant drainage conveyance and flow is diverted 

northerly into Mimosa Drive. Both flow components are modeled using HEC-2. 

Refer to Appendix B for supporting calculations, and Figure D-11 for the rating table 

and curve. 

The physical data used for the flow split calculations were obtained from the 200 

Scale Mapping, by field survey and by field reconnaissance. The flow splits are 

implemented in HEC-1 using the DT, Dl and DO record options. The HEC-1 model drops 

the total watershed area from memory below a diversion operation. Since the JD record 

option is used for this study, the total watershed area must be known at each hydrograph 

combination point. The HEC-1 HC record option allows the total area to be set at any 



given hydrograph combination operation. This option was used to reset the watershed 

areas downstream of diversions at the first combination downstream of the recalled 

diversion hydrograph. The new areas are input to the HEC-1 models as follows: 

Upstream HEC-1 Operations Total Area 

541 548,2060,523548 3.72 
206H. 2061,206J. 206K. 206L 0.26 

614615.21 1V 0.03 
C6181.615618 0.1 9 

211Q,211R,211S,211T,211U,211V 0.25 
21 1 Q through 21 1 W 0.28 

620R. 61 1620 0.42 
207, 208.209, 210, 21 10 through 7.93 

211W 



(2504 Flow Split Table 

* Note: Weir flow over the road will start 
at EL > 1543.74 

, 

Figure D-1 
Discharge vs Stage Curve for Flow Split at C504 

1538 1539 1540 1541 1542 
Stage, in feet - LeR - Right - ToLal 

Stage 
(ft) 

1538.14 
1540.00 

- 1541.66 
1541.80 
1542.00 
1542.20 
1542.40 
1542.60 
1542.80 
1543.00 
1543.20 
1543.40 
1543.60 
1543.74 , 

p 
Left 

Channel 
0 
11 
20 
20 
21 
22 
22 
23 
23 
24 
24 
2.5 
26 

. 26 

Right 
Channel 

--- 
--- 
0 
2 
4 
8 
19 
37 
62 
97 
147 
215 
296 

. 370 

Total 
0 
11 

20 - 

22 
24 
30 
41 
60 
85 
121 
171 
240 
322 

, 396 



C505 Flow Split Table 

* Note: Weir flow over the road will staa 
at EL > 1540.85 

- 

Stage 
(ft) 

1536.34 
1537.40 
1538.00 
1538.30 
1538.77 
1539.00 
1539.20 
1539.40 
1539.60 
1539.80 
1540.00 
1540.20 
1540.40 
1540.60 
1540.80 
1540.85 

Figure D-2 
Discharge vs Stage Curve for Flow Split at C505 

1536 1537 1538 1539 1410 1541 
Stage, in feet 

Left 
Channel 

0 
3 
7 
9 
11 
12 
12 
13 
14 
14 
15 
15 
16 
16 
16 
17 

-Left - Right -Total 

Disehaqe, in 
Right 

Channel -- 
- 
-- 
--- 
0 
2 
3 
4 
9 
17 
29 
40 
59 
79 
107 
117 

cfs 

Total 
0 
3 
7 

- 

9 
11 
14 
15 
17 
23 
3 1 
44 
55 
75 
95 
123 
134 



C506 Flow Split Table 

Note: Culvert 506 is clogged, thus it is not modele 

Sfage 
. (ft) 

1531.40 
1532.00 
1532.50 
1533.00 
1533.48 
1533.60 
1533.80 
1534.00 

. 1534.20 
1534.40 
1534.60 
1534.80 
1535.00 
1535.20 
1535.40 
1535.60 

Figure D-3 

M 
Channel 

--- 
--- 
--- 
--- 
0 
0 
4 
12 
28 
52 
85 
128 
183 
249 
328 
421 

Discharge. in cfs 
Right 

Channel 
0 
3 
13 
37 
77 
100 
147 
194 
248 
303 
352 
404 
515 
560 
600 
683 

Total 
0 
3 
13 
37 
77 
100 
151 
206 
276 
355 
437 
532 
698 
809 
928 
1104 



C508 Flow Split Table 

Figure D-4 
Discharge vs Stage Curve for Flow Split at C508 

1524 1525 1526 1527 1528 
Stage, in feet 

a Left - Right -Total 



C512 Flow Split Table I Figure D-5 
1 Discharge vs Stage Curve for Flow Split at C512 (Stock Tank) 

600 

$i 500 
e .- 
6'400 

? 5 300 
.Y 

200 

100 

0 
1531 1531.5 1532 1532.5 1533 

Stage, in feet 

- Left --B Right -Total 



C523 Flow Split Table 

Figure D-6 
Discharge vs Stage Curve for Flow Split at C523 

Stage 
(ft) 

1650.28 
1652.00 
1654.00 
1656.00 
1658.00 

, 1658.20 
1658.40 
1658.60 
1658.64 
1658.80 

. 1659.00 
2659.20 
1659.40 
1659.60 

1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1664 1661 
Stage, in feet - LeR - Right - Total 

139 960 

Dischaae, in cfs 
Left 

Channel 
0 
22 
78 
144 
209 
214 
220 
224 
226 
229 
234 
239 
268 

Right 
Channel --- 

-- 
--- 
--- 
--- 
--- 
--- 
--- 
0 
3 
5 
10 
20 

Total 
0 
22 
78 
144 
209 
214 
220 
224 
226 
232 
239 
249 
288 



C543 Flow Split Table 

Figure D-7 
Discharge vs Stage Curve for Flow Split at C543 

Stage 
(ft) 

1714.00 
1714.10 
1714.20 
1714.30 
1714.40 
1714.50 
1714.60 
1714.70 
1714.80 

. 1714.90 
, 1715.00 
1715.50 
1715.60 
1715.70 

1714 1714.5 1715 1715.5 1716 1716.5 
Stage, in feet 

-- La& - Right - Total 

1715.80 
1715.90 
1716.00 30 540 
1716.10 37 

Discharge, in cfs 
Wt 

Channel 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Right 
Channel 

0 
38 
45 
50 
65 
85 
97 
122 
141 
162 
194 
350 
395 

Total 
0 
38 
45 
50 
65 
85 
97 
122 
141 
I62 
I94 
350 
395 



C545 Flow Split Table 
Figure D-8 

Discharge vs Stage Curve for Flow Split at C545 

0 

1679 1679.1 1679.2 1679.3 1679.4 1679.5 1679.6 
Stage, in feet 

--.c Left a Right - Total 



C611 Flow Split Table 

Figure D-9 
Discharge vs Stage Curve for Flow Split at C611 

1674 1675 1676 1677 1678 1679 1680 1681 1682 1683 1684 1685 1686 1687 
Stage, in feet 

- Left - Right - Total 



C614 Flow Split Table 

Figure D-10 
Discharge vs Stage Curve for Flow Split at C614 

44.8 44.9 45 45.1 45.2 45.3 45.4 
Stage, in feet 

- LeR - Right -Total 



C615 Flow Split Table 

Figure D-11 
Discharge vs Stage Curve for Flow Split at C615 

- Left - Right - Total 



3.4.2 HEC-1 Warninas and Errors 

3.4.2.1 General 

The warnings encountered in the HEGl output are concerning hydrograph routing and 

subbasin runoff calculations. Examples of the warnings noted are: 

'501502' -WARNING**Modifed Puls Routing May Be Numerically Unstable For 
Oufflows Between 3704 To 7085. 

104F' Waming Excess At Ponding Less Than Zero For Period. Excess Set to Zero. 

The warning messages are discussed below. No errors are reported by HEGI for any of the 

models. 

3.4.2.2 Routing Operation Warnings 

The first warning listed above specifies a range of peak flows for which the hydrograph 

may be unstable. For example, in the first warning message above, the routed peak discharge 

for the reach is 437 cfs (see the 100-year, 6-hour HEGl model). Note that the computed peak 

discharge is less than the range specified in the warning message. All of the reaches for which 

warning messages were hoted were checked for the following: 

1. The routed peak discharge was compared to the range listed in the warning 
message; 

2. The routed peak discharge was compared with the inflow peak discharge to 
determine if the peak discharge increased as a result of the routing computations; 
and 

3. The routed hydrograph was plotted and checked for oscillations if either item 1 or 2 
above was a concern. 

Only one reach is found to have a hydrograph with discharges in the range of the 

warning message. This is the reservoir route operation at C523. The warning range was 0 to 

22 cfs and the routed peak discharges are 286 d s  and 202 cfs for the &hour and 24-hour 

storms, respectively. The hydrographs were checked for oscillations and found to have a 

reasonable shape. None of the routing operations were found to increase the peak discharge 

as a result of the routing computations. The routing warning messages were inconsequential to 



have a reasonable shape. None of the routing operations were found to  increase the peak 

discharge as a result of the routing computations. The routing warning messages were 

inconsequential to the model input and do not affect the veracity of the model results. 

3.4.2.3 Subbasin Runoff Calculation Warnings 

The second warning listed in Section 3.4.2.1 is in regard t o  the rainfall loss 

calculation and it can result from an internal HEC-1 check that is performed when applying 

the Green-Ampt rainfall excess relationship. The check is performed by HEC-1 for each 

time interval to answer the following questions: 

1. Does ponding (generation of rainfall excess) occur throughout the interval? 

2. Does ponding occur at  end of the interval? 

3. Does ponding begin during the interval? 

The warning is given when the second and third checks are true. The rainfall 

excess calculation for a time interval is done by subtracting the estimated average 

precipitation loss from the rainfall for the time interval. If ponding begins at the end of the 

interval or during the interval, then the average excess can be less than zero, resulting in 

the warning. In these cases, the rainfall excess is set to  zero. This warning occurs for 

subbasins 204F, 206A. 208P, 21 1 K, 21 1 P and 21  1X for the 6-hour storm, and 2048, 

208N. 208R. 21 18,21 IT,  21 1Z and 21 1AD for the 24-hour storm. This warning is not an 

indication of instability in the model and can be disregarded. 

3.5 Final Results 

3.5.1 General 

The results of this study are summarized in Tables F-1 through F-4. Refer t o  Exhibit 

A for a summary of 100-year peak discharges at  key locations on the watershed. Table 

F-1 is a listing of the 100-year, 6-hour results. The left half of Table F-1 presents the 

results in HEC-1 run order, the right half of Table F-1 presents the results in operation order 

(subbasin operations, followed by hydrograph recall operations, followed by reservoir route 



operations, followed by diversion operations, and finally reach route operations). Table F-2 

is similiar to Table F-1 except the results of the 100-year, 24-hour storm are listed. Table 

F-3 is a comparison listing, in numerical order, of the 100-year, 6-hour and 100-year. 

24-hour storm results. Table F-4 is a listing of runoff volume in acre-feet for the 100-year, 

6-hour and 100-year, 24-hour storms. 

The 6-hour storm produces higher peak discharges than the 24-hour storm in all 

washes except Ashbrook Wash below Dam 4 (C599) and HesperuslBalboa Wash below 

C537. The watershed is broken into eleven (1 1) major basins. These major basins 

represent the following washes: 

Basin 201: A minor unnamed watershed. 

Basin 202: A number of small unnamed watersheds. 

Basin 203: Escalante Wash. 

Basin 204: Caliente Wash. 

Basin 205: Hesperus Wash above Dam 36. 

Basin 206: Hesperus Wash below Dam 36, Balboa Wash and Oxford Wash. 

Basin 207: Ashbrook Wash above Dam 6. 

Basin 208: Bristol Wash, Cholula Wash, Zapata Wash and Montezuma Wash 
above Dam 1 1. 

Basin 209: Cloudburst Wash above Dam 7. 

Basin 21 0: Bristol Wash below Dam 1 1, Cloudburst Wash below Dam 7, 
Ashbrook Wash between Dams 6 and 4, and Longmont Wash. 

Basin 21 1: Ashbrook Wash below Dam 4, Tulip Wash, Legend Wash, 
Sunflower Wash, and Arrow Wash. 

The HEC-1 output files for both the 6-hour and 24-hour storms are included as 

Appendices C and D, respectively. The input files are included in digital form on 3.5" 

diskette. 

The modeling results are strongly affected by the dams. It is important to keep in 

mind the physical characteristics of the structures when reviewing the modeling results. 



Dam 4 - Dam 4 has a crest length of 660 feet, a height of 28 feet, a crest width of 

12  feet and an upstream and downstream slope of 2:l. The principal spillway 

consists of two 60-inch RCP culverts with one culvert partially blocked by a 

concrete encased sewer line that runs the length of the pipe. The principal spillway 

capacity is approximately 990 cfs. The emergency spillway is unlined earth with a 

concrete sill and rock riprap. The emergency spillway width is 300 feet and has a 

capacity of about 15,000 cfs. 

Dam 6 - Dam 6 has a crest length of 840 feet, a height of 36 feet, a crest width of 

12 feet and upstream and downstream slopes of 3: 1 and 2:l. respectively. The 

principal spillway consists of a single 60-inch RCP culvert with a capacity of 

approximately 625 cfs. The emergency spillway is unlined earth with a reinforced 

concrete wing wall on one side and a concrete lined bank on the other. The 

emergency spillway has a width of 250 feet and a capacity of about 18,750 cfs. 

Dam 7 - Dam 7 has a crest length of 535 feet, a height of 53 feet, a crest width of 

12  feet and upstream and downstream slopes at 2:l. The principal spillway 

consists of a single 48-inch RCP culvert with a capacity of about 435 cfs. The 

emergency spillway is unlined earth with a width of 160 feet and a capacity of 

about 1 1,400 cfs. 

Dam 11 - Dam 11 has a crest length of 820  feet, a height of 59 feet, a crest width 

of 12 feet and upstream and downstream slopes of 3:l and 2:l, respectively. The 

principal spillway consists of a single 48-inch diameter RCP culvert with a capacity 

of about 470 cfs. The emergency spillway is unlined earth with a concrete cutoff 

wall, a spillway width of 250 feet and a capacity of about 18,750 cfs. 

Dam 36 - Dam 36 has a crest length of 1,060 feet, a height of 49 feet, a crest 

width of 12 feet and upstream and downstream slopes at 2 : l .  The principal 

spillway consists of a single 48-inch RCP culvert with a capacity of about 365 cfs. 

The emergency spillway is unlined earth wi th a concrete sill and rock riprap. The 

emergency spillway has a width of 250 feet and a capacity of about 11,800 cfs. 



3.5.2 Summarv of HEC-1 Nomenclature and Modelina Results 

Subbasin names, concentration point numbers and routing reaches are named 

according to  the following nomenclature. 

HEC-1 Computer Model Nomenclature 

HEC-1 ID Description 

511512 

CLEAR 

Hydrograph identifier for subbasin 201A. Refers to  subbasin A in major 
basin 201 . 
Hydrograph identifier for concentration point 542. More than one 
hydrograph is combined at this location. Point 542 is a physical location on 
the watershed which is labeled on Exhibit A or Exhibit D. 

Hydrograph identifier for concentration point 599. The "I" signifies this is an 
inflow hydrograph to  a reservoir route. 

Hydrograph identifier a t  concentration point 599. The "0" signifies this is an 
outflow hydrograph from a reservoir route. 

Hydrograph identifiers for concentration point 563. The "L" symbolizes 
this is an intermediate hydrograph for the left wash (looking downstream) 
immediately upstream of the confluence with the right wash ("R") at 
concentration point 563. 

Hydrograph identifiers for concentration point 503 in the left branch ("L"), 
or right branch ("R"), immediately downstream of concentration point 503. 
This is a hydrograph created by a diversion operation performed on the 
hydrograph at  concentration point 503. 

This signifies a hydrograph in the right ("R") wash immediately 
downstream of a flow split at concentration point 61 4. The "BB" 
signifies the hydrograph is recalled t o  active memory using the HEC-1 DR 
record. 

Hydrograph resultant from a normal depth channel route from concentration 
point 51 1 to  concentration point 51 2. 

A hydrograph combine operation used t o  clear unneeded hydrographs from 
active memory. 



Table F-3 

Existing Condition 
100-year Peak Discharges in HEC-1 

In Numerical Order By Operation Type 

Discharge, in cfs 
6-hr 24-hr 
318 213 

Control 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour conrrols 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 

Table F-3, Page 1 



Table F-3 

Existing Condition 
100-year Peak Discharges in  HEC-1 

In Numerical Order By Operation Type 

Discharpe, in d s  
6-hr 24-hr 
45 26 

Control 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 

Table F-3, Page 2 



Table F-3 

Existing Condition 
100-year Peak Discharges in HEC-1 

In Numerical Order By Operation Type 

Discharge, in cfs 
6-hr 24-hr 
379 209 

Control 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
Bhour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
Bhour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 

Table F-3, Page 3 



Existing Condition 
100-year Peak Discharges in HEC-1 

In  Numerical Order By Operation Type 

Control 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
Bhour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 

Table F-3, Page 4 



Table F-3 

Existing Condition 
100-year Peak Discharges in HEC-1 

In Numerical Order By Operation Type 

HEC-1 Discharge, in cfs 
ID 6-hr 24-hr Control 

C524 282 228 6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
Bhour controls 
Ghour controls 
6-hour controls 
6-hour controls 
6-hour controls 
24-hour control 
24-hour control 
24-hour control 
24-hour control 
6-hour controls 
24-hour control 
24-hour control 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
24-hour control 
6-hour controls 
24-hour control 
6-hour controls 
24-hour control 
&hour controls 
6-hour controls 
Bhour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 

Table F-3, Page 5 



Table F-3 

Existing Condition 
100-year Peak Discharges i n  HEC-1 

In Numerical Order By Operation Type 

Discharpe. in cfs 
64.11 24hr  Control 
1989 1781 6-hour controls 

6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 

Table F-3, Page 6 



Table F-3 

Existing Condition 
100year Peak Discharges in HEC-1 

In Numerical Order By Operation Type 

HEC-1 Discharge. in cfs 
ID 6-hr 24-hr Control 

C595R 1119 741 &hour controls 
C596 
C597 
C598 
C5991 
C5990 
C6000 
C601 
C602 
C602L 
C603 

C6050 
C606 
C606R 
C607 
C608 
C608L 
C6090 
C6111 
C6110 
C611R 
C612 
C613 
C615 
C617 
C617L 
C618 
C6181 
C6180 
C6191 
C619L 
C6190 
C620 
C620R 
C621 
C621L 
C622 
C622L 
C622R 
C624 
C626 

C626C 
C626R 
C627 

CLEAR 
CLEAR 
D503L 

6-hour controls 
6-hour controls 
6-hour controls 
24-hour control 
24-hour control 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
24-hour control 
24-hour control 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
24-hour control 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
&-hour controls 
6-hour controls 
&hour controls 
&hour controls 
6-hour controls 
6-hour controls 
24-hour control 
24-hour control 
6-hour controls 
24-hour control 
6-hour controls 
24-hour control 
24-hour control 
&hour controls 
24-hour control 
6-hour controls 
6-hour controls 
&hour controls 

Table F-3, Page 7 



Table F-3 

Existing Condition 
100year  Peak Dischargas in HEC-1 

In  Numerical Order By Operation Type 

Discharge. in cfs 
6-hr 24-hr 
0 0 
22 20 
8 0 
14 13 
18 6 
0 0 

34 15 
135 56 
72 66 
72  14  
30  0 
266 202 
19 0 
0 0 

21 0 122 
51 3 1 
51 31 
0 0 

151 126 
16 10 
39 24 
33 21 
18 11 
171 0 
192 176 
437 294 
609 41 2 
0 0 

130 54 
263 200 
355 229 
600 402 
495 333 
1211 967 
1323 1087 
1402 1174 
76 45 

201 126 
263 201 
16 0 

280 228 
355 248 
517 340 
680 408 
1455 1056 
1619 1230 
1956 1649 

Control 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour conaols 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
Bhour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
&hour controls 
Bhour controls 

Table F-3, Page 8 



Table F-3 

Existing Condition 
100-year Peak Discharges in  HEC-1 

In Numerical Order By Operation Type 

Discharge, in cfs 
6-hr 24-hr 
2189 1959 
2495 2378 
2496 2397 

Table F-3, Page 9 

Control 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour comrols 
24-hour control 
24-hour control 
6-hour controls 
24-hour control 
24-hour control 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
&hour controls 
&hour controls 
6-hour controls 
24-hour control 
&hour controls 
6-hour controls 
6-hour controls 
&hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 



Existing Condition 
100-year Peak Discharges in  HEC-1 

In Numerical Order By Operation Type 

Discharge, in cfs 
6 h r  24hr  
1019 629 

Control 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
Bhour controls 
6-hour controls 
Bhour controls 
6-hour controls 
6-hour controls 
6-hour controls 
24-hour control 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
24-hour control 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
24-hour control 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
6-hour controls 
&hour controls 
6-hour controls 
24-hour control 
6-hour controls 
6-hour controls 
6-hour controls 
24-hour control 

Table F-3, PsQe 10 





Table F 4  

Summary of 100-year, 6-hour and 24hour Runoff Volumes 

HEC-1 Drainage 100-year, 6hour 100-year, 24-hour 
ID Area Excess Volume Excess Volume 

sm inches acre-feet inches acre-feet 

Table F-4, Pape 1 



Table F 4  

Summary of 100-year, G-hour and 24-hour Runoff Volumes 

HEC-1 Drainage 100-vear, G-hour 100-year, 24-hour 
ID Area Excess Volume Excess Volume 

sm inches acre-feet inches acre-feet 

Table F-4, Page 2 



Table F-4 

Summary of 100year. 6-hour and 24hour Runoff Volumes 

Drainage 
Area 
sm 

100-year, 6-hour 
Excess Volume 
inches acre-feet 

Table F-4, P a ~ e  3 

100-year. 24hour 
Excess Volume 
inches acre-feet 

(5) (61 
2.08 14.4 
2.09 3.3 
2.00 5.3 
1.96 8.4 
2.17 42.8 
2.18 9.3 
2.1 8 7.0 
2.16 27.6 
2.18 17.4 
2.05 25.1 
2.17 23.2 
1.78 7.6 
1.51 14.5 
1.40 8.9 
1.60 9.4 
1.40 6.0 
1.85 13.8 
1.47 2.4 
2.17 10.4 
1.94 16.6 
1.52 5.7 
1.56 4.2 
1.43 7.6 
1.43 6.1 
1.21 9.0 
1.32 11.3 
1.39 3.7 
1.71 12.8 
2.59 4.1 
2.1 8 4.7 
3.00 4.8 
2.89 6.2 
2.55 4.1 
2.22 5.9 
1.70 10.0 
2.69 5.7 
1.97 7.3 
2.55 21.8 
3.07 18.0 
3.92 2.1 
1.46 5.4 
2.33 5.0 
2.29 1.2 
1.87 9.9 
2.33 12.4 
2.18 9.3 
1.92 2.0 



Table F 4  

Summary of 100-year, 6hour and 24hour Runoff Volumes 

Drainage 
Area 

100rear. 6hour 
Excess Volume 
inches acre-feet 
(3) (4) 

2.27 4.8 

1 OOrear, 24hour 
Excess Volume 
inches acre-feet 

(5 )  (6) 
2.32 4.9 

Table F-4, Page 4 



Table F 4  

Summary of 100-year, 6hour and 24hour Runoff Volumes 

Drainape 
Area 
sm 

1 OO-year, 6hour 
Excess Volume 
inches acre-feet 

Table F-4, Page 5 

100-vear, 24hour 
Excess Volume 
inches acre-feet 



Table F 4  

Summary of 100-year. G-hour and =-hour Runoff Volumss 

HEC-1 Drainage 100-year, 6-hour 100-year, 24-hour 
ID Area Excess Volume Excess Volume 

sm inches acre-feet inches acre-feet 

Table F-4, Paoe 6 



Table F 4  

Summary of 100-year. 6hour and 2441our Runoff Volumes 

HEC-1 Drainage 100-year, 6hour 100year. 24hour 
ID Area Excess Volume Excess Volume 

sm inches acre-feet inches acre-feet 
(1) I21 (31 I41 (51 I61 

C595R 0.64 1.92 65.5 1.77 60.2 

C597 
C598 
C5991 
C5990 
C6000 
C601 
C602 
C602L 
C603 

C6050 
C606 

C606R 
C607 
C608 
C608L 
C6090 
C6111 
C6110 
C611R 
C612 
C613 
C615 
C617 
C617L 
C618 
C6181 
C6180 
C6191 
C619L 
C6190 
C620 

C620R 
C621 
C621 L 
C622 
C622L 
C622R 
C624 
C626 

C626C 
C626R 
C627 
CLEAR 
CLEAR 
D503L 

Table F-4, Page 7 



Table F-4 

Summary of 100-year, 6hour and 24hour Runoff Volumes 

HEC-1 Drainage 1 00-year, 6hour 1 Wrear,  24hour 
ID Area Excess Volume Excess Volume 

sm inches acre-feet inches acre-feet 

Table F-4, Page 8 



Table F 4  

Summary of 100-year, 6-hour and 2441our Runoff Volumes 

HEC-1 Drainage 100year. 6-hour 100-vear, 24-hour 
ID Area Excess Volume Excess Volume 

sm inches acre-feet inches acre-feet 

Table F-4, Page 9 



Table F-4 

Summary of 100-year, 6hour and 24-hour Runoff Volumes 

HEC-1 Drainage 100-year, 6hour 100-year. 24hour 
ID Area Excess Volume Excess Volume 

sm inches acre-feet inches acre-feet 

Table F-4, Page 10 



Table F-1 
100-year, 6-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

Peak 
Discharge 

in cfs 
35P8"" 

Time Drainage 
to Peak Area, in 
in hours sq miles 

4.30 0.22 

Unit 
Discharpe 

Existing Condition 
In Numerical Order by Operation Type 

Peak 
Discharge 

in& 
--'m-- 

151 
143 
93 

225 
67 
35 
19 
96 
214 
36 
38 

351 
36 
389 
83 
1 54 
161 
201 
524 
356 
343 
170 
77 
478 
214 
208 
205 
128 
189 
260 
21 0 
486 
107 
665 
301 
325 
349 
350 
559 
551 
266 
263 
335 
21 1 

Time Drainage Unit 
to Peak Area, in Discharge 

Table F-1, Page 1 



Table F-1 
100-year, 6-hour Storm Results 

HEC-1 
ID - 

D512L 
203A 

C5130 
513514 
2038 

C514R 
203C 
C514 
203D 
C515 

515517 
203E 

C517R 
203F 

516517 
203G 
C517L 
C517 

517518 
203H 
C518 

518519 
2031 
C519 

519591 
203J 

520591 
8851 2R 
C591 

591521 
203K 
C521 

CLEAR 
204A 

522523 
2048 
C5231 
C5230 
D523R 
D523L 
523524 
204C 
C524 

524525 
204D 

Existing Condition 
In HEC-1 Run Order 

Peak 
Discharge 

in cfs 
72 

389 
369 
355 
93 

388 
154 
496 
161 
609 
600 
201 
661 
524 
495 
356 
741 
1227 
121 1 
343 
1331 
1323 
170 

1406 

Time Drainage Unit 
to Peak Area. in Discharge 

miles in cfslsm 
4.77 7 

Existing Condition 
In Numerical Order by Operation Type 

Table F-1 , Page 2 

Peak 
Discharge 

in cfs 
408 

Time Drainage Unit 
to Peak Area, in Discharge 
in hours sq miles in cfslsrn 

4.03 0.13 3138 



Table F-1 
100-year, 6-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-I Peak 
ID Discharge 

in cfs - 
525526 355 
204E 189 
C526 523 

526527 517 
204F 260 
C527 665 

CLEAR 1646 
205A 210 
2058 486 
C528 690 

528530 680 
205C 107 

C530R 785 
205D 665 
205E 301 
C529 917 
C530 1472 

530531 1455 
205F 325 
C531 1639 

531532 1619 
205G 349 
C532L 1791 
205H 350 
C532 1970 

532533 1956 
2051 559 
C533 2232 

533534 2189 
205J 551 

C534R 2392 
205K 266 
C534 2507 

534535 2495 
205L 263 
C535 2520 

535536 2496 
205M 335 
C536R 2516 
205N 21 1 
C5361 2586 
C5360 326 
536537 326 
206A 408 

Time Drainane Unit 
to Peak Area, Discharge 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 
ID 

7.m- 
208R 
208s 
208T 
208U 
208V 
208W 
208X 
209A 
20BB 
20BC 
209D 
209E 
209F 
209G 
209H 
2091 
21 OA 
21 OB 
21 OC 
210D 
210E 
210F 
210G 
210H 
2101 
210J 
210K 
21 OL 
210M 
21 ON 
211A 

21IAA 
211AB 
211AC 
21 IAD 
21 1AE 
21 IAF 
2118 
211C 
211D 
211E 
211F 
2110 
211H 

Table F-1, Paoe 3 

Peak 
Discharge 

in cfs 
--mr== 

Time Drainage 
to Peak Area. in 



Table F-1 
100-year, 6-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak Time 
ID Discharge to Peak 

in cfs in hours 
m 7  344 4.28 

Drainage 
Area, in 
sq miles 

3.04 

Existing Condition 
In Numerical Order by Operation Type 

Unit HEC-1 
Discharge ID 
in cfslsm - 

113 TnI-" 

Table F-I , Page 4 

Peak 
Discharge 

in cfs 
T 

37 
302 
301 
203 
51 
107 
119 
56 
200 
125 
1 62 
56 
16 
105 
503 
21 6 
249 
30 
19 

21 0 
51 
151 
39 
18 
171 
446 
622 
537 
769 
323 
62 
30 
32 
34 

203 
203 
208 
263 
280 
1 02 
369 
498 
388 
609 

Time Drainaoe Unit - 
to Peak Area, in Discharge 

3700 
3020 
301 0 
2538 
2550 
2675 
3967 
2800 
2500 
2500 i 

2314 
1867 I 

ERR I 
3500 ~ 
2395 
2400 1 
3113 



Table F-1 
100-year, 6-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

Peak 
Discharge 

Time Drainage Unit 
to Peak Area. in Discharge 
in hours sa miles in cfslsm 

4.12 0.32 1984 

Existing Condition 
In Numerical Order by Operation Type 

Table F-1, Page 5 

Peak 
Discharge 

Time Drainage Unit 
to Peak Area. in Discharge 



Table F-1 
100-year, 6-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

Peak 
Discharge 

in c k  
T 

294 
295 
33 1 
327 
45 

372 
127 
123 
118 
240 
599 
584 
107 
684 
133 
804 
783 
244 
938 
927 
72 

961 
213 
106 
313 
308 
106 
383 
101 
478 
468 
249 
701 
1428 
1420 
86 

1460 
386 
382 
145 
467 
169 
628 
25 

Time Drainage Unit 
to Peak Area, in Discharge 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 Peak 
ID Discharge 

in cfs 
795r7m- 

Table F-1 , Page 6 

Time Drainage 
to Peak Area. in 

Unit 
Discharge 
in cfslsm 

7 3 7 2  
1480 
1201 
1425 
1068 
1121 
1328 
1016 
1036 
974 
925 
133 
930 
1932 
1714 1 
2188 
1827 
1849 I 
1646 I 

1565 
1542 { 
1532 I 
1335 'I 

1575 
1524 
1653 
1610 
1659 
1185 
1304 
1678 
2381 
2428 
2362 
1139 
1116 
191 

2022 
2067 
1660 
1800 
1407 
1503 
1358 
1249 I 



Table F-1 
100-year, 6-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharge 

Time Drainage Unit 
to Peak Area, in Discharge 
in hours sa miles in cfslsrn 

4.15 0.01 2400 
4.25 0.39 1659 
4.27 0.39 1651 
4.15 0.07 2286 
4.23 0.46 1678 
4.40 1.58 1185 
4.18 0.13 21 77 
4.1 2 0.13 291 5 
4.13 0.27 2381 
4.15 0.27 2363 
4.12 0.03 2367 
4.15 0.29 2428 
4.18 0.29 2383 
4.13 0.05 2440 
4.17 0.34 2362 
4.18 0.34 2353 
4.37 1.92 1139 
4.40 1.92 1138 
4.12 0.08 2575 
4.38 2.00 1116 
5.15 2.00 191 
5.20 2.00 191 
4.18 0.1 1 1564 
4.27 0.1 1 1473 
4.32 0.1 1 1464 
4.47 2.1 1 190 
4.50 2.1 1 190 
4.17 0.08 2063 
4.40 2.19 214 
4.18 0.14 21 50 
4.22 0.14 2121 
4.15 0.03 2067 
4.20 0.17 2076 
4.20 0.09 2044 
4.23 0.09 2000 
4.23 0.16 1831 
4.23 0.25 1888 
4.22 0.42 1950 
4.13 0.07 2329 
4.18 0.07 2257 
4.22 0.49 1984 
4.25 0.49 1965 
4.17 0.05 1880 
4.23 0.54 1907 
4.33 0.54 1865 

Existing Condition 
In Numerical Order by Operation Type 

Table F-1, Page 7 

Peak 
Discharge 

Time Drainage Unit 
to Peak Area. in Discharae 



Table F-1 
'100-year, 6-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharge 

in cfs 

lime Drainage Unit 
to Peak Area, in Discharge 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 
ID 

7mr 
C621 
C621L 
C622 

C622L 
C622R 
C624 
C626 

C626C 
C626R 
C627 

CLEAR 
CLEAR 
D503L 
D503R 
D504L 
D504R 
D505L 
D505R 
D506L 
D5WR 
D508L 
D508R 
D512L 
D512R 
D523L 
D523R 
D543L 
D543R 
D545L 
D545R 
D611L 
D61lR 
D614L 
D614R 
D815L 
D815R 
D619L 
D619R 
501 502 
502503 
503504 
508507 
511512 
513514 

Table F-1, Page 8 

Peak 
Discharge 

in cfs 
335 

Time Drainage 
to Peak Area, in 

Unit 
Discharge 
in cfslsm 
T 

149 
125 
224 
1779 
169 

3186 
225 
220 

3109 
225 
460 
444 
513 

0 
33 
12 
20 
26 
0 

49 
1350 
720 
360 
150 

1157 
83 
0 

2625 
364 
364 

0 
1079 
533 
1300 
1100 
600 
684 
768 
1457 
1353 

0 
1300 
1461 
1268 



Table F-1 
100-year, 6-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharge 

Time Drainage Unit 
to Peak Area, in Discharge 
in hours SQ miles in cfslsm 

4.13 0.07 2586 
1643 
1717 
1700 
3700 
1643 
1629 
130 
130 

2538 
2500 
2550 
241 0 
2675 
1525 
1525 
2136 
1079 
1079 

0 
0 

3967 
700 
127 
127 

301 0 
125 

2800 
2750 
2500 
2550 
1867 
1300 
533 

2077 
2023 
2500 
2056 
2039 
1300 
1300 
ERR 
1700 
600 
1100 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 Peak 
ID Discharge 

in cfs v 

Table F-1, Paoe 9 

Time Drainage Unit 
to Peak Area, in Discharge 



TaMe F-1 
100-year, 6-hour Stonn Results 

Existing Condition 
In HEC-1 Run Order 

Peak 
Discharge 

in cfs 
* 33 - 

398 
389 
162 
503 
18 
18 
520 
363 
171 
192 
192 
171 
136 
105 
335 
151 
151 
485 
482 
1184 
1175 
503 
1376 
283 
266 
263 
249 
462 
458 
134 
515 
159 
635 
632 
507 
936 
918 
332 
1121 
1965 
1954 
21 6 
2026 
2880 

Time Drainage 
to Peak Area. in 

Unit 
Discharge 

Existing Condition 
In Numerical Order by Operation Type 

Table F-1 , Page 10 

Peak 
Discharge 

in cfs 
T 

327 
123 
584 
783 
927 
308 
468 
1420 
382 
24 
644 
638 
6Q1 
800 
2184 
381 
787 
1019 
1488 
1867 
1903 
466 
161 
401 
297 
180 
1390 
158 
963 
1007 
1201 
458 
954 
263 
458 
632 
918 
17 
204 
228 
957 
61 
200 
0 

Time Drainatre Unit - 
to Peak Area, in Discharge 



Table F-1 
100-year, 6-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak Time Drainage Unit 
ID Dischame to Peak Area, in Discharae 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 Peak Time Drainage Unit 
ID Discharge to Peak Area, in Discharge 

Table F-I, Page 1 1 





Table F-2 
100-year, 24-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 Peak Time Drainaae Unit HEC-I Peak Time Drainame Unit 
ID Discharge to Peak 

in d s  in hours - 
201 A 2 i r - 7 m r  
201 B 92 12.20 

- 
Area, in 

%-%= 
0.08 
0.30 
0.30 
0.08 
0.38 
0.07 
0.45 
0.45 
0.18 
0.63 
0.63 
0.63 
0.63 
0.63 
0.04 
0.67 
0.67 
0.67 
0.67 
0.02 
0.69 
0.69 
0.69 
0.01 
0.69 
0.69 
0.69 
0.06 
0.10 
0.10 
0.10 
0.10 
0.10 
0.86 
0.86 
0.01 
0.01 
0.18 
0.18 
0.1 8 
0.02 
0.20 
0.20 
0.20 

Discharge 
in dslsm 
968 

1150 
993 
980 
1088 
950 
87 1 
931 
91 6 
850 
862 
44 1 
44 1 

0 
0 

975 
58 
30 
30 
0 

950 
28 
19 
9 

1000 
22 
0 

22 
1000 
1240 
1220 
660 
560 
540 
137 
137 

2000 
2000 
11 56 
1117 
1111 
1050 
1075 
70 
0 

Table F-2, Page 1 

Discharge 
in ds 
T 

92 
87 
61 
153 
39 
19 
10 
60 
124 
20 
20 
208 
21 
262 
55 
99 
103 
120 
345 
238 
223 
116 
46 
272 
130 
134 
119 
74 
111 
147 
130 
284 
65 
405 
203 
197 
214 
237 
367 
361 
1 83 
147 
195 
141 

to Peak 
in hours w 

12.20 
12.22 
12.27 
12.32 
12.20 
12.13 
12.08 
12.23 
12.18 
12.07 
12.05 
12.22 
12.08 
12.22 
12.10 
12.18 
12.25 
12.18 
12.28 
12.30 
12.27 
12.32 
12.12 
12.03 
12.20 
12.25 
12.07 
12.03 
12.07 
12.02 
12.23 
12.18 
12.22 
12.22 
12.32 
12.22 
12.23 
12.33 
12.28 
12.28 
12.37 
12.17 
12.08 
12.22 

Area. 1 

+El== 
0.08 
0.08 
0.07 
0.18 
0.04 
0.02 
0.01 
0.06 
0.10 
0.01 
0.01 
0.1 8 
0.02 
0.28 
0.04 
0.10 
0.1 I 
0.09 
0.33 
0.25 
0.21 
0.17 
0.04 
0.16 
0.11 
0.13 
0.08 
0.04 
0.07 
0.08 
0.12 
0.21 
0.06 
0.32 
0.22 
0.16 
0.19 
0.26 
0.35 
0.37 
0.25 
0.12 
0.14 
0.16 

Discharoe 



Table F-2 
100-year, 24-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharge 

203A 262 
C5130 232 
513514 229 
2038 55 

C514R 251 
203C 99 
C514 321 
203D 103 
C515 405 

515517 402 
203E 120 

C517R 462 
203F 345 

516517 333 
203G 238 
C517L 516 
C517 975 

517518 967 
203H 223 
C518 1091 

518519 1087 
2031 116 
C519 1177 

519591 1174 
203J 46 

520591 45 
BB512R 0 
C591 1193 

581521 1188 
203K 272 
C521 1230 

CLEAR 1278 
204A 130 

522523 126 
2048 134 
C5231 248 
C5230 202 
D523R 0 
D523L 202 
523524 201 
204C 119 
C524 228 

524525 228 
204D 74 

Time 
to Peak 
in hours 

-733- 
12.22 
12.38 
12.50 
12.10 
12.48 
12.18 
12.43 
12.25 
12.37 
12.52 
12.18 
12.47 
12.28 
12.52 
12.30 
12.45 
12.45 
12.58 
12.27 
12.55 
12.60 
12.32 
12.60 
12.63 
12.1 2 
12.20 
13.32 
12.63 
12.65 
12.03 
12.65 
12.63 
12.20 
12.40 
12.25 
12.30 
12.50 
0.02 
12.50 
12.57 
12.07 
12.50 
12.55 
12.03 

Drainage Unit 
Area, in Discharge 

Existing Condition 
In Numerical Order by Operation Type 

Table F-2, Page 2 

Peak 
Discharge 

in cfs 
T 

168 
26 
110 
25 
159 
75 
89 
37 
111 
62 
73 
109 
259 
254 
202 
197 
219 
123 
135 
201 
122 
70 
102 
171 
119 
158 
64 
183 
189 
27 
76 
74 
66 
80 
153 
44 
131 
70 
60 
61 
162 
54 
249 
84 

Time Drainage 
to Peak Area, in 

Unit 
Discharge 
in cfslsm 
lf23 



Table F-2 
100-year, 24-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharge 

in cfs 
C525 3a-- 

525526 248 
204E 111 
C526 343 

526527 340 
204F 147 
C527 426 
CLEAR 1570 
205A 130 
2058 284 
C528 41 1 

Time 
to Peak 

Drainage Unit 
Area. in Discharge 

0.35 709 
0.07 1586 
0.43 798 
0.43 791 
0.08 1838 
0.50 852 
3.58 439 
0.1 2 1083 
0.21 1352 
0.33 1245 
0.33 1236 
0.06 1083 
0.39 1210 
0.32 1266 
0.22 923 
0.54 1104 
0.93 1144 
0.93 1135 
0.16 1231 
1.09 1139 
1.09 1128 
0.19 1126 
1.27 1118 
0.26 912 
1.53 1081 
1.53 1078 
0.35 1049 
1.89 1058 
1.89 1037 
0.37 976 
2.25 987 
0.25 732 
2.50 956 
2.50 951 
0.12 1225 
2.62 926 
2.62 915 
0.14 1393 
2.76 885 
0.16 881 
2.91 866 
2.91 110 
2.91 110 
0.13 1723 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 
ID 

T m r  
208R 
208s 
208T 
208U 
208V 
208W 
208X 
209A 
209B 
209C 
209D 
209E 
ZODF 
209G 
209H 
2091 
210A 
2108 
21 OC 
21 OD 
210E 
21 OF 
210G 
210H 
2101 
21 OJ 
ZIOK 
2iOL 
210M 
21ON 
21 IA  

21 1AA 
21lAB 
21 IAC 
21 1AD 
21 IAE 
21IAF 
2118 
211C 
211D 
211E 
211F 
211G 
211H 

Table F-2, Page 3 

Peak 
Discharge 

in cfs 
-Tr-  

Time Drainage Unit 
to Peak Area, in Discharge 



Table F-2 
100-year, 24-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharne 

in cfs 
C537 348 

Time 
to Peak 
in hours - 
12.07 

Drainage Unit 
Area, in Discharge 
ss miles in &IS& 

3.04 114 

Existing Condition 
In Numerical Order by Operation Type 

Table F-2, Pape 4 

Peak Time Drainage 
Discharge to Peak Area. in 

in hours 
12.20 
12.07 
12.03 
12.02 
12.15 
12.05 
12.07 
12.00 
12.05 
12.08 
12.07 
12.08 
12.08 
12.02 
12.00 
12.10 
12.10 
12.02 
13.32 
0.02 
12.07 
12.18 
12.38 
12.08 
12.07 
0.02 
12.25 
12.33 
12.35 
12.45 
12.95 
12.20 
12.52 
12.13 
12.12 
12.27 
12.27 
12.22 
12.27 
12.27 
13.33 
12.38 
12.43 
12.48 
12.37 

Unit 
Discharoe 

1690 
1620 
1463 
1500 
1550 
21 67 
1600 
1475 
1460 
1357 
1133 
ERR 
1933 
1448 
1422 
1713 

0 
0 

1525 
22 1 
900 
800 
367 

0 
993 
931 
950 
862 
441 
58 
30 
28 
22 
137 
137 

1220 
1117 
1075 
70 

829 
747 
784 
764 



Table F-2 
100-year, 24-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 Peak Time Drainage Unit HEC-1 Peak Time Drainage Unit 
ID Discharge to Peak Area, in Discharge ID Discharge to Peak Area, in Discharge 
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Table F-2 
100-year, 24-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharge 

in cfs 
560585 275 

Time 
to Peak 
in hours - 
14.03 
12.15 
12.20 
12.17 
12.22 
12.20 
12.22 
12.20 
12.28 
12.25 
12.27 
12.23 
12.30 
12.22 
12.28 
12.20 
12.27 
12.38 
12.15 
12.35 
12.40 
12.20 
12.40 
12.23 
12.28 
12.25 
12.32 
12.17 
12.27 
12.22 
12.25 
12.35 
12.28 
12.32 
12.37 
12.42 
12.22 
12.42 
12.27 
12.30 
12.13 
12.23 
12.23 
12.23 
12.10 

Drainage Unit 
Area, in Discharge 
sq miles in ctslsm 

2.15 128 

Existing Condition 
In Numerical Order by Operation Type 

Peak 
Discharge 

in cfs 
617 

339 
1057 
187 
1505 
1249 
260 
1647 
1595 
1696 
1781 
275 
1745 
359 
148 
214 
492 
41 7 
598 
198 
305 
245 
1067 
625 
455 
41 4 
31 0 
427 
1532 
1101 
51 4 
372 
41 1 
475 
1879 
1 922 
319 
633 
541 
1085 
935 
1521 
1306 
1580 
1683 

Time 
to Peak 
in hours 
=Tm? 

12.35 
12.35 
12.30 
12.38 
12.38 
12.37 
12.40 
12.42 
12.45 
12.48 
13.95 
12.48 
12.23 
12.27 
12.22 
12.27 
12.28 
12.35 
12.25 
12.25 
12.27 
12.37 
12.40 
12.32 
12.23 
12.23 
12.22 
12.38 
12.42 
12.23 
12.13 
12.15 
12.18 
12.35 
12.35 
13.52 
12.23 
12.25 
12.23 
12.23 
12.30 
12.30 
12.32 
12.37 

Drainage 
Area, in 

+s= 
0.35 
1.12 
0.20 
1.64 
1.35 
0.29 
1.85 
1.77 
I .97 
2.15 
2.15 
2.10 
0.31 
0.14 
0.17 
0.44 
0.37 
0.57 
0.20 
0.31 
0.25 
1.07 
0.61 
0.46 
0.38 
0.29 
0.39 
1.58 
1.12 
0.46 
0.27 
0.29 
0.34 
I .92 
2.00 
2.00 
0.51 
0.43 
0.91 
0.76 
1.34 
1.13 
1.42 
1.60 

Unit 
Discharge 

Table F-2, Page 6 



Table F-2 
100-year. 24hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharge 

Time 
to Peak 
in hours 
P 

12.15 
12.22 
12.25 
12.17 
12.23 
12.38 
12.18 
12.10 
12.13 
12.15 
12.12 
12.15 
12.18 
12.13 
12.18 
12.20 
12.35 
12.37 
12.12 
12.35 
13.52 
13.58 
12.18 
12.22 
12.28 
12.42 
12.45 
12.18 
12.30 
12.20 
12.22 
12.17 
12.20 
12.20 
12.25 
12.23 
12.25 
12.23 
12.15 
12.20 
12.22 
12.25 
12.20 
12.25 
12.33 

Drainage 
Area. in 

0.39 
0.39 
0.07 
0.46 
1.58 
0.13 
0.13 
0.27 
0.27 
0.03 
0.29 
0.29 
0.05 
0.34 
0.34 
1.92 
1.92 
0.08 
2.00 
2.00 
2.00 
0.1 1 
0.1 1 
0.1 1 
2.1 1 
2.1 1 
0.08 
2.19 
0.14 
0.14 
0.03 
0.17 
0.09 
0.09 
0.16 
0.25 
0.42 
0.07 
0.07 
0.49 
0.49 
0.05 
0.54 
0.54 

Unit 
Discharge 
in cfslsm 

1400 
1095 
1092 
1357 
1117 
970 
1308 
1608 
1378 
1374 
1367 
1417 
1403 
1420 
1397 
1394 
979 
976 
1438 
96 1 
160 
160 
1000 
982 
982 
178 
177 
1188 
199 

1286 
1271 
1233 
1247 
1222 
121 1 
1156 
1172 
11 95 
1343 
1329 
1210 
1204 
1160 
1194 
1176 

Existing Condition 
In Numerical Order by Operation Type 

Tables F-2, Page 7 

Peak 
Discharge 

in cfs 
T 

282 
108 
375 
502 
21 2 
293 
1193 
593 
645 
1172 
436 
741 
1221 
388 
51 7 
1967 
966 
171 
300 
41 8 
338 
617 
89 
146 
58 
161 
972 
967 
48 
188 
126 
142 
64 
972 
31 
159 
149 
239 
225 
220 
31 7 
307 
176 
312 

Time Drainage Unit 
to Peak Area. in Discharge 
in hours sq miles 

3 1.60 



Table F-2 
100-year, 24-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharge 

in cfs 
?zm-7r- 
C595R 741 

Time 
to Peak 
in hours 
TTr -  

12.32 
12.32 
12.37 
12.12 
12.33 
12.22 
12.25 
12.23 
12.25 
12.22 
12.23 
12.28 
12.18 
12.23 
12.27 
12.23 
12.30 
12.28 
12.30 
12.27 
12.30 
12.33 
12.15 
12.32 
12.40 
12.13 
12.37 
13.23 
13.40 
12.13 
12.35 
12.47 
12.23 
12.37 
12.08 
12.33 
14.10 
14.13 
12.03 
14.15 
12.05 
12.23 
12.20 
12.20 

Drainage Unit 
Area. in Discharge 
sq miles in cfslsm 

0.10 1300 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 
ID 

mm- 
C621 

C621L 
C622 
C622L 
C622R 
C624 
C626 

C626C 
C626R 
C627 

CLEAR 
CLEAR 
D503L 
D503R 
D504L 
D504R 
D505L 
D505R 
D506L 
D506R 
D508L 
D506R 
D512L 
D512R 
D523L 
D523R 
D543L 
D543R 
D545L 
D545R 
D6lIL 
D611R 
D614L 
D614R 
D615L 
D6I 5R 
D619L 
D619R 
501 502 
502503 
503504 
508507 
511512 
51 351 4 
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Peak 
Discharge 

in cfs 
187 

1152 
975 

2053 
753 
1384 
125 

31 80 
3096 
198 

31 87 
1570 
1278 
278 
0 

20 
0 
13 
6 
0 
15 
56 
66 
14 
0 

202 
0 
0 

122 
31 
31 
0 
I 26 
10 
24 
21 
11 
0 

1 76 
294 
41 2 
0 
54 

200 
229 

Time 
to Peak 
in hours 
T 

12.22 
14.18 
12.20 
12.13 
12.23 
12.02 
12.40 
12.42 
12.03 
12.42 
12.62 
12.63 
12.95 
0.02 
12.52 
12.52 
12.13 
12.13 
0.02 
12.12 
12.22 
12.22 
13.33 
13.32 
12.50 
0.02 
0.02 
12.07 
12.18 
12.18 
0.02 
12.38 
12.08 
12.08 
12.07 
12.07 
0.02 
12.53 
12.38 
12.48 
0.02 
12.32 
12.30 
12.50 

Drainage 
Area, in + 

7.93 
7.64 
8.78 
0.63 
8.14 
0.07 
13.28 
13.14 
0.1 I 
13.32 
3.58 
3.07 
0.63 
0.63 
0.67 
0.67 
0.69 
0.69 
0.69 
0.69 
0.10 
0.10 
0.20 
0.20 
0.23 
0.23 
0.08 
0.08 
0.14 
0.14 
0.14 
0.14 
0.03 
0.03 
0.03 
0.03 
0.25 
0.25 
0.30 
0.45 
0.63 
0.10 
0.18 
0.28 

Unit 
Discharge 
in dslsm 
668 

145 
128 
234 
1195 
170 
1786 
239 
236 
1800 
239 
439 
416 
44 1 

0 
30 
0 
19 
9 
0 

22 
560 
660 
70 
0 

878 
0 
0 

1525 
221 
221 

0 
900 
333 
800 
700 
367 

0 
704 
980 
916 

0 
540 
1111 
81 8 



Table F-2 
100-year, 24-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-1 Peak 
ID Discharge 

in cfs - 
211H 103- 

Time 
to Peak 
in hours 
12.13 

12.23 
12.22 
12.25 
12.07 
12.23 
12.27 
14.13 
14.17 
12.15 
12.18 
12.05 
12.15 
12.07 
12.22 
12.23 
12.17 
12.38 
12.38 
0.02 
0.02 
12.00 
12.00 
14.17 
14.18 
12.02 
14.18 
12.05 
12.10 
12.08 
12.08 
12.08 
12.08 
12.08 
12.08 
12.17 
12.07 
12.13 
12.18 
12.08 
12.12 
12.02 
12.07 
12.07 
12.07 

Drainage Unit 
Area, in Discharge 

0.07 1271 
0.12 1217 
0.12 1208 
0.01 2200 
0.14 1150 
0.14 1143 
7.37 132 
7.37 132 
0.08 1463 
0.08 1450 
0.02 1500 
0.10 1420 
0.04 1550 
0.04 1200 
0.04 1200 
0.14 1343 
0.14 900 
0.14 900 
0.14 0 
0.14 0 
0.03 21 67 
0.17 376 
7.55 129 
7.55 129 
0.10 1620 
7.64 128 
0.02 1600 
0.02 1550 
0.08 1475 
0.10 1490 
0.03 1133 
0.03 800 
0.03 333 
0.13 1223 
0.13 1208 
0.05 1460 
0.18 1250 
0.18 1222 
0.03 800 
0.03 800 
0.00 ERR 
0.03 1033 
0.03 367 
0.03 700 

Existing Condition 
In Numerical Order by Operation Type 

Tables F-2, Page 9 

Peak 
Discharge 

in cfs --zr- 
333 
967 
1087 
1174 
45 
1 26 
201 
0 

228 
248 
340 
408 
1056 
1230 
1649 
1959 
2378 
2397 
321 
341 
438 
108 
545 
654 
88 
0 

121 
61 
31 
30 
102 
330 
1025 
3072 
450 
216 
947 
1053 
120 
184 
1498 
1640 
1691 
62 

Time Drainage 
to Peak Area, in 

Unit 
Discharge 
in cfslsm 

758 - 



Table F-2 
100-year, 24-hour Storm Results 

Existing Condition 
In HEC-1 Run Order 

HEC-I Peak 
ID Discharge 

in cfs 
7imw-r- 

Time 
to Peak 
in hours =Em'- 

Drainage Unit 
Area, in Discharge 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 Peak 
ID Discharge 

in cfs - 

Tables F-2, Page 10 

Time Drainaoe 
to Peak Area. in  

Unit 
Discharoe - ~ 

in cfslsm 
128 





Existing Condition 
In HEC-1 Run Order 

TaMe F-2 
100-year, 24-hour Storm Results 

HEC-I Peak Time Drainage Unit 
ID Discharge to Peak Area, in Discharge 

Existing Condition 
In Numerical Order by Operation Type 

HEC-1 Peak Time Drainage Unit 
ID Discharge to Peak Area. in Discharge 

Tables F-2, Page I I 



3.5.3 Comoarison of Results with Previous Studies 

There is only one previous study of record that encompasses the entire study area. 

That study is the Master Drainage Control Study for Fountain Hills, Arizona [6.6:121 

(MDCSFH). The results of that study are shown on a map obtained from the Town of 

Fountain Hills, which is not dated. That study was done by Trico. Inc. using the TR-20 

computer program and a 100-year, 24-hour storm precipitation of 4.2 inches. 

A search of the records of ADWR yielded files pertaining to  each major flood control 

structure. The file for Dam 4 contains TR-20 output printouts prepared by Trico, Inc. end 

dated July 1971. That TR-20 printout lists results for a 100-year, 6-hour storm 

precipitation of 3.2 inches and a 100-year, 24-hour storm precipitation of 4.2 inches. 

Dams 4, 6, 7 and 11 were modeled. A separate file is available for each dam, but the file 

for Dam 4 contains the clearest summary of the TR-20 modeling. The file for Dam 36 

contained a TR-20 printout for that dam, also dated July 1971. Both TR-20 models used a 

curve number of 90 for all subbasins. 

The results from both previous studies are compared with the modeled results in 

Table F-5, for representative locations. Watershed areas are not available for the 

MDCSFH. Other available studies are either based on the Trico, Inc. hydrology, or cover 

minor watershed areas. 



Table F-5 

Comparison of Peak Discharges from Previous Studies with Modeled Results 

Description 

100-year Peak Discharge, in cfs Watershed Area, in sm 
Modeled Results MDCSFH ADWR Files 

6-hour 24-hour 24-hour 6-hour 24-hour Modeled Results ADWR Files 

(11 (2) (31 (41 (51 I61 (71 (8) (91 

C5361 Dam 36, inflow 2580 2520 2865 2493 3695 2.91 2.83 

C5360 Dam 36, outflow 326 321 400 506 2.91 2.83 

C549L Balboa Wash UIS of confluence 1128 1105 1410 
with Ashbrook Wash 

C549R Ashbrook Wash UIS of 2024 2115 2893 ------ we-- 

confluence with Balboa Wash 

C5601 Dam 6, inflow 1989 1781 2964 2201 31 12 

C5600 Dam 6, outflow 

C5781 Dam 11, inflow 

C5780 Dam 11, outflow 

C5841 Dam 7, inflow 

C5840 Dam 7, outflow 

C5991 Dam 4, inflow 

C5990 Dam 4, outflow 

C627 Ashbrook Wash at Fort 
McDowell Indian Reservation 



The results of previous studies do not compare well with the modeled results. The 

results from the MDCSFH compare favorably with the results found in the ADWR files. 

This is to be expected since both sets of previous results were prepared by the same 

engineering firm. The modeled results, examining only the 24-hour results, range from 7 

percent to 43 percent less than the results from previous studies. The watershed areas 

compare favorably with the exception of Dam 4. The modeled results area at Dam 4 is 

1.37 square miles less than the area reported in the ADWR files. Since a watershed map 

was not found in the ADWR files, and the watershed area for this study is based on more 

accurate mapping than was available in 1971. there is no reason to doubt the watershed 

area at Dam 4 for this study. 

The differences in peak discharges appear due to a combination of factors, including 

rainfall losses, time of concentration and unit hydrograph method. Precipitation depth is 

not a factor because the precipitation amounts used are comparable. Rainfall excess and 

time to peak (Tp) for the modeled results and the results found in the ADWR files are 

compared in Table F-6. 

Comparison of Rainfall Excess and T from Previous Studies 
with Modeled Results for the 10&year. 24-hour storm 

Rainfall Excess, in inches Time to Peak, in hours 

Location Modeled Results ADWR Files Modeled Results ADWR Files 

(1) (2) (3) (4) (5) 
Dam 4 1.89 4.1 5 14.08 12.87 

Dam 6 

Dam 7 

Dam 11 

Dam 36 



The rainfall excess values from the ADWR files are based on the SCS curve number 

method. A curve number of 90  was used for all subbasins. This is a very conservative 

estimate. The detailed soils mapping, which the modeled results are based on, did not 

become available until 1986. Detailed soils mapping of the Fountain Hills area was not 

available in 1971. The majority of the soils present on the watershed upstream of Dams 6, 

7, 1 1 and 36 are soil map unit 40 or 41. These soils are classified as hydrologic soil group 

D which results in a very high rainfall excess when using the SCS curve number method. 

However, both soils have a relatively high XKSAT value of about 0.2 inches per hour when 

adjusted for vegetation cover density. A typical uniform loss value for D soils is 0.05 

inches per hour [6.5:101. The Green-Ampt method, used for the modeled results, provides 

a more accurate physically based method for estimating rainfall losses than the empirically 

based curve number method. The rainfall losses for the results from the ADWR files are 

probably over estimated. A second reason to  doubt the losses from the TR-20 model is the 

high rainfall excess value of 4.1 5 inches at Dam 4. The majority of the watershed 

upstream of Dam 4 is composed of the watersheds for Dams 6, 7 and 11, which have a 

much lower rainfall excess of about 3.1 inches. Two runoff operations in the TR-20 model 

upstream of Dam 4 report rainfall excess greater than the total precipitation (4.68 and 

10.42 inches). The TR-20 results are therefore questionable regarding rainfall losses. 

The differences between Tp estimates in columns 4 and 5 of Table F-6 are 

significant. These differences contribute t o  the differences in peak discharges noted in 

Table F-5. The T,, estimates are directly related t o  the T, estimate for subbasins. A higher 

level of confidence is placed in the Design Manual T, relationship than the relationship 

historically used with the SCS unit hydrograph procedure. The Design Manual Tc 

relationship has been tested against historical data for Maricopa County. 

The Clark unit hydrograph has a different shape than the SCS unit hydrograph. This 

difference will affect calculated peak discharges. 

There is no reason to  doubt the validity of the modeled results based on the 

discussion of rainfall excess, Tp estimates and unit hydrograph shape. 



3.5.4 Discussion of Results 

The modeled results appear reasonable based on the discussion in Section 3.3 of 

confidence checks. The final results are lower than those presented in previous studies, 

but the modeled results are based on more reasonable input parameters, current locally 

accepted technology, and a more detailed level of study. 

The confidence checks were done either at, or upstream of, the dams. Since the 

dams have a significant impact on downstream peak discharges, the results at the dams 

are discussed in more detail. The five dams were constructed by Trico Properties, Inc. 

between 1972 and 1974 as a part of the initial development of the Town of Fountain Hills. 

The dams were designed by Trico. Inc. After construction, trash racks were installed on 

the principal spillways. The dams have been inspected on a regular basis by ADWR. The 

only significant changes which have occurred since the dams were constructed relate t o  

Dam 4. 

Dam 4 has a principal spillway which consists of two 60 inch reinforced concrete 

pipe culverts. A portion of one of the pipes was obstructed in 1989 by construction of a 

concrete encased sewer line in the pipe invert I6.6:51. This obstruction has the effect of 

reducing the design capacity of the principal spillway from 840 cfs to  640 cfs. Both 

capacities are based on a head elevation at  the crest of the emergency spillway. The dam 

design criteria is listed in the ADWR files. The dam principal spillways were t o  be designed 

t o  convey the 100-year peak discharge without overtopping the emergency spillway. The 

design conditions are summarized in Table F-7. 

Column 2 is based on the Fountain Hills local vertical datum which was used for 

design. Column 3 is based on an upstream head elevation equal to  Column 2. Column 3 is 

derived from Table F-5 Columns 6 and 7. Dams 4, 7 and 36 did not meet the original 

design criteria when constructed. The constriction t o  the principal spillway of Dam 4 

makes the problem worse. In addition, the available storage volume upstream of Dam 4 is 

less than the original design capacity. 



Table F-7 

Design Principal Spillway Capacities for Dams 4,6,7, 11 and 36 

Dam 
Emergency Spillway Principal Spillway 

Crest Elevation Capacity 
cfs 

100-year 
Peak Discharge 

cf s 

The results of this study for all five dams are shown in Table F-8. Refer to Tables 

R-13, R-15. R-16. R-17 and R-19 for storage and discharge data for each structure. The 

original Trico, Inc. design data is also summarized on those tables. 

The results of this study are that the crest of the emergency spillway of Dams 4, 7 

and 1 1 are overtopped by the 100-year storm. 

The inflow and outflow hydrographs from the 100-year, 6-hour storm for each dam 

are plotted on Figures F-1 through F-5. The attenuation resultant from storage is clearly 

depicted on these figures. Note that the duration of overtopping of the emergency spillway 

of Dams 4, 7 and 11 is approximately 5.3, 0.9 and 0.6 hours, respectively. The inflow 

hydrographs for the dams are compared graphically on Figure F-6. The outflow 

hydrographs for the dams are compared graphically on Figure F-7. Note the similiar 

hydrograph shape and peak discharge for Dams 6, 7, 11 and 36, and the much longer 

receding limb of the hydrographs for Dam 4. The modeling results appear reasonable at 

these locations. The watersheds for Dams 6, 7, 11 and 36 have similiar areas, shape and 

hydrologic parameters; therefore, the resultant runoff hydrographs should be similiar. The 

outflow from Dams 6,7, and 11 combine upstream of, and pass through, Dam 4. A much 

larger runoff volume is passed through Dam 4, resulting in the long receding limb. 



Table F-8 

Summary of Results for Dams 4.6. 7, 11 and 3 6  

Emergency 1 OO-year, 6-hour 1 OO-year, 24-hour 

Spillway Discharge, cfs Peak Stage Peak Storage Discharge, cfs Peak Stage Peak Storage 

Dam Crest Elev. in out feet acre-feet in out feet acre-feet 

(1 (2) (3) (4) (5)  (61 (7) (8) (9) (10) 

4 1714.8 1917 957 1715.8 113 1967 968 1715.8 113 
6 1835.4 1989 287 1832.4 141 1781 275 1830.5 119 
7 1924.8 1999 469 1925.5 100 1683 351 1922.9 78 

11 1810.8 2231 38 1 1811.3 144 1922 319 1808.7 111 
36 1889.0 2580 326 1883.3 177 2520 321 1882.2 161 



Several reservoir routes affect starting water surface elevations for the floodplain 

delineations done as a part of this study. The ponding water surface elevations for the 

dams are listed in Table F-8. The remaining reservoir routes in question are listed in Table 

F-9. 

Table F-9 

Summary of Resewoir Route Stage Elevations at Locations 
Affecting Floodplain Delineation Starting Conditions 

100-year 
Concentration Peak Discharge, in cfs Stage Elevation 

Point in out feet 

3.5.5 A~olicabilitv of Hvdroloaic Models for Other Uses 

The HEC-1 models have been developed for the existing condition 6-hour and 

24-hour storms as a part of this study. The future condition 10-year and 100-year, 6-hour 

and 24-hour, storms have also been modeled, but are not included as a part of this report. 

The specific purpose in preparing the existing condition models is for floodplain delineation 

and flood insurance purposes. A secondary purpose is for use as the basis for an Area 

Drainage Master Study (ADMS). The watershed was modeled in more detail for that 

reason. The key assumpions upon which this study is based were made with both 

purposes in mind. Therefore, if the models are used for other purposes, such as for design 

of drainage improvements or for new develpments, the following should be considered: 



1. The time of concentration and routing parameters may not be appropriate for 
other storm frequencies. 

2. The flow splits (diversions) that are modeled as existing condition may need to  
be reevaluated, or different assumptions made regarding the percentage of flow 
in the branches downstream of the split. This could particularly be true for a 
design condition. 

3. The percent impervious (RTIMP) for the watershed under consideration should 
be verified and updated to  reflect development that has occurred since the time 
of this study. 

3.6 Final Modeling Results on Diskette 

The diskette containing the HEC-1 input files is located at the back of Book 1 of 3 

following Section 6. 
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Figure F-1 

Hydrograph at C599 from a 100-Year, 6-Hour Storm 
Inflow and Outflow from Dam 4 Existing Condition 
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Figure F-2 

Hydrograph at C560 from a 100-Year, 6-Hour Storm 
Inflow end Outflow from Dam 6 Existing Condition 
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Figure F-3 

Hydrograph at C584 from a 100-Year, 6-Hour Storm 
Inflow and Outflow from Dam 7 Existing Condition 
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Figure F-4 

Hydrograph at C578 from a 100-Year, 6-Hour Storm 
Inflow and Outflow from Dam 11 Existing Condition 
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Figure F-5 

Hydrograph at C536 from a 100-Year, 6-Hour Storm 
Inflow and Outflow from Dam 36 Existing Condition 
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Figure F-6 

Existing Condition Inflow Hydrographs 
100-year, 6-hour Storm 
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Existing Condition Outflow Hydrographs 
1 00-year, 6-hour Storm 



SECTION 6: REFERENCE MATERIALS 

6.1 Other Published Flood Studies 

There are no other significant published flood studies of record. Refer to 

Section 6.6. 

6.2 Previous FEMA Studies 

There are no previous FEMA studies for the study watershed. 

6.3 Other Applicable Studies 

Refer to Sections 6.5 and 6.6. 

6.4 Published and Unpublished Historical Flood Information 

There is no significant historical flood information of record for this watershed. 
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6.6 Applicable Improvement Plans, Maps and Related Documents 

Reference Source Abbreviations: 

A-N 
ADWR 
AMC 
F. Hills 
FCDMC 
GCA 
KAM 
MCDOT 
SCS 
USGS 

Anderson-Nelson, Inc. 
Arizona Department of Water Resources 
Aerial Mapping Company, Inc. 
Town of Fountain Hills 
Flood Control District of Maricopa County 
GIs Consultants of Arizona, Ltd. 
Kenney Aerial Mapping Company 
Maricopa County Department of Transportation 
U.S. Soil Conservation Service 
U.S. Geological Survey 

F. Hills Map Anderson-Nelson Inc., 1991. Low level horizontal control 1 
map o f  Fountain Hills used in preparation o f  Improvement 
District plans. Sections 4-1 1. 14-1 7, 20-23, and 26-29, 
T3N. R6E, G&SRB&M, Maricopa County, Arizona. 
Scale 1 " = 400 ' . 

F. Hills Plans Anderson-Nelson Inc., 1990. 
Palisades Plaza Plans. Fountain Hills. 
Scale: Horizontal 1" = 20',Vertical 1 " = 2' 

F. Hills Plans Anderson-Nelson Inc., 1992. 
Fountain Hills Street Paving Plans: Cerro Alta Drive. 
Scale: Horizontal 1 " = 40'. Vertical 1 " = 10'  



Source-  Descriotion File I.D. 

F. Hills Plans Anderson-Nelson Inc., 1992. Final Plat 509 Paving Plans. 4 
Scale: Horizontal 1 " = 4 0  ', Vertical 1 " = 4 ' 

F. Hills Plans Anderson-Nelson Inc., 1989. 
Fountain Hills Sanitary District Sewer Improvements. 
As-Built 1989. Structure #4. 

FCDMC Maps Anderson-Nelson Inc. and Kenney Aerial Mapping, 1991. 
Topographic Mapping. Sections 2-5, 8-1 1, and 14- 17, 
T3N, R6E, G&SRB&M, Maricopa County, Arizona. 
Scale: 1 " = 200 '. Job #910804. 

F. Hills Plans Castro Fleet Engineering Inc., 1992. 7 
Fountain Hills Storm Sewer, Grading & Drainage Plans for 
Bainbridge, Hampstead & Glenview Drive. 
Scale: Horizontal 1" = 40 ', Vertical 1 " = 8 *. 

FCDMC Plans Howard, Needles, Tamrnen & Bergendorf Engineers, 1991. 8 
Fountain Hills Unified School District Site, Junior High 
and High School Drainage & Site Plans. Scale: 1 " = 50 '. 

F. Hills Map Town of Fountain Hills Engineering Department, 1992. 
Bench Mark Map. Sections 4-1 7,  14-1 7,20-23, and 
26-29, T3N, R6E, G&SRB&M, Maricopa County, Arizona. 
Scale: 1" = 800 '. 

A-N Plans Anderson-Nelson Inc., June 1989. Fountain Hills 
Improvement Project #8. Golden Eagle Blvd Paving 
Improvements. As-Built 18 August 1989. 
Scale: Horizontal 1 " = 20 ', Vertical 1 " = 4 '. 

F. Hills Map Town of Fountain Hills, 1992. Zoning Map. Sections 
4-1 7,14-17,20-23, and 26-29, T3N, R6E, G&SRB&M, 
Maricopa County, Arizona. Scale: Horizontal 1 " = 800 '. 

F. Hills Map Trico lnternationaf lnc. and McCulloch Properties, 
1 979 .Master Drainage Control Study for Fountain Hills, 
AZ., with Channel Cross Sectigfs, and 100-year Storm 
Data. Scale: 1 " = 650 ' (Approx.) 

ADWR Plans Trico lnternational lnc., 6 June 197 1. Fountain Hills Storm 13(4) 
Water Retardation Basin #4. As-Built 1 July 1974. 

ADWR Plans Trico lnternational inc., 10 October 1972. Fountain Hills 
Storm Water Retardation Basin #6. As-Built 1 July 1974. 

ADWR Plans Trico lnternational lnc., 27 July 1972. Fountain Hills 
Storm Water Retardation Basin #7. As-Built. 

ADWR Plans Trico lnternational lnc.. 1 December 1972. Fountain Hills 
Storm Water Retardation Basin # 7 1. 



Source Descriotion File I.D. 

ADWR Plans Trico International lnc., 25 August 1972. Fountain Hills 13(36) 
Storm Water Retardation Basin #36. As-Built 1 July 1974. 

A-N 

A-N 

A-N 

Plans Anderson-Nelson Inc., 1989. Fountain Hills Improvement 
Project #8: Palisades Boulevard Paving Plans. 
Scale: Horizontal 1 " = 20 ', Vertical 1 " = 4 '. 

Plans Anderson-Nelson Inc.. 1989. Fountain Hills Plat #601-C 
Off-Site Storm Drain Improvements. See File I.D. 34. 
Scale: Horizontal 1 " = 20 ' , Vertical 1 " = 4 '. 

Plans Anderson-Nelson Inc., 1988. Drainage Plan and Catch 
BasinDetail for Wendover Drive and Stancrest Drive 
Drainage, Fountain Hills, AZ. Scale: Horizontal 1 " = 20 ' 

F. Hills Map Town of Fountain Hills, Undated. 
Fountain Hlils Index Map. No Scale Given. 

F. Hills Plans P & D Technologies, 4 April 1992. Town of Fountain 
Hillsstreet Paving Project East of Fountain Hills Blvd. 
Scale: Horizontal 1 " = 40 ', Vertical 1" = 4' 

F. Hills Plans Stanley Consultants, Inc., 1 April 1992. Town of Fountain 19 
Hills Street Paving Project West of Fountain Hills Blvd. 
Scale: Horizontal 1 " = 40 ' , Vertical q" = 4 '. 

GCA 

KAM 

Map GIs Consultants of Arizona, December 1992. 
Topographicmap of project study area prepared by Rastor 
Scan and Vector conversion of USGS Quadrangle maps to 
AutoCAD format. Scale: Horizontal 1" = 1000'. 

Map Kenney Aerial Mapping, Preliminary. Topographic map of 
Section 10, T3N, R6E, and digital test cross sections. 
Also, plots of field check cross sections. 

MCDOT Plans Sverdrup & Parcel and Associates, Inc., May 1981. 
McDowell Mountain Road Grading and Drainage Plans, 
Project No. 68030. As-Built 27 October 1982. 
Scale: Horizontal 1 "  = loo', Vertical 1 "  = 10'. 

MCDOT Plans Maricopa County Highway Department, 23 March 1984. 
McDowell Mountain Road Construction Plans, Proiect No. 
68254. As-Built 6 May 1985. 
Scale: Horizontal 1 " = 1 OO', Vertical 1 " = 10'. 

F. Hills Plans P&D Technologies, June 1992. Town of Fountain Hills 
Street Paving Project East o f  Fountain Hills Blvd. Revised 
sheets 8 and 11. See File I.D. 18. 
Scale: Horizontal 1 " =40', Vertical 1 " =4'. 



File I.D. 

F. Hills Plans Stanley Consultants, Inc., 1 April 1992. Town of Fountain 25 
Hills Street Paving Project West of Fountain Hills Blvd. 
Revised Sheets 8 and 20. See File I.D. 19. 
Scale: Horizontal 1 " =40', Vertical 1 " =4'. 

F. Hills Map Town of Fountain Hills, 3 November 1992. Plat Map. 
Sections 4-1 1, 14-1 7, 20-23, and 26-29, T3N, R6E, 
G&SRB&M, Maricopa County, Arizona. 
Scale: Horizontal 1"-800'. 

F. Hills Map Maricopa County Parks and Recreation, 1962. 27 
Topographic Map of McDo well Mountain Park, Sections 1 - 
36, T4N. R6E, G&SRB&M, Maricopa Co., Arizona. 
Scale: Horizontal 1 " = 1000'. Contour interval = 10'. 

F. Hills Map Maricopa County Parks and Recreation, 1962. 
Topographic Map of McDowell Mountain Park, Sections 
19-36, T4N, R6E. G&SRB&M, Maricopa County, Arizona. 
Scale: Horizontal 1 " =4001. Contour interval = 10'. 

F. Hills Map Maricopa County Parks and Recreation, 14 August 1962. 
Aerial Photographs of McDowell Mountain Park, Sections 
1-36, T4N, R6E, G&SRB&M, Maricopa County, Arizona. 
Scale: Horizontal 1 "-800'. 

A-N 

A-N 

Map Kenney Aerial Mqpping, 19 July 1972. Topographic Maps 30  
of Sections 5-8, 17, and 31, T3N, R6E, G&SRB&M, 
Maricopa County, Arizona. Scale: Horizontal 1 " = 100'. 
Contour interval =4' with 2' supplementals. Kenney Aerial 
Mapping project number 691003. 

Map Kenney Aerial Mapping, undated. Topographic Maps o f  
Portions of Sections 9 and 10, T4N, R6E, G&SRB&M, 
Maricopa County, Arizona. Scale: Horizontal 1 " = 40'. 
Contour interval = 1 '. Kenney Aerial Mapping project 
number 891 028-1. 

FCDMC Plans Coe & Van Loo, 8 February 1993. Golden Eagle Park, 
Master Plan - Phase 1 lmprovements. Scale: 1 " = 50'. 

FCDMC Plans Coe & Van Loo, 5 May 1993. Golden Eagle Park, Phase 1 33  
Improvements. Scale: 1 " = 30'. 

A-N Plans Anderson-Nelson, Inc., 13 June 1988. F. H. Plat 601-C 
Paving Improvements, Sheets 7 and 8 of 10. 
See File I.D. 15. Scale: Varies. 

F. Hills Doc. Anderson-Nelson, Inc., 24 June 1991. Hydrology Report 
for Mirage Resort Casitas. A 1.2 acre condominium 
development at  Fountain Hills Blvd. and Oxford Wash. 



S o u r c e -  Descriotion File 1.0. 

F. Hills Doc. Vernon Swaback Associates, 23 July 1992. Town of B 
Fountain Hills Land Use Elements General Plan. 

F. Hills Doc. Town of Fountain Hills, Undated. Preliminary Zoning 
Ordinance. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

Arizona Department of Water Resources, June 1980. Dam D 
#6 (ADWR 7-39) Phase 1 lnspection Report #0075, 
National Dam Safety Program. 

Trico International, Inc., Undated. Dam #6 (ADWR 7-39) 
Engineering Calculations, Computer Hydrology, and Cost 
Estimates. 

Arizona Department of Water Resources, July 1980. Dam F 
# 1 1 (AD WR 7-40] Phase I lnspection Report #00 167, 
National Dam Safety Program. 

Trico International, Inc., December 1972. Dam # l l  
(AD WR 7-40) Engineering Calculations, Computer 
Hydrology, and Cost Estimates. 

Arizona Department of Water Resources, June 1980. Dam H 
#36 (AD WR 7-38) Phase I lnspection Report #00074, 
National Dam Safety Program. 

Trico International, Inc., October 1972. Dam #36 (ADWR 
7-38] Engineering Calculations, Computer Hydrology, and 
Cost Estimates. 

Cox, G.D., November 1972. Dam #36 (AD WR 7-38] J 
Review of Geologic Conditions for Fountain Hills Dam #36. 

Trico International, Inc., May 1972. Dam #7 ((ADWR 7- K 
32) Hydraulic Calculations and Computer Hydrology. 

U.S. Army Corps of Engineers, Los Angeles District, 
August 1 972. Dam #4 (AD WR 7-33] Phase 1 lnspection 
Report #03AZ0017, National Dam Safety Program. 

Trico International lnc., August 1972. Dam #4 (ADWR 7- 
33) Hydraulic Calculations and Computer Hydrology. 

Howard, Needles, Tammen, and Bergendorf, April 1991. N 
Dam #4 (AD WR 7-33) Miscellaneous hydraulic calculations 
for the modification of the emergency spillway (not in 
report format). 

Arizona Department of Water Resources. 16 January 
1990. Dams No. 4, 6, 7, 17, and 36 Dam Safety 
lnspection Report. This report is typical of previous years, 



Source 

ADWR Doc. 

ADWR Doc. 

ADWR Doc. 

F. Hills Doc. 

F. Hills Doc. 

A-N DOC. 

F. Hills Doc. 

FCDMC Doc. 

AMC Map 

F. Hills Doc. 

F. Hills Doc. 

SCS Doc. 

File I.D. 

Arizona Department of Water Resources. Dam #4 (ADWR P 
7-33) Miscellaneous correspondence and calculations 
regarding principal and emergency spillway modifications. 

Trico International, Inc., 25 August 1975. Design 
Calculations for Trash Rack Modifications Retardation 
Structure Nos. 4, 6, 7, 19 and 36, Fountain Hils, AZ, 

Anderson-Nelson, Inc., 6 July 1989. Dam #4 (ADWR 7- 
33) Fountain Hills Structure #4 - Sewer Line Proposal. 

Standage & Associates Consulting Engineers, 2 July 1992. 
Mirage Resort Casitas Condominium Development. Letter 
with attachments regarding channel modifications. 

Anderson-Nelson, Inc., 31 August 1991. Mirage Resort 
Casitas Drainage Study. Response to Town review 
comments, with attachments. 

Anderson-Nelson, Inc., undated. Monument Descriptions, 
Fountain Hills Mapping, High Altitude Aerial Panels. (refer 
to Map 1 ). 

Town of Fountain Hills, 20 November 1991. Bench mark 
and coordinate data list for local coordinate system. 

Tudor Engineering, March 1992. Preliminary McDowell 
Mountain Road Initial Drainage Report. Project No. 
6881211991-14. 

Aerial Mapping Company, Inc., 10 December 1992. Aerial 
Photographs of Fountain Hills Area. Scale: Horizontal 
1 " = 1760'. 

Anderson-Nelson, Inc., 1 99 1 . Fountain Hills Aerial 
Control, Street Paving Project, Vertical Control. 

Anderson-Nelson, Inc., 1991. Fountain Hills Aerial 
Control, Street Paving Project, Horizontal Control. 

U.S. Soil Conservation Service, April 1986. Soil Survey of  
Aguila-Carefree Area, Parts of Maricopa and Pinal 
Counties, Arizona. 



Source-  Descriation 

USGS Map U.S. Geological Survey. USGS 7.5 minute quadrangle 
maps, and orthophotos, as follows: 

Granite Reef Darn: 1 964, 1 962 photo date, 1974 
photorevised. 20' contour interval 
(CI), 10' supplementary CI (SCI). 
Orthophoto dated 1971. 

McDowell Peak: 1965, 1962 photo date, 1982 
photorevised, 20' CI. Orthophoto 
dated 1971. 

Sawik Mountain: 1964,1962 photo date, 1982 
photorevised. 20' CI, 10' SCI. 
Orthophoto dated 1971. 

Fort McDowell: 1964, 1962 photo date, 1974 
photorevised, 1978 photoinspected, 
20' CI, 10' SCI. orthophoto-dated 
1971. 

File I.D. 

Flatfile 




