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Del Webb Corporation 
f 

LEGAL DEPARTMENT 

STATEMENT OF OWNERSHIP 

Current legal title to the property described in the 
Development Master Plan for the Sun City West 
Expansion Area and planned to be developed as the 
Sun City West Expansion Area is vested in First 
American Title Insurance Company, a California 
corporation, as Trustee, under Trust No. 3987 
wherein Del Webb Home Construction, Inc., is the 
sole beneficiary. Name and address of trust 
beneficiary is as follows: 

Del Webb Home Construction, Inc., 
an Arizona corporation 

2231 E. Camelback Rd, #400 
Phoenix, Arizona 85016 

2231 E. CAMELBACK ROAD PO. BOX 29040 PHOENIX. ARIZONA 85038 (602) 468-6800 FAX (602) 468-6797 



W I L E Y  & f3SSOCIRTES 

Leonard F. Gostinski, P.E., R.L.S. 
President 

A s s c x r ~ T ~ ;  
Bradford C. Gordon . . . . . . . . R.L.S. 
Richard J. Hayes . . . . . . . . . . . R.L.S. 

M A S T E R  P L A N  BOUNDARY DESCRIPTION 

That portion of Sections 15 and 16 and the North 55 feet of 
Section 21 and t h e  North 55 feet. o f  the W e s t  h a l f  of Section 22, 
Township 4 North, Range 1 West, G B S R B G M ,  Msricopa County, Arizona, more 
particularly described as follows: 

Beginning at the Southwest corner of said Section 1 6  thence 
N - 0 0 1 7 " 4 Q " - E  a distance of 2646.29 feet to the West 1 / ' 4  corner of said 
Section 16; thence N-Qo17'23"E along the W e s t  line of said Section 16 n 
distance of 2442,45 feet t o  a point an the South line of Tract No. 43C 
ae shown on a aurvey  recorded in Book 63 of Nape, Page 31, Maricopa 
County Recorder; thence N - 7 4 O 3 8 ' 4 9 " - E  a distance of 746.89 feet to a 
point on the North line of snid Section 16; thence S-89030'23"-E n 
diatance of 1308.29 feet to the North 1 / 4  corner of said Section 16; 
thence S-89029'55"-E a distance of 2627.81 feet t o  t h e  Northeast corner 
of said Section 16; thence S-0031"14"-W along the East line of said 
Section 16 a distance of 1320.88 feet to the Southwest corner .of the .- North h a l f  of the Northwest Quarter of said Section 15: Thence 

S-89009*29"-E along the South line of said North half of the Northwest 
Quarter of Section 15 a distance of 2633.36 feet t o  t h e  Southeast corner 
of said North helf of the Northwest Quarter of Section 15: thence 
S - U 0 2 8 ' 1 2 " - W  along the North-South mid-section line of aald Section 15 a 
distance of 3957.93 feat to the South 1 / ' 4  corner of said Section 15; 
thence N - 8 9 Q 1 8 ' 2 7 " - W  a distance of 2637.35 Zeet t o  t h e  Southeeat corner 
of anid Section 36; thence N-89o34"4Io'-W a distance o f  2640.39 feet to 
the South 1/'4 corner of s n i d  Section 16; t h e n c e  M - 8 9 0 3 4 " 4 8 " - W  a diatance 
of 2593.31 feet to t h e  point of beginning. 

TOGETHER WITH:beginning at the Northwest corner of said Section 21; 
thence 3-89034'48"-E a di6tance of 2593.31 feet to t h e  North 1/4 corner 
of snid Section 21: thence 5-89034'41"-E a distance 'of 2640.39 feet to 
t h e  Northweat corner of said Section 22: thence S-89018"27"-E n distance 
of 2637.35 feet to the North 114 corner of said Section 22: thence South 
n distance of 55.QQ feet: thence West parallel to and 55-00 feet South 
of the North l i n e  of Sections 22 and 21 to a point which is 35-00 feet 
South of the Northwest corner of said Section 21: thence North a 
distance of 55.00 feet to the point o f  beginning. -m 

Containing 884.7 A c r e s .  

-7. 

3200 N. Hayden Rd., Suite 130 Scottsdale, Arizona 85251 (602) 947-7507 - FAX: 947-2503 
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P R ' O P E R T Y  O W N E R S  

MAP 
REF UNIT LOT PARCEL # NAME 

PARCEL # NAME 

YOUNG, M. 
CHALMERS, E. 
GINTER, J. 
RENO, J. 
JOHNSON, A. 
DALE, 0. 
MAHONEY, J. 
PARADISE, J. 
POOLEY, L. 
HECK, J. 
THIER, H. 
RUDD, E. 
1ST AM. (WEBB) 
EAUERNFEIND, E. 

TRNSAM TITLE TRUSTEE 
TRNSAM TITLE TRUSTEE 
A. PI. HORWITCH FDN 
KASPER, GEORGE 
MISSOURI & 19TH AV INVST 
MISSOURI & 19TH AV INVST 
FITZPATRICK, MICHAEL 
STUCKEY, JAY 
LENOCEER b KEEN TR. 
MCFCD 
RANCHO CAMINO INVST 
RANCHO CAMINO INVST 
COLLINS, BRENT 
ARMSTRONG, RON1 
MINNESOTA TITLE TR. 
SALT RIVR AGHI/FWR DIST 
MCFCD 
MCFCD 
CURRY, C W 
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67 
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81 
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9 i:) 
93 
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95 

1 0 1 
102 
1 08 
1 (1) 9 
113 
114 
11'3 
1 1 8  
117 
121 
122 

PARCEL # NAME 

1ST AM. (WEBE) 
HARDWICK, J. 
WONG, H. 
SPRINGER, R. 
MITCHELL R. 
BEHULDSEN, J. 
HASSAN, R. 
WORKPIAN, D. 
BOYD, L. 
SLAWSON, D. 
Z I MMEHMANN , F . 
ANGOTTI, T. 
STEVENS, E. 
GUTWENIGER, E. 
JENNINGS, I. 
FLEENOR, R. 
BARNES, C. 
SCHMIDT, M. 

SMITH, W. 
THORN, D. 
GENDROM, E. 
TRAINER, J. 
DE BLASI, D. 
STRANTZ, C. 
KOZAK, H. 
1ST AM. (WEBB) 
KEITEL, D. 
LINDSAY, J. 
PRATT , W . 
DERH, I. 
MORHOGJ , J . 
ALLEVA, A. 
EICE, W. 
HALL, M. 
KAHPIEL, G. 
KUFAHL, E. 
ZIZZO, N. 
CAIRD, 3 .  
WILSON, C. 
BURKE, W. 
NAMVAR, A. 
RIFF, S. 
HERSHORN, M. 
EUFFAM, L. 
LAUELER, R. 
DINSMOHE, R. 
JOHNSON, A. 
SUCHl?RA, J. 
MIXER, J. 
PEDERSEN , E , 
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of Sun City West, lnc. 



Sun City West Association 

CREED 

We believe the affairs of the Association must be conducted with integrity, high 
ethical standards and a sense of community r e s p d t y .  

MISSION STATEMENT 
The Recreation Centers of Sun City West, Inc. (the "Association") is a non- 
groEt corporation f m e d  as an Association of h o r n e m  to enhance the 
members' lifestyle thmgh the aquidim, cmhuction, management, nwimmma 
and care of Association property. 

The Association's primary mission is to plrwrde a wide variety of social and recred- 
tional progums that result in member enjoyment, personal growth and satisfac- 
tion. We coordinate, implement and aid recreational, social and &ral clubs 
chartered by the Association and W t e  cooperation in d matters of interest 
and benefit to our members. 

We wiU establish and update policies that result in cost-effective maintenance of 
d fhcilities and regular replacement of obsolete or unusable q u i m t .  

Serving the best interests of the greatest number of Association members while 
respecting the rights of the mi-ty d be a paramount gudng Mlzcl@le. 

T H E  GOVERNING BOARD 
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Chapter One 

Pulpose 
! The Recreation Centers of Sun City West, Inc. 
I .  (hereinafter referred to as the Recreation Centers) was 

formed as a non-profit corporation under Arizona 
state law to operate, maintain and preserve facilities 
which enhance the recreational, social and leisure 
interests of its members. These facilities include all 

1 activities and programs knawn as and operated with- 
in the R.H. Johnson Recreation Center, Beardsley Park 

1 Recreation Center, Fred I? Kuentz Recreation Center, 
Pebblebrook Golf Course, Stardust Golf Course, 
Grandview Golf Course, Echo Mesa Golf Course, and 

I Trail Ridge Golf Course. 
I 

Basis for Establishent 
The Recreation Centers was established on July 1, 

, 1979. As recreational andlor social facilities in Sun City 
>t were constructed by Del E. W b b  Communities, 

I Inc. (WEBB), they w r e  turned over to the Recreation 
Centers for operation and maintenance. All facilities 
presently in use have been legally deeded (free and 

I 
clear) to the Recreation Centers. The Articles of In- 

\ corporation and related Bylaws form the legal basis 

Purpose, Organization, and Finance 

for the Recreation Centers, while a Master Agreement ) (consummated be-n WEBB and The Recreation 
Centers) establishes the management structure. The 
ultimate management design for the Recreation 

I Centers is to achim financial selfsufficiency, separate 
its relationship from WEBB and, thereafter, maintain 
total responsibility for the management, operation, 
maintenance, and impmment of its facilities and 
programs. 

Description of the Recreation Centers 
Includes a theater, an agricultural project, a library, 
5 golf courses, outdoor sports fields/courts, 
dancing facilities, swim pools, and lecture/con- 

3 ference facilities. 

-A Additionally, they include facilities and equipment 
to support such crafts as ceramics, sewing, wood- 
working, leathercraft, lapidary, photography, silver- 
smithing, fine arts, and other similar activities. 

The Recreation Centers coordinate, implement 
and aid the various recreational, cultural and 
social clubs/associations to become established 
as non-profit organizations in their own right. 
This sponsorship status is  required to operate 
within the Recreation Centers parameters. 

Management Structure 
Governing Board 

The Governing Board is an interim management 
board appointed by WEBB to conduct the affairs of 
the Recreation Centers. This body will function until 
developer buildout occurs, or the Recreation Centers 
membership votes to separate its alignment with 
WEBB (whichmr occurs first). The Gmming Board 
is comprised of five (5) appointed senior manage- 
ment officials of WEBB and the president of the 
Advisory Board plus three (3) additional Advisory 
Board members. As an adjunct to the Governing 
Board, an Executiw Committee s e m  to a d  in behalf 
of the Governing Board between monthly meetings. 
The Executive Committee is comprised of three (3) 
Webb officials, and the president of the Advisory 
Board plus one (1) additional Advisory Board member. 

Aavisory Bamd 
The Advisory Board is elected by the Recreation 

Centers membership to consult with the Governing 
Board and to act as a communications link with the 
membership. The Advisory Board is comprised of 
nine (9) elected residents of Sun City West who sene 
for staggered three (3) year terms. When developer 
buildout occurs, or when the Recreation Centers 
membership votes to separate its alignment with 
WEBB (whichever comes first), the Advisory Board 
ceases to function as an advisory body and becomes 
a management Board of Directors. 

The Advisory Board meets monthly in open ses- 
sion (except July and August). Meetings are held 
at 9:00 a.m. on the second Tuesday of each 
month in the RHJ Lecture Hall. While all Recrea- 
tion Centers members are invited to attend the 
open session, attendees do not participate unless 
invited by the President (as stated in the Bylaws). 
Minutes of each meeting are published and main- 
tained in the Library for public access. 
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w The Board sponsors "open forums" at 1:30 p.m. 
on the 3rd Tuesday in March and October for the 
membership. These meetings are designed 
specifically to allow the membership an oppor- 
tunity to ask questions and receive clarification. 

General Manager 

This individual serves as the manager over the 
Recreation Centers' day-today operation.-This indi- 
vidual provides a full scope of management 
authority by effectinglimplementing policies and 
procedures of the Governing BoardIBoard of Di rec- 
tors (as applicable). 

I 

Membership Meetings 
w Annual andlor special meetings of the member- 

ship may be called at the discretion of the Govern- 
ing Board. Once called, 400 voting members of 
record are required to effect a quorum. 

w The membership may call a special meeting when 
5% of the total membership of record (as of the 
preceding July 1) files a request with the Govern- 
ing Board stating justificationlreasons for such a 
meeting. The Governing Board may approve or re- 
ject such a request, but will provide a written 
response in either situation. Unless otherwise 
stipulated in the Articles of Incorporation, its 
Bylaws, or by statute, Roberts Rules of Order will 
prevail. 

Elections 
Voting Eligibility 

Each residential unit receives two (2) votes, regard- 
less of number of occupants per unit. Apartment 
owners who have been extended membership 
privileges by the Recreation Centers are entitled to 
one (1) vote per apartment unit which is rented or 
leased in the owner's behalf (maximum number of 
votes per apartment owner is  100). Renters are not 
eligible to vote in Recreation Centers' business affiirs, 
but are welcome to participate in meetings as in- 
terested parties. Eligibility is restricted to authorized 
membership categories who are paid-up members 

sting Procedures 
As long as a quorum is achiaed, members in gd; 

standing may vote on any and each matter brmghf 
up for vote. Unless specifically provided for in the 
Articles of Incorporation, its Bylaws, or by statute, a 
majority of votes cast shall be sufficient to effect a 
decision. 

Election of Advisory Bwrd 
T h e  term of office shall be three (3) years. No 

member who has served a minimum of two (2) 
years may be re-elected or appointed to the Ad- 
visory Board unless the member has had a two 
(2) year absence from the Board. 

Three  (3) members will be elected annually to 
form a total number of nine (9) Board members. 
Elections will be held on the first Tuesday of 
December. Candidate qualifications will be vali- 
dated prior to the election by the Advisory Board. 

w Election procedures will be established and car- 
ried out by an Elections Committee appointed 
by the Advisory Board. 0 

Finunce 

Recreation Centers Membership Fee 

Each member is  obligated to pay an annual fee 
to the Recreation Centers to be used to support the 
operation and maintenance of the Recreation 
Centers Division (excludes Golf & Bowling Divi- 
sions). The amount of the fee is determined annual- 
ly by the Governing BoardIBoard of Directors (as 
applicable) and is  due in advance each year on or 
before the anniversary date of the membership. 

Budget 
The Recreation Centers fiscal year is July 1 

through June 30. Each year, a detailed budget is 
prepared by management, reviewed and recom- 
mended for adoption by the Advisory Board's Audit 
and Finance Committee, reviewed and recom- 
mended for approval by the Advisory Board, and 
subsequently reviewed and approved by th 
Governing Board. It i s  released for resident revie@ 
no later than June 1, prior to the start of the fiscal 
year. Any changes in fees are announced at this 

of the Recreation Centers. time. 
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- Five Year Forecast 
I ) In conjunction with the annual budget, manage 

ment also prepares a 5 year budget forecast. Essen- 
tially, this document projects potential changes in 
fees during the ensuing 5 year period and provides 
ample justification to support the projections. In 
this manner, management and Board members have 
sufficient time to gauge the impact of a fee increase, 
determine if off-setting actions can be initiated and, 

I if unavoidable, allow ample time for residents to 

I 
prepare for budgetary or program adjustments. 

i special ~ s ~ ~ ~ m e n t s  
A special assessment (applicable to one particular 

year only) may be levied for the purpose of 
defraying essential needs of Recreation Centers 
facilities or operation. Any special assessment re- 
quires the assent of a majority vote of the mem- 
bership at a special meeting called for such 
purpose. Neither the Governing Board, nor the 
Advisory Board can unilaterally effect a special 
assessment-it can only be effected by majority 

?sent of the voting membership. 

I ' Asset Replacement Fund 
This fund is generated from a portion of each 

member's annual membership fee, with monies 
deposited into interest-bearing accounts for the ex- 
press purpose of funding replacement of major 
equipment, or major repair needs. The Bylaws 
stipulate that this fund cannot be used until the 

i management alignment with WEBB is  terminated. 

Golf Reserve Fund 
Established in 1987, this fund is derived from sup 

plemental fees assessed golfers for each round of 
golf played. Monies are deposited into interest bear- 
ing accounts for the express purpose of 
accumulating a fund to support the replacement 
and improvement of golf course facilities and 
maintenance equipment. This fund was created 
because the line item cost of golf maintenance 
equipment is  exceptionally high; the number of 

replacement items could be exceptionally large; 
and subsequently, any required expenditures of this 
nature from the general fund might be disruptive 
to the Recreation Centers short and long-term finan- 
cial condition. Like the Asset Replacement Fund, 
the Bylaws also stipulate that this Fund cannot be 
used until the management agreement with Webb 
is  terminated. 

Bowling Reserve Fund 
Established in 1990, this fund is derived from sup 

plemental fees assessed bowlers for each line 
bowled. Monies are deposited into interest-bearing 
accounts for the express purpose of generating 
monies to offset high cost of capital repairs and 
improvements. Unlike the Asset Replacement Fund 
and the Golf Reserve Fund, the Bowling Reserve 
Fund may be used during the period of developer 
(WEBB) control. 

W E B B  Subsidy 
While the Recreations Centers is charged with the 

responsibility to pursue a breakeven financial status 
during developer control, it is recognized that a 
deficit posture is likely during facility start-up years. 
For this reason, WEBB annually subsidizes the total 
net operational deficit of the Recreation Centers 
following validation by an independent audit firm. 

Specific information relating to the establishment 
of the Recreation Centers, membership, voting, fee 
information, operating policies, management 
relationship with WEBB, etc. can be found in the 
following documents (all available at the Library): 

Articles of Incorporation, July 1, 1979. 

Articles of Amendment to the Articles of Incor- 
poration, October 27, 1988. 

Amended and Restated Bylaws, 
December 27, 1988. 

First Amended and Restated Master Agreement, 
January 12, 198% 



Chapter Two 

General Rules and Infmtionk t 

Eligibility and Priority 

I For Use of Facilities 
Residents of Sun City West with a current Recrea- 

tion Centers membership are authorized full use 
of all facilities. Members have priority for the use 
of these facilities over guests and authorized visitors. 

I I Recreation Centers Membership 
I 
I 

As required by the Recreation Centers Articles of 
I Incorporation, the Master Agreement, and the Facil- 
I ities Agreement (consummated at homeowner clos- 

ing), all Sun City West homeowners are required 
to be members of the Recreation Centers. 

rn Membership rates are recommended by the 
Advisory Board and approved by the Governing 
Board. Upon home purchase, the membership 
fee is  included in closing costs; thereafter, cards 
must be renewed annually at the Recreation 
Centerst Administration Office (located in the 
RHJ Arts & Crafts VillageJEast Portal). Member- 
ship renewals are accommodated in person, by 
mail, or by SurePay. 

rn Each residence (regardless of number of home- 
owners) is  entitled to two votes in official mem- 
bership sessions. Renters may use Recreation 
Centers facilities by paying a small administrative 
fee; however, they do not acquire voting 
privileges. 

Membership cards are issued to titleholders of 
Sun City West properties as identified on the 
respective Facilities Agreement. Supplemental 
cards may be issued (at the regular membership 
rate) to non-title holders who maintain perma- 
nent residency as long as the non-title holder is  
19 years or older, and is domiciled in the resi- 
dence for a minimum of six months per calen- 
dar year. These supplemental cards extend full 
priviledges, use, and services of Recreation 
Centers facilities, but they do not extend 

Association voting rights. A certification of 
membership qualifications is required from the 
titleholder prior to issue of a supplemental card. 

rn While the Administration Office will mail renew- 
al notices to members ahead of the due date, this 
mailing is purely a courtesy reminder and in no 
way relieves the member of the responsibility to 
renew their annual membership in a timely 
manner. 

1. Members are allowed a 30 day grace period 
beyond card expiration date to settle the 
renewal fee. After 30 days, a late notice will 
be issued and a late fee assessed. 

2 .Members failing to respond to the 30 day let- 
ter will be issued 2nd and 3rd reminders (as 
necessary) at the 60 and 90 day points respec- 
tively. If no response i s  received following t h 4  
90 day letter, the Recreation Centers reserves 
the right to file a lien against the member's 
residence for the total amount due. The total 
amount may include whatever legal/collection 
agency fees which might accrue to the Recrea- 
tion Centers. 

Refunds are only authorized in case of member 
death, the sale of a home, or the deletion of a 
member from a household. In the case of 
member death, death certificates are required to 
validate the pro rate date. In the case of death, 
refunds are not extended to the sole surviving 
titleholder since membership in the Association 
is a condition of home (property) sale. In the sale 
of a home, membership cards must be returned 
to the Recreation Centers Office to determine a 
pro rata refund date. In the deletion of a member, 
a letter of justification is  required to determine 
the pro rata refund date. 

rn All facility users must present a current Recreat 
tion Centers Membership Card (or Guest Card 
if applicable) at each facility. Cards are not 
transferable and cannot be loaned. 
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1 7 Guests: 
/I 1. Membership cards provide for 24 "punch" 

numbers to be used each time a member spon- 
sors a guest. One number will be punched for 
each facility used by a guest. When using the 
Membership Card guest proviso, the member 
must accompany the guest and ensure they are 
properly signed in. 

2. If all 24 guest authorizations are used (from the 
Membership Card), or if a member simply wants 
hidher guest to use the facilities without hav- 
ing to accompany them, the member may pur- 
chase either a Weekly Guest Card or a "20 
Punch" Guest Card. The Weekly Guest Card is 
for use by one guest (unlimited use of facilities, 
and restricted to a one week time frame). A "20 
Punch" Guest Card is for use by one or more 
guests and is punched once for each guest (limit 
to 20 uses, and restricted to a 6 month time 
frame). Both cards may be purchased at the Ad- 
ministration Office. Note: When using either of 
these cards at the Recreation Centers' golfing 

I facilities, the member must be present to validate 
sponsorship. 

3. Guest conduct while using facilities remains the I responsibility of the sponsoring member 

Dress Code 
Proper dress is  required in all facilities. While 

specific requirements are identified in Chapter 3, 
the following basic guidelines apply: 

Bathing suits are required in all aquatic facilities. 
Cut-offs, or other street clothes combinations are 
not acceptable. 
Upper body garments must be worn in all ac- 
tivities, except males using aquatic facilities. 
Appropriate athletic apparel i s  required in all 
athletic sport areas to include specific footwear 
andlor clothing. 

Age Restrktims 
Children under 4 years of a& are not allowed 
in the Swim Pool. Children 4-16 years may swim 
in the RHJ Pool between 10 a.m.-1:00 p.m. daily, 
but adult supervision must be provided for the 
duration of use. Children, regardless of age, are 
not permitted to swim in either the Beardsley 
Park Pool, or the Kuentz Center Pool. 

)Children under 12 years of age may not bowl 
at R.H. Johnson Bowling Center, or play golf at 
Recreation Centers golf courses. In both activities, 
children 12-16 years must be accompanied by an 
adult. 

Children under 16 years of age may not use the 
Billiard Room Shuffleboard Courts, Therapy Pool1 
Spa, or Fitness CentersIExercise Rooms. 

No Smoking Policy 
The No Smoking Policy adopted by the Recrea- 

tion Centers fully complies with the related 
Maricopa County Ordinance. In designated club 
areas, the using organization may determine its own 
policy. Smoking is not allowed in all social halls, 
fitness centers, library, golf pro shops, rest rooms, 
or meeting room areas. In the Sports Pavilion, smok- 
ing is  permitted only on the main concourse - it 
i s  not allowed in the bowling, shuffleboard, or 
pool/billiards areas. In all snack shops, a minimum 
of 60% of all seating is  identified for non-smokers. 

Publicity 
The monthly Western Star i s  a 4-6 page newslet- 
ter that i s  used to inform residents about specific 
events, or explainlclarify subjects which are 
either controversial, or complex. The Western 
Star i s  available for pick-up at the Recreation 
Centers Administration Office, and all monitored 
facilities on the 1st of each month. 
The Recreation Centers "Bulletin Boards" are 
located on the walls just outside the Administra- 
tion Office, RHJ Sports Pavilion, Village Store, 
Beardsley Park Recreation Center, and the Kuentz 
Recreation Center. The boards are used to pro- 
mote various special events and activities. 
single-sheet "flyers" are periodically developed 
to promote special eventslactivities. They are 
generally provided to each major Recreation 
Centers facility and posted to the respective 
bulletin boards. Special Events and Club Activi- 
ty Schedules are produced monthly in "flyer" 
format and are available at all Western Star loca- 
tions, and are published in local newspapers. 

Document Review 
Key operational documents pertaining to the 

operation of the Recreation Centers are available 
for review in the Library. These documents include 
the Annual Budget, a summary review of monthly 
Financial Statements, Annual Audit Report, and 
Minutes of Advisory Board and Governing Board 
meetings. Membership data is restricted from public 
access because of the Privacy Act. 



Chapter Three 

Description of Facilities dnd General Ruks for Usec 

General i s  a WEBB-owned and operated facility which is 

The Recreation Centers base its membedguest 
program on the premise that participation is  purely 
voluntary. Subsequently, since participation in 
virtually all recreation and craft activities involves 
the assumption of some personal or physical risk, 
program participation by a member or guest is  
perceived as tacit acknowledgement and 
acceptance of that risk. 

Our primary goal is to consistently maintain 
Recreation Centers facilities in a first-rate, ready to 
use condition. However, periodic wear and tear, as 
well as seasonal/climatic factors, may temporarily 
render an area less than exemplary. If such a 
condition occurs, members are urged to contact the 
appropriate facility monitor for assistance. If a 
member accepts facility conditions, hefshe does so 
with the understanding that the area is  in a safe 
condition, and free of obstruction or hindrance. 

Unless negligence on the part of the Recreation 
Centers or its chartered clubs is validated, the 
Recreation Centers is  not liable for personal injury 
or inconvenience sustained during the routine use 
of its facilities and programs. 

In assisting members and guests in the enjoyable 
pursuit of recreation and craft activities, reasonably 

I comprehensive policies, operating instructions, 
rules, and signage have been developed to produce 
a safe and healthful membership program. Prior to 
participating in any activity, please take the time 
to become acquainted with facility layout and 
operating guide1 ines. 

Golf Courses 
Pebblebrook, Grandview and Trail Ridge courses 

' 
are designated as regulation length courses, while 
Stardust and Echo Mesa are designated as 
executive-length courses. Pebblebrook, Grandview, 
Stardust, Echo Mesa and Trail Ridge Golf Courses 
are designated as Recreation Centers Golf Courses. 
Briarwood Golf Club i s  a private membership club 
available to residents, and Hillcrest Golf Course 

open to the public. Members may pay an annual 
prepaid greens fee (unlimited play at all Recreation 
Centers courses), or a daily greens fee (9 or 18 
holes of golf at a specified Recreation Centers 
course). 

Proper golf apparel i s  required - upper body 
garments must be worn at all times. 

Children under 12 years are not allowed on the 
course, and children 12-16 years must be 
accom~anied bv an adult. 

Fishing and/or swimming is not permitted in golf 
course lakes. Golf balls not easily retrievable from 
the shoreline must be abandoned and thereafter 
become the property of the Recreation Centers. 
Human intrusion into golf course lakes may cause 
damage to lake sealants, adversely affect the 
environmental conditions controlled by the seal, 
and result in costly repair actions. 3 
Possession of range balls in other than designated 
areas is not permitted. 

Pets and non-golfers are not allowed on the golf 
course at any time. 

Follow normal rules of golf etiquette-- 

1. Rake sand traps to a smooth surface, and 
replace rake in trap in a position which is 
parallel to the fairway. 

2. Fix ball marks on greens, and replace divots 
on tees. Fairway divots should be tamped down 
smoothly, but not replaced. 

3. Practicing on the golf course is allowed only 
in predesignated practice areas. Pitching is not 
allowed on the putting greens, but only in 
designated pitching/chipping green areas. 

4. If the hole in front of you is  open, allow faster 
players to play through. 

5. To speed up play, groups should hit when 
ready. Abandon lost balls without undue delay, 
and practice continuous putting. 
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. Golf ch&.s The significant costs required to maintain 5 golf 

) Motorized carts are allowed on the course all year, 
subject to periodic maintenance restrictions. Carts 
should remain on the cart path until parallel to 
ball, and then drive in at 90 degrees. Once the 
ball is played, carts should either return to the cart 
path and the 90 degree rule or, if more expedient 
and practical, drive in the rough (not fairway) to 
the next lie. 
Pull carts are to remain a minimum of 15 feet from 
greens. They are not allowed between trap and 
green, in traps, or on either tees or greens. Golf- 
ers should avoid water soaked areas as much as 
possible. Designated parking is available behind 
each green. 

Pairings 
While foursomes are the preferred method of 

pairing golfers, management reserves the right to 
implement a fivesome policy, when necessary to 
enable maximum participation by members. 

Greens Fees 
I 
I 

l n u a i  Prepaid Greens Fees Permit 

The rate is  established by the Governing Board 
and an applicant must be a current, paid-up 
member of the Recreation Centers to qualify. It is 
valid for a period of one year from the purchase 
date and must be renewed on subsequent anniver- 
sary dates in order to retain the annual status. If an 
annual prepaid cardholder decides not to purchase 
another prepaid greens fee permit on the renewal 
date, hdshe will be ineligible for such a permit until 
the following year on that date, or hdshe must 
accept retroactive issue of such permit. (A sup- 
plemental fee is also charged for each round played 
- see "Supplemental Fee," pg. 9.) 
w A prepaid golf greens fee or prepaid gold cart 

permit i s  valid for 1 year from date of issue, and 
will be issued for a period of 1 year at a time. 
It i s  valid only for the person to whom it i s  issued, 
and cannot be loaned or transferred. 

There will be no extensions granted to prepaid per- 
mit expiration dates for time lost due to partial year ' hysical or mental impairments. Specifically, an 

Xdiv idual  who sustains an injury or disability dur- 
ing the unexpired portion of the prepaid permit 
will not be granted a corresponding extension to 
the prepaid permit expiration date. 

courses necessitate a revenue-generating system 
that is  based on reasonably accurate predictions. 
As a program incentive to provide the volume of 
fixed revenue necessary to offset the high cost of 
maintenance, individuals are offered a preferred 
annual rate. Although prepaid permits are only 
issued on a 12 month basis, the income guarantee 
is considered to run concurrently from one per- 
mit to the next, unless allowed to expire by the 
holder. 
1. If an individual opts not to renew a prepaid per- 

mit on its expiration date, that is the individual's 
prerogatiw. However, since the preferred annual 
rate is based on sustaining a fixed level of 
revenue, and an "opt out" decision adversely 
affects that capability, the individual then forfeits 
the privilege for a preferred rate during the en- 
suing 12 month timeframe. 

2. Once a prepaid permit has been allowed to ex- 
pire, the only way to reactivate the privilege dur- 
ing the ensuing 12 month timeframe is to accept 
issue retroactive to the expiration date of the 
previous card. Individuals not willing to accept 
retroactive issue may continue playing golf on 
Recreation Centers courses via daily greens fee 
paying procedures. 

3. An individual may reacquire a prepaid permit 
without retroactive issue 12 months following 
the expiration date of the previous permit. 

Refunds will only be granted under the following 
conditions: 
1. Member death. The beginning date for prora- 

tion of refund will be the date of death as listed 
on the Death Certificate. 

2. Injuries or medical disabilities that preclude an 
individual from playing golf for the remainder 
of the unexpired portion of the permit. Written 
certification is required from a licensed medical 
practitioner, and must specifically certify that the 
injury or disability will prevent the individual 
from playing golf for the duration of the unex- 
pired portion of the permit. 

3. At a minimum, an individual who purchases a 
prepaid greens fee permit or prepaid cart per- 
mit does so with the understanding that hdshe 
is liable for payment of the first 4 months of per- 
mit, regardless of physical or mental impairment 
subsequently incurred. Once the 4 month 
minimum is satisfied, a request for refund is pro- 
rated from the date the request is received by 
the Recreation Centers. Refunds will not be pro- 
rated to include a retroactive period of time. 
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4. Once a prorated refund is granted, the individual Daily Cart Rental Fee (Motorized and Pull) 
subsequently becomes ineligible to purchase Carts are available for either 9 holes or 18 holQ, 
either a prepaid greens fee permit or prepaid cart and can be rented at the Golf Pro Shop for a 
permit during the timeframe for which the pro . nominal fee. 
rated refund was granted. Specifically, if a per- 
mit was valid from January 1 - December 31, and hsm 
a refund was granted effective May 1, then the 
individual would be ineligible to purchase either Lessons are available at each golf course and can 

a prepaid greens fee permit or a prepaid cart per- 
be contracted directly with any Pro Shop. Both indi- 

mit during the remaining May 1 - December 31 
vidual and group lessons are available. 

timeframe. 

Daily Greens Fee Permit 

This permit is available for either 9 holes or 18 holes 
and is payable at each course. (The daily golf fee in- 
cludes a supplemental fee - see "Supplemental Fee," 
pg. 9.) 

Summer Golf Permit 

This special discounted golf permit is valid from 
May 15 through September 15, (valid two summers 
and allows for 20 rounds of golf). It is valid for 1 per- 
son and is not transferable. 

Cart Fees 

Annual Cart Trail Permits 

Basic payment clauses are identical to those 
shown in 'Annual Greens Fees" (see pg. 7). Permits 
can be purchased through the Recreation Centers 
Administration Office. 

Only two bags and two persons are allowed per 
cart. 

Permits are issued for use by the purchaser, hidher 
spouse, and their guests. Cart permits are not 
transferable and cannot be used by other Sun City 
West residents. 

Replacement permits (for damaged or soiled per- 
mits) will be issued free of charge as long as the 
original permit is surrendered. A replacement fee 
is applicable for lost, or otherwise misplaced 
cards. 

Daily Cart Trail Fee 

This fee is applicable to members and bona-fide 
guests who provide their own private cart and wish 
daily use privileges. This fee is  payable at the Golf 
Pro Shop. 

Other 
Clubs are available for rent at each course. Driv- 

ing ranges are also provided at each course with fees 
determined by the size of basket desired. 

Tee-time Resewah 
Advance reservations allow members the conve- 

nience of planning ahead. Reservations are taken 
one day in advance of the desired play date 
(executive-length courses) or four days in advance 
of desired play date (regulation-length courses). 

Executive-length Courses 
(Stardust GC & Echo Mesa GC) 0 
1. Members can reserve their tee-times in person, 

or by telephone. Those making reservations in 
person draw a random number which deter- 
mines the order of tee-time assignment. The 
random draw assures that all members receive 
a fair and equitable chance for obtaining choice 
times. Once the random numbers are drawn, 
the tee-time assignments are allocated in 
numerical order. 

2. To allow equity to telephone callers, tee-time 
assignments are alternated; i.e., one telephone 
reservation interspersed by one personal reser- 
vation and so on. 

3. While random draw numbers can be acquired 
beginning at 6:50 a.m., actual tee-time 
assignments begin promptly at 7 a.m. 

4. One person makes a reservation for a group 
either in person or by phone. 

Regulation-length Courses 
(Pebblebrook, Grandview and Trail Ridge C ' T 
1. Requests must be made in person and entere, 

on a "Tee-Time Request Slip1' The slips are 
deposited at the applicable Golf Pro Shop in 
the box labeled with the desired play date. 
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2.The box containing the requests will be 
) emptied at 200 p.m., 4 days in advance of 

the desired play date. The draw will be in 
random sequence and accomplished by Pro 
Shop employees. Upon selection, first, 
second, and third choice tee-times will be 
assigned as available. 

3. Only one tee-time request may be submit- 
ted for a given day (group players included). 
If golfers submit more than one request for 
a given day, they will be penalized by being 
given last priority for a tee-time. 

4. Players who do not opt to participate 4 days 
in advance, may still obtain reserved tee- 
times as available. Telephone reservations 
will be accepted for desired play dates three 
days or less in advance (as available). 

Only members of the Recreation Centers may 
make an advance tee-time reservation. Guests are 
not authorized to obtain an advance reservation, 
but may obtain an open reservation on a first- 
come, first-serve basis. 

'I Supplemental Fee 
A supplemental fee of $1.00 per 9 hole round or 

$2.00 per 18 hole round is also charged for each 

, round played. One half (%) the amount is used to 

1 defray routine operating expenses, and the balance 
is used to generate a capital investment fund (Golf 
Reserve Fund) for replacement of major golf 

I maintenance equipment andlor improvement of golf 
course facilities. The fee is applicable to all members 

i and guests using the courses and is assessed each ' time a member signs in to play a round. The fee is 
an additional per round charge for the annual prepaid 
cardholder, but is included in the published daily 
greens fee. 

Bowling Center 
Twenty four (24) lanes are available in the RHJ 

Recreation Center (Sport Pavilion). Automatic com- 
puterized scoreboards are provided as part of the i regular bowling fee, while rental shoes and lockers 
are available at an additional (nominal) cost. 

I General Rules/lnformation 
Children under 12 years of age are not permit- 
ted to bowl. Children 12-16 years of age may bowl 
if supervised by an adult sponsor. 

' Appropriate bowling attire i s  required, and up- 
per body garments must be worn at all times. 
Bathing suits are not considerd appropriate attire. 
Bowling shoes are mandatory. 

' For the convenience of handicapped patrons, we 
will attempt to provide end lanes whenever 
possible. For this purpose, handicapped persons 
desiring to bowl are encouraged to call the Sports 
Pavilion in advance and advise management of 
their desires. 

' Food and drink is  not allowed in the bowler's 
immediate area. Seating is  available throughout 
the main concourse, or bowlers can use the ad- 
jacent concourse counters for this use. 

' Normal rules of bowling etiquette will be fol- 
lowed at all times; e.g., a bowler should always 
yield to the bowler on the right and if ready, 
allow that individual to bowl first. 

The primary league season runs from September 
1 through April 30, with championship roll-offs 
conducted the first two weeks in May. While 
summer leagues are supported (mid-May through 
July 31), their limited sizdnumber generally creates 
open lanes. 

' Leagues are managed by league secretaries, who 
arrange for designated league time with the 
Bowling Center Manager. The Bowling Center 
posts a list of all leagues and corresponding team 
compositions/team availability for all residents 
desiring to participate. 

' Once leagues and league schedules are approved 
by the Bowling Center Manager, they are given 
priority for reserved lane use during their 
designated times. 

' League disputes are not a matter for Recreation 
Centers arbitration, but are more properly a func- 
tion of local ABC or WlBC representatives (as 
applicable). 

Open Play 
Once league schedules are finalized, open bowl- 

ing time is then determined. While we attempt to 
provide some form of open bowling at all times, the 
size of some leagues may sometimes preclude it. As 
a matter of policy, we attempt to provide a one lane 
separation between leagues and open play. 
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If a machine malfunction occurs during league 
play, management reserves the right to move or 
preempt open bowlers in favor of the displaced 
league team. 

When lanes are full, and a waiting list established, 
a three-game limit i s  imposed for open bowlers. 
The waiting list is developed on a firstcome, first- 
serve basis. 
While resident members are encouraged to call 
the Sports Pavilion to determine the status of lane 
availability, lane reservations for open bowling 
will not be accepted. 

Bowling Reserve Fund Fee 
Ten cents ($.lo) is collected from all lineage fees 

and deposited into the Bowling Reserve Fund. This 
money is used to defray large capital repair and 
capital improvement projects. 

Other 
The Bowling Center periodically promotes andlor 
coordinates special events and tournaments to 
enhance interest and enjoyment in the bowling 
program. For the most part, these events are open 
to all resident members. 

U A  beginners bowling program i s  offered 
periodically throughout the year-these programs 
are conducted free of charge or at nominal cost 
(depending on category of instruction provided). 
There are 800 bowling lockers available for rent 
on a calendar year basis. A waiting list is normally 
maintained for this service. 
A small resale counter is available which pro- 
motes routine bowling aids. Large bowling items 
(balls, shoes, bags, clothes) are not available. 

Fitness Rooms 
Located in each of the three Recreation Centers, 

the Fitness Centers are designed to provide low to 
medium range fitness activity for residents. While 
individual programs can be tailored by members for 
personalized fitness needs, the design emphasis of 
existing equipment is  to provide a sound car- 
diovascular warm-up program. Low and heavy im- 
pact aerobics classes are periodically offered through 
established exercise/fitness clubs at the R.H. Johnson 
Social Hall. 

Indoor therapy pools are located in each of tM' 
three Recreation Centers, in a room adjacent to the 
Fitness Centers. An outdoor heated spa is available 
in the RHJ Pool complex. 

Bathing suits must be worn in therapy pooldspa; 
street clothing of any type is not permitted. All 
patrons are required to take a shower before enter- 
ing the therapy pooldspa. 
Members should be sensitiw to the intended pur- 
pose of these facilities-the warm active waters 
are designed to loosen muscle group tightness 
and, in general, provide a feeling of invigoration 
as bodily pores are opened. Therapy pools/spa 
are NOT designed to cause weight loss. 
Patrons should normally restrict their use to 15 
minute intervals. Since the warm waters are 
designed to relax the body, extended use may 
cause dmwsiness-a situation not considered safe 
in an aquatic facility. 
Vigorous exercise in the pools is  not in the best 
interest of the members; i.e., you would be exer- 
cising muscle groups that are being fully relar 
ed. The contra effect of exercise may cause it) 
jury, or further aggravate an existing injury. 
Persons with a heart condition, hypertension, or 
using prescribed medication should consult their 
physician before using a therapy poollspa. Persons 
who have taken alcoholic beverages should not 
use these facilities. 
Children under the age of 16 are not permitted 
in the therapy pooldspa. 
There will be no food or drink allowed in or 
around these facilities. 

Swim Pools 
Outdoor heated pools are available at both the 

Johnson and Kuentz Recreation Centers, while an 
indoor pool is available at Beardsley Park. Recrea- 
tion Centers pools are private membership pools. 
There is no lifeguard on duty and memberdguests 
therefore participate at their awn risk. Life buoys and 
shepherds crooks are readily available at poolside 
if an emergency should arise. Specialized equip 
ment is  available at each pool to facilitate use b*; 
the handicapped, or physically impaired. ~ n l 4 ;  
weather conditions dictate otherwise, pool temper- 
atures are designed to attain an average mean 
temperature of 84 degrees F (National standard for 
commercial pools). 
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7 Showers are required prior to each entry into the 
fpool. Appropriate clothing is  required-street 

clothes or street clothes combinations are not 
permitted. 

s Children under the age of 4 years are not per- 
mitted in any pool. Children 4-16 years of.age 
may swim from 10 a.m.-1 p.m. daily (11 a.m.- I I p.m. during the winter months) in the RH) Pool 
only. All children must be signed in as guests and 
adult supervision must be provided for the dura- 
tion of swim. Diving is  authorized only in 
designated areas, and horseplay or unnecessarily 
boisterous behavior will not be tolerated. How- 
ever, the pure definition of a "child" necessitates 
some flexibility in determining what is  unaccep 
table behavior, and what is  normal childlike 
behavior. We ask residents to be sensitive to this 
aspect during hours when children are 
authorized to swim. The governing factors in 
making an "unacceptable" determination in this 
area will be safety mindedness, and in maintain- 
ing reasonable decorum for the membership. 

() Food and alcoholic beverages are not permitted 
in or around the swim pool and adjacent deck 
areas. Soft drinks in non-glass containers are 
allowed in the deck areas only. Glass receptacles 
of any kind are not allowed in or around the 
pools and deck areas. 

s Swim fins, face masks, inner tubes, or inflatable 
devices are not permitted in the pool unless a 
medical condition requires it. In such instances, 
a medical permit i s  required (available at Ad- 
ministration Office, physician's prescription 

I , required). Small children under the direct super- 
vision of an adult may wear inflatable arm 
devices as a precautionary safety measure. While 

i such use is  at the discretion of the adult super- 
visor, the monitors should be advised upon entry. ' s Any member or guest not abiding by stated, or 
otherwise obvious safety related rules may be 
asked to leave. The monitor's judgement, with 
respect to safety, proper decorum, and sanitation 
will prevail in all instances. Any complaint 

) 
relating to a monitor's decision may be later 
appealed to the General Manager. However, the 
monitor's decision prevails until such appeal is 

By preannounced schedule, pools may designate 
early morning reserved time for exercise or 
handicapped groups. The reserved timeframe 
allows for both proper care and instruction, as 
well as majority participation. 

The wheelchair ramp is self-serve and may be 
used at the discretion of the' patron. 

w A minimum of two swim lanes will be identified 
for lap swimming. One lane will be used for slow 
and intermediate pace swimmers and the other 
for fast pace swimmers. The remainder of the 
pool will be for open swim. 

RacquetbalUHandbaU Courts (2) 
(RHJ Actiwities Building) 

s All persons desiring to use these facilities must sign 
in at the Monitor's Station. 

Children under the age of 16 years must be 
accompanied by an adult sponsor. 

Appropriate athletic apparel is required-street 
clothes are not permitted. Rubber sole athletic 
shoes are mandatory. Shoes with black soles, or 
material that otherwise marks the court floor are 
not authorized. Patrons are asked not to wear 
athletic shoes from an outside area to the courts. 

The use of eyewear or eyeguards is strongly 
encouraged. 

s Only racquetball items are authorized on the 
courts. Patrons are asked to use "no mark" com- 
position balls whenever possible. 

All courts are available for a one hour (on the hour) 
timeframe. Reservations may be made one day in 
advance and can be made in person, or by 
telephone. Consecutive reservations will not be 
accepted, and only one advance reservation (per 
day) is authorized. 

w There will be a 10 minute grace period for the 
patron reserving the court, after which the court 
becomes available for open play. 

Courts not reserved as of game time become open 
courts to be used on a first-come, first-serve basis. 
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Tennis Courts 
Located in the RHJ complex, the main tennis 

pavilion includes 15 regulation courts (6 lighted), 
and 8 platform tennis courts. The Fred P. Kuentz 
Recreation center offers an additional six regula- 
tion courts (two of which are lighted.) 

General Rules Information 
Appropriate tennis apparel i s  required, and u p  
per body garments must be worn at all times. 
Bathing suits are not considered appropriate a p  
parel. Rubber soled tennis shoes are manda- 
tory-street shoes are not allowed. 
Regardless of the availability of club-provided 
monitors, all members and guests must sign in 
at the Monitor's Station. 

Periods of play will be based on 1% hour int 
vals. The starting time for the first period will z : 
determined by the SCW Racquet Association and 
will be clearly posted on the Bulletin Board. 
Starting times will understandably change with 
the seasons. 
While courts are normally scheduled for instruc- 
tion or individual play during the first two periods 
of the day only, this rule may be modified at the 
monitor's discretion, depending on the extent of 
court availability. 
Monitors will announce the beginnindending of 
play periods. As long as individuals are waiting 
to play, prior period play time will not be extend- 
ed and the courts must be vacated at the end of 
a period. 

"Prime time" is  considered to be a time when 
all courts are full. During this time, there will be 

Use of Tennis BaU Machine 

no lessons given. Single players will not be allow- The responsibility for control and use of this 

ed to use the courts for ~ractice. and the ball machine has been delegated to the SCW Racquet 

machine cannot be used. t he  abdve restrictions Association. 

may be selectively lifted when there are a 
minimum of three (3) courts available for open 
play. 
Practice backboards can be used by eligible 
patrons whenever available. 
Courts cannot be held more than five minutes 
(past the designated start time) while one in- 
dividual waits for an opponent, or partner. 
Children under the age of 16 must be accom- 
panied by an adult sponsor. However, they are 
not allowed use of the courts during prime time. 
Any notice posted to the Tennis Court Bulletin 
Board must be cleared with the monitor, or an 
officer from the SCW Racquet Association. 

Court Scheduling 
Whenever possible, play will be scheduled and 

controlled by a monitor Sunday through Saturday. 
Eligible participants must establish their member- 
ship status by presenting a current membership 
card during sign-in. 
Reservations may be made one day in advance 
of the desired play date either in person, or by 
telephone (limit one reservation per day). Reser- 
vations will be taken 1/2 hour before the first 
period of daily play and may be made Monday 
through Saturday. 

Prior to use by an individual, the SCW Racquet 
Association must ensure that proper safety an 
operational procedures are clearly understoo d 
There is  an established (nominal) fee to assist in 
maintaining the machine. 
The machine will not be used by an individual 
to generate personal monetary gain. 

Billiard Room (RH] Sports Pavilion) 
Children under the age of 16 years are not per- 
mitted to use this facility. 
Apropriate dress is  required, with upper body 
garments required at all times. Bathing suits are 
not considered appropriate dress. 
This activity is a designated "No Smoking" area, 
and food and beverages are not permitted. Those 
members requiring an alternative may use the 
main concourse. 
Sitting on tables is  not permitted. If the use of 
a bridge is not exercised, all other shots require 
that one foot remain on the ground. 
Play will be scheduled for one hour periods. As 
long as vacant tables exist, the one hour limit 
may be extended to accommodate memberc 
There will be no reservation of tables. 
Players are not permitted to change tables with- 
out first notifying the monitor. 
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Mini-Golf 
\ 

and Beards k y Park) 
\ 

/' Children less than 6 years of age are not allow- 
ed to play mini-golf at the R.H. Johnson Recrea- 
tion Center, but may play at Beardsley Park. 

I 
Children 6-16 years must be accompanied by an 
adult sponsor. 

To speed up play, the number of strokes taken 
should be restricted to 5. 

I 
Players must remain on the paved sidewalks 
between holes and avoid straying into the land- 
scaped areas. 

Players may repeat the course as long as new 

1 players are not waiting to play. Priority for play 

I will always be given to new players. 

Snack Bars 
I Food and beverage facilities are located at each 
1 golf course and at the RHJ Sports Pavilion. They 
' 

are open to all residents, guests, and visitors to Sun 
City West. Aside from proper conduct, the singular 
rule to abide by is  proper dress; i.e., upper body 

rments and shoes must be worn at all times. 

Other Sports Facilities 
I Indoor Shuffleboard Courts (RHJ Sports Pavilion) 

I Unless preannounced tournaments or club ac- 
tivities are scheduled, courts are maintained for 
open play. While play periods are generally for 
one hour duration, times may be extended by 
the monitor as long as new players are not 
waiting for court time. Equipment can be obtain- ' 

I ed from the monitor during sign-in. 

Artificial TurfIOutdoor Bocce Courts (RHJ Recrea- 
tion CenterIAdjacent to Mini-Golf) 

Unless preannounced club activities are schedul- 
ed, courts are maintained for open play. Courts 
are generally scheduled for one hour play 
periods, but times may be extended as long as 
new players are not waiting for court time. Equip 
ment can be obtained from the monitor during 
sign-in. 

) Walking/Jogging Track with Parcourse Fitness 
Circuit (RHJ Recreation CenterIAdjacent to Lawn 
Bowling Courts and Fred P. Kuentz Recreation 
Center) 

The artificial turf '/4 mile track at our Johnson 
Center offers a resilient surface to lessen the im- 
pact on lower body joints. Electronically timed 
pacing lights are provided to allow individuals 
the ability to pace their workout in an individ- 
ually tailored program. When not competing 
against time, members can take advantage of the 
Parcourse exercise stations placed strategically 
throughout the course. Following Parcourse 

. circuit instructional signs, an individual can com- 
bine the cardiovascular advantages of walking/ 
jogging with the related physical attributes of 
planned exercise. Both activities are open to 
residents and guests on a self-monitored basis. 
The track at the Fred P. Kuentz Recreation Center 
has a contemporary surface, and does not in- 
clude an exercise fitness course. Upper body 
garments are required at all times while on 
jogging tracks. 

Softball Field (Adjacent to Fred P. Kuentz Recrea- 
tion Center) 

Slow pitch softball i s  relatively new to Sun City 
West, but its popularity is  increasing with the 
development of inner-city leagues. 

Horseshoe Courts (Adjacent to Beardsley Park 
Mini-Golf) 

Four landscaped courts are provided with equip 
ment available at the adjacent Monitor's Station. 

Lawn Bowling (RHJ Recreation CenterIAdjacent 
to Walking Track) 

The only four (4) contiguous, natural turf lawn 
bowling greens in the United States-play is  
year-round. 

Picnic Rd&lOutdoor Bandstand 
The Beardsley Park Recreation Center offers out- 

door picnic ramadas with grills and benches. 
Special musical programs are often promoted in this 
area using the bandstand as the program focal 
point. Advanced reservations for the ramadas can 
be made by calling the Administration Office, and 
a rental fee is applicable. When not reserved, 
ramadas are available on a first-come, first-serve 
basis, and there is  no charge. A minimum of five 
ramadas are always available for the first-come, first- 
serve patron. 
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Social HaU Facilities 
The RHJ Recreation Center provides a 900 seat 

multi-use Social Hall (small stage and kitchen 
capability) and 62-1 10 seat Lecture Hall (audio- 
visual capability). The Beardsley Park Recreation 
Center offers various meeting rooms and multi- 
purpose rooms; and the Fred P. Kuentz Recreation 
Center offers a 300 seat auditoriumltheater as well 
as various multi-purpose rooms. In the majority, 
all large rooms can be configured to accommodate 
different size groups and needs. Rooms and 
specialized equipment can be rented on a '/2 day 
or full day requirement. While resident groups have 
priority for use, commercial use can be authorized 
(higher rental rate) if it satisfies membership needs. 

In addition to Recreation Centers financial 
backing, the Library receives a major share of its 
operational funding from a chartered club (Friends 
of the Library). The majority of the Library staff i s  
comprised of over 150 volunteers. 

Afiliation 
The library is  affiliated with the Maricopa County 

Library System which allows for reciprocal privi- 
leges at all County libraries in Phoenix, Glendale, 
Scottsdale, Mesa and other smaller communities. 
Since the Library is available to all Maricopa 
County residents, a special card must be issued to 
patrons to enable access to the County's com- 
puterized circulation system. In addition to 
reciprocal book privileges, the County system also 
provides for long-term book loans, inter-library 
loans, and reference assistance. 

Friends of the ,Library ("Friends") 
"Friends" is  a chartered club (non-profit 

organization) created especially to promote, sup 
port, and enrich the services of the Library. Much 
of their financial support i s  derived from collec- 
tions received during the Annual Endowment Fund 
Drive. Other programs supported by "Friends" in- 
clude twice-monthly book discussions, weekly 
films (shown at Stardust Theatre), and quarterly pro- 
gram meetings. Additionally, "Friends" offers a ren- 
tal program with selections of currently popular 
books-typical charges are 10 cents per day, or 50 
cents per week. These books are available on a first- 
come, first-serve basis. 

Use of Circulation Materials 
(Books, Magazines, Records, Tapes) 

A special Library Card must be presented to 
check out Library materials. While there is  no 
charge for the initial issue, a replacement fee will 
be charged for reissue. 

The borrowing period is two weeks and all items 
borrowed can be renewed. Older materials mf; 
be borrowed for extended periods, but a speclr 
request is  required. 
~eference materials are not available for over- 
night checkout. 
Patrons may reserve books by purchasing and fill- 
ing out a preprinted postcard. When the book 
becomes available, the patron will be notified with 
the postcard. Books may not be reserved by 
phone. 
The fine imposed for overdue books is 5 cents per 
day (counting only those days the Library is 
open)-maximum fine i s  $1 .OO per item. Patrons 
with overdue books may be notified by mail, or 
telephone. If an item is lost or destroyed, the 
patron must pay for the item, or replace it in kind. 
While the current issues of magazines do not cir- 
culate, older issues do. 

Book Drop 
The "Book Drop" i s  located near the front door 

and is provided for the convenience of patrons. The 
facility i s  to be used to return books and magazines 
only (during non-operating hours)-records and 
tapes are vulnerable to damage and are not to be 
put in the "Book Drop." i-- 

Interelibrary h n  
This system enables a patron to take advantage 

of other libra inventories by requesting an item 
from another 7 ibrary. The Library staff will assist 
patrons in filling out a loan request. Any books 
received by loans will be administered according 
to the rules of the sending library. 

Reference Service 
Reference questions may be posted by telephone, 

or in person. Assistance in answering reference 
questions may be obtained from other County 
library sources. 

ViUage Store 
This activity, located in the RHJ Arts and Crafts 

Village, serves as a sales medium for crafts items 
created by residents, and subsequently helps to 
promote the overall crafts program. Only those ar- 
ticles made wholly or in part in Recreation Centers 
facilities can be consigned to the Village Store for 
display and sale. A minimum of 80 percent of the 
resale price will be returned to the member. Ten 
percent (1 O0lo) is  paid to the Recreation Centers (to 
assist in covering the salaries of Village Store mor 
itors), and 10 percent is  returned to the member - 
club (if required by club rules and regulations). 
Aside from routine operating supplies sold by clubs 
to their own members, all other resale items sold 
on Recreation Centers property must be consigned 
to the Village Store. 
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Chartered Clubs 

General Tax Exemption 
Any group of members who are interested in 

pursuing a particular hobby, vocation, or special 
field of interest may join together as a chartered 
club. 
w Approval of club charters rests with the General 

Manager. 
w Club rules and regulations will not conflict with 

the Recreation Centers Articles of Incorporation, 
or its Bylaws. Once approved, these rules will 
be clearly posted in respective club facilities. 
Club charters are subject to the availability of 
space, equipment, and facilities required by the 
group. 

w Charters will not be issued to more than one 
club (of similar design and purpose) using the 
same dedicated facilities. 

Membership 
-fi Club membership can only be extended- to 

members in good standing of the Recreation 
Centers. 

I 
To be established as a chartered club, non-craft 
clubs must initially produce 50 paid-up first year 

, members, and craft clubs must initially produce 
25 paid-up members. Club meetings must be 
held on a regular basis. 

w Honorary membership may not be granted to 
anyone who is  not a member of the Recreation 
Centers. 

w Guest privileges may be extended in the same 
manner as provided in the Recreation Centers. 

1 A 
After a guest has accepted club hospitality for 
a reasonable amount of time, helshe would be 
expected to join. 
Clubs are responsible for periodically validating 
Recreation Centers membership status for all 
club members. 

1 
I Bylaevs and Organi~utional Structure 

Each club will be chartered with an approved set 
)f bylaws stating club purpose and function. Once 
-dpproved, individual rules and regulations will be 
formulated by each club and filed with the Recrea- 
tion Centers. Each club will be organized with a 

i minimum of three officers; i.e., President, Vice- 
) I President, and Secretary/Treasurer. 

1 1  

The Recreation Centers will assist each club in 
filing for Arizona non-profit organization status. 
Subsequently, all clubs are responsible for satisfy- 
ing all Federal and State tax liabilities. 

Equipment and Facility Use 
Recreation Centers equipment and facilities may 

be used without charge for normal club activities 
as long as safety awareness, proper decorum and 
reasonable care of equipmentlfacilities is provided 
by the club. 
w The potential hazards associated with some crafts 

equipment require that it be operated only with 
qualified supervision. Clubs may prohibit equip 
ment use to any individual who is  unable or un- 
willing to use the equipment safely or correctly. 

w While all facilities and programs within the 
physical confines of the Recreation Centers are 
available to the general membership, regular par- 
ticipation in some activities may be contingent 
upon membership in a chartered club. Regular 
membership in a chartered club is  open to any 
member having a current and valid Recreation 
Centers membership card, or tenant's activity 
card. The Recreation Centers has delegated full- 
time operating responsibility to respective clubs 
in a conscious effort to provide low-cost pro- 
grams in a necessarily structured and safe en- 
vironment. In those facilities where participation 
is  contingent upon club membership, the ra- 
tionale is  solely based on the need to protect 
both Recreation Centers and club-purchased in- 
vestments, the essentiality of providing a safe and 
orderly working place, and the desire to establish 
a comprehensive leisure-time program. When 
not reservedlengaged by a group (club or other), 
general use rooms may be used by individuals 
on a 1st come, 1st serve basis. 

rn Regardless of membership status, club rules and 
regulations for the use of facilitiedequipment will 
be observed by all. 
Whenever the demand for equipment use ex- 
ceeds availability, all clubs shall equally and fairly 
allocate the use of equipment on a time or 
equivalent basis. 
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In ensuring that all clubpurchased equipment is 
legally covered under provision of Recreation 
Centers insurance policies, all equipment 
approved for purchase by a chartered club (for 
regular use in a Recreation Centers facility) will 
become the property of the Recreation Centers. 

Open Work Time 
All arts & crafts will schedule their operating time 

to allow for a minimum 25% to be used by their 
membership for open workshoplgeneral use time. 
This time will not be hindered by meetings, instruc- 
tional classes, or other planned courses, but must 
be under the direction of a club monitor. If 
membership demand for equipment warrants, 
monitors should enforce -clubdesignated time 
limits for the use of equipment to maximize 
member participation. 

All bank accounts shall be in the name of the 
club and continue through succeeding administra- 
tions. Clubs generating gross annual incomelcash 
flow in excess of $5,000 should seriously consider 
bonding for applicable club officers. All club finan- 
ces will be properly documentedlrecorded, and 
subject to independent audit. The audit will be 
made available for review to the Recreation Centers 
(when deemed necessary). A financial statement 
shall be filed with the Recreation Centers annually 
by each club following close of a club's fiscal year. 

Monitors 
Clubs are required to provide a reasonably well- 

trained facility monitor during all operating hours 
(open time and club time). In the event a monitor 
is  not provided when required, the club area will 
be closed. 

m Instructions are provided in various arts, handi- 
crafts, and sports activities for all Recreation 
Centers members. These classes are generally of- 
fered by the chartered clubs at reasonable rates. 
Unless a waiting l i s t  i s  employed, class registra- 
tion is  on a first-come, first-serve basis. Registra- 
tion procedures are designed to provide all 
Recreation Centers members with a reasonable 
and equitable opportunity to obtain instruction. 

The use of facilities by Recreation Center- 
members for the purpose of giving instructil 
for compensation is prohibited unless sponsored 
and supervised by a chartered club, or authorized 
by the Recreation Centers as part of a community- 
wide program. 

Recreation Centers facilities are intended for the 
pursuit of hobby and other leisure-time activities, 
and not for individuals to manufacture goods1 
articles for personal monetary gain. 

Chartered clubs may offer member-made articles 
for sale, as long as a designated percentage of 
profit is returned to both the club and the Recrea- 
tion Centers. Clubs are not authorized to sell 
finished products that were not produced in 
whole or in part within club facilities. In all in- 
stances, member-made articles may only be of- 
fered for sale (on Recreation Centers property) 
when consigned to the Village Store. 

Incidental equipment items and supplies related 
1 

to club activities may be sold by a club as lor,. 
as some portion of the resale profit reverts to the 
club. 

Charges 
Clubs are not charged a fee for routine club use 
of Recreation Centers facilities; i.e., regularly 
scheduled meetings and facility sponsorship (as 
applicable). The Recreation Centers will only 
charge clubs for extra requirements (set-ups, 
seating arrangements, clean-up etc.) above the 
cost of work for routine club activity. 
Clubs function as a non-profit organization with- 
in Recreation Centers sponsorship. In this context, 
clubs are being supported by Recreation Centers 
membership dues. It i s  expected, therefore, that 
clubs generating excess monies, over and above 
reasonable operating expenses, will donate all or 
part of the excess to the Recreation Centers. 







Recreation Center Outline 
Operational Hours 

Activity Winter Hours Summer Hours 

Administration Monday-Friday: 8:00 a.m.-4:00 p.m. Same 

Golf Daily: (Seasonal) 6:30 a.m. - 5:30 p.m. Daily: (Seasonal) 5:30 a.m.- 5:30 p.m. 

Golf Snack Bars Daily: '/2 hr. prior to ProShop - 5:00 p.m. Daily: 5:30 a.m. - 5:00 p.m. 

Swim Pools: 

RHJ Johnson Daily: 11:OO a.m.-430 p.m. June, July, August 10:OO a.m. - 9:00 p.m. 

RHJ (only) Kids Swim 11:OO a.m.-1 p.m Kids Swim 10:OO a.m.-1 p.m. 

Kuentz Daily: 11:OO a.m. - 4:30 p.m. June, July, August 8:00 a.m. - 9:00 p.m. 

Beardsley Monday-Saturday: 10:OO a.m.-8:00 p.m. Same as Winter Hours 
Sunday: 10:OO a.m.-6:00 p.m. 

Handicapped By appointment - Beardsley Pool 

Fitness Centers & 
Therapy Pools 

BP Monday - Saturday 8:00 a.m - 8:00 p.m. Same as Winter Hours 
Sunday 10:OO a.m. - 6:00 p.m. 

RHJ/Kuentz Daily: 8:00 a.m. - 6:00 p.m. June, July, August 8:00 a.m. - 9:00 p.m. 

Mini Golf (BP) Daily: 1:00 p.m.-5:00 p.m. (Seasonal) Daily: 5:00 p.m. - 9:00 p.m. (Seasonal) 

Mini Golf (RHJ) Daily: 9:00 a.m.-6:00 p.m. (Seasonal) Daily: 9:00 a.m. - 9:00 p.m. (Seasonal) 

Activities Bldg (RHJ) Daily: 9:00 a.m. - 6:00 p.m. (Seasonal) Daily: 9:00 a.m. - 9:00 p.m. (Seasonal) 

(Arcade, PingPong, Bocce, Racquetball) 

Library (RHJ) 10:OO a.m.4:00 p.m. / Tue.-Sat. 10:OO a.m.400 p.m. /Tue.-Sat. 

Sports Pavilion (RHJ) (Hours may fluctuate slightly due to league play) 

(Bowling, Shuffleboard, Pool, Snack Shop) 
8:30 a.m.-11:OO p.m. / M,Tu,Wh 9:00 a.m.-11:OO p.m. / M 
8:30 a.m.-9:00 p.m. / Friday 9:00 a.m.-9:00 p.m. / T-F 
10:OO a.m.-9:00 p.m. / Saturday Noon-9:OO p.m. / Saturday 
Noon-9:OO p.m. / Sunday Noon-5:OO p.m. / Sunday 

Village Store: (RHJ) 9:00 a.m.400 p.m. / M-F (Seasonal) 9:00 a.m.400 p.m. / M-F (Seasonal) 
9:00 a.m.-l:00 p.m. (July & August) 

Craft Shops 
(General) 8:00 a.m.4:00 p.m. / M-F 8:00 a.m.4:00 p.m. / M-F 

(RHJ / RHJohnson Rec Ctr, BP / Beardsley Park Rec Ctr, K / Kuentz Rec Ctr) 
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R.H. JOHNSON BLVD. 

Legend 
1. SOCIAL HALL 17. THERAPY POOLS 
2. REC CENTER ADMINISTRATION 18. FITNESS CENTER 
3. CERAMICS 19. MAINTENANCE B PURSHASING 
4. LAPIDARY 20. RACQUETBALL COURTS 
5. SILVERSMITH 21. PING PONG 
6. MODEL RAILROAD 22. GAMES ARCADE 
7. SEWING 23. BOCCE COURTS * #I 
8. VILLAGE STORE 24. MINI GOLF 
9. LECTURE HALL 25. BOCCE COURTS - #2 

10. BILLIARD ROOM 26. LIBRARY * #2 
1 1. BOWLING LANES 27. TENNIS COURTS 
12. SNACK BAR 28. LAWN BOWLING 
13. SHUFFLEBOARD 29. TRACWARCOURSE 
14. LOCKER ROOMS 30. CHILDREN'S PLP;YGROUMl 
15. SWIM POOL 31. PET PARK 
16. OUTDOOR SPA 



R.H. JOHNSON BLVD. 

Legend 
1. SOFTBALL FIELD 
2. SWIM POOL 
3. TENNIS COURTS 
4. TRACK 
5. METAL SHOP 
6. WOOD SHOP 

i 7. MULTI-PURPOSE ROOM #2 
I 8. LEATHER ROOM At1 

9. LOCKER ROOMS 
10. THERAPY POOL 

11. FITNESS CENTER 
12. WOMENS CLUB 
13. COURnARD 
14. THEATER 
15. MULTI-PURPOSE ROOM #5 
16. MULTI-PURPOSE ROOM #4 
17. MULTI-PURPOSE ROOM #3 
18. ART 
19. WEAVING 
20. COURnARD 



BEARDSLEY R O A D  
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1. THERAPY POOL 
2. FITNESS CENTER 
3. LOCKER ROOMS 
4. GREENHOUSE 
5. SWIM POOL 
6. PATIOISUN DECK 
7. CARD ROOM #I 
8. CARD ROOM #2 
9. CARD ROOM #3 

10. MEN'S CLUB 

Legend 
11. CARD ROOM #4 
12. STAINED GLASS 
13. COPPER COOKERS 
14. PHCTTOGRAPHY 
15. CJAYIPCMTERY 
16. CHI NAIBASKETRY 
17. HORSESHOES 
18. MINI-GOLF 
19. PICNIC RAMADASIBANDSTAND 
20. COMPUTER 
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INTRODUCTION 

Sun City West 

Sun City West is a planned adult community consisting of approximately 10,800 dwelling units, 

containing service and activity centers providing for most of the daily needs of the residents. 

These include a health center and hospital, six churches of various denominations, seven golf 

courses, three community shopping centers, several restaurants, several financial institutions, 

three recreation centers, community service center, vacation center, service station, and the 

ASU Sundome. The existing development is bounded by Bell Road on the south, Grand Avenue 

on the southwest, Deer Valley Drive on the north and El Mirage Road on the east. 

Planned Development Expansion 

The Del Webb Corporation has been completing the construction of dwellings at an annual rate 

of 600 units. Approximately 2,700 homes remain to be constructed within the existing site 

south of Deer Valley Drive. 

The Del Webb Corporation is plenning an expansion site of 878 acres bounded by Deer Valley 

Drive on the south, the planned Estrella Freeway on the north, 1/4 mile east of 135th Avenue 

on the east and 114 mile east of l5 ls t  Avenue on the west as indicated on Figure 1. This site 

is planned for the development of approximately 3,000 dwelling units and a golf course. It is 

anticipated that the 2,700 units in the existing development and the 3,000 units in the 

expansion area will be completed by the year 2000. 
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Other Potential Developments 

Figure 1 shows the principal arterial and collector street system in and surrounding Sun City 

West, the planned Sun City West expansion site, and other potential development sites. 

There is additional land available for potential development by others, north of Deer Valley 

Drive. These include the following sites: 932 acres east of the planned expansion site of which 

640 acres is currently utilized as citrus grove, and 292 acres stands vacant and will support the 

development of approximately 2,800 dwelling units; a vacant site of 420 acres, west of the 

planned expansion site, having the potential for the development of 1,260 dwelling units, and; 

180 acres between the proposed Estrella Freeway alignment and the McMicken Dam Outlet 

channel, would accommodate 550 dwelling units. It is anticipated that these potential sites, 

with a total capacity for 4,610 dwelling units, would not be developed until after the year 2000. 

These potential development sites would rely on their access from the roadway system serving 

Sun City West and from the Estrella Freeway (Interim Loop 303). 

Programmed Highway Improvements 

The five year construction program (FY '92-'96) of the Arizona Department of Transportation 

(ADOT) includes funding for the widening of Grand Avenue from 99th Avenue northwesterly 

to the Estrella Freeway. It is planned that Grand Avenue will be reconstructed as a four- 

lane median divided roadway, with turn bays at the major intersection. ADOT is also 

completing the construction of an interim two-lane roadway along the Estrella Freeway (Loop 

303) between 1-10 and Grand Avenue. The Maricopa County Highway Department has 

programmed the construction of an interim two-lane roadway along the Estrella Freeway 
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alignment (Loop 303) from Grand Avenue to Lake Pleasant Road. These routes will provide 

improved access south to 1-10, northeast to Lake Pleasant, and further northeast to 1-17, via 

Carefree Highway. 

Roadway Characteristics and Classitications 

The functional classification of urban roadways are usually based on adjacent land uses, 

continuity of the roadway system and traffic volumes. In Maricopa County, the roadways 

system is a basic grid network, with major arterial streets spaced at  approximately one mile 

intervals and secondary arterial streets or major collector streets located at  the one-half mile 

points. Typically, the section line (arterial) streets have continuity through a major portion of 

the county, except where physical or topographic barriers prevent their continuance. 

In the Sun City West area, Bell Road and Grand Avenue serve as major arterial streets. R. H. 

Johnson Boulevard serves as a major (high-volume) collector street with termini at  Grand 

Avenue and Bell Road. Meeker Boulevard, Stardust Boulevard and El Mirage Road serve as 

residential collector streets. 

Deer Valley Drive serves as an arterial street in Phoenix where it has continuity between 35th 

Avenue and Cave Creek Road. For the remainder of its length in Phoenix and the county, it 

is discontinuous, consisting of one-mile sections serving as collector or residential streets. Deer 

Valley Drive, adjacent Sun City West, extends from El Mirage Road on the east to a point 

approximately 4.5 miles to the west and ending just short of the McMicken Dam Outlet 

Channel. In the future, Deer Valley Drive will be terminated to the west at  a co~ec t ion  to the 

Interim Loop 303 (Proposed Estrella Freeway). When the Sun City West Expansion area and 
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the other potential development sites are fully developed, Deer Valley Drive will functionally 

serve as a residential collector street. The following physical constraints restrict the extension 

of Deer Valley Drive: to the east by the Agua Fria River and its broad floodplain; to the west 

by the McMicken Dam Outlet Channel, and the A.T. & S.F. Railroad. The future connection 

of Deer Valley Drive to Interim Loop 303 will not provide route continuity for Deer Valley 

Drive. Since this route will not have continuity over a long distance nor serve major through 

t r a c  volumes, it is recommended that Deer Valley Drive be classified as a collector street and 

be routed to provide maximum benefit to the user. 

Scope of Study 

The purpose of this study is to document the tr&c impacts of the proposed site developments 

on the area roadway system. The scope of Stanley Consultants' work included the following 

surveys and analyses: 

Data Collection The number of lanes on the principal arterial and collector 

roadway system and the key intersections in the area were documented. Traffic 

counts were conducted on the access streets to Sun City West fiom Grand 

Avenue and Bell Road. Meetings and discussions were held with the s t a o f  the 

Maricopa County Highway Department (MCHD), the Maricopa Area 

Governments Transportation Planning Office (MAGTPO) and the Arizona 

Department of Transportation (ADOT). Information was obtained on future 

roadway improvement plans, existing traffic count data, and future traffic 

projections for the roadway system. 
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Direction of T r a c  A ~ ~ r o a c h  Directional distribution of traffic to the site was 

developed from observations of the distribution characteristics of the Sun City 

West traffic and adjusted for future conditions considering the planned roadway 

improvements and the distribution of population/employment in the area. 

Site Traffic Generation The projected 24 hour and the AM and PM peak hour 

trips entering and leaving Sun City West was based on data collected on the 

traffic generation of the existing development. These data were correlated with 

the trip generation factors from the publication, Trir, Generation, 4th Edition, 

1987 published by the Institute of Transportation Engineers. 

Future Traffic Proiectiong The projected trip generation for the years 2000 and 

2010 of the planned and potential site developments were assigned to the 

roadway system and combined with the projected t r f i c  on the roadway system 

external to Sun City West. 

Capacity Analvseg Capacity analyses were performed at key intersections in Sun 

City West and on the adjacent arterial roads. 
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TRAFFIC ANALYSES 

Existing M c  Volumes 

Traffic volume counts (24 hour counts by 1 hour intervals) were obtained on the access streets 

to Sun City West from Grand Avenue and Bell Road. Table 1 itemizes the tr&c entering and 

exiting Sun City West on R.H. Johnson Boulevard a t  Grand Avenue, Meeker Boulevard at 

Grand Avenue, R.H. Johnson Boulevard at Bell Road, and El Mirage Road at Bell Road. The 

total inbound and outbound trips amounted to 32,244 per 24 hour period. At the time of the 

counts (February 1991), there were approximately 10,800 dwelling units in Sun City West. 

This equates to approximately 3.0 average weekday external vehicle trip ends per dwelling 

unit. 

Based on nationally recognized data, the total average daily trips per dwelling unit (internal 

and external) are estimated to be 3.30 for a retirement community. ' Typically the average 

daily trips per dwelling unit for Single-Family Detached Housing is 10.0. Therefore, Sun City 

West has a very low external trip generation per dwelling unit since many of the services for 

residents are provided internally. In addition, a significant amount of internal travel by 

residents is by electric golf carts. This type of residential community with many of the services 

provided internally, minimizes the contribution to air pollution in the valley. The future 

availability and use of electric cars will be an ideal mode of travel accepted by the residents of 

Sun City West due to their relatively short trips and familiarity with electric golf carts. 

l ~ r i p  Generation, 4th Edition, page 424, Retirement Community (250) , 
published by the Institute of Transportation Engineers. 

 rip Generation, 4th Edition, page 256, Single-Family Detached Housing, 
I (210), published by the Institute of Transportation Engineers. 
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TABLE 1 

Location 

EXISTING TRAFFIC VOLUMES 

24 Hour Volume 
In Qu!i Ts&d 

R.H. Johnson Boulevard 357 407 764 
East of Grand Avenue 

Meeker Boulevard 2,623 2,588 5,211 
East of Grand Avenue 

R.H. Johnson Boulevard 10,152 9,956 20,108 
North of Bell Road 

El Mirage Road 3,150 3,011 6,161 
North of Bell Road 

TOTAL 16,282 15,962 32,244 

Counts taken February 26 and 27,1991. 
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Typically, the peak trafKc periods in an urban area are between 7:00 - 9:00 A.M. and 4:00 - 6:00 

P.M. The peak t r f i c  hours on streets in Sun City West are between 11:OO A.M. - 12:OO noon 

and 3:00 - 4:00 P.M. 

Year 2000 M c  Projections 

By the year 2000, the Del Webb Corporation will have completed the remaining 2,700 dwelling 

units in the western section of Sun City West and the 3,000 units in the planned expansion 

site. It is projected that these 5,700 dwelling units will generate an additional 17,020 average 

weekday vehicle trips for a total of 49,265 weekday trips. These trips were assigned to the 

arterial and collector street system in Sun City West and to the external roadways such as Bell 

Road, Grand Avenue and Interim Loop 303. T r a c  volumes on these external roadways were 

expanded at  an annual rate of 4 percent from the base year of 1989. 

The 24 hour two-way traffic assignments are presented on Figure 2. The levels of service for 

key intersections in the area, as determined by the 1985 Highway Capacity Manual analysis 

procedure, are tabulated on Table 2. Capacity analysis calculations for each intersection are 

located in Appendix A. These analyses provide detailed information on intersection lane 

arrangements, projected peak hour traflic volumes, signal timing and phasing, intersection 

delay and level of service. 
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TABLE 2 

IWIERSECTION LEVEL OF SERVICE 

YEAR 2000 

Intersection 

Grand Avenue and Meeker Blvd. 

Grand Avenue and Bell Road 

Bell Road and R.H. Johnson Blvd. 

Bell Road and El Mirage Road 

R.H. Johnson Blvd. and Meeker Blvd. 

R.H. Johnson Blvd. and Stardust Blvd. 

Level of Service 
A.M. P.M. 

Page 11 of 16 



Year 2010 TraEc F'rojedions 

There are no known plans to develop the additional acreage north of Deer Valley Drive 

(Identified in Figure 1). However, it was determined to conduct a "worst case" analysis 

assuming that the remaining 1,532 acres are fully developed by the year 2010. Assuming 

development of 3 dwelling units per acre, this would amount to 4,600 additional dwelling units. 

It is projected that these units would generate an additional 13,735 average weekday vehicle 

trips for a total of 63,000 daily trips by 2010. These trips were assigned to the internal and 

external roadways. In addition, traffic volumes on Grand Avenue and Bell Road were expanded 

at  an annual rate of 4 percent, from the base year of 1'989. 

The 24 hour two-way traffic assignments are illustrated on Figure 3. The Levels of Service for 

key intersections in the area are presented on Table 3. Capacity analysis calculations are 

located in Appendix B. Detailedinformation on intersection lane arrangements, projected peak 

hour traffic volumes, signal timing and phasing, intersection delay and level of service are 

provided for each intersection analyzed. 
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TABLE 3 

INTERSECTION LEVEL OF SERVICE 

YEAR 2010 

Intersection 

Grand Avenue and Meeker Blvd. 

Grand Avenue and Bell Road 

Bell Road and R.H. Johnson Blvd. 

Bell Road and El Mirage Road 

R.H. Johnson Blvd. and Meeker Blvd. 

R.H. Johnson Blvd. and Stardust Blvd. 

Level of Service 
A.M. P.M. 
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SUMMARY AND CONCLUSIONS 

Sun City West is a planned adult community containing the basic financial, retail, 

entertainment, recreational and religious services for its residents. There are currently 10,800 

dwelling units in this development. The Del Webb Corporation is planning the development 

of 5,700 additional homes, to be completed in the year 2000, for a total of 16,500 dwellingunits. 

There is an additional 1,532 acres of land north of Deer Valley Drive available for potential 

development by others. For a "worst case" analysis it was assumed that 4,610 additional units 

could be built by the year 2010, for a total of 21,110 dwelling units. 

Sun City West has a relatively low average daily trip generation rate of 3.0 per dwelling unit. 

This is demonstrated by the fact that all of the signalized intersections in the development 

operate at Level of Service A. Even with the additional planned development by the year 2000, 

and the other potential developments by the year 2010, these intersections will operate in the 

Level of Service A to B range. This equates to minimum delay and contribution to air pollution. 

The signalized access streets to Sun City West a t  their intersections with Bell Road and Grand 

Avenue will operate at  Level of Service B in the year 2000 and Level of Service C in the year 

2010, during peak t r a c  hours. This is an optimum operating condition when compared with 

the majority of signalized intersections in the metropolitan area. 

The connection of Deer Valley Drive to the Interim Loop 303 2-lane roadway and ultimately to 

the proposed Estrella Freeway will be of benefit to the area as well as Sun City West. This 

connection will reduce the t r a c  demand on Grand Avenue and Bell Road. It is important that 

the Corporation Commission approve the Interim Loop 303 roadway crossing of the railroad 
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adjacent to Grand Avenue to provide a continuous route between Interstate 10 and Lake 

Pleasant Road, and reduce the demand on Grand Avenue and Bell Road. 

In the ultimate development of Sun City West, Deer Valley Drive will extend fmm El Mirage 

Road on the east to Loop 303 on the west. The following physical constraints will restrict the 

extension of Deer Valley Drive beyond these limits: the Agua Fria River; the McMicken Dam 

Outlet Channel, and; the A.T. & S.F. Railroad. Since this road will not have continuity over 

a long distance, nor serve major through t r a c  volumes, it is recommended that Deer Valley 

Drive be classified as a collector street and a design speed of 45 miles per hour be established. 
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1985 HCM: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION. . BELL ROAD/EL M ~ R A G E  ROAD 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-27-1991 
TIME . . . . . . . . . .  ll:00 AM - 12:OON 
COMMENT . . . . . . .  ANALYSIS YEAR: 2000 .......................................................................... 

VOLUHES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 100 100 40 250 : L 12.0 L 12.0 L 12.0 L 12.0 
TH 830 690 200 190 : T 12.0 T 12.0 T 12.0 T 12.0 
RT 100 200 80 130 : T 12.0 T 12.0 R 12.0 R 12.0 
RR 0 0 0 0 : R  12.0 R 12.0 12.0 12.0 

12.0 12.0 12.0 12.0 
12.0 12.0 12.0 12.0 .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( % >  ( 2  > Y/N N m  Nb Y/N min T 
EB 0.00 2.00 N 0 0 0.95 10 N 20.5 3 
WB 0.00 2.00 N 0 0 0.95 10 N 20.5 3 
NB 0.00 2.00 N 0 0 0.95 10 N 26.5 3 
SB 0.00 2.00 N 0 0 0.95 10 N 26.5 3 .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 90.0 
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X SB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

GREEN 40.0 0.0 0.0 0.0 GREEN 16.0 22.0 0.0 0.0 
YELLOW 4.0 0.0 0.0 0.0 YELLOW 4.0 4.0 0.0 0.0 .......................................................................... 

LANE GRP. 
EB L 

T 
R 

WB L 
T 
R 

NB L 
T 
R 

SB L 
T 
R 

LEVEL OF SERVICE 
G/C DELAY LOS APP.  DELAY APP.  LOS 
0.456 15.4 C 12.0 B 
0.456 11.9 B 
0.456 9.3 B 
0.456 16.8 C 11.5 B 
0.456 11.1 B 
0.456 10.1 B 
0.478 9.7 B 17.2 C 
0.256 18.7 C 
0.256 17.1 C 
0.478 12.7 B 15.8 C 
0.256 18.5 C 
0.256 17.9 C .......................................................................... 

INTERSECTION: D e l a y  = 13.1 ( s e c / v e h )  V/C = 0.517 LOS = B 



1985 HCM: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..BELL ROAD/EL MIRAGE ROAD 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-27-1991 
TIME . . . . . . . . . .  3 : 0 0  PM - 4 : 0 0  PH 
COMMENT . . . . . . .  ANALYSIS YEAR: 2000 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 85  110 50 170 : L 1 2 . 0  L 1 2 . 0  L 1 2 . 0  L 1 2 . 0  
TH 700 840 250 130 : T 1 2 . 0  T 1 2 . 0  T 1 2 . 0  T 1 2 . 0  
RT 85  250 90 90 : T 12 .0  T 1 2 . 0  R 1 2 . 0  R 1 2 . 0  
RR 0  0  0  0 : R  1 2 . 0  R 12 .0  1 2 . 0  1 2 . 0  

12.0 12.0 12.0 12.0 
1 2 . 0  1 2 . 0  1 2 . 0  1 2 . 0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( %  > ( X  > Y/N Nm Nb Y/N min T 
EB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10 N 2 0 . 5  3 
WB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10 N 2 0 . 5  3  
NB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 6 . 5  3 
SB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 6 . 5  3 .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 90.0 
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X SB LT X X 
TH X TH X 
RT X AT X 
PD X PD X 

GREEN 4 0 . 0  0 . 0  0 . 0  0 . 0  GREEN 1 6 . 0  2 2 . 0  0 . 0  0 . 0  
YELLOW 4 . 0  0 . 0  0 . 0  0 . 0  YELLOW 4 . 0  4 . 0  0 . 0  0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0 .691  0 .456  24 .4  C 1 2 . 2  B 
T 0.477 0 . 4 5 6  1 1 . 2  B 
R 0 .130  0 .456  9 . 2  B 

WB L 0 . 4 7 1  0 .456  14 .0  B 1 1 . 9  B 
T 0 .572  0 .456  1 2 . 0  B 
R 0.384 0 .456  1 0 . 6  B 

NB L 0 .085  0 .478  9 . 7  B 1 8 . 1  C 
T 0 .578  0 .256  2 0 . 1  C 
R 0 .246  0 . 2 5 6  1 7 . 3  C 

SB L 0 . 3 4 3  0 .478  1 1 . 4  B 1 4 . 8  B 
T 0 .300  0 .256  1 7 . 6  C 
R 0 .246  0 .256  1 7 . 3  C .......................................................................... 

INTERSECTION: Delay = 1 3 . 2  ( sec /veh)  V/C = 0.577 LOS = B 



1985 HCM: SIGN'ALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..BELL ROAD/R.H. JOHNSON BLVD. 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-27-1991 
TIHE . . . . . . . . . .  l l : 0 0  AH - 12:000 N 
COMMENT . . . . . . .  ANALYSIS YEAR: 2000 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 70 80 80 340 : L 12.0 L 12 .0  L 12.0  L 12.0  
TH 450 370 520 560 : T 12.0  T 12.0  LT 12.0  T 12 .0  
RT 130 300 150 220 : TR 12.0 TR 12.0  T 12.0 T 12.0  
RR 0 0  0  0  : 12 .0  12.0  R 12 .0  TR 12.0  

12.0  12.0 12.0 1 2 . 0  
12 .0  12.0  12 .0  12 .0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( X  > ( %  > Y/N Nm Nb Y/N min T 
EB 0.00 2 .00  N 0 0  0 . 9 5 '  10 N 31.8  3  
WB 0 .00  2 .00  N 0 0  0 .95 10 N 31.8  3  
NB 0 .00  2 .00  N 0 0  0 .95  10 N 25.8 3  
SB 0 .00  2.00 N 0 0  0 .95 10 N 25 .8  3  .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 90 .0  
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X SB LT X X X 
TH X TH X X 
RT X RT X X 
PD X PD X 

GREEN 36 .0  0 . 0  0 . 0  0 . 0  GREEN 6 . 0  10.0  26.0 0 .0  
YELLOW 4 . 0  0 . 0  0 .0  0 . 0  YELLOW 4 .0  0 .0  4.0 0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0.280 0 .411 13.6 B 12 .6  B 
TR 0.453 0 .411 12 .5  B 

WB L 0.275 0 .411 13 .5  B 13 .3  B 
TR 0 .543  0 .411 13 .3  B 

NB L 0.362 0.378 1 6 . 1  C 17 .0  C 
LT 0.538 0.300 17 .3  C 
R 0.349 0.300 1 6 . 1  C 

SB L 0.682 0.522 15.6  C 13 .2  B 
TR 0.430 0 .411  12 .3  B .......................................................................... 

INTERSECTION: Delay = 14.0  (sec/veh) V/C 0.574 LOS = B 



1985 HCM: SIGN'ALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..BELL ROAD/R.H. JOHNSON BLVD. 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-27-1991 
 TIME..........^:^^ - 4 : 0 0  Pn 
COMMENT . . . . . . .  ANALYSIS YEAR: 2000 .......................................................................... 

VOLUMES GEOHETRY 
EB WB NB SB : EB WB NB SB 

LT 50 90 80 320 : L 1 2 . 0  L 1 2 . 0  L 1 2 . 0  L 12.. 0  
TH 380 460 520 540 : T 1 2 . 0  T 1 2 . 0  LT 1 2 . 0  T 12 .0  
RT 110 370 160 210 : TR 1 2 . 0  TR 1 2 . 0  T 12 .0  T 1 2 . 0  
RR 0  0  0  0  : 1 2 . 0  1 2 . 0  R 1 2 . 0  TR 1 2 . 0  

12.0 12.0 12.0 12.0 
1 2 . 0  1 2 . 0  1 2 . 0  1 2 . 0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 
(X > (X) Y/N Nm Nb Y/N min T 

EB 0 . 0 0  2 .00  N 0  0  0 . 9 5 ' -  10 N 2 6 . 5  3 
WB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10 N 2 6 . 5  3  
NB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 0 . 5  3 
SB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 0 . 5  3 -------------------------------------------------------------------------- 

SIGNAL SETTINGS CYCLE LENGTH = 9 0 . 0  
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT x NB 'LT x x 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X SB LT X X X 
TH X TH X X 
RT X RT X X 
PD X PD X 

GREEN 3 6 . 0  0 . 0  0 . 0  0 . 0  GREEN 6 . 0  1 0 . 0  26 .0  0 . 0  
YELLOW 4 . 0  0 . 0  0 . 0  0 . 0  YELLOW 4 . 0  0 . 0  4 . 0  0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0 .270  0 . 4 1 1  1 3 . 5  B 1 2 . 2  B 
TR 0 . 3 8 3  0 . 4 1 1  12 .0  B 

WB L 0.268 0 . 4 1 1  1 3 . 4  B 14 .6  B 
TR 0 .673  0 . 4 1 1  14 .7  B 

NB L 0 .348  0 .378 15 .9  C 1 7 . 0  C 
LT 0 .538  0 .300  1 7 . 3  C 
R 0 . 3 7 3  0 .300  1 6 . 3  C 

SB L 0.642 0 .522 1 4 . 3  B 1 2 . 8  B 
TR 0 . 4 1 3  0 . 4 1 1  12 .2  B .......................................................................... 

INTERSECTION : Delay = 1 4 . 1  (sec/veh) V/C = 0.622 LOS = B 



1985 HCH: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION. .BELL ROAD/GRAND AVENUE 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  J A H  
DATE . . . . . . . . . .  05-28-1991 
T I H E  . . . . . . . . . .  l l : 0 0  AM - 12:OO N 
COMMENT . . . . . . .  ANALYSIS YEAR: 2000 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 25 25 4 5  275 : L 1 2 . 0  L 1 2 . 0  L 1 2 . 0  L 1 2 . 0  
TH 405 260 385 570 : T 1 2 . 0  T 1 2 . 0  T 1 2 . 0  T 1 2 . 0  
RT 75 190 20 45  : TR 1 2 . 0  TR 1 2 . 0  TR 1 2 . 0  TR 1 2 . 0  
R R  0  0  0  0  : 1 2 . 0  1 2 . 0  1 2 . 0  1 2 . 0  

12.0 12.0 12.0 12.0 
1 2 . 0  1 2 . 0  12 .0  1 2 . 0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( X  > Y/N N m  Nb Y/N m i n  T 
EB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 20 .5  3  
WB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10 N 2 0 . 5  3 
NB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10  N 20 .5  3  
SB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 20 .5  3  .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 9 0 . 0  
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT X 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X SB LT X 
TH X TH X 
RT X RT X 
PD X PD X 

GREEN 40 .0  0 . 0  0 . 0  0 . 0  GREEN 4 2 . 0  0 . 0  0 . 0  0 . 0  
YELLOW 4 . 0  0 . 0  0 . 0  0 . 0  YELLOW 4 . 0  0 . 0  0 . 0  0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0 .062  0 .456  10 .4  B 1 0 . 2  B 
TR 0 .335  0 .456  1 0 . 2  B 

WB L 0 .065  0 .456  1 0 . 4  B 1 0 . 2  B 
TR 0 .328  0 .456  1 0 . 2  B 

NB L 0 .135  0 .478  1 0 . 0  B 9 . 2  B 
TR 0 .265  0 .478  9 . 1  B 

SB L 0 .613  0 .478  1 4 . 9  B 1 1 . 4  B 
TR 0 .404  0 .478  9 . 9  B .......................................................................... 

INTERSECTION: D e l a y  = 1 0 . 5  (sec/veh)  V/C = 0.477 LOS = B 



1985 HCM: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..BELL ROAD/GRAND AVENUE 
A R E A  TYPE . . . . .  OTHER 
ANALYST . . . . . . .  J A H  
DATE . . . . . . . . . .  05-28-1991 
TIME . . . . . . . . . .  3 : 0 0  - 4 :00  PM 
COMMENT . . . . . . .  ANALYSIS Y E A R :  2000 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 15 35 70 185  : L 1 2 . 0  L  1 2 . 0  L 1 2 . 0  L 12 .0  
TH 270 395 580 380 : T  1 2 . 0  T  1 2 . 0  T  1 2 . 0  T  1 2 . 0  
RT 50 285 30 3 0 : T R  1 2 . 0  TR 1 2 . 0  TR 1 2 . 0  TR 1 2 . 0  
R R  0  0  0  0  : 1 2 . 0  1 2 . 0  1 2 . 0  1 2 . 0  

12 .0  1 2 . 0  1 2 . 0  1 2 . 0  
1 2 . 0  1 2 . 0  1 2 . 0  1 2 . 0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV A D J  PKG BUSES PHF PEDS PED. BUT.  A R R .  TYPE 

( 2  > ( % >  Y/N Nm Nb Y/N min T  
EB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 0 . 5  3 
WB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10 N 2 0 . 5  3 
NB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 0 . 5  3  
SB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10  N 2 0 . 5  3  .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 9 0 . 0  
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT X 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X SB LT X 
TH X TH X 
RT X RT X 
PD X PD X 

GREEN 4 2 . 0  0 . 0  0 . 0  0 . 0  GREEN 40 .0  0 . 0  0 . 0  0 . 0  
YELLOW 4 . 0  0 . 0  0 . 0  0 . 0  YELLOW 4 . 0  0 . 0  0 . 0  0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0 .050  0 .478  9 . 6  B 8 . 9  B 
TR 0 . 2 1 3  0 .478  8 . 8  B 

WB L 0 .070  0 . 4 7 8  9 . 7  B 1 0 . 3  B 
TR 0 .472  0 .478  1 0 . 4  B 

NB L 0 .166  0 .456  11 .0  B 1 0 . 8  B 
TR 0 .418  0 .456  1 0 . 7  B 

SB L 0 .586  0 .456  1 5 . 8  C 11 .7  B 
TR 0 .282  0 .456  9 . 9  B .......................................................................... 

INTERSECTION: Delay = 1 0 . 6  ( s e c / v e h )  V/C = 0.528 LOS = B 



1985 H C H :  SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..GRAND AVENUE/MEEKER BOULEVARD 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 

. . . . . . . . . .  DATE 05-28-1991 
TIME . . . . . . . . . .  l l : 0 0  AM - 12:OO N 
COMMENT . . . . . . .  ANALYSIS YEAR: 2000 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 30 0  0  360 : L 1 2 . 0  T 12 .0  1 2 . 0  L 1 2 . 0  
TH 560 375 0  0  : T 12 .0  T 1 2 . 0  1 2 . 0  R 1 2 . 0  
RT 0  270 0 40 : T 1 2 . 0  R 1 2 . 0  1 2 . 0  1 2 . 0  
R R  0  100 0 0 : 1 2 . 0  12 .0  1 2 . 0  1 2 . 0  

1 2 . 0  12 .0  12 .0  1 2 . 0  
1 2 . 0  1 2 . 0  1 2 . 0  1 2 . 0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( % >  ( %  > Y/N Nm Nb Y/N min T 
EB 0 .00  2 .00  N 0  0  0 . 9 5  10 N 8 . 5  3 
WB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10 N 8 . 5  3  
NB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 0 . 5  3  
SB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 0 . 5  3 .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 9 0 . 0  
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT 
TH X TH 
RT RT 
PD X PD X 

WB LT SB LT X 
TH X TH 
RT X RT X 
PD X PD X 

GREEN 3 6 . 0  0 . 0  0 . 0  0 . 0  GREEN 46 .0  0 . 0  0 . 0  0 . 0  
YELLOW 4 . 0  0 . 0  0 .0  0 . 0  YELLOW 4 . 0  0 . 0  0 . 0  0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0 .097  0 . 4 1 1  1 2 . 4  B 1 2 . 3  B 
T 0.422 0 .411  1 2 . 3  B 

WB T 0 .283  0 . 4 1 1  1 1 . 4  B 1 1 . 5  B 
R 0 .289  0 . 4 1 1  1 1 . 5  B 

SB L 0.482 0 .522 1 0 . 8  B 10 .4  B 
R 0.054 0 .522  6.8 B .......................................................................... 

INTERSECTION: Delay = 1 1 . 5  (sec/veh) V/C = 0.456 LOS = B 



1985 HCM: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..GRAND AVENUE/MEEKER BOULEVARD 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-28-1991 
TIHE . . . . . . . . . .  3 ; 0 0  - 4 :00  pm 
COMMENT . . . . . . .  ANALYSIS YEAR: 2000 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 40 0  0  270 : L 1 2 . 0  T 12.0  1 2 . 0  L 1 2 . 0  
TH 375 560 0  0 : T  1 2 . 0  T 1 2 . 0  1 2 . 0  R 1 2 . 0  
RT 0  360 0  30 : T 1 2 . 0  R 1 2 . 0  1 2 . 0  1 2 . 0  
RR 0  100 0  0  : 1 2 . 0  1 2 . 0  1 2 . 0  1 2 . 0  

12.0 12.0 12.0 12.0 
1 2 . 0  1 2 . 0  1 2 . 0  1 2 . 0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( X >  ( X  > Y/N Nm Nb Y/N min T 
EB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5 '  10 N 8 . 5  3 
WB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10 N 8 . 5  3  
NB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 0 . 5  3 
SB 0 . 0 0  2 . 0 0  N 0  0 0 . 9 5  10 N 2 0 . 5  3 .......................................................................... 

I SIGNAL SETTINGS CYCLE LENGTH = 9 0 . 0  
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT 
TH X TH 
RT RT 
PD X PD X 

WB LT SB LT X 
TH X TH 
RT X RT X 
PD X PD X 

GREEN 41 .0  0 . 0  0 . 0  0 . 0  GREEN 4 1 . 0  0 . 0  0 . 0  0 . 0  
YELLOW 4 . 0  0 . 0  0 . 0  0 . 0  YELLOW 4 . 0  0 . 0  0 . 0  0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0.177 0.467 10 .6  B 9 . 5  B 
T 0.249 0 .467 9 . 4  B 

WB T 0.372 0 .467 1 0 . 1  B 1 0 . 1  B 
R 0.390 0 .467 1 0 . 3  B 

SB L 0.404 0.467 1 2 . 2  B 1 1 . 8  B 
R 0 .045  0 .467 8 . 4  B .......................................................................... 

INTERSECTION: Delay = 1 0 . 3  (sec/veh) V/C = 0.397 LOS = B 



APPENDIX B 



1985 HCH: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION. . BELL ROAD/EL MS.RAGE ROAD 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-25-1991 

. . . . . . . . . .  TIME ll:00 AH - 12:OO N 
COMMENT . . . . . . .  ANALYSIS YEAR: 2010 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB S B  : EB WB NB SB 

LT 150 140 60 380 : L 12.0 L 12.0 L 12.0 L 12.0 
TH 1230 1020 310 300 : T 12.0 T 12.0 T 12.0 T 12.0 
RT 150 300 120 200 : T 12.0 T 12.0 R 12.0 R 12.0 
RR 0 0 0 0 : R  12.0 R 12.0 12.0 12.0 

12.0 12.0 12.0 12.0 
12.0 12.0 12.0 12.0 .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED.  BUT. ARR. TYPE 

( X  > ( X >  Y/N N m  Nb Y/N min T 
EB 0.00 2.00 N 0 0 0.95 10 N 20.5 3 
WB 0.00 2.00 N 0 0 0.95 10 N 20.5 3 
NB 0.00 2.00 N 0 0 0.95 10 N 26.5 3 
SB 0.00 2.00 N 0 0 0.95 10 N 26.5 3 .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 90.0 
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X X NB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X X SB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

GREEN 4.0 38.0 0.0 0.0 GREEN 12.0 20.0 0.0 0.0 
YELLOW 4.0 4.0 0.0 0.0 YELLOW 4.0 4.0 0.0 0.0 .......................................................................... 

.LEVEL OF SERVICE 
L A N E G R P .  V/C G/C DELAY LOS APP.  DELAY APP.  LOS 

EB L 0.685 0.522 20.3 C 18.2 C 
T 0.880 0.433 18.9 C 
R 0.242 0.433 10.5 B 

WB I, 0.639 0.522 17.7 C 14.5 B 
T 0.730 0.433 14.7 B 
R 0.484 0.433 12.2 B 

NB L 0.166 0.411 12.8 B 22.9 C 
T 0.785 0.233 26.5 D 
R 0.359 0.233 18.9 C 

SB L 1.050 0.411 76.5 F 46.6 E 
T 0.759 0.233 25.4 D 
R 0.599 0.233 21.6 C .......................................................................... 

INTERSECTION: Delay = 23.1 ( s e c / v e h )  V/C = 0.870 LOS = C 



1985 HCM: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION. . BELL ROAD/EL MIRAGE ROAD 

. . . . .  AREA TYPE OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-26-1991 
TIME . . . . . . . . . .  3 : 0 0  - 4 :00  PM 

: COMMENT . . . . . . .  ANALYSIS YEAR: 2010 .......................................................................... 
VOLUMES GEOMETRY 

EB WB NB SB : EB WB NB SB 
LT 125 170 70 260 : L 1 2 . 0  L 1 2 . 0  L 1 2 . 0  L 1 2 . 0  
TH 1020 1240 380 200 : T 1 2 . 0  T 1 2 . 0  T 1 2 . 0  T 1 2 . 0  
RT 125 170 150 140 : T 1 2 . 0  T 1 2 . 0  R 1 2 . 0  R 1 2 . 0  
R R  0  0  0  0 : R  1 2 . 0  R 1 2 . 0  1 2 . 0  1 2 . 0  

12.0 12.0 12.0 12.0 
1 2 . 0  1 2 . 0  1 2 . 0  1 2 . 0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED.  BUT. ARR. TYPE 

( 2  > ( %  > Y/N Nm Nb Y/N min T 
EB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10 N 20 .5  3  
WB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 0 . 5  3 
NB 0 . 0 0  2 . 0 0  N 0  0  0 . 9 5  10 N 2 6 . 5  3 
SB 0 . 0 0  2 .00  N 0  0  0 . 9 5  10 N 2 6 . 5  3 .......................................................................... 

I SIGNAL SETTINGS CYCLE LENGTH = 9 0 . 0  
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X X NB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X X SB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

GREEN 6 . 0  36 .0  0 . 0  0 . 0  GREEN 1 0 . 0  2 2 . 0  0 . 0  0 . 0  
YELLOW 4 . 0  4 . 0  0 . 0  0 . 0  YELLOW 4 . 0  4 . 0  0 . 0  0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP.  DELAY APP.  LOS 

EB L 0 . 4 9 1  0 .522 1 2 . 1  B 1 4 . 7  B 
T 0 .769 0 .411 1 6 . 3  C 
R 0 . 1 3 1  0 .667 3 . 5  A 

WB L 0.667 0 .522 1 7 . 9  C 20 .9  C 
T 0 .935  0 .411  23 .5  C 
R 0 .178  0 .667  3 . 7  A 

NB L 0 .164 0 .411  12 .7  B 2 5 . 8  D 
T 0 .878  0 .256  31 .2  D 
R 0 .410  0.256 1 8 . 4  C 

SB L 0 .797 0 .411  28 .2  D 22 .7  C 
T 0 .462 0.256 1 8 . 7  C 
R 0 .383  0.256 1 8 . 1  C .......................................................................... 

INTERSECTION: Delay = 1 9 . 9  ( s e c / v e h )  V/C = 0 .865  LOS = C 



1985 H C H :  SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..BELL ROAD/R.H. JOHNSON BLVD. 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-27-1991 

. . . . . . . . . .  TIME l l : 0 0  AH - 12:000 N 
COMMENT . . . . . . .  ANALYSIS YEAR: 2010 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 100 110 80 440 : L 12.0  L 12.0  L 12.0  L 12.0 
TH 680 560 460 440 : T 12.0  T 12.0  LT 12.0  T 12 .0  
RT 190 450 230 230 : TR 12.0  TR 12.0  T 12.0 T 12 .0  
RR 0 0  0  0  : 12.0  12.0  R 12.0  TR 12 .0  

12.0 12.0 12.0 12.0 
12.0  12.0  12.0  12 .0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( X  > ( X )  Y/N Nm Nb Y/N min T 
EB 0.00 2 .00  N 0 0  0 .95  10 N 31.8 3  
WB 0.00 2.00 N 0 0  0 .95  10 N 31 .8  3 
NB 0.00 2.00 N 0 0  0 .95  10 N 25.8 3  
SB 0 .00  2.00 N 0 0  0 .95  10 N 25 .8  3  .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 90 .0  
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X SB LT X X X 
TH X TH X X 
RT X RT X X 
PD X PD X 

GREEN 3 6 . 0  0 . 0  0 .0  0 .0  GREEN 6 . 0  10.0 26.0 0 . 0  
YELLOW 4 . 0  0 . 0  0 .0  0 .0  YELLOW 4 . 0  0 .0  4 .0  0 .0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0.786 0.411 34.5 D 16.7  C 
TR 0.679 0 .411 14.8 B 

WB L 0.643 0.411 21.3 C 18.0  C 
TR 0.818 0.411 17.6 C 

NB L 0.315 0.378 15 .5  C 17.0  C 
LT 0.476 0.300 16.8 C 
R 0.536 0.300 17 .8  C 

SB L 0.840 0.522 24.6 C 16 .7  C 
TR 0 .373  0 .411  12 .0  B .......................................................................... 

INTERSECTION: Delay = 1 7 . 1  (sec/veh)  V/C = 0.713 LOS = C 



1985 HCM: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..BELL ROAD/R.H. JOHNSON BLVD. 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-27-1991 
TIME . . . . . . . . . .  3:00 - 4 :00  PI4 
COMMENT . . . . . . .  ANALYSIS YEAR: 2010 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 80 140 80 440 : L 12.0  L 12.0 L 12.0  L 12.0 
TH 550 680 490 440 : T 12.0 T 12 .0  LT 12.0  T 12.0  
RT 160 540 250 220 : TR 12.0 TR 12.0  T 12.0  T 12.0  
RR 0 0 0 0 : 12.0 12.0 R 12.0  TR 12.0  

12.0 12.0 12.0 12 .0  
12.0 12.0 12 .0  12 .0  .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( X  > ( X  > Y/N Nm Nb Y/N min T 
EB 0.00  2 .00  N 0 0 0 .95  10 N 26 .5  3 
WB 0 . 0 0  2.00 N 0 0 0 .95  10 N 26 .5  3 
NB 0.00  2.00 N 0 0 0.95 10 N 20.5 3 
SB 0 .00  2.00 N 0 0 0.95 10 N 20 .5  3 .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 90.0 
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

WB LT X SB LT X X X 
TH X TH X X 
RT X RT X X 
PD X PD X 

GREEN 36.0  0 . 0  0 .0  0 .0  GREEN 6 . 0  10.0 26.0 0 . 0  
YELLOW 4 . 0  0 .0  0 .0  0 .0  YELLOW 4.0 0 .0  4 .0  0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0.947 0 .411  75.9 F 19.4  C 
TR 0.555 0 .411 13.4 B 

WB L 0 .601  0 .411 18.7 C 29.6 D 
TR 0.988 0 .411 30.8 D 

NB L 0 .311  0.378 15.5 C 17 .3  C 
LT 0.507 0.300 1 7 . 1  C 
R 0.582 0.300 18.5 C 

SB L 0.861 0.522 26 .7  D 17.5  C 
TR 0.367 0 .411 11.9 B .......................................................................... 

INTERSECTION: Delay = 21.9 (sec/veh) V/C = 0.803 LOS = C 



1985 HCM: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..BELL ROAD/GRAND AVENUE 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-28-1991 
TIME . . . . . . . . . .  ll:00 AM - 12:OON 
COMMENT . . . . . . .  ANALYSIS YEAR:2010 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB 

LT 
WB 

40 35 
NB SB 

65 410 : L 12.0 L 12.0 L 12.0 L 12.0 
TH 595 390 570 840 : T 12.0 T 12.0 T 12.0 T 12.0 
RT 110 280 35 65 : TR 12.0 TR 12.0 TR 12.0 TR 12.0 
RR 0 0 0 0 : 12.0 12.0 12.0 12.0 

12.0 12.0 12.0 12.0 
12.0 12.0 12.0 12.0 .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF . PEDS 

( X I  ( x  1 Y/N Nm Nb 
EB 0.00 2.00 N 0 0 0.95 10 
WB 0.00 2.00 N 0 0 0.95 10 
NB 0.00 2.00 N 0 0 0.95 10 

I SB 0.00 2.00 N 0 0 0.95 10 

PED. BUT. ARR. TYPE 
Y/N min T 

.......................................................................... 
SIGNAL SETTINGS CYCLE LENGTH = 90.0 

PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 
EB LT X NB LT 

TH 
X 

X TH 
RT 

X 
X RT 

PD 
X 

X PD X 
WB LT X SB LT X X 

TH X TH X 
RT 

X 
X RT X 

PD 
X 

X PD X 
GREEN 26.0 0.0 0.0 0.0 GREEN ' 20.0 32.0 0.0 0.0 
YELLOW 4.0 0.0 0.0 0.0 YELLOW 4.0 4.0 0.0 0.0 .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G / C  DELAY LOS APP. DELAY APP. LOS 

EB L 0.250 0.300 18.3 C 20.0 
TR 

C 
0.747 0.300 20.1 C 

WB L 0.236 0.300 18.2 C 20.0 
TR 

C 
0.740 0.300 20.1 C 

NB L 0.486 0.367 18.8 C 15.0 
TR 

C 
0.516 0.367 14.6 B 

SB L 0.688 0.633 11.2 B 7.2 B 
TR 0.448 0.633 5.5 B .......................................................................... 

' INTERSECTION: Delay = 14.2 (sec/veh) V/C = 0.639 LOS = B 



1985 HCH: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..BELL ROAD/GRAND AVENUE 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-28-1991 
TIME . . . . . . . . . .  3:00 - 4:00 PI! 
COMMENT . . . . . . .  ANALYSIS YEAR:2010 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB 

LT 25 
NB SB 

55 100 275 : L 12 .0  L 12 .0  L 12 .0  L 12 .0  
TH 400 580 855 560 : T 12.0  T 12.0  T 12.0  T 12.0  
RT 75 420 50 4 5 : T R  12 .0  TR 12 .0  TR 12.0 TR 12 .0  
RR 0  0  0  0  : 12.0  12 .0  12 .0  12 .0  

12.0 12.0 12 .0  1 2 . 0  
12 .0  12.0  12.0  12 .0  .......................................................................... 

GRADE 
( X  > 
0 .00  
0 .00 
0 .00  
0 .00  

ADJUSTMENT FACTORS 
ADJ PKG BUSES PHF PEDS 
Y/N Nm Nb 
N 0  0 0.95 10 
N 0  0  0 .95  10 
N 0  0  0 .95 10 
N 0  0  0 .95  10 

PED . 
Y/N 
N 
N 
N 
N 

BUT. 
min T 

20.5 
20.5  
20.5 
20.5  

ARR. TYPE 

.......................................................................... 
SIGNAL SETTINGS CYCLE LENGTH = 90.0 

PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 
EB LT X NB LT X X 

TH X TH X 
RT X RT X 
PD X PD X 

WB LT X SB LT X X 
TH X TH X 
RT X RT X 
PD X PD X 

GREEN 34.0 0 .0  0 . 0  0 . 0  GREEN 8 .0  36.0  0 .0  0 . 0  
YELLOW 4 .0  0 .0  0 .0  0 . 0  YELLOW 4 .0  4 .0  0 .0  0 . 0  .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0.209 0.389 14.0  B 12 .9  B 
TR 0.388 0.389 12 .9  B 

WB L 0.171 0.389 13.7  B 19.4 C 
TR 0.853 0.389 19 .7  C 

NB L 0.238 0.544 8 . 3  B 14 .3  B 
TR 0.689 0 .411  14.9  B 

SB L 0.919 0.544 41.6 E 21.3  C 
TR 0.462 0 .411 12.6  B .......................................................................... 

INTERSECTION: Delay = 17.4  (sec/veh) V/C = 0.790 LOS = C 



1985 HCM: SIGNALIZED INTERSECTIONS 
1 SUMMARY REPORT .......................................................................... 

INTERSECTION..GRAND AVENUE/MEEKER BOULEVARD 
AREA TYPE . . . . .  OTHER 
ANALYST . . . . . . .  JAH 
DATE . . . . . . . . . .  05-28-1991 
TIME . . . . . . . . . .  ll:00 AM - 12:OO N 
COMMENT . . . . . . .  ANALYSIS YEAR: 2010 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB SB 

LT 40 0 0 500 : L 12.0 T 12.0 12.0 L 12.0 
TH 900 600 0 0 : T  12.0 T 12.0 12.0 R 12.0 
RT 0 370 0 50 : T 12.0 R 12.0 12.0 12.0 
RR 0 100 0 0 : 12.0 12.0 12.0 12.0 

12.0 12.0 12.0 12.0 
12.0 12.0 12.0 12.0 .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( % >  ( X >  Y/N Nm Nb Y/N min T 
EB 0.00 2.00 N 0 0 0.95 10 N 11.3 3 
WB 0.00 2.00 N 0 0 0.95 10 N 11.3 3 
NB 0.00 2.00 N 0 0 0.95 10 N 25.8 3 
SB 0.00 2.00 N 0 0 0.95 10 N 25.8 3 .......................................................................... 

I SIGNAL SETTINGS CYCLE LENGTH = 90.0 
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT 
TH X TH 
RT RT 
PD X PD X 

WB LT SB LT X 
TH X TH 
RT X RT X 
PD X PD X 

GREEN 41.0 0.0 0.0 0.0 GREEN 41.0 0.0 0.0 0.0 
YELLOW 4.0 0.0 0.0 0.0 YELLOW 4.0 0.0 0.0 0.0 .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0.195 0.467 10.8 B 11.8 B 
T 0.598 0.467 11.8 B 

WB T 0.399 0.467 10.2 B 10.3 B 
R 0.405 0.467 10.4 B 

SB L 0.749 0.467 18.0 C 17.2 C 
R 0.075 0.467 8.6 B .......................................................................... 

INTERSECTION: Delay = 12.5 (sec/veh) V/C = 0.673 LOS = B 



1985 HCM: SIGNALIZED INTERSECTIONS 
SUMMARY REPORT .......................................................................... 
INTERSECTION..GRAND AVENUE/MEEKER BOULEVARD 
AREA TYPE . . . . .  OTHER 
ANALYST. . . . . . .  JAH 
DATE . . . . . . . . . .  05-28-1991 
TIHE . . . . . . . . . .  3;00 - 4:00 pm 
COMMENT . . . . . . .  ANALYSIS YEAR: 2010 .......................................................................... 

VOLUMES GEOMETRY 
EB WB NB SB : EB WB NB 

LT 
SB 

50 0 0 370 : L 12.0 T 12.0 12.0 L 12.0 
TH 600 900 0 0 : T  12.0 T 12.0 12.0 R 12.0 
RT 0 500 0 40 : T 12.0 R 12.0 12.0 12.0 
RR 0 100 0 0 : 12.0 12.0 12.0 12.0 

12.0 12.0 12.0 12.0 
12.0 12.0 12.0 12.0 .......................................................................... 

ADJUSTMENT FACTORS 
GRADE HV ADJ PKG BUSES PHF PEDS PED. BUT. ARR. TYPE 

( x  ( x )  Y/N Nm Nb Y/N min T 
EB 0.00 2.00 N 0 0 0.95 10 N 8.5 3 
WB 0.00 2.00 N 0 0 0.95 10 N 8.5 3 
NB 0.00 2.00 N 0 0 0.95 10 N 20.5 3 
SB 0.00 2.00 N 0 0 0.95 10 N 20.5 3 .......................................................................... 

SIGNAL SETTINGS CYCLE LENGTH = 90.0 
PH-1 PH-2 PH-3 PH-4 PH-1 PH-2 PH-3 PH-4 

EB LT X NB LT 
TH X TH 
RT RT 
PD X PD X 

WB LT SB LT X 
TH X TH 
RT X RT X 
PD X PD X 

GREEN 46.0 0.0 0.0 0.0 GREEN 36.0 0.0 0.0 0.0 
YELLOW 4.0 0.0 0.0 0.0 YELLOW 4.0 0.0 0.0 0.0 .......................................................................... 

LEVEL OF SERVICE 
LANE GRP. V/C G/C DELAY LOS APP. DELAY APP. LOS 

EB L 0.610 0.522 19.5 C 9.0 B 
T 0.356 0.522 8.2 B 

WB T 0.534 0.522 9.4 B 9.5 B 
R 0.536 0.522 9.7 B 

SB L 0.629 0.411 17.5 C 16.8 C 
R 0.068 0.411 10.4 B .......................................................................... 

INTERSECTION: Delay = 10.6 (sec/veh) V/C = 0.618 LOS = B 
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Archaeological Consulting Services, Ltd. (ACS) conducted a cultural resource 
survey of private land directly north of Sun City West. The purpose was an in- 
ventory and assessment of cultural resources that might be affected by real 
estate development associated with future expansion of the community. The sur- 
vey wasrequested by Mr. Arnie Lahlun of Stanley Consultants, on behalf of the 
Del Webb Corporation. Pour sites and numerous isolated finds were recorded 
within the project area. These archaeological remains included two prehistoric 
artifact scatters, 46 prehistoric isolated finds, two historic sites as- 
sociated with early twentieth century homesteading, and 63 historic isolated 
finds . 

Project Area 

The project area incorporates 1,100 acres (445 ha) directly north of Deer Val- 
ley Road, between Sun City West to the south and the McMicken Dam outlet chan- 
nel to the north. The area encompasses the western half of Section 15, the en- 
tire area of Section 16, and the eastern quarter of Section 17 within Township 
4 North, Range 1 West (Gila and Salt River Baseline and Meridian) (Figure 1). 

The survey area appears level but gently slopes to the southeast, with eleva- 
tions ranging from 1,320 ft (397 m) to 1,270 ft (382 m). Major washes flow 
toward the southeast. The creosote flats are typical of the lower basin zones 
within the Sonoran Desert. Creosotebushes are the dominant vegetation. Low 
shrubs such as brittlebush, which are often associated with creosote, are con- 
spicuously rare. Short grasses grow on the alluvial flats. Mesquite and palo 
verde trees border the washes, and scattered saguaro and barrel cacti are more 
frequent at the higher elevations within the northeastern portion of the 
project area. Within the past century, the overall density of the vegetation 
has likely been diminished by groundwater pumping for agriculture, livestock 
grazing, and the disruption of natural drainage patterns by the construction 
of the McMicken Dam outlet channel and, to its north, the Beardsley Canal. 



Figllre I. Portions of the USGS 7.5 ' McMicken Dam and Caldenrood Butte 
topographic quadrangles showing the location of the project area, nearby 
archaeological sites, and the historic Robertson homestead. 



Aside from a small number of low gravel-covered rises in the western half of 
the project area, the ground surface is covered by sparse gravel overlying the 
sandy loam substrate, The surface has been subjected to sheet wash and, in a 
few areas, headward erosion. Modern ground disturbance has resulted from road ,? construction at the southern perimeter of the project area and airstrip con- - . 
struction at its northern margin. Near the half-section point between Sections 
16 and 17, a road leads westward to the remains of a recent house, beyond 
which lies a large trash dump containing construction debris and plant trim- 
mings. The trash dump may have covered cultural materials; prehistoric ar- 
tifacts were found in its vicinity. otherwise, sparse vegetation afforded ex- 
cellent surface visibility of archaeological materials throughout the project 
area. 

Previous Research and Cultural Background 

Prior to the fieldwork, cultural resource files were checked at the State His- 
toric Preservation Office and Arizona State Museum (ASM) for the presence of 
previously recorded sites in or near the project area. Only a single parcel of 
5 acres (2 ha) within the project area, located at the extreme southeastern 
corner of Section 16, had been surveyed (Madsen 1984). No sites or isolated 
finds have been previously recorded within the project area. However, a survey 
of the Palo Verde to Westwing transmission line, adjacent to the McMicken Dam 
outlet channel, located two prehistoric sites immediately north of the area 
(Stein et al. 1977) (Figure I). The Museum of Northern Arizona. (MNA) conducted 
the survey, as well as additional investigations at one of the sites. 

Sit€? AZ T:7 :8(MNA) (NA15,138) was a small artifact scatter, measuring 10 m (33 
ft) by 20 m (66 ft), at the edge of a wash in the northeastern corner of Sec- - 
tion 17. The site contained pottery characteristic of the Hohokam cultural : 7 
tradition, chipped stone flakes, and basalt manos. It appeared to have been a . 
plant processing station. Site AZ T:7: 7(MNA) (NA15,137) was a more substantial ' 

artifact scatter, covering 50 m (164 ft) N-S by 300 m (984 ft) E-W, located 
within a wedge-shaped area between the McMicken Dam outlet channel, the ad- 
jacent modern airstrip, and the northern boundary of Section 16. Since the 
site would have been difficult to avoid during transmission line construction, 
MNA conducted a program of data recovery. Investigative procedures included a 
random sample surface collection of 25% of the site area and excavation of 20 
1 m2 test units (Yablon 1979:lO). Recovered artifacts included 505 ceramic 
sherds, classified into the following Hohokam-affiliated types: 70% phyllite- 
tempered Wingfield Plain; 23% sand-tempered Gila Plain, Salt variety; 2% 
highly micaceous Gila Plain, Gila variety; and 5% red-on-buff decorated 
sherds . Also recovered were 34 chipped stone specimens consisting of flakes, 
cores, scrapers, and hammerstones. Fragments of grinding stones included 14 -' 7 
trough metate specimens, three slab metate pieces, and six whole or fragmen- 
tary manos. Test excavations indicated no subsurface features and a site depthc 
of less than 10 cm (4 in). 

Characteristics of the decorated sherds indicated occupation during the 
Colonial and Sedentary periods, from approximately A.D. 700 to 1100. The site 

- ,  lacked structures or discrete activity areas indicative of year-round habita- 



tion. Yablon ( 1979 : 20) argued that the quantity, types, and spatial patterning 
of artifacts suggested repeated seasonal occupations. Based on the presence of 
trough metates, generally associated with the cultivation and processing of 
maize, he concluded that the local Hohokam may have practiced floodwater farm- 
ing along washes carrying runoff southward from the Hieroglyphic Mountains. 
Insufficient evidence precluded an evaluation of the relative importance of 
farming, as opposed to the use of wild floral and faunal resources. AZ 
T:7:7(MNA) was probably a larger site disturbed by the construction of the 
McMicken Dam outlet channel and dike. However, a recent survey of the Mead to 
phoenix transmission line route by MNA, directly north of the channel, located 
no sites within that area (Keller 1986). 

South of the project area, ACS surveyed the northern quarter of section 20, 
now under development as a neighborhood within Sun City West (Rankin 1988). 
The area contained nine prehistoric isolated finds, predominantly metate f rag- 
ments and whole manos. 

Bontrager and Stone (1987) surveyed the margins of Grand Avenue (U.S. 60) be- 
tween El Mirage and the Beardsley Canal. Near the community of Beardsley, they 
found a historic trash scatter probably deposited during the early 1920s. 

Historic materials were also found along Reach 9 of the Granite Reef Aqueduct 
route, roughly 5 mi (8 km) north of the project area (Brown 1977). Recorded 
sites included two homesteads dating to the early 1920s. Informant interviews 
revealed that during the early 1900s, a stagecoach station was situated near a 
spring at the southwestern edge of Bunker Peak, a mountain located 2.5 mi (4 
km) northwest of the project area. Four prehistoric sites along the aqueduct 
were artifact scatters ranging up to 30 m (98 ft) in diameter. Typically 
situated on low gravel rises within 100 m (328 it) from large washes, these 
scatters incorporated Hohokam red-on-buf f and red ware ceramics, Wingfield 
Plain sherds, and chipped and ground stone implements manufactured from 
basalt. They may have been temporary plant gathering and processing areas. An 
additional prehistoric site incorporated a series of linear rock alignments 
that may have functioned as check dams or agricultural terrace borders. At one 
of the artif act scatters, incised Gila Butte Red-on-buf f sherds indicated an 
early Colonial period occupation, perhaps extending back to A.D. 500. The 
dominant plain ware type at that site was Gila Plain, rather than Wingfield 
Plain, the latter being more common in this region along the Agua Fria River 
(Brown 1977:18). 

Prehistoric seasonal camps, temporary camps, or resource processing stations 
in the desert basins may have been used by inhabitants of more permanent camps 
or villages situated near more dependable water sources, such as the Agua Fria 
River or springs in the Hieroglyphic Mountains. The river, about 5 mi (8 km) 
east of the project area, supported numerous Hohokam farming villages, whose 
inhabitants employed a variety of agricultural strategies incorporating canal 
irrigation, terraced and bordered fields , and rainwater diversion systems 
(Green and Effland 1985). Sites along the Agua Fria River include pithouse 
villages and stone pueblos, limited activity loci, and rock art. They have 

- been dated to the Colonial through early Classic periods of the Hohokam cul- 



tural sequence, from about A.D. 500 to 1200. Some archaeologists regard this 
area as the northern periphery of the Hohokam territorial range, perhaps 
colonized by migrants from the Hohokam heartland along the lower Salt and 
middle Gila rivers. The area appears to have been used less intensively after 
A.D. 1150. The Northeastern Yavapai, more mobile people who drew propor- 
tionately greater sustenance from wild plants and game, historically occupied 
the region. 

Miners moved into the area during the late 1800s. By 1890, major wagon roads 
included Grand Avenue between Phoenix and Wickenburg, and a road from Phoenix 
to Prescott along the Agua Fria River. The late nineteenth century witnessed 
the first historic effort to dam the Agua Fria for diversion of the water into 
irrigation systems (Green and Effland 1985: 21). In 1893, W. H. Beardsley 
formed the Agua Fria Construction Company to build a dam and primary canal. 
Construction began in 1893, but was suspended due to financial difficulties. 
With support from financier Donald C. Waddell, the Beardsley Land and Invest- 
ment Company finally completed the Waddell Dam and Beardsley Canal by 1925. 
Beardsley and his partners sold out to the Pacific Development Company of Los 
Angeles, which purchased over 39/00 acres (15,783 ha) west of the Agua Fria 
River. A promotional campaign to draw settlers to the planned agricultural 
paradise was extinguished by the onset of the Great Depression (Green and Ef- 
fland 1985:23). 

Survey Methodology 

The fieldwork was conducted between January 10 and January 16, 1991, by crews 
of four persons including Connie Stone (Field Director), Dave Barz, Eric 
Baunach, Peg Davis, and Ted Silk. The crew traversed successive north-south 
transects, each a mile long, spaced at intervals of 20 m (66 ft). Spatial con- 
centrations of cultural resources were marked with colored flagging tape and 
metal tags. 

Survey Results 

Given the barren appearance of the creosote flats, the survey revealed an 
unexpectedly high number and variety of cultural materials. Altogether, the 
survey documented two prehistoric sites, 46 prehistoric isolated finds, two 
historic sites, and 63 historic isolated finds. Relative densities vary, but 
cultural materials are scattered throughout the project area (Figure 2). 

Prehistoric Sites 

The two prehistoric sites are artifact scatters situated along washes in the 
western portion of the project area. Site boundaries are drawn to encompass 
discrete concentrations of artifacts, labeled as separate loci, and relatively 
high densities of isolated finds. 

This site, which is located in the northwestern corner of Section 16, likely 



Figure 2. Archaeological sites and isolated finds within the project 
area. 



represents a southern extension of AZ T:7:7(MNA) (Figures 1,2). It covers an 
area approximate!y 650 m (2,132 ft) N-s by 600 m (1,968 ft) E-W. Four loci, 
two of which are situated on low gravel rises, contain relatively dense con- 
centrations of lithic and ceramic artifacts but no obvious features. Away from 
the relatively stable gravel rises, lower alluvial areas contain isolated 
finds, possibly redeposited by sheet wash. The 46 recorded isolates include 
single occurrences and small concentrations of artifacts distributed 
throughout the site area. Fifteen isolates consist of 20 or fewer ceramic 
sherds, primarily Wingfield Plain. Sand-tempered and micaceous Gila Plain are 
also present. Red-on-buff sherds include specimens datable to the Colonial 
period, associated with micaceous Gila Plain. Thirteen isolated finds consist 
of whole or fragmentary metates and manos, manufactured primarily from basalt. 

. One specimen appears to be a portion of a trough metate. Nine chipped stone 
isolates include cores, flakes, and hammerstones of basalt and greenstone. The 
remaining isolated finds include small concentrations of multiple artifact 
types and three historic artifacts: a forged horseshoe, an evaporated milk 
can, and a bottle. 

Locus 1 covers an area approximately 200 m (656 ft) N-S by 100 m (328 ft) E-W, 
at the southeastern margin of AZ T: 7 :52 (ASM) (Figure 2). This area of heavy 
sheet wash, located downstream from the other loci, may represent an area of 
secondary deposition. At least 50 potsherds include reddish-brown and smudged 
Wingfield Plain, sand-tempered Gila Plain, and sand-tempered sherds containing 
gold mica particles. Other scattered artifacts include at least five metate 
fragments, a circular mano, and several flakes of fine-grained basalt or 
daci te . 
Locus 2, most proximate to AZ T:7: 7 (MNA) , incorporates an area approximately 
70 m (230 ft) in diameter, with a core concentration of artifacts situated on 
a low gravel rise measuring about 30 m (98 ft) in diameter (Figure 2). At 
least 500 sherds, 30 specimens of ground stone, and 10 chipped stone artifacts 
are incorporated within the locus. Wingf ield Plain again predominates, with 
sand-tempered Gila Plain and Hohokam buff ware sherds also present. There are 
also a few sherds of thin, lightly polished, sand-tempered brown ware. These 
specimens appear similar to Yavapai pottery types, which would indicate use of 
the locus over a long time span by different cultural groups. A similar mix of 
pottery types was collected from a site north of the White Tank Mountains 
(Brown and Stone 1982:108). 

Locus 3, located roughly at the center of AZ T:7:52(ASM), covers an area 80 m 
(262 f t) N-S by 75 m (246 f t) E-W (Figure 2). Within an area of headward ero- 
sion, artifacts are visible in arroyo walls, below the present ground surface. 
Although the cultural deposits appear to be shallow, there is a distinct pos- 
sibility of subsurface artifacts or features. This area, adjacent to a major 
wash, likely has experienced periods of deposition that may have buried cul- 
tural materials. The artifact scatter contains at least 300 sherds including 
Wingfield Plain, sand-tempered and micaceous Gila Plain, and red-on-buf f 
sherds, one of which probably dates to the Colonial period; a basin metate 
fragment; two heavily used manos; two basalt hammerstones; a chert core; and 

- at least 20 flakes of fine-grained basalt. 



Locus 4 incorporates an artifact scatter over an area approximately 55 m (180 
ft) N-S by 45 m (147 it) E-W (Figure 2). Situated on a low gravel rise, this 
locus contains over 200 potsherds, at least five hammerstones, more than 20 
chipped stone artifacts, and at least 10 whole or fragmentary grinding imple- 
ments. One mano is a rectangular two-hand type commonly associated with the 
use of trough metates. Wingf ield Plain is the dominant utility pottery. 
Decorated sherds include an incised specimen indicative of a Colonial period 
occupation. Later use of the locus is indicated by the presence of a Gila Red 
sherd with a distinctive Gila shoulder, characteristic of the Classic period 
post-dating A.D. 1100. 

In summary, AZ T:7:52(ASM) contains a diverse assemblage of utilitarian ar- 
tifacts and decorated pottery attributable primarily to Hohokam occupation. 
The few datable artifacts indicate that the area may have been used repeatedly 
between A.D. 500 and 1200, and perhaps later by the historic Yavapai. In the 
relative proportions of artifact types, the predominance of Wingf ield Plain 
pottery, and the conspicuous presence of cores and hammerstones among lithic 
specimens, the artif act assemblage appears quite similar to the collection 
recovered from AZ T:7:7(MNA), 

This site encompasses an area approximately 150 m (492 it) N-S.by 120 m (394 
ft) E-W, located in the southwestern corner of the project area (Figure 2). 
Locus 1 is a relatively dense artifact scatter, covering an area 65 m (213 
it) N-S by 55 m (180 it) E-W, on a low gravel rise adjacent to a mesquite 
bosque . Grinding implements predominate. Observed artif acts include at least 
six slab metate fragments, 11 whole or fragmentary manos of basalt and 
granite, four sherds, and two greenstone cores. The area likely contains addi- 
tional fragments of ground stone, Outlying isolates include 10 slab metate 
fragments and a greenstone scraper. 

Prehistoric Isolated Finds 

Prehistoric isolates, predominantly grinding implements, reach their highest 
densities in the vicinities of sites AZ T: 7 : 52 and T: 7 : 53 (ASM) . However, they 
are distributed throughout the project area (Figure 2). Table 1 summarizes the 
nature of the prehistoric isolated finds. 

Discussion of Prehistoric Materials 

The artifact scatters are similar, in density and assemblage composition, to 
sites previously recorded along the Palo Verde to Westwing transmission line 
(Stein et al. 1977; Yablon 1979) and the Granite Reef Aqueduct (Brown 1977). 
Those sites were interpreted as plant processing areas, temporary camps, and 
seasonal camps, By virtue of its numerous manos and its proximity to a remnant 
mesquite bosque, AZ T:7:53(ASM) probably represents an area where plant 
resources were processed. Isolated artifacts in the site's vicinity consist 
primarily of grinding implements. The tools may have been left there and 



Table 1. Prehistoric Isolated Finds Within the Project Area. 

Isolate No. Description 

1 oval basalt unifacial mano, light use 
2 oval granite mano fragment 
3 oval granite bifacial mano 
4 oval granite unifacial mano 
5 basin metate fragment of porphyritic igneous material 
6 oval granite hammerstone 
7 two basalt metate fragments 
8 oval f ine-grained basalt unif acial mano 
9 whole slab metate, one use surf ace, metamorphic material 
10 bif acial mano fragment , metamorphic material 
11 unutilized dacite core 
1 2  reddish-brown schist-tempered potsherd 
13 circular unif acial mano fragment , igneous material 
1 4  circular basalt bifacial mano fragment 
15 slab metate fragment of vesicular basalt, both sides used; 

four phyllite-tempered Wingfield Plain potsherds 
16 circular bif acial granite mano; oval bif acial granite mano; 

quartz hammerstone; pestle of metamorphic ( ? )  material, 
both ends battered 

1 7  basalt slab metate fragment, one use surface 
18 oval basalt unifacial mano fragment 
19 oval basalt unifacial mano fragment 
20 greenstone flake 
2 1 two basalt hammerstones; a Wingfield Plain potsherd 
2 2 vesicular basalt bifacial mano fragment 
2 3 vesicular basalt slab metate fragment, two surfaces ground 
2 4 vesicular basalt metate fragment, two surfaces ground 
25 two Wingf ield Plain potsherds 
2 6 one greenstone flake; a micaceous Gila Plain potsherd 
2 7 dacite tertiary flake 
28 basalt unif acial mano fragment 
2 9 one Wingf ield Plain potsherd; one sand-tempered potsherd 
30 seven Wingf ield Plain potsherds 
3 1 one Wingf ield Plain potsherd 
3 2 five Wingf ield Plain potsherds 
3 3 vesicular basalt metate fragment 
34 four sand-tempered potsherds 
3 5 quartzite secondary flake 
3 6 scatter of 25-30 cobbles, 1 x 2 m; no artifacts 
37 granite slab metate fragment 
38 metate fragment 
3 9 greenstone flake 
4 0 whole slab vesicular basalt metate, two use surfaces 
4 1 two vesicular basalt metate fragments; oval granite 

- granite bif acial mano; granite bif acial mano fragment 



Table 1. continued 

Isolate No. Description 

oval granite bifacial mano 
two granite mano fragments; three vesicular basalt 
mano fragments 
basalt slab metate fragment; basalt mano fragment; 
fine-grained rhyolite flake 
two oval bifacial mano fragments of vesicular basalt 
oval vesicular basalt unif acial mano fragment 

reused over multiple seasons. 

AZ T: 7 : 52 (ASM) incorporates a more diverse assemblage including plain and 
decorated pottery, grinding implements, hammerstones, and chipped stone cores 
and flakes. As Yablon (1979) noted, the lack of obvious features, discrete ac- 
tivity areas, or substantial trash deposits at AZ T:7: 7(MNA) indicate that the 
area was not occupied on a year-round basis. However, the assemblage diversity 
and the conspicuous presence of grinding implements indicates temporary or 
seasonal camping, perhaps over several hundred years, by small groups. Yablon 
( 1979 : 20) suggested that floodwater farming was a major activity, based on the 
presence of trough metate fragments, a "lack of evidence-or wild resource 
exploitation, and the opinion that Itthe local environment was probably un- 
favorable for such exploitation to be conducted on a large scale." 

It is possible that floodwater farming was practiced, during years of 
favorable summer rainfall, along the major washes. However, seasonal harvests 
of mesquite beans may have offered a stronger impetus for prehistoric use of 
this area. The legumes produced by mesquite trees, available during the sum- 
mer, were a nutritious and dependable resource, one of the most important wild 
foods used by native inhabitants of the desert. Although wooden mortars and 
pestles generally were used for initial processing of the sticky mesquite 
pods, many historic Indian groups used metates and manos for further process- 
ing into a finer meal (Doelle 1976:55). ~istoric records reveal that the 
project area once was covered by dense thickets of mesquite and paloverde 
trees. In 1894, dense vegetation impeded the progress of General Land Office 
(GLO) surveyor A. T. Colton, as described in his survey notes on file at the 
state office of the U. S. Bureau of Land Management (BLM) . During the past 
century, a drastic reduction in mesquite can probably be attributed to lower- 
ing of the water table by groundwater pumping and disruption of natural 
drainage patterns by the construction of the Beardsley Canal and McMicken Dam 
outlet channel. 

Hohokam families or task groups may have ventured into the project area from 
nearby villages or from camps closer to springs in the Hieroglyphic Mountains. 
Additional survey evidence from surrounding areas is necessary to evaluate 
those alternatives, Groups also may have traveled from villages along the 
Aqua Fria River, about 5 mi (8 km) east of the prehistoric sites. At first 



consideration, this seems unlikely, as abundant mesquite likely existed along 
the river. Yet, mesquite groves along the Aqua Fria may have been depleted by 
clearing for fuel and agricultural fields (Dove 1984). In addition, Indian 
groups often traveled far to gather mesquite beans when agricultural harvests 
failed. Compositional studies of ceramics can indicate manufacturing areas and 
relationships among sites within regions. Distinctive basalt sources in the 
Hohokam northern periphery may have been used to manufacture grinding imple- 
ments exported to the heartland. In the future, it may be possible to trace 
the origins of pottery and grinding implements and to determine the affilia- 
tions of groups who inhabited outlying desert camps. 

Historic Sites 

Whereas prehistoric sites and isolates are concentrated in the western portion 
of the project area, the two historic sites are located in its eastern area, 
along the section line between Sections 15 and 16 (Figure 2). Both historic 
sites appear to be remnants of early twentieth century homesteading. 

This site incorporates wells, trash deposits, canals, and a field system ex- 
tending over an area approximately 1,000 m (3,280 it) N-S by 350 m (1,148 ft) 
E-W, within the westernmost quarter of Section 15 (Figures 1 and 2). Figure 2 
depicts the distribution of features within the site. Two wells, situated only 
10 m (33 it) apart, are located at the site's northern margin. One of the 
wells, possibly dug by hand, is a hole approximately 3 m (10 it) in diameter, 
filled with trash consisting primarily of a crumpled sheet metal liner or 
tank, and a metal mattress frame. The other well was probably drilled. It is 
marked by a pipe approximately 25 cm (10 in) in diameter, surrounded by square 
nails and wire that suggest the former existence of a windmill. The larger 
well represents a hazard, since the trash obscures the existence of a deep 
hole. The survey crew marked this feature with wide yellow flagging tape 
labeled "DANGER." Caution should be exercised in its vicinity. 

The wells are surrounded by a scatter of metal, glass, and ceramic trash. Al- 
though the crew expected to find evidence of a structure, no concrete or 
earthen house foundations were observed. Such structural components as wooden 
beams, sheet metal, and window glass are also absent. 

A series of rock check dams or field borders are located southwest of the 
wells and trash scatter. Three linear rock alignments are linked to earthen 
berms, approximately 50 cm (20 in) high, that extend in a perpendicular direc- 
tion from an old canal. The canal runs parallel to the section line. The berms 
are approximately 30 m (98 ft) long, and the rock alignments range from 15 m 
(49 it) to 20 m (66 it) long: Buried rocks indicate that the earthen berms 
might incorporate additional segments of rock alignments. The berms and rock 
alignments range from 50 cm (20 in) to 1 m (39 in) wide, and distances between 
them range from 20 m (66 it) to 30 m (98 it). The crew initially interpreted 
these features as check dams, but instead they appear to have been borders of 
rectangular field plots. About 35 m (114 ft) south of the linear alignments is 
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a U-shaped rock alignment; its function is uncertain. 

As shown in Figure 2, a canal parallels the section line. Near the northern 
edge of Section 15, it has been obliterated by modern ground disturbance. This 
canal likely originated at the Beardsley Canal, located 1 mi (1.6 km) to the 
north. In the southern portion of AZ T: 7 : 50 (ASM) , a branch canal borders a' 
system of parallel earthern berms that appear to have functioned as field bor- 
ders. Within this area, obviously disturbed (tilled?) ground supports a par- 
ticularly dense growth of native grasses. 

Such well-preserved agricultural systems are rarely found at historic sites in 
Arizona (Stein 1989). Vegetation bordering the canals and berms rendered them 
visible on an aerial photo blueprint provided to ACS by the Del Webb Corpora- 
tion. Inspection of the original aerial photo could clarify the extent and 
configuration of the agricultural system. 

The trash at AZ T:7:50(ASM) consists of hundreds of fragments of metal, glass, 
and ceramic artifacts. Metal artifacts include food cans, coffee and tea tins, 
meat tins, tool parts, a portion of a cast iron stove, an enamel coffee pot 
lid (blue granite ware), cartridge cases, shotgun shells, and glass-lined zinc 
Mason jar caps. Parts of a shearing instrument indicate that sheep may have 
been kept at the farm, perhaps supported by alfalfa raised there. Other ar- 
tifacts include bottle and jar fragments; sherds of milk glass, sun-colored 
amethyst glass, and blue Ball jars; and pieces of porcelain china dinner ware. 
Table 2 summarizes the initial dates and, where applicable, the final manufac- 
turing dates for distinctive artifacts found at the two historic sites and as 
isolated finds within the project area. Sources for this information include 
Toulouse (1971) for glass ware; Lehner (1988) for porcelain; Simonis (1990) 
for evaporated milk cans; and for information on artifacts found at historic 
sites within Arizona, Hull-Walski and Ayres (1989), Stein (1981, 1988), and 
Stone (1990). 

Manufacturing dates of historic artifacts indicate most intensive use of the 
area between 1910 and 1945. A high proportion of purple glass indicates an oc- 
cupation prior to 1920. Manganese, a decolorizing agent imported from Germany, 
became unavailable during World War I. Glass containing manganese turns 
amethyst or purple when exposed to ultraviolet rays. The totality of the 
evidence indicates that AZ T: 7 : 50 (ASM) was occupied or used primarily during 
the 1910s, 1920s, and 1930s. 

Plat books and homestead patents on file at the BLM state office revealed that 
the site area coincides with the Robertson homestead (Figure 1). Orval A. 
Robertson received patent (#590595) to 160 acres (65 ha) in 1917, under the 
provisions of the Enlarged Homestead Act of 1909. The law required that claims 
be cultivated in non-native crops. A 1912 amendment changed the residency 
requirement from five to three years, but the homesteader had the option of 
being absent from the claim for five months of each year. Thus, Robertson 
probably filed his claim between 1910 and 1915, dates consistent with the ar- 
tifact assemblage at AZ T: 7: 50 (ASM) . The records show that an earlier homes- 
teading entry, filed in 1891, was cancelled. In general, land was not 



Table 2. Manufacturing Dates for Historic Artifacts Within the Project Area. 

A r t i f a c t s  1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 

-!ined.zinc 
ason j a r  l i d s  1869 

U.S. C a r t r i d  e Co, ................................. 'CLIHAP s h e f l  1870.. ,1936 

sun-co lo red  ................ amethys t /purp le  g l a s s  1880. ,1915 

. hole - in -ca  
fruit/sege!able c a n s  

i i n c h e s t e r  No, 12 
'RBPBATER' s h e l l  

Crown P o t t e r i e s  c h i n a  

Remin t o n  UHC No. 12 'NITRB CLUB' s h e l l  

'BBST FOODS' j a r  

CLOROX b o t t l e  

o v e n s - I l l i n o i s  g l a s s  

P a t e n t  numbers on 
O v e n s - I l l i n o i s  b o t t l e s  

Royal p o r c e l a i n  

mi lk  can  t p e s  d i a m e t e r  and h e i g h t  in i n c h e s  (Simonis  1990):  
5 2 8{l! 1 8/16 1903., ,1911 
10 2 1 116 4 4/16 1917 , ,  , ,1929 
12 2 15/16 3 14/16 1917. ,  , ,1929 
15  2 7/16 2 8/16 1920 , ,  ,1931 
17 2 8/16 2 6/16 1931,,. . .1948 
18 2 15/16 3 14/16,  'Punch h e r e B  1935.. ,1945 

Eaze l -At las  g l a s s  

Diamond g l a s s  

o v e n s - I l l i n o i s  b o t t l e  
( I le inz p a t e n t  1213) 

I l l i n o i s  P a c i f i c  Coas t  g l a s s  1930.1932 

PURKX b l e a c h  b o t t l e  1939 

O v e n s - I l l i n o i s  'Duraglas'  

'RAVBNNA' d innerware ,  ...................................................... Shenango China Co,, ,1960 

- Hheaton g l a s s  1946 
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available for homesteading until it had been surveyed and subdivided into sec- 
tions by the GLO (Stein 1989). The GLO survey of Township 4 N, Range 1 W was 
not officially filed until 1896. Colton, the surveyor, observed that there 
were no settlers within the township at that time. 

The examined records do not indicate the nature of land use or changes in 
ownership after the land was patented in 1917. The datable artifacts and the 
probable linkage of the canal to the Beardsley Canal, completed in 1925, indi- 
cate that the Robertson homestead was farmed through the 1930s. It is possible 
that the northern field area bordered by rock alignments, close to the wells, 
was cultivated to fulfill the legal homesteading requirements and later incor- 
porated into an expanded system of fields linked to the canal. It is difficult 

. to interpret the lack of obvious structural remains. Evidence from other 
desert homesteads indicates the possibility of rather insubstantial shelters 
such as tent houses, dugouts, or structures erected on dirt floors. Houses of- 
ten were dismantled and carted away. It is possible that the homestead was oc- 
cupied periodically rather than continously. Shelter remnants may have been 
too ephemeral to be readily visible to the survey crew. 

In addition to the historic materials, several prehistoric artifacts are scat- 
tered through the area encompassed by AZ T: 7 : 50(ASM). These isolated finds in- 
clude three whole slab metates, two whole manos, and a mano fragment. 

/ This site is a trash scatter, covering an area approximately 70 m (230 it) N-S 
by 60 m (197 ft) E-W, within the northeastern quarter of Section 16 (Figure 
2). It contains several hundred fragments of sun-colored amethyst glass, por- 
celain, crockery, and blue Mason jars; more than 30 metal cans and a few 
buckets; and a few green and blue bottles. Similarities in artifact types, and 
the site's proximity to AZ T:7:50(ASM), suggest that it served as a domestic 
trash dump for the users of that site. 

Historic Isolated Finds 

Historic isolates, consisting primarily of cans and bottles, are scattered 
throughout Section 16 and the eastern quarter of Section 17 (Figure 2). BLM 
records show that the latter area was patented by cash entry, a procedure that 
allowed homesteaders to purchase land in lieu of fulfilling residency require- 
ments. Henry N. Lewellen received patent ($834343) to 160 acres (65 ha) in 
1921. The records hold no evidence of homesteading in Section 16. The dis- 
persed distribution of the cans and bottles indicates that cowboys might have 
stopped for a quick meal while tending to livestock, sirfce this area has been 
used for grazing cattle. Table 3 summarizes the nature of the historic iso- 
lated finds within the project area. 



Table 3. Historic Isolated Finds Within the Project Area. 

Isolate No. 

metal heater or wood stove 
3 hole-in-cap (HC) metal cans 
1 HC can 
1 HC can 
small trash dump, 10 m in diameter: sanitary cans, 
bottles, dinner ware fragments, and a bicycle dating 
dating to the 1950s at the earliest 
2 HC cans 
1 HC can 
1 HC can 
2 HC cans 
3 HC cans 
1 HC can 
bottle, trademark D in keystone symbol ; possibly 
manufactured by Knox Co:, Denver plant, 1945-1951 
Kreml hair tonic bottle 
2 HC cans 
1 HC can 
1 HC can 
12-gauge shell manufactured in Hungary 
1 HC can 
1 HC can 
7 HC cans 
brown beverage bottle 
brown PUREX bottle; BEST FOODS bottle, Diamond glass; 
2.5 oz clear glass medicine bottle, Hazel-Atlas glass; 
clear octagonal bottle, Diamond glass, labeled 
llSuperior Products, Phoenixn 
1 HC can 
1 evaporated milk can, type #18 (see Table 2) 
3 HC cans 
clear condiment bottle, Hazel-Atlas glass 
1 HC can 
clear bottle, Owens-Illinois glass 
Heinz condiment bottle, owens-Illinois glass 
clear bottle 
1 HC can 
3 HC cans 
1 HC can 
1 HC can 
brown beverage bottle fragment, owens-Illinois glass; 
enamel (pale blue granite ware) cooking pot 
clear Mason jar fragment 
1 evaporated milk can, type #12 (see Table 2) 
1 evaporated milk can, type t 5  (see Table 2) 
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Table 3. continued 

Isolate No. 

1 evaporated milk can, type #17 (see Table 2 )  
Karo Syrup bottle, Owens-Illinois "Duraglasn; 
2 evaporated milk cans, type #18 (see Table 2) 
body of early 1950s Mercury sedan 
1 evaporated milk can, type #I8 (see Table 2 )  
1 HC can 
clear pint bottle, Owens-Illinois glass 
1 HC can 
2 brown pharmaceutical bottles, Wheaton glass, post-1946 
1 evaporated milk can, type #15; 2  HC cans; Heinz 
Heinz bottle, patent 21 1; brown beverage bottle, 
Illinois pacific Coast glass; "Ravenna" dinner ware 
1 HC can 
1 HC can 
1 HC can 
rock alignment parallel to section line road, 
15 m long, up to 2 m wide, 80-90 rocks; 
no associated artifacts; function uncertain 
1 HC can 
1 evaporated milk can, type #10 
2  HC cans 
2 HC cans 
1 HC can 
1 HC can, 1 enamel (gray granite ware) cooking pot 
1 HC can 
1 HC can 
1 HC can 
80-90 cans, including evaporated milk cans, type #12; 
1 enamel (gray granite ware) cooking pot; fragments of 
glass and porcelain; single dumping episode 
1 HC can 
50-60 cans including HC cans; single dumping episode 

Recommendations 

Isolated cultural materials have been adequately recorded in areas outside of 
the defined site boundaries; they can yield little further information. In 
those zones of the project area, cultural resources pose no constraints on fu- 
ture development. Development of the south half of Section 16 poses no threat 
to existing cultural resources, if the bordering archaeological sites are 
avoided or, if necessary, protected by fences. 

The four sites recorded within the project area are potentially eligible for 
nomination to the National Register of Historic Places, by virtue of the fol- 



lowing qualities: they retain sufficient physical integrity to yield informa- 
tion on prehistoric and historic activities; the historic sites are more than 
50 years old; and under "criterion Dv, the sites are likely to yield informa- 
tion important in prehistory and history. Theref ore, additional archaeological 
investigation is recommended for these sites prior to development. 

Prehistoric Sites 

The prehistoric sites, AZ T: 7 :52 and T: 7 :53 (ASM) , can yield information 
regarding changes through time in Hohokam use of desert basin resources. Al- 
though much archaeological work has taken place along the Agua Fria River, 
there is relatively limited knowledge of settlement patterns, economic 
strategies, and social affiliations of groups who occupied the desert zone 
west of the Agua Fria. Brown (1977) suggested that this was a zone of interac- 
tion between the river-based Hohokam and inhabitants of the mountainous 
country to the north. Raw material studies of ceramics and grinding implements 
could yield information regarding the geographic and social ties of the site 
users. 

At the prehistoric sites, further investigations should focus on the five 
areas of relatively high artifact density designated as numbered loci. These 
areas include low gravel rises that have been subjected to relatively minimal 
disturbance from erosion. Surface collection and artifact analysis should be 
supplemented by subsurface testing to determine the depth of the cultural 
deposits and the presence of subsurface features. Soil deposition appears to 
have buried artifacts at some of the loci, although investigations at nearby 
AZ T:7:7(MNA) revealed that the depth of that site did not exceed 10 cm (4 
in). Pollen or flotation samples from subsurface archaeological contexts could 
indicate whether floodwater farming took place along the washes, as suggested 
by Yablon (1979). 

Historic Sites 

The historic sites, AZ T: 7 : 50 and T: 7 :51 (ASM) , can yield information regarding 
the history of homesteading and early irrigation systems in the desert regions 
of Arizona. Although homesteading was a "major factor in the settlement and 
growth of ArizonaVStein 1989:2), only a few historic homesteads have 
received detailed study. AZ T: 7 : 50 (ASM) is particularly interesting in several 
respects. The first serious attempt to settle and farm the area culminated in 
the successful conveyance of a title patent. In general, failures outnumbered 
successes for desert homesteading claims. A locally high water table, soil 
labeled as "first raten by the surveyor Colton, and the proximity of major 
roads may have contributed to the success of the Robertson homestead. The 
field borders, rock alignments, and canals are a significant aspect of the 
site. Stein (1989: 11) noted that Itof all the man-made features at homesteads, 
agricultural fields are probably the most elusive, Study of the agricultural 
system at AZ T: 7 :50 (ASM) could reveal how homesteaders coped with the chal- 
lenge of desert farming. The site may also offer information relevant to the 
history of the Beardsley Canal and its effects on historic settlement of the 

- area west of the Agua Fria River. 



~rchaeological studies of the historic sites should involve the collection and 
analysis of artifacts, a search for evidence of structural features or latrine 
deposits, and mapping of the agricultural system and other features. The ex- 
amination of aerial photos could aid in site mapping. Archaeological analyses 
could help reveal the nature of homestead life and the homesteaders1 ties to 
the larger community and the Arizona economy through time. Additional documen- 
tary studies could reveal the history of ownership and occupancy of the site 
after the original patent was granted to Robertson. There appear to have been 
two major motives for homesteading. During the Great Depression of the 1930s, 
homesteading offered one of the few options for obtaining property at little 
cost other than labor and persistence. An alternative motive was the acquisi- 
tion of land for immediate or eventual financial gains. Patented land, which 
cost little in monetary terms, was often sold soon after receipt of the 
patent. Robertson may have foreseen an increase in the value of his land upon 
the completion of the planned Beardsley Canal. potentially productive documen- 
tary sources include homesteading. case files maintained at the National Ar- 
chives, deed indices maintained by the County Recorder, and old city direc- 
tories and newspapers. 

Information and artifacts recovered from studies of the prehistoric and his- 
toric sites could be used in interpretive exhibits displayed at Sun City West 
recreational and cultural centers. Many residents would be interested in the 
history of their community, which has evolved from an Indian 'food gathering 
ground, to an area farmed by resourceful homesteaders, to a thriving modern 
city. 
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Archaeological Consulting Services Ltd. 
P.O. Box 27294 Tempe. Az. 85285 

Margerie Green, Ph.D. 
(602) 894-54771 894-5478 

February 22, 1991 

Mr. Tim Goodrich 
Del Webb's Sun City West 
13950 Meeker Boulevard 
P.O. Box 1705 
Sun City West, Arizona 85372-1705 

Dear Mr. Goodrich: 

As described in the ACS survey report for the project area north of Sun City 
West, two prehistoric sites and two historic sites exist within the area. The 
prehistoric sites, A2 T: 7:52 and T:7 :53(ASM), are artifact scatters that con- 
tain information relating to the prehistoric subsistence economies and social 
networks of Hohokam groups who utilized the area between A.D. 500 and 1200. At 
the larger site, AZ T:7:52(ASM), four relatively small areas contain the 
majority of artifacts. Information from the remainder of the site area has al- 
ready been recovered during the survey, through the recording of isolated ar- 
tif acts. The historic sites, AZ T: 7 : 50 and T : 7 : 5 1 (ASM) , contain information 
regarding homesteading between A.D. 1910 and 1940, the nature of historic 
farming strategies and irrigation systems, and the effects of the Beardsley 
Canal on historic settlement of the area west of the Aqua Fria River. 

The sites are considered to be potentially eligible for nomination to the Na- 
tional Register of Historic Places. The National Register is an official list- 
ing of significant prehistoric and historic cultural resources. Eligibility is 
based on the following characteristics: physical integrity, a lack of severe 
damage or disturbance; an age greater than 50 years; and the applicability of 
at least one of four major criteria of site significance. The sites within the 
project area display sufficient integrity and antiquity, and they conform to 
"Criterion D\ sites "hat may be likely to yield information important in 
prehistory or history. tt 

Potential eligibility does not mean that sites must be preserved, or that of- 
ficial nomination procedures must be followed. In fact, these four sites are 
not worthy of preservation. Instead, efforts must be made to recover the in- 
formation that the sites .can yield. To parapharse Robert Gasser, Compliance 
Officer for State Historic Preservation Off ice, the determination of 
eligibility to, as opposed to actual nomination to, the National Register is a 
bureaucratic means for making sure that the cultural resources are inves- 
tigated (personnel communication, February 21, 1991) . Actions that could af - 
fect the sites are subject to review by the State Historic Preservation Of- 
ficer, who is responsible for ensuring compliance with federal and state 
legislation regarding historic preservation. i 

The State Historic Preservation Office (SHPO), directed by Dr. ~heieen Lerner, 
1 

is a division of the Arizona State Parks, located at 800 W. Washington Street 
in Phoenix. The survey report should be submitted to the SHPO for review, 
along with the enclosed "SHPO Standardized Report Abstractn. The allotted 
review period is 30 days upon receipt of the report. It is likely that the 



SHPO staff will concur with our recommendation for data recovery at the sites. 
Once data recovery has been accomplished, the sites would pose no constraints 
to development. 

The initial step in data recovery involves preparation of a data recovery plan 
that must be submitted to the SHPO for a 30-day review period. Following 
preparation, review, and approval of a data recovery plan, investigations will 
involve fieldwork, documentary research, laboratory analyses, and report 
preparation. Although fieldwork will be necessary, it will not be excessively 
laborious or time-consuming . Fieldwork will primarily involve site mapping, 
surface artifact collections, and limited test excavations. The sites do not 
appear to contain deep cultural deposits that would require costly excava- 
tions, and the artifact concentrations are limited in area. We estimate a 
period of four to six weeks for fieldwork. Laboratory analyses, documentary 
research, and report preparation could take an additional four to five months. 
We caution that although these are reasonable estimates, they might not con- 
form to those within a carefully prepared data recovery plan. The entire 
process, from review of the survey report to submission of a final research 
report, should take less than a year. 

Finally, if a portion of the project area is transferred to the Arizona 
Department of Transportation (ADOT), then RWT would be responsible for data 
recovery at the sites within the transferred area. If this is the case, then 
the cover letter from the Del Webb Corporation to the SHPO should explain that 
situation. 

Thank you for your cooperation, and please contact us if you require addi- 
tional information or clarification. 

Sincerely, 

~onnie L. Stone, Ph.D. 
Project Director 

cc Arne Lahlum, Stanley Consultants 
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ENVIRONMENTAL PROPERTY EVALUATION 
DEL E. WEBB DEVELOPMENT COMPANY 

SUN CITY WEST EXPANSION 
MARlCOPA COUNTY, ARIZONA 

WT JOB NO. 71 11 KO31 

SECTION 1.0 

INTRODUCTION 

This section presents general project information and work scope. 

1.1 PROJECT AUTHORIZATION 

This report presents the results of an environmental property evaluation conducted for the Sun City West 

Expansion located north of Deer Valley Drive near 139th Avenue in Maricopa County, Arizona. WT was 

retained by Mr. Tim Goodrich of Del E. Webb Development Company to perform the evaluation and was 

authorized to proceed as stipulated in WT's Proposal No. 71 11 A036. 

1.2 PROJECT OBJECTIVE AND SCOPE OF WORK 

The objective of this environmental property evaluation was to survey the potential for hazardous or toxic 

substance contamination from past or present uses of the site or properties within one-half mile. 

Conclusions and recommendations for further actions in this report are subject to modification if subsequent 

information is developed by WT or others. 

The scope of services for the project included the following activities: 

o On-site survey of present conditions 

o Off-site touring of properties within one-half mile of the site 

o Regulatory agency and historical records review 

o Data evaluation 

o Report of findings and conclusions 

o Development of recommendations. 
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SECTION 2.0 

SlTE INFORMATION 

The following site information was developed from on-site observations and records reviews. 

2.1 LOCATION 

The subject property is located within Section 15, 16, and 17 of Township 4 North, Range 1 West of the 

Gila River Baseline and Meridian, Maricopa County. The subject property is located north of Deer Valley 

Drive near 139th Avenue in Marimpa County. Arizona (see Figure 1, Appendix A). 

The site boundaries and properties adjacent to the subject property are as follows: 

o North: Private property with an abandoned ultralight air strip and McMicken Dam 
Diversion Channel 

o East: Undeveloped land used primarily for livestock grazing 

o South: Deer Valley Drive with residential property beyond 

o West: Undeveloped land. 

2.2 SlTE DESCRIPTION 

The subject property consists of approximately 960 acres that occupies the southwest quarter and one-half 

of the northwest quarter of Section 15; all of Section 16; and the southeast quarter of the southwest quarter 

of Section 17 of Township 4 North, Range 1 West. 

The subject property is undeveloped and sparsely covered with native desert vegetation. Evidence of 

agricuttural usage of the subject property is not indicated. Numerous well-beaten livestock tracks were 

observed throughout the subject property indicating present land use for the grazing of livestock. No 

buildings or structures were observed on the subject property. 

Several areas of domestic dumping consisting of construction debris, automobile tires, and metal scraps 

were observed on the subject property. The debris piles were primarily noted in the southern portions of 

Sections 16 and 17. 
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A concrete stock watering tank was observed on the southeast portion of Section 16. The tank was dry 

at the time of the on-site survey. A broken PVC pipe and ditch were located adjacent to the stock watering 

tank. The ditch was approximately one foot in depth and 50 feet in length. The apparent use of the PVC 

pipe and ditch were to fill the stock watering tank for livestock use. 

Electrical service to the subject property is provided by Arizona Public Service (APS). During the on-site 

survey, a pole-mounted capacitor bank was identified on the southwest comer of Section 16. The capacitor 

bank appeared to be in good condition and no visible signs of leakage were noted. 

No surface staining or chemically distressed vegetation indicative of accidental or intentional dumping of 

hazardous waste were observed on the subject property. 

The following structures were identified outside the boundaries of the subject property: 

o North: An abandoned house; an abandoned well; the frame to a metal garage; the frame 
to a previously screened building; a landing strip for airplanes; high tension power 
lines (running parallel to the subject property); McMicken Dam Diversion Channel; 
APS pad-mounted transformer (not in service) with evidence of leakage; two 55- 
gallon steel drums used for trash collection. 

o South: A barbed wire fence and a drainage ditch (both running parallel to the subject 
property). 

o West: Two overhead, pole-mounted transformers located northwest of Section 16 and 
owned by APS. The transformers appeared to be in good condition and no visible 
signs of leakage were noted during the survey. 

2.3 . TOPOGRAPHY AND DRAINAGE 

The subject property is at an elevation ranging from 1,390 to 1,430 feet above mean sea level. Natural 

drainage patterns generally flow south~southwest. Storm water drainage follows the natural drainage 

patterns. Several dry washout areas were observed throughout the subject property. 

2.4 GEOLOGY AND GROUNDWATER 

Geology and hydrogeology of a site can be of use in assessing the likelihood that material from a leak or 

spill could migrate, and in which direction migration may occur. 



Del E. Webb Development 
WT Job No. 71 1 1 KO31 

2.4.1 Geology 

The subject property is located in an area designated by the Arizona Department of Water Resources 

(ADWR) as the Phoenix Active Management Area (AMA). The Phoenix AMA is in the Basin and Range 

physiographic province and is bounded to the east by the Mazatzal, Usery, Goldfield, and Superstition 

Mountains; to the south by the Sacaton, Sierra Estrella, South Mountains, and the Buckeye Hills; to the 

west by the White Tank Mountains; and to the north by the Hieroglyphic, Wickenburg, New River 

Mountains, and the New River Mesa. The bordering mountains are composed chiefly of igneous and 

metamorphic rock. 

The Phoenix AMA is divided into several sub-basins. The sub-basins are broad alluvial basins filled by 

over a thousand feet of sedimentary deposits consisting primarily of silt, sand, clay, and gravel. The East 

and West Salt River Valley Sub-basins (the two main sub-basins in the Phoenix AMA) are separated by 

the Phoenix Mountains, Papago Buttes, and Union Hills. The subject property is located in the West Salt 

River Valley Sub-basin. 

2.4.2 Groundwater 

Three main water bearing units comprise the basin-fill deposits. These units in descending order are the 

Quaternary Upper Alluvial Unit (UAU), the Quaternary and Tertiary Middle Fine-grained Unit (MFU), and 

the Tertiary Lower Conglomerate Unit (LCU). The upper alluvial unit is the primary source of groundwater 

in the West Salt River Valley Sub-basin. Groundwater is usually unconfined, but semi-confined conditions 

exist in areas where there is an increase of finergrained materials. 

According to the latest Arizona Department of Water Resources publication, Report No. 12 dated 1986 (see 

Figure 3, Appendix A), the water table in the area of the subject property lies approximately 396 to 456 feet 

below the existing land surface. The regional groundwater flow is generally to the south/southwest. 

However, groundwater flow direction may vary depending on local groundwater pumping. 

Groundwater contamination from natural and anthropogenic sources is widespread in the Phoenix AMA. 

A number of wells sampled outside the hatf mile study area and within the boundaries of the West Salt 

River Sub-basin have measurable levels of volatile organic compounds (VOCs). However, no 

measurements of groundwater quality taken below the subject property, which would confirm or deny 

groundwater contamination were found during our records review. 
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SECTION 3.0 

RECORDS REVIEW 

During the literature search, records were reviewed at or obtained from the following agencies and 

companies. 

o U. S. Environmental Protection Agency (EPA), Region 9 
o Arizona Department of Environmental Quality (ADEQ) 
o Arizona Department of Water Resources (ADWR) 
o U.S. Geological Survey (USGS) 
o LandisCor Aerial Survey 
o Arizona Public Service (APS) 

The purpose of the review was to assess the potential for hazardous materials from previous on-site and 

nearby activities. The results of the review are discussed in the following sections. 

3.1 ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 

ADEQ's Hazardous Waste Compliance Unit has listed facilities that have undergone a Resource 

Conservation and Recovery Act (RCRA) inspection or compliance action for potential violations of the 

Arizona State Hazardous Waste Management Act. 

A review of the January 28, 1991 listing revealed no past or present hazardous waste compliance actions 

located within one-half mile of the subject property. 

The ADEQ Water Quality Assurance Revolving Fund (WQARF) Responsiveness Summary 1989-1990 

priority list was reviewed to determine if the subject property lies within the boundaries of an existing or 

proposed project. The WQARF program is the State of Arizona equivalent to the federal Superfund 

program or Comprehensive Environmental Response, Compensation and Liability Act (CERCLA). 

A review of this document revealed that the subject pmperty is not located within one-half mile of any 

WQARF study sites. 
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ADEQ annually prepares a report entitled "The Annual Report on Arizona Groundwater Quality Sampling 

Results & Enforcement Actions", which discusses groundwater quality throughout the state. The 1987 

Annual Report, dated January 1,1988; the 1988 Annual Report, dated June 30,1989; and the 1989 Annual 

Report, dated July 1, 1990, were reviewed to determine the groundwater quality beneath the subject 

property and the half-mile study area. 

These repotis contained insufficient data to adequately define the groundwater quality beneath or within 

one-half mile of the subject property. 

The Arizona Open and Closed Solid Waste Landfills and Solid Waste Dumps List, which is maintained by 

the ADEQ Solid Waste Unit, identifies the locations of solid waste landfills and solid waste dumps which 

are presently operating or closed. 

A review of this list revealed no open or closed solid waste dumps or landfills within one-half mile of the 

subject property. 

The Arizona CERCLA Information and Data System (ACIDS) is a list maintained by the ADEQ Office of 

Waste Programs; it contains locations subject to environmental contamination investigation by ADEQ. The 

inclusion of a particular facility on this list does not necessarily mean that the location is contaminated, is 

causing contamination or is in violation of state or federal statutes and regulations. This list implies that 

due to the nature of activities conducted at these locations the potential for the previously mentioned 

conditions exist. 

A review of the September 14, 1990 release of this document listed no ACIDS facilities within one-half mile 

of the subject property. 

3.2 U.S. ENVIRONMENTAL PROTECTION AGENCY 

The RCRA database, maintained by EPA, lists facilities in Arizona that have notified EPA of hazardous 

waste activity. The notifiers may engage in the generation, transportation, treatment, storage, and/or 

disposal of hazardous wastes. 

Our review of the January 1, 199 1 database revealed no notifiers located within one-ha# mile of the subject 

Propem. 
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The federal Superfund was authorized to finance the cleanup of hazardous waste sites throughout the 

United States. A computer database of abandoned or inactive facilities -- the Comprehensive 

Environmental Response, Compensation and Liability Information System (CERCLIS) -- has been 

developed to support CERCLA activities. After a potential site is discovered by the EPA, it is entered into 

the database and a preliminary site assessment is done. If warranted, a site investigation is performed 

after which a site can be proposed for remedial action and placed on the National Priorities List (NPL). 

No abandoned or inactive hazardous waste sites listed in the April 1990 CERCLIS status report are located 

on or within one-half mile of the subject property. 

3.3 ELECTRIC UTILITIES 

Electric power to the property is provided by APS. However, no on-site electrical transformers or 

improvements were observed on the subject property. 

3.4 U.S. GEOLOGICAL SURVEYILANDISCOR AERIAL SURVEY 

Topographic maps from the USGS and aerial photographs from LandisCor Aerial Survey were reviewed 

to identify past uses and characteristics of the subject property. Historical aerial photographs, maps, and 

atlases may reveal past activities that could contribute to environmental degradation. A brief description 

of each map, photograph, and its corresponding date follows. 

o December 20,1981 - LandlsCor Aerial Survey 

This photograph depicts: 

o The subject property is native desert, undeveloped land 

o Landing air strip, McMicken Dam Diversion Channel, and house to the north of subject 
property 

o Agricultural land to east of subject property 

o Undeveloped land to west of subject property 

o Deer Valley Drive is paved with asphalt and south of the subject property. Cleared areas 
apparently intended for residential use of Sun City West are south of the road. 
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o December 18, 1984 - LandlsCor Aerial Survey 

This photograph depicts: 

o No changes to subject property or areas to the east and west 

o Landing air strip, diversion channel, and house still present to the north of subject property. 
In addition, a large structure (the screened building noted in Section 2.2) north of the 
subject property had been constructed 

o Increased development of residential area to south of subject property 

o November 29,1988 - LandlsCor Aerial Survey 

This photograph depicts: 

o No changes to subject property or areas to the north, east, and west 

o Increased development of residential area to south of subject property 

o October 3,1990 - LandlsCor Aerial Survey 

This photograph depicts: 

o Subject property and surrounding areas appear as it did during the on-site survey. 

SECTION 4.0 

POTENTIAL SOURCES OF CONTAMINATION 

Commonly encountered potential or actual sources of contamination are discussed in this section. 

4.1 SURFACE STAINING 

During the on-site review, the subject property was surveyed for areas of staining or soil discoloration that 

would suggest intentional or accidental spillage of potentially hazardous substances. 

No surface stains were observed on the subject property during the survey. 

4.2 UNDERGROUND STORAGE TANKS (USTs) 

The ADEQ October 28, 1990 UST list was reviewed to determine the number and location of registered 

USTs on or within one-hatf mile of the subject property. 
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This list did not reveal any registered USTs on or within one-half mile of the subject property. Additionally, 

no pipes, vents or structures that would indicate the presence of USTs were observed on-site during the 

on-site survey. 

4.3 LEAKING UNDERGROUND STORAGE TANKS (LUSTS) 

The ADEQ LUST incident file, dated December 31, 1990, was reviewed to determine if any release 

incidents have been reported within one-hatf mile of the subject property. 

The listing did not reveal any reported LUST incidents on or within a one-half mile radius of the subject 

property. 

4.4 DRYWELLS 

The ADEQ August 10, 1990 Drywell Registration list was reviewed to determine the presence of registered 

drywells on the subject property. 

This list did not reveal any registered drywells located on the subject property. Additionally, no drywells 

were observed on the subject property. 

SECTION 5.0 

FINDINGS AND CONCLUSIONS 

Based on the review of available records and on and off-site touring, WT concludes the following. 

o The subject property consists of 960 acres of native desert, undeveloped land. 

o The topography of the subject property is essentlally level, with site-specific drainage 
directed towards the southwest. 

o Depth to groundwater in the area is approximately 396 to 456 feet below land surface. 

o Insufficient data exists to adequately characterize groundwater beneath the subject 
property. 

o Several areas of domestic dumping consisting of construction debris, automobile tires, and 
metal scraps were observed on the south portions of the subject property. 



Del E. Webb Development 
WT Job No. 71 1 1 KO31 

o A concrete watering tank and PVC pipe were observed on the subject property. No 
buildings or structures were observed. 

o One capacitor bank was observed on the southwest corner of Section 16. No evidence 
of leakage was noted. 

0 No surface staining or chemically distressed vegetation indicative of accidental or 
intentional dumping of hazardous waste were observed on the subject property. 

o No RCRA-permitted notifiers are located on or within one-half mile of the subject property. 

0 The subject property is not located within one-half mile of a WQARF study area. 

0 No Arizona CERCLA facilities lie on or within one-hatf mile of the subject property. 

0 No open or closed solid waste dumps or landfills are located on or within one-half mile of 
the subject property. 

0 No RCRA compliance actions have been reported on or within one-hatf mile of the subject 
property. 

o No registered USTs are located on or within one-hatf mile of the subject property. 

o No LUST incidents have been reported on or within one-half mile of the subject property. 

SECTION 6.0 

RECOMMENDATIONS 

Based on the review of available records and on-site and off-site touring, WT recommends no further 

environmental studies be conducted at this time. 

SECTION 7.0 

EPE LIMITATIONS 

The scope of this evaluation is limited to: observations made during the on-site review; and reviews of 

readily available published and unpublished reports, literature, and aerial photographs. As a result, these 

conclusions are based on information supplied by others, professional expertise, and interpretations by 

qualified personnel. 
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The focus of the site evaluation was to assess the likelihood of hazardous or toxic substance contamination 

resulting from past and current uses of the site and adjacent properties. As a result, this evaluation does 

not highlight the presence of the following conditions unless they were the express concerns of contacted 

personnel, report and literature authors or the work scope. 

o Naturally occurring toxic or hazardous substances in the subsurface soils, geology, and 
water. 

o Toxicity of substances common in current habitable environments, such as stored 
household products, building materials, and consumables. 

o Contaminants or contaminant concentrations that are not a concern now, but may be under 
future regulatory standards. 

We are unable to predict events that may occur after our site visit, such as illegal dumping or accidental 

spillage. 

I 
There is no evaluation which is thorough enough to absolutely exclude the presence of hazardous 

substances at any site. Therefore, if none are identified as part of a limited scope of work, such a 

conclusion should not be construed as a guaranteed absence of such materials; it is merely the result of 

the evaluation. 

We have performed our services for this project in accordance with our agreement and understanding with 

Del E. Webb Development Company. This document and the information contained herein have been 

prepared solely for the use of Del E. Webb Development Company and their assigned parties. 

This environmental property evaluation was performed by WT under a limited scope of services per our 

agreement. It is possible, despite the use of reasonable care and interpretation, WT may have failed to 

identify regulatory violations or the presence of hazardous substances or underground tanks. WT assumes 

no responsibility for conditions that we did not specifically evaluate or conditions that were not generally 

recognized as environmentally unacceptable at the time this report was prepared. 
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Photograph No. 1 
Vlew of Northern Boundary of Sectlon 15 Faclng East 

Photograph No. 2 
Vlew of Southern Boundary of Sectlon 15 Facing East 
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Photograph No. 3 
Vlew of Northern Boundary of Sectlon 16 Faclng East 

Photograph No. 4 
Vlew of Western Boundary of Sectlon 16 Faclng South 
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Photograph No. 5 
Vlew of Eastern Boundary of Sectlon 16 Faclng South 

Photograph No. 6 
Vlew of Southern Boundary of Sectlon 16 Faclng East 
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Photograph No. 7 
View of Northern Boundary of Section 17 Facing West 

Photograph No. 8 
Typlcal Constructton Debrls on Southern Portlons of 

Sectlons 16 and 17 of the Subject Property 
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Photograph No. 9 
Concrete Stock Watering Tank on Southeast Portlon 

Section 16 of the Subject Property 

Photograph No. 10 
Two Overhead, PoleMounted APS Transformers 

Located Outslde Southwest Boundary of Sectlon 16 
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Del E. Webb Development Company 
13950 Meeker Boulevard 
Sun City West, Arizona 85375 

January 17, 1991 

Attn: Mr. Tim Goodrich 

Re: Preliminary Geotechnical and Job No. 2120K206 
Geological Engineering Exploration Inv. No. 21200434 
Sun City West Expansion 
Section 16, Township 4 North, Range 1 West 
Maricopa County, Arizona 

Western Technologies Inc. has completed the preliminary 

geotechnical and geological engineering exploration for the 

proposed Sun City West Expansion encompassing Section 16, Township 

4 North, Range 1 West in Maricopa County, Arizona. This study was 

requested and authorized by Mr. Dick Maston, and was performed in 

general accordance with our proposal number 21290A255 dated 
I November 29, 1990. 

The results of our study, including the boring location diagram, 

laboratory test results, test boring records, and the geotechnical 

recommendations needed to aid in the design and construction of 

foundations and other earth connected phases of this project are 

attached. 

A supplementary geotechnical engineering exploration program 

should be performed at the site on an individual subdivision basis 

when final design plans become available and preliminary design 

studies are complete. Supplemental geotechnical explorations will 

be used to confirm or modify the recommendations contained in this 

preliminary report. 

We have appreciated being of service to you in the subsurface 

exploration phase of this project and are prepared to assist you 
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I 

during the construction phases as well. If you have any questions 

concerning this report or any of our testing, inspection, design 

and consulting services, please do not hesitate to contact us. 

Sincerely, 

WESTERN TECHNOLOGIES INC. 
Geotechnical Engineering Services 

m z'& 
Michael E. Anderson, E.I.T. Reviewed by: Dona 
Project Engineer 

epm/9811G 

Copies to: Addressee (10) 
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Preliminary Geotechnical and 
Geological Engineering Exploration 

Sun City West Expansion 
Section 16, Township 4 North, Range 1 West 

Maricopa County, Arizona 
January 17, 1991 

INTRODUCTION 

This report contains the results of our preliminary geotechnical 

and geological engineering exploration for the proposed Sun City 
West Expansion, encompassing Section 16, Township 4 North, Range 1 

West in Maricopa County, Arizona. The purpose of these services is 

to provide information and general recommendations regarding: 

a general surface and subsurface soil and groundwater 

conditions; 

a regional and site geologic conditions; 

a general site grading procedures and excavation of 

subsurface materials; 

a drainage; 

a preliminary pavement recommendations; and 

a preliminary foundation design criteria; 

PROPOSED CONSTRUCTION 

Project information is preliminary at this time, however, we 

understand that the project will consist of the development of 

Section 16, Township 4 North, Range 1 West in Maricopa County, 

Arizona. We assume that the site will be a planned unit 

development, incorporating residential, commercial, and public land 

uses. The master plan will be developed in accordance with the 

subdivision regulations of Maricopa County. 

Based upon our previous experience with development within Sun City 

West, we anticipate that the proposed residential structures will 
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be single-story structures, with wood framed superstructures 

supported on reinforced concrete foundation systems. The floors 

will be concrete slabs-on-grade. Wall and column loads are 

anticipated to be on the order of 1/2 to 1 kip per lineal foot 

(klf) and 1 to 2 kips, respectively. 

The proposed commercial structures are anticipated to be one to 

two-story, slab-on-grade structures utilizing wood frame or masonry 

wall construction. Wall and column loads are assumed to be on the 

order of 3 to 6 klf and 20 to 40 kips, respectively. 

Grading plans for the project have not been developed. However, 

because of limited site relief, we anticipate only slight 

modifications in existing grades during grading operations. 

Therefore, we anticipate that finished grade for both residential 

and commercial structures will be at or near existing grade. 

SITE CONDITIONS 

At the time of our exploration, the project site was located within 

an undeveloped section of land. The project site was bounded on 

the north, east, and west by undeveloped parcels of land. The 

McMicken Dam outlet channel is located directly adjacent to the 

project site at the northwest corner. High tension power lines and 

three abandoned structures were located adjacent to, and north of 

the project site. The abandoned structures consisted of a 

single-story structure, a steel framed structure utilized for 

storage, and a sun screened structure. An abandoned vehicle was 

located within the steel framed structure. In addition, a water 
storage tank and well were located east of the single-story 

structure. Deer Valley Drive borders the project site on the south. 
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The ground surface of the site is relatively flat with a maximum 
elevation difference of approximately 20 to 25 feet across the 

entire section. Site drainage was generally to the south and 

southeast. Five main natural drainage systems were observed on the 

project, including the drainage directly north of, and running 

parallel to Deer Valley Drive. In addition, a small retention 

basin was observed in the south central portion of the project site 

and a cistern was observed in the southeastern portion of the 

site. At the time of our observations, the retention basin 

contained water; however, all natural drainages were dry. In 

addition, various small washes existed across the project site. 

Vegetation on the site consists of a sparse to moderate growth of 

native vegetation comprised of creosote bush, cacti, bursage and 

some scattered mesquite and Palo Verde trees. Vegetation was 

moderate to heavy along the drainages and retention basin. 

Small uncontrolled piles of scattered domestic trash and 

construction debris were observed throughout the property. The 

majority of the domestic trash and construction debris were located 

on the southern boundary of the property and near drainages. The 

debris and trash consisted of old appliances, tires, bricks, 

automobile and truck parts, metal scraps, furniture, concrete and 

paper products. A large number of tires were stockpiled along the 

fence, south of the retention basin. Two abandoned vehicle bodies 

were observed on the project site. One vehicle was located 

directly northeast of the retention basin and the other was located 

southeast of the tire stockpile, north of the drainage along Deer 

Valley Drive. 

SCOPE OF SERVICES 

Twenty-five soil test borings were drilled to depths of 
I 

approximately 15 to 20 feet below existing ground surface at the 



Del E. Webb Development Company 
Job No. 2120K206 

locations shown on the site plan. The soil test borings were 

spaced approximately 1000 feet on center. During exploration, 

subsoils were examined visually and sampled at selected intervals. 

In addition, groundwater conditions were evaluated. Furthermore, 

local and regional geologic characteristics were evaluated and used 

to estimate seismic design criteria. 

The following laboratory tests were performed on selected soil 

samples obtained during the field exploration: 

a Water content 

a Dry density 

a Compression 

a Expansion 

a Gradation 

a Plasticity 

Laboratory test results were used in the development of foundation 

and earthwork recommendations contained in this report. 

This report has been prepared for the exclusive purpose of 

providing geotechnical engineering and/or testing information and 

recommendations. The scope of services for this project does not 

include, either specifically or by implication, any environmental 

assessment of the site or identification of contaminated or 

hazardous materials or conditions. If the owner is concerned about 

the potential for such contamination, other studies should be 

undertaken. As we understand, a Phase I Environmental Audit for 

the subject property has been performed by Malcolm Pirnie, Inc., 

Project No. 1525-01-1, dated April 1990. 
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INTERPRETATION OF SUBSURFACE CONDITIONS 

Resional Geolosv: Based on the review of geologic maps and 
literature, the project site is part of the Basin and Range 

physiographic province, which includes most of Arizona, south of 

the Mogollon Rim. Elongated basins and long, narrow mountain 

ranges characterize the terrain of this province. The elongated 

basins and long narrow mountain ranges are a result of normal block 

faulting (horst and graben structures) in a 
northwesterly-southeasterly direction. The upthrown blocks 

resulted in the formation of mountain ranges and the downthrown 

blocks resulted in the formation of basins. Faulting occurred 

about 18 million years ago during the late Tertiary Period. 

Volcanism was also active in the area from the late Tertiary Period 

to early Quaternary Period. 

Site Geolosv: Based upon the review of Arizona Bureau of Mines 

Geologic Maps, alluvial deposits comprise the geology of the site. 

These deposits are primarily comprised of channel, flood plain, and 

alluvial fan. The alluvial deposits are quaternary in age and 

consist of sand, gravel, and conglomerate with mixtures of silt and 

clay. The source for these deposits are probably the Hieroglyphic 

Mountains located north of the project site. The Hieroglyphic 

Mountains are composed primarily of extrusive and intrusive igneous 

and metamorphic rocks. The thickness of these deposits are 

estimated to be greater than 1200 feet. 

Geoloaic Hazards: Based upon our on-site observations and review 

of geologic maps, there are no geologic hazards that would preclude 

the development of the subject parcel. The project site is 

relatively flat which precludes the existence or potential of any 

rockfall or landslide hazards. In addition, no evidence of past or 

present faulting was observed during our field exploration and 

literature review. 
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Based on the review of U.S. Geologic Survey Maps, the project site 
is located approximately 1.5 miles northeast of a zone of earth 

fissuring created by groundwater depletion. However, the risk of 

future earth fissuring due to groundwater depletion for the project 

site is estimated to be very low. Furthermore, no evidence of 

earth fissuring was observed during our field exploration. 

Based upon the review of U.S.D.A. Soil Conservation Survey Maps, 

the erosion potential of the soils on the project site are 

predominantly in the low category due to the existing topography. 

Erosion is expected to be higher along drainages and washes. 

Erosion potential is expected to increase temporarily during 

development. However, construction recommendations as presented in 

this report should decrease erosion potential to be 

pre-construction rates. 

Exploration: As presented on Logs of Borings, surface soils to 

depths of approximately 2 to 14 feet below existing ground surface 

generally consist of sandy clays (CL) to clayey sands (SC). The 

sandy clays are very stiff to hard in consistency and are low to 

moderate in plasticity. The clayey sands are medium dense to dense 

in relative density and are low in plasticity. 

The materials underlying the surface soils in the majority of the 

test borings and extending to the full depth of exploration, 

consisted of gravelly sands (SP-SC) to sandy gravels (GP-GC) with 

sandy clay and clayey sand strata encountered in some test 

borings. The gravelly sands (SP-SC) and sandy gravels (GP-GC) were 

not encountered underlying the surface soils in test borings 2, 5, 

6, 8, 9, and 12 to the maximum depths of exploration. The gravelly 

sands to sandy gravels are medium dense to very dense in relative 

density and are low in plasticity. The sandy clays are very stiff 

to hard in consistency and are expected to be low to moderate in 

plasticity. The clayey sands are medium dense to dense in relative 

density and are expected to be low in plasticity. 
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Light to heavy calcite cementation was encountered in the 

subsurface soils at various depths during the exploration. 

However, all test borings were drilled to planned depths without 

refusal to auger drilling. 

Groundwater: Groundwater was not encountered in any test borings 

at the time of exploration. These observations represent the 

groundwater conditions at the time of measurements and may not be 
indicative of other times. Groundwater levels can be expected to 

fluctuate with varying seasonal and weather conditions. 

Based on the review of water well data by the Arizona Department of 

Water Resources and U.S. Geological Survey Maps, the depth to 

groundwater on the project site is expected to be on the order of 

400 to 450 feet beneath the surface. 

Testinq: Laboratory classification testing of the near surface 

soils confirm that these soils generally consist of very sandy 

clays and clayey sands. These materials are either non-plastic or 

have only very low plasticity. 

Compression testing of relatively undisturbed native soil samples 

at shallow foundation depth indicate that the majority of the soils 

are slightly compressible at existing water contents. For the 

majority of the samples tested, there is tendency for additional 

compression to occur when the water content is increased. However, 

most, if not all of the additional compression of the samples 

tested is believed to be attributable to sample disturbance since 

the field data indicated relatively high penetration resistance and 

laboratory testing indicates, for the most part, medium in-situ 

density. In one instance, very slight expansion occurred on a clay 
material when water content was increased. 
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Under remolded and recompacted conditions and saturation, the near 
surface soils exhibit slight to moderate tendency for expansion 

under light loading conditions. This expansion occurs on samples 

compacted to densities simulating compacted fill conditions at 

water contents below optimum moisture for compaction. 

PRELIMINARY CONCLUSIONS AND RECOMMENDATIONS 

General: It is anticipated that the tract will be developed into 

individual subdivisions or parcels for both residential and 

commercial construction. Major development activities which are 

anticipated in each subdivision or parcel will include: 

a Overlot, or mass grading of each parcel 

a Utility construction 

a Roadway construction, including pavements 

a Foundation and building construction 

Accordingly, subsurface conditions have been analyzed to formulate 

recommendations for the major components of site development. 

The preliminary recommendations presented in this report are based 

on the assumption that the soil conditions do not deviate 

appreciably from those disclosed by the borings. A supplementary 

geotechnical engineering exploration should be performed at the 

site on an individual subdivision basis upon completion of initial 

design studies. Supplemental geotechnical explorations will be 

used to confirm or modify the recommendations contained in this 

preliminary report. 
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Earthwork: 

Overlot Gradinq: Construction of fill embankments across the 

site should consist of proper foundation preparation, 

constructing embankment benching when necessary, disposition of 

strippings, and proper fill placement and compaction. 

All organic, topsoil, soft surface soils, construction 

debris, and trash, beneath planned fill areas should be 

thoroughly stripped and removed prior to fill placement. 

All construction debris and trash should be removed from 

the project site and disposed of at a permitted landfill 

facility. Clean construction strippings can be stockpiled 

for future use in revegetating exposed slopes to minimize 

erosion potential. These materials are not to be used as 

structural fill material. However, these materials can be 

used in non-structural fill areas where the embankment 

fill sections do not exceed 5 feet in height. 

2. Cut slopes should be constructed no steeper than 2.5:l to 

limit erosion, and to provide slope protection. 

3. After foundation areas have been cleared, the natural 

foundation soils should be scarified to a minimum depth of 

6 inches, brought to the proper moisture content and then 

compacted to a minimum of 95 percent of Standard Proctor 

density as defined by ASTM D698. If soft or unstable 

soils are encountered, scarifying, drying and/or 

overexcavation and replacement with granular materials may 

be required. 

4. The compaction and moisture control of the soils will be 

dependent upon material types. Based on conditions 

encountered in the test borings, it appears that on-site 
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soils are generally suitable for use as fill. The 

specifications outlined in this report should also allow 

the use of shallow foundation systems placed on compacted 

structural fill material. Specifications for placement 

and compaction are outlined in the following sections of 

this report. 

5. Particular attention should be paid to compaction of the 

exterior faces of slopes (i.e. slopes should be compacted 

to the minimum specification to the surface of the fill 

embankment.) 

a Embankment Erosion: As previously outlined, the erosion 

potential of the site is expected to be low to moderate based 

on the site topography and the soils encountered. Based on 

available information and the subsurface materials, we 

recommend, as a minimum, that the exterior faces of all 

embankments adj acent to drainages be compacted to 

specifications outlined in the "Placement and Compaction" 

section of this report. When hydrologic studies have been 

completed, and information regarding flow rates and other 

hydrologic data have been determined, additional analyses may 

be required to provide recommendations for adequate protection 

of embankments. These recommendations may include the 

placement of rip-rap material along the embankment face, 

chemical treatment of embankment soils, placement of geotextile 

fabrics, and/or the placement of gabion structures. We are 

able to assist you in this matter if needed. 

a Subsurface Drainacre: Groundwater was not encountered in any 

boring to depths of approximately 15 to 20 feet below existing 

ground surface, at the time of our exploration. In addition, 

based upon review of geologic maps and water well 
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data, groundwater levels are expected to be at a depth greater 

than 400 feet beneath the site. Therefore, we do not believe 

that specialized subsurface drain systems will be required. 

However, due to the proposed development and the nature of the 

clay subsurface materials, "perched" groundwater conditions may 

be created in localized areas due to the introduction of 

irrigation within the development. The primary concern 

regarding "perched" water development would be its effects, 
through seepage, on planned cuts and fill embankments. 

However, based on the minor cuts and fills anticipated, it is 

unlikely that subsurface drainage systems will be needed. We 

are able to discuss this matter with you upon the completion of 

final design plans. 

a Excavation: 

1. We anticipate that excavations for the proposed 

development can be accomplished with conventional 

equipment. However, heavily cemented soils (if 

encountered) may require specialized excavation equipment. 

2. Where sloped excavations are used, we recommend that they 

conform to current OSHA Regulations. 

Foundation Preparation: Based upon available data, 

specialized treatment of existing soils within foundation areas 

is not required. However, any loose or disturbed soils 

encountered at foundation subgrade elevation should be removed 

or recompacted. 

a Interior Slab Preparation: 

1. Interior slab preparation may include scarifying and 

compacting subgrade soils to a depth of approximately 8 
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inches. The subgrade preparation is to be accomplished in 

a manner which will result in uniform water contents and 

densities after compaction. 

To minimize potential expansion of subgrade soils which 

will support interior slabs, the moisture content of 

recompacted materials should be maintained at a water 

content range of one percent below to three percent above 

optimum. 

3. At least four inches of aggregate base course should be 

placed beneath interior slabs. 

4. If moisture sensitive floor coverings are used on interior 

slabs, consideration should be given to the use of vapor 

barriers. 

Pavement Preparation: The subgrade should be scarified, 

moistened as required, and recompacted for a minimum depth of 

12 inches prior to placement of fill and pavement materials. 

@ Materials: 

1. Clean on-site soils placed at optimum moisture conditions 

or imported materials may be used as fill material for the 

following: 

overlot grading 

foundation areas 

interior slab areas 

pavement areas 

backfill 
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2. If imported soils are used, they should conform to the 

following: 

Gradation (ASTM C136): 
percent finer by weight 

6" 
4" 
No. 4 Sieve 
No. 200 Sieve 

Maximum expansive 
potential(%)* 

Maximum soluble 
sulfates('%) 

100 
70-100 
50-100 
60 (max) 

"Measured on a sample compacted to approximately 
95 percent of the ASTM 0698 maximum dry density at 
about 3 percent below optimum water content. The 
sample is confined under a 100 psf surcharge and 
submerged. 

3. Aggregate base should conform to Maricopa Association of 

Government (MAG) specifications. 

Placement and Com~action: 

1. Place and compact fill in horizontal lifts, using 

equipment and procedures that will produce recommended 

water contents and densities throughout the lift. 

2. Uncompacted fill lifts should not exceed 10 inches. 

3. Materials should be compacted to the following: 

Material 
Minimum Percent 

Compaction (ASTM D698) 

On-site soils, reworked and fill: 
Overlot grading------------------------ 95 
Below footings------------------------- 95 
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Imported fill: 
Overlot grading------------------------ 95 
Below footings------------------------- 95 
Below slabs-on-grade------------------- 90 
Below pavement------------------------- 95 

Aggregate base--------------------------- 95 

Miscellaneous backfill------------------- 90 

4. On-site sand soils and imported soils should be compacted 

within a moisture range of 3 percent below to 3 percent 

above optimum. On-site clay soils should be compacted 

within a water content range of 1 percent below to 3 

percent above optimum. 

Comvliance: Recommendations for slabs-on-grade, foundations, 

I pavement elements supported on compacted fills or prepared 

subgrade depend upon compliance with "Earthwork" 

recommendations. To assess compliance, observation and testing 

should be performed under the direction of the geotechnical 

engineer. 

Ground Comvaction and Shrinkaae Factors: 

1. A change in the ground surface elevation of 1 to 2 inches 

can occur by compaction of the surface soils to a 12 inch 

depth and to an average density of 95 percent of the ASTM 

D698 maximum dry density. The following tabulation 

presents the relationship between depth of compacted 

on-site material, percent compaction, and approximate 

shrinkage of excavated on-site soils placed in compacted 

fills: 
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Excavated Percent 
Depth Below Compaction in Estimated 

Existina Grade (ft) Fill (ASTM D698) Shrinkaue ( % )  

The estimated shrinkages consider only material 
densification and do not consider other effects such as 

transport, wind, overcompaction, or compaction of subsoils 

to greater depths. ' 

Estimated Water Requirements: Based upon laboratory tests, 

the on-site near surface soils exist at moisture contents 

generally below the estimated optimum moisture content for 

compaction. Consequently, moisture conditioning will be 

required to achieve compaction requirements. Preliminary 

moisture content testing of the subgrade soils indicates the 

following ranges and averages: 

Estimated 
Moisture Content Proctor Estimated 

Ranue % Average Optimum Required Water 
Moisture Moisture Per Cubic Yard 

Soil Type UW Hiah Content% Content % of fill (aall* 

Sandy clay (CL) 2.9 9.0 5.7 12.0 

Clayey sand (SC) 1.9 4.9 3.4 10.0 

Gravelly sand 1.4 2.6 2.0 8.0 

(SP-SC) 

"Gallons of water per cubic yard of compacted fill required to 
achieve optimum moisture content from the average in-situ 
moisture content. 

Gradins and Slopes: The following statements represent our 

opinion regarding specified grading and slopes: 
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a Maximum Slope: Cut or fill slopes should not be steeper 
than 2.5 : 1 (horizontal to vertical). This assumes proper 

slope protection and planting to limit erosion. 

Future Movement of Fill Areas: Fill areas constructed as 

specified should not experience movements that will 

produce any significant structural distress or impair the 

usefulness of the structures. 

Bearing Capacity of Fill Areas: The bearing capacity of 

fill areas constructed as specified will be adequate to 

support footings. 

Surface Drainacre: 

1. Positive drainage should be provided during construction 

and maintained throughout the life of the proposed 

development. Infiltration of water into utility or 

foundation excavations must be prevented during 

construction. Planters and other surface features which 

could retain water in areas adjacent to structures should 

be eliminated. 

In areas where sidewalks or paving do not immediately 

adjoin the structures, we recommend that protective slopes 

be provided with a minimum grade of approximately 5 

percent for at least 10 feet from perimeter walls. 

Backfill against footings, exterior walls, and in utility 

and sprinkler line trenches should be well compacted and 

free of all construction debris to minimize the 

possibility of moisture infiltration. 
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Drainaue Behind Walls: 

1. If basements or retaining walls are constructed within the 

development, free-draining, granular soils containing less 

than five percent fines (by weight) passing a No. 200 

sieve should be placed adjacent to the walls. A drainage 

system consisting of either weep holes or perforated drain 

lines (placed near the base of the wall) should be used to 

intercept and discharge water which would tend to saturate 

the backfill. Where used, drain lines should be embedded 

in a uniformly graded filter material and provided with 

adequate clean-outs for periodic maintenance. An 

impervious soil should be used in the upper layer of 

backfill to reduce the potential for water infiltration. 

Pavement: Based on existing subgrade conditions, the following 

preliminary pavement sections are recommended: 

Pavement Section (inches) 

Asphaltic Concrete Base Course 
Alternate Pavement (inches) (inches) TOTAL 

Residential streets 1 
(low traffic 2 
frequency) 

Collector streets 1 
(medium traffic 2 
frequency) 

When overlot grading has been completed at the site, we should be 

contacted to conduct a final pavement evaluation in order to verify 

initial assumptions used in preparation of the preliminary pavement 

recommendations and to provide final pavement thicknesses and 

construction recommendations. 
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Bituminous surfacing should be constructed of dense-graded, central 

plant-mix, asphaltic concrete. Base course and asphaltic concrete 
should conform with MAG specifications. 

Material and compaction requirements should conform to 

recommendations presented under "Earthwork." The gradient of paved 

surfaces should ensure positive drainage. Water should not pond in 

areas directly adjoining paved sections. The native clayey 

subgrade soils will soften and lose stability if subjected to 

conditions which result in an increase in water content. 

Foundations: 

a Residential Structures: We recommend spread foundations 

bearing upon undisturbed subsoils, and/or engineered fill for 

the anticipated loading conditions. The footings may be 

designed for an allowable bearing pressure of 1500 pounds per 

square foot (psf). It is our understanding that anticipated 

typical foundation wall loads are less than 1000 pounds per 

lineal foot. Based upon these loads and typical shallow 

foundation construction within the Sun City West Development, 

the wall footings should be founded a minimum of 12 inches 

below finished exterior grade, and should be a minimum of 14 

inches in width. 

Total or differential settlements resulting from the assumed 

loads are estimated to be less than 1/2 inch provided that: 

a foundations are constructed as we recommend, and 

a essentially no changes occur in water contents of 

foundation soils. 
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Additional foundation movements up to one inch could occur if 

water from any source infiltrates the foundation soils; 

therefore, proper drainage should be provided in the final 

design and during construction. 

Finished grade is the lowest adjacent grade for perimeter 

footings and floor level for interior footings. The design 

bearing capacities apply to dead loads plus design live load 

conditions. The design bearing capacity may be increased by 

one-third when considering total loads that include wind or 

seismic. 

Thickened slab sections can be used to support interior 

partitions, provided that: 

loads do not exceed 900 plf, 

thickened sections have a minimum width of 12 inches, and 

thickness and reinforcement are consistent with structural 

requirements. 

All footings and stem walls should be reinforced to reduce the 

potential for distress caused by differential foundation 

movements. 

Commercial Structures We recommend spread foundations 

bearing upon undisturbed subsoils, recompacted native soils, 

and/or engineered fill for the anticipated loading conditions. 

The following tabulation presents estimated depth intervals and 

respective allowable soil bearing capacities for preliminary 

foundation design analyses: 
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Estimated Depth Bearing** Bearing Settlement 
Interval (ft)* Ca~acitv  sf) Material Potential 

1500-2000 Undisturbed low to moderate 
Subsoils 

2500-3000 Compacted low 
Fill 

2000-2500 Undisturbed low 
Subsoils 

*Below existing grade and at least 1.5 feet below finished 
grade. 
**Design bearing capacities assume fulfillment of "Earthwork" 
Recommendations. 

Seismic Considerations: The project site is located within 

Seismic Risk Zone 1 of the Seismic Zone Map of the United States as 

specified by the Uniform Building Code. Based upon the nature of 

the subsurface materials, we recommend using a seismic site 

coefficient, "s", of 1.2 for the design of structures within the 

development (Uniform Building Code, table no. 23-5). 

Ancillary Features: 

Exterior: 

1. Exterior slabs-on-grade, exterior architectural features, 

and utilities founded on, or in backfill may experience 

some movement due to the volume change of the backfill. 

Potential movement could be reduced by: 

minimizing moisture increases in the backfill 

controlling moisture-density during placement of 

backfill 

using designs which allow vertical movement between the 

exterior features and adjoining structural elements 



Del E. Webb Development Company 
Job No. 2120K206 

placing effective control joints on relatively close 

centers 

allowing vertical movements in utility connections 

Corrosion: 

1. We recommend Type I1 cement be used for all 

project concrete on, and below grade. The concrete should 

be designed in accordance with the ACI Design Manual 

(Section 318, Chapter 4.5). 

2. The soluble salts concentration of subsoils indicates low 

corrosive potential for underground metallic conduits, and 

only minor additional corrosion of buried conduits would 

be expected in areas where soils become moist. Special 

protection does not appear necessary for copper piping 

except where dissimilar metals are joined or placed in 

close proximity. Wrappings or protective coatings could 

be used to extend the life expectancy of galvanized or 

black steel piping. 

Underaround Utilitv Svstem~: All underground piping within 

or near the proposed structures should be designed with 

flexible couplings, so minor deviations in alignment do not 

result in breakage or distress. Utility knockouts in stem 

walls should be oversized to accommodate differential movements. 

CLOSURE 

Supplementary geotechnical engineering explorations should be 
conducted on an individual subdivision basis as final design plans 

become available. Our conclusions and recommendations are based on 

observation and testing of the earthwork and foundation preparation 

directed by a geotechnical engineer. Because of our familiarity 
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. 
with the site, Western Technologies Inc. could provide these 

services efficiently and effectively. 

If plans, specifications, or field applications deviate from our 

recommendations, we shall be relieved of responsibility unless our 

written concurrence has been obtained. 
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DEFINITION OF TERMINOLOGY 

Allowable Soil Bearing Capacity 
Allowable Foundation Pressure 

Backfill 

Base Course 

Base Course Grade 

Bench 

Caisson 

Concrete Slabs-on-Grade 

Crushed Rock Base Course 

Differential Settlement 

Engineered Fi l l  

Existing Fi l l  

Existing Grade 

Expansive Potential 

Fil l 

Finished Grade 

Gravel Base Course 

Heave 

Native Grade 

Native Soil 

Rock 

Sand & Gravel Base 

Sand Base Course 

Scarify 

Settlement 

Soil 

Strip 

Sub base 

Sub base Grade 

Subgrade 

The recommended maximum contact stress developed at the 
interface of the foundation element and the supporting material. 

A specified material placed and compacted in a confined area. 

A layer of specified material placed on a subgrade or subbase. 

Top of base course. 

A horizontal surface in a sloped deposit. 

A concrete foundation element cast in a circular excavation which may 
have an enlarged base. Sometimes referred to as a cast-in-place pier. 

A concrete surface layer cast directly upon a base, subbase or subgrade. 

A base course composed of crushed rock of a specified gradation. 

Unequal settlement between or within foundation elements of a structure. 

Specified material placed and compacted to specified density andlor 
moisture conditions under observation of a representative of a soil engineer. 

Materials deposited through the action of man prior to exploration 
of the site. 

The ground surface at the time of field exploration; 

The potential of a soil to expand (increase in volume) due to 
absorption of moisture. 

Materials deposited by the actions of man. 

The final grade created as a part of the project. 

A base course composed of naturally occurring gravel with 
a specified gradation. 

Upward movement. 

The naturally occuring ground surface. 

Naturally occurring on-site soil. 

A natural aggregate of mineral grains connected by strong and permanent 
cohesive forces. Usually requires drilling, wedging, blasting or other 
methods of extraordinary force for excavation. 

A base course of sand and gravel of a specified gradation. 

A base course composed primarily of sand of a specified gradation. 

To mechanically loosen soil or break down existing soil structure. 

Downward movement. 

Any unconsolidated material composed of discrete solid particles, 
derived from the physical andlor chemical disinte ration of vegetable 

such as agitation in water. 
f or mineral matter, which can be separated by gent e mechanical means 

To remove from present location. 

A layer of specified material placed to form a layer between the subgrade 
and base course. 

Top of subbase. 

Prepared native soil surface. 



METHOD OF SOIL CLASSIFICATION 
(ASTM D 2487) 

COARSE-GRAINED SOILS 

LESS THAN 50% FINES* 

FINE-GRAINED SOILS 

MORE THAN 50% FINES' 

CLAYEY GRAVELS, GRAVEL-SAND-CLAY 
MIXTURES. MORE THAN 12% FlNES 

POORLY-GRADED SANDS OR GRAVELLY 
SANDS, LESS THAN 5% FlNES 

I IM I SILTY SANDS. SAND-SILT MIXTURES, 
MORE THAN 12% FlNES 

8 

CROUP 
SYMBOLS 

CW 

CP 

CLAYEY SANDS, SAND-CLAY MIXTURES. 
MORE THAN 12% FINES I 

CROUP 
SYMBOLS 

M L  

CL 

OL 

SANDS 
More than half 

of coarse fract~on 
IS smaller than 

NO. 4 
sleve sue 

DEXRlPTlON 

WELL-GRADED GRAVELS OR GRAVEL- 
SANDMIXTURES. LESS THAN 5% FINES 

POORLY-GRADED GRAVELS OR GRAVEL- 
SANDMIXTURES. LESS THAN 5% FINES 

SILTY GRAVELS. GRAVEL-SAND-SILT ' 
MIXTURES. MORE THAN 12% FlNES 

INORGANIC SILTS. MICACEOUS OR DIA- 
TOMACEOUS FlNE SANDS OR SILTS, 
ELASTIC SILTS 

INORGANIC CLAYS OF HIGH PLASTICITY. 

DESCRIPTION 

INORGANIC SILTS, VERY FINE SANDS. 
ROCK FLOUR. SILTY OR CLAYEY FINE 
SANDS 
INORGANIC CLAYS OF LOW TO MEDIUM 
PLASTICITY, GRAVELLY CLAYS, SANDY 
CLAYS. SILTY CLAYS, LEAN CLAYS 

ORGANIC SILTS OR ORGANIC SILTY-CLAYS 
OF LOW PLASTICITY 

MAJOR 
DIVISIONS 

GRAVELS 
More than half 

coarse tractlo,, 
IS larger than 

NO 4 
sleve size 

II OH I ORGANIC CLAYS OF MEDIUM TO HIGH 
PLASTICITY 

MAJOR 
DIVISIONS 

SILTS 
AND 

CLAYS 
Llquld l ~ m ~ t  
less than 5 0  

SILTS 
AND 

CLAYS 
L ~ q u ~ d  l ~ m ~ t  

more than 5 0  

HIGHLY II PT I PEAT, MUCK, AND OTHER HIGHLY 
ORGANIC SOILS SOILS 

NOTE: 
Coarse-grained soils receive dual symbols if 
they contain 5 to 12% fines (e.g. SW-SM, 
GP-GC, etc.) 

SOIL SIZES 

I GRAVEL I No. 4103 ~ n .  I 

COMPONENT 

BOULDERS 

I coarse I ! i i n t o 3 1 n .  I 

SIZE RANGE 

ABOVE 12 ~ n .  

Coarse 

Medlum 

Fine 

Fine 

SAND 

NO. 10 to No. 4 

No. 40 to NO. 10 

No. 200 to NO. 40 

NO. 4 to % ~ n .  

No. 200 to No 4 

NOTE: 
Only sizes smaller than three inihes are used 
to classify soils. 

NOTE: 
Fine-grained soils receive dual symbols if their 
limits plot in the hatched zone on the Plasticity 
Chart (CL-ML) 

PLASTICITY CHART 

LIQUID LIMIT 
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BORING LOG NOTES 

The number shown in "LOG OF BORING NO." refers to the approx- 
imate location of the same number indicated on the "Site Plan" as 
positioned in the field by pacing from property lines and/or 
existing features. 

"TYPE/SIZE BORING" refers to the exploratory equipment used in 
the boring wherein HSA = hollow-stem auger 

"Nu in "Blows/Foot" refers to the number of blows of a 140-pound 
weight, dropped 30 inches, required to advance a 
two-inch-outside-diameter split-barrel sampler a distance of 1 
foot, Standard Penetration Test (ASTM D1586). Refusal to pene- 
tration is defined as more than 100 blows per foot. 

"Ra in "Blows/Footn refers to the number of blows of a 140-pound 
weight, dropped 30 inches, required to advance a 
2.42-inch-inside-diameter ring sampler a distance of 1 foot. 
Refusal to penetration is considered more than 50 blows per foot. 

"Sample Typea refers to the form of sample recovery, in which N 
= Split-barrel sample, R = Ring sample, G = Grab sample. 

"Dry Density, pcfa refers to the laboratory-determined dry den- 
sity in pounds per cubic foot. The symbol "NRa indicates that 
no sample was recovered. The symbol "DUN indicates that dry 
density was undetermined due to a disturbed sample. 

"Water Content, %" refers to the laboratory-determined moisture 
content in percent (ASTM D2216). 

"Unified Classification" refers to the soil type as defined by 
"Method of Soil Classification". The soils were classified vis- 
ually in the field and, where appropriate, classifications were 
modified by visual examination of samples in the laboratory and/or 
by appropriate tests. 

These notes and boring logs are intended for use in conjunction 
with the purposes of our services defined in the text. Boring log 
data should not be construed as part of the construction plans nor 
as defining construction conditions. 

Boring logs depict our interpretations of subsurface conditions at 
the locations and on the date(s) noted. Variations in subsurface 
conditions and soil characteristics may occur between borings. 
Groundwater levels may fluctuate due to seasonal variations and 
other factors. 

In general, terms and symbols on the boring logs conform with 
"Standard Definitions of Terms and Symbols Relating to Soil and 
Rock Mechanics" (ASTM D653). 



Log of Boring Number 1 

project Sun City West Expansion ~ o b  NO. 21 20K206 

Elevation Not Determined Datum 

TypeISize Boring HSAff" Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-1 4-90 

Soil Description 

Boring Stopped 

A-6 



Log of Boring Number 2 

Project Sun City West Expansion ~ o b  NO. 21 20K206 

Elevation N o t  Determined Datum 

TypeJSize Boring HSAn" Rig Type CME 45 
Groundwater Conditions N o t  encountered Date 12-1 4-90 

Soil Description 

SANDY CLAYICLAYEY SAND; some sift, ligM 1 - 
brown - 

- 
- 

light to moderate cementation - 
trace gravel --.---------------------*---*--------.--------*---.------ 

CLAYEY SAND; with gravel, light cementation, light - 
brown - 

- 
10 - - 
- 
- 
- 

.-C-----.C~~*.-.-.-------*-----**---*-.-------*----.---------------*--- 

Boring Stopped - 
- 
- 
- 

20 - 
- 
- 
- 
- 
- 
- 
- 
- 
- 

30 - 
- 
- 

A-7 

WESTERN TECHNOLOGIES INC. - Phoenix Division 

h 

5 Blows I Foot 

CL- 
sc 

------.---.------**--.---------* 

SC 

- 
- 
- 
- 
- 20 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 30 

- 
- 

i 



Log of Boring Number 3 

Project Sun City West Expansion ~ o b  No. 21 20K206 

Elevation Not Determined Datum 

TypeISize Boring HSAn" Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-1 7-90 



Log of Boring Number 4 

Project Sun City West Expansion J O ~  NO. 21 20K206 

Elevation Not Determined Datum 

TypeISize Boring H S M "  ~ i g  ~ y p e  CME 45 
Groundwater Conditions Not encountered Date 12-1 7-90 



Log of Boring Number 5 

project Sun City West Expansion Job No. 21 20K206 

Elevation Not Determined Datum 

TypeJSize Boring H S M "  Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-26-90 



Log of Boring Number 6 

Project Sun City West Expansion ~ o b  NO. 2120K206 

Elevation Not Determined Datum 

TypeISize Boring H S M "  Rig Type CME 45 
Groundwater Conditions Not encountered Date 12-1 4-90 

WESTERN TECHNOLOGIES INC. - Phoenix Division 

Soil Description 
: : W H  

. z5  
25 

2 "  

c 

,= e 

- 1 
CL- SANDY CLAYICLAYEY SAND; some silt, light 
SC brown 1 - 

- - - - - - -0-~-~- - -0- -  ----00,.0--m--------.00000-------00----00*00--s-----00--000---0#----0-----0-------*-#- 

i P 124 1.9 SC CLAYEY SAND; with gravel, some cobbles, light - - 
cementation, light brown - - 

i 22NR - a 

- - 
- - 

moderate cementation - - 
- - 

9 w  - 10 10 - 
- - 
- - 
- a 

- - 
1 74 

vl 

.k 0 

55 

n 

5 
S e 

I 

Zt E =  
3- 

0 

5 
2 
a 

BIOWSIFOO~ 

- 
- 
- 
- 
- 20 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 30 
- 
- 

C N/R 

A-1 1 

I 

-------*-----*--------------..-------------------..-.-- 

Boring Stopped - 
- 
- 
- 

20 - 
- 
- 
- 
- 
- 
- 
- 
- 
a 

30 - 
- 
- 



Log of Boring Number 7 

Project Sun City West Expansion ~ o b  No. 21 20K206 

Elevation Not Determined Datum 

TypeISize Boring H S M "  Rig Type CME 45 
Groundwater Conditions Not encountered Date 12-1 4-90 



Log of Boring Number 8 

Project Sun City West Expansion J O ~  NO. 2120K206 

Elevation Not Determined Datum 

TypeISize Boring H S M "  Rig Type CME 45 
Groundwater Conditions Not encountered Date 12-1 7-90 



Log of Boring Number 9 

Project Sun City West Expansion ~ o b  NO. 2120K206 

Elevation Not Determined Datum 

TypeISize Boring H S M "  Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-1 7-90 



Log of Boring Number 10 

Project Sun City West Expansion Job No. 2120K206 

Elevation Not Determined Datum 

TypeISize Boring HSAn" Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-26-90 



Log of Boring Number 11 

Project Sun City West Expansion 
Elevation Not ~etermined Datum 

TypeISize Boring HSAn" Rig Type CME 45 
Groundwater Conditions Not encountered Date 12-1 4-90 



Log of Boring Number 12 

Project Sun City West Expansion J O ~  NO. 21 20K206 

Elevation Not Determined Datum 

TypeISize Boring HSm" Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-1 4-90 



Log of Boring Number 13 

project Sun City West Expansion ~ o b  NO. 21 20K206 

Elevation Not Determined Datum 

TypeISize Boring H S W  Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-1 7-90 



Log of Boring Number 14 

Project Sun City West Expansion ~ o b  NO. 21 20K206 

Elevation Not Determined Datum 

TypeJSize Boring H S W  Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-1 7-90 

Soil Description 

CLAYEY SAND: trace gravel, brown 

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

SANDY GRAVEL; orange brown 

GRAVELLY SAND; with clay, brown 

---... .---..c.--..-.-..------.---------.--.-.--------------.-.-.-- 

SANDY CLAY; some silt, trace gravel, brown 

Boring Stopped 

A-19 



Log of Boring Number 15 

Project Sun City West Expansion ~ o b  NO. 21 20K206 

Elevation Not Determined Datum 

TypeJSize Boring HSAff" Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-26-90 



Log of Boring Number 16 

Project Sun City West Expansion ~ o b  NO. 2120K206 

Elevation Not Determined Datum 

TypeISize Boring H S M "  Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-1 4-90 



Log of Boring Number 17 

project Sun City West Expansion ~ o b  No. 21 20K206 

Elevation Not Determined Datum 

TypeJSize Boring H S M "  Rig Type CME 45 
Groundwater Conditions Not encountered Date 12-1 4-90 



Log of Boring Number 18 

Project Sun City West Expansion ~ o b  No. 21 20K206 

Elevation 

TypeISize Boring 

Groundwater Conditions 

Not Determined 

Not encountered 

Datum 

Rig Type 

Date 

CME 45 



Log of Boring Number 19 

Project Sun City West Expansion Job NO. 21 20K206 
Elevation Not Determined Datum 

TypeISize Boring H S W  Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-26-90 

WESTERN TECHNOLOGIES INC. - Phoenix Division 

Soil Description 

................................................................... 
CLAYEY SAND; trace to some gravel, light 
cementation, light brown 

-e--000-e-----0*e00-*---0.--------0-00--000-0---0---*-----.0--., 

SANDY GRAVEL; with clay, light brown 

Boring Stopped 

A-24 



Log of Boring Number 20 

Project Sun City West Expansion ~ o b  NO. 21 20K206 

Elevation Not Determined Datum 

TypeISize Boring H S M "  Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-26-90 

Soil Description 

---..----.-- 
cementation, light brown 

Boring Stopped 

A-25 



Log of Boring Number 21 

Project Sun City West Expansion ~ o b  NO. 21 20K206 

Elevation Not Determined Datum 

TypeISize Boring H S M "  Rig Type CME 45 
Groundwater Conditions Not encountered Date 12-1 4-90 

Soil Description 

SANDY CLAY; some silt, light brown 

trace to some gravel 

-----------CI*I---------e--**----------*-------------------------- 

GRAVELLY SAND; with clay, some cobbles, light 
cementation, brown 

Boring Stopped 

A-26 



Log of Boring Number 22 

Project Sun City West Expansion ~ o b  NO. 21 20K206 

Elevation Not Determined Datum 
- 

TypeISize Boring HSAn" Rig Type CME 45 
Groundwater Conditions Not encountered Date 12-1 4-90 



Log of Boring Number 23 

Project Sun City West Expansion ~ o b  No. 21 20K206 

Elevation Not Determined ~ a t u m  

TypeISize Boring HSAn" Rig Type CME 45 
Groundwater Conditions Not encountered Date 12-1 4-90 



Log of Boring Number 24 

Project Sun City West Expansion ~ o b  No. 21 20K206 

Elevation Not Determined Datum 

TypeISize Boring H S W  Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-26-90 



Log of Boring Number 25 

Project Sun City West Expansion ~ o b  No. 21 20K206 

Elevation Not Determined Datum 
- 

TypeISize Boring H S M "  Rig Type CME 45 

Groundwater Conditions Not encountered Date 12-26-90 
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SOIL PROPERTIES 

I ob No 

- - - -- - - - -- - - . - - - - - - - . . - -  - - - - - 
Note: ln~ t ta l  Dry Denstty and lntttal Water Content are tn-sltu values unless othenvtse noted 

LtCEND RtMARKS 
Shear Strength Test Method 1 Compactedde~i,~ty (approx 95% ol ASTM Db98 rnax den,~ty at rnolsture content slightly below oi)t~mum] 
DS D~r rc t  $hear 2 ( on~pacted dens~ty lapproa 95% of ASIM Dl557 max denstty at motsture content sltghtly below optlmurn) 
Q5 Dtrert Shear (sdturatedl J hbmerged to approatmate saturalton 
UC Unconfined ( ompressoon 

lJnconsol~dated Undratned 4 Dry density determined from one ring of a multiring sample. 
W Consolidated Undralned w/pore prebs 5 . Vi sua 1 C 1 ass i f ica ti on CU Consol~dated Undratned 
( n r'nncoltri~trd nra~nrr l  



SOIL PROPERTIES 

I 
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PHYSICAL PROPERTIES 
2120K206 101) No - 

2 .  1.1ln)r.1111ry Te,ted 8 l'lt15 #4 NOTE: Nl' = IIOIIII~.I\IIC 
3. Minto #2000nly Permeability 

Mositure-Densily Relationship '1. Cor~sta~rl I le.~cl 
4 .  Te,trd ASlM I)~IUOIAASI 110 I Y J  10 F.rll111p l lcdtl 
5 .  1 e ~ l r ~ ~ A S I M 1 ) 1 5 5 7 / A A S I 1 l O I I l I I )  'R'Value 
6 ()lllc.r I I EX~J,III>ICIII I'II~MIIC 1 1 > 1  

- .  

-. 

- 

REMARKS 
- 

Clarsifiralion/Par~ical Size Specific Grav~ty 1 2  LXUC~.I~IIJII I're55urt. [)>I 
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INTRODUCTION 

This report has been prepared at  the direction of Del E. Webb Development Co., L.P., a 

Delaware limited partnership (hereinafter, Del Webb) for the purpose of providing to the Flood 

Control District of Maricopa County the proposed Conceptual Master Drainage Report for the 

Sun City West Expansion Area and other information relevant thereto in connection with the 

District's review and processing of Del Webb's Development Master Plan application. 

The Development Master Plan titled "Sun City West Expansion" is to govern 884.7 acres 

situated immediately north of Sun City West and is planned as an expansion of the existing 

Sun City West active-adult community. Development plans consist primarily of single family 

lots, casitas, an 18-hole regulation golf course, a multi-purpose community recreation center 

and a small commercial parcel. See Figure 1 for Vicinity Map. 

Residential portions of the Expansion Area consist primarily of single family units on lots 

averaging 6,000 to 8,000 square feet. Multi-family casitas are planned on three parcels near 

the center of the master plan. The golf course is a "target" type with about half being turf and 

the remainder being decomposed granite or similar ground cover with low water use 

landscaping. Open space parcels are located throughout the master plan incorporatingportions 

of the golf course with entry features which will include 3-5 permanent lakes. 





The existing property is undeveloped desert with a light to moderate cover of brush, trees and 

some cacti and a seasonal cover of grass. Soils are primarily fine textured alluviums ranging 

from sandy loam to clay loam with surface gravels present in some areas. There is an existing 

livestock water tank in the south-central portion of the property. The overall slope is from 

northwest to southeast a t  about 213 percent and the terrain is relatively flat and uniform. 

There are a number of existing washes that cross the parcel. 

To the south is Deer Valley Drive which is an existing 2-lane paved roadway. South of Deer 

Valley Drive is the existing Sun City West development. To the west and north is existing 

undeveloped desert similar to the onsite area. The proposed Estrella Freeway will pass across 

the northern edge of the property. It is not due for construction for several years but right- 

of-way will be set aside for it a t  this time. Maricopa County proposes an interim highway along 

the freeway's north right-of-way limit. To the east of the site is an existing citrus orchard. 

Drainage in the area is generally from northwest to southeast. The upper limit of offsite 

contributing area is the existing McMicken Dam Outlet Channel which passes just north of the 

property. This is a combination open channel and levee that conveys the discharge from 

McMicken Dam, which is located west of Sun City, east toward the Agua Fria River. The outlet 

Channel discharges to an existing wash near the alignment of 123rd Avenue, which, in turn, 

conveys the flow south to the Agua Fria River. The Outlet Channel has sufficient capacity to 

carry both the 100-year McMicken discharge and the concurrent local 100-year flows that it 

intercepts along its path. 



Drainage from the area south of the McMicken Dam Outlet Channel, including the Expansion 

Area property, moves southeasterly as both shallow overland flow and shallow concentrated 

flow in existing washes. Typically, washes are on the order of 1 to 3 feet in depth and 5 to 25 

feet in width. This drainage collects along the north side of Deer Valley Drive in an existing 

drainageway which extends from Grand Avenue east to about 123rd Avenue where it joins the 

same wash that receives the McMicken Dam Outlet Channel discharge. 

This drainageway, from Grand Avenue to the eastern boundary of the subject property, is 

shallow and overgrown with trees and brush. To the east of the property, this drainageway 

becomes a formal channel with a clean uniform trapezoidal cross section. This channel was 

constructed by Del Webb. The drainage system along Deer Valley Drive protects the existing 

Sun City West from offsite flows. The Deer Valley drainageway is classed as a major drain 

under the Uniform Drainage Policies and Standards for Maricopa County because of the size 

of its contributing area. 

A second drainageway exists running north to south along the west side of the existing citrus 

orchard. This is a shallow, more or less continuous channel that is overgrown with trees and 

brush. It provides a degree of drainage protection for the citrus orchard by directing shallow 

flows south to the drainageway along Deer Valley Drive. All the area, then, north of Deer 

Valley Drive, east of Grand Avenue, south of the McMicken Dam Outlet Channel and west of 

the citrus orchard drains toward the southeast corner of the proposed expansion property 

where it enters the improved Deer Valley Drive channel. 



PLATE 1 

PLATE 2 

TYPICAL ONSITE EXISTING DESERT. PHOTOGRAPH TAKEN NEAR 
CENTER OF PROPERTY LOOKING SOUTHEAST. 

TYPICAL WASH ONSITE. BOTTOM WIDTH IS ABOUT 2 TO 3 FEET. 
PHOTOGRAPH TAKEN LOOKING SOUTHEAST NEAR CENTER OF 
PROPERTY. 



PLATE 3 

PLATE 4 

TYPICAL REACH OF McMICKEN DAM 0UTI;ET C-L LOOKING EAST 
(DOWNSTREAM) NEAR NORTHWEST CORNER OF PROPERTY. 

DRAINAGEWAY ALONG EAST SIDE OF PROPERTY LOOKING SOUTH 
(DOWNSTREAM). EXISTING CITRUS ORCHARD TO EAST. 



PLATE 5 

PLATE 6 

EXISTING DRAINAGE CHANNEL ALONG DEER VALLEY DRIVE 
LOOKING EAST (DOWNSTREAM) FROM ABOUT 135TH AVENUE. 

EXISTING CHANNEL ALONG DEER VALLEY DRrVE LOOKING WEST 
(UPSTREAM) NEAR 135TH AVENUE. 



According to the Flood Insurance Rate Map for Maricopa County, Arizona and Incorporated 

Area, the proposed expansion property falls on map panel numbers 04013C1135E, 1145E, 

1155E and 1165F (See Figure 2). These four map panels all carry the revision date of 

September 4,1991. The property is designated on these maps as being within flood insurance 

Zone X. This zone is defined as follows: 

Zone X-Areas of 500-year flood; areas of 100 year flood with average depths of 
less than 1 foot or with drainage areas less than 1 square mile; and areas 
protected by levees from 100-year flood. 

This appears to be a fairly accurate assessment of the general flood potential of the property 

and surrounding area for insurance purposes. There is no federal mandatory requirement for 

flood insurance on structures in Zone X 

The proposed expansion property is not located within any formal basin-wide master drainage 

plan or Area Drainage Master Study (ADMS). The property was included as offsite 

contributing area to Sun City West in a previous master drainage report prepared by HDR 

Engineers in 1977. That report estimated peak flows contributing a t  various points to the 

drainageway along Deer Valley Drive. Hydrology was based on the Soil Conservation Service 

TR-20 computer watershed model. 



ZONE X ZONE X 

SPECIAL FLOOD HAZARD AREAS INUNDATED 
BY 100-YEAR FLOOD 
ZONE A No base flood elevations determined. 

EAS IN ZONE AE 

OTHER FLOOD AREAS 
ZONE X Areas o f  500-year f lood; areas o f  

100-year f lood wi th average depths 
o f  less than 1 foot  o r  wi th drainage 
areas less than 1 square mile; and 
areas protected by levees f rom 100- 
year f lood. 

FLOOD INSURANCE RATE MAP 

MARICOPA COUNTY, 
ARIZONA AND 
INCORPORATED AREAS 

TOWNSHIP 4 NORTH, RANGE 1 WEST, TOWNSHIP 5 NORTH AND 

PANEL 1 135 OF 4350 

NUMBER PANEL SUFFIX - -- - 
MARICOPA COUNTY. 

UNINCORPORATED AREAS . . . 040037 . . 1135. . . . E  

ZONE X 

\ 



SCOPE AND OBJECTIVES 

The purpose of this report is to: 

1. Establish drainage background, describe existing and proposed drainage and review any 

previous studies; 

2. Establish basic design criteria for proposed primary and secondary drainage facilities 

including drainage channels, culverts, storm drains, detention basins, and street 

drainage; 

3. Present methods of study and assumptions for initial and future drainage 

improvements; 

4. Present a conceptual design of the primary drainage facilities; 

This report is the first step in a series of drainage submittals that will be made for the 

Expansion Area. It is intended to lay the foundation for drainage design and present concepts 

for dealing with drainage. It will be refined and updated as the master plan evolves and such 

things as golf course design, earthwork and mass grading, phasing and land use become more 

finalized. Future submittals will include mass grading plans, golf course plans, grading and 

paving plans for subdivision units and the recreation center. 



BASIC DESIGN CRITERIA 

The basic design criteria for this report can be found in three primary documents from the 

Flood Control District of Maricopa County. The first is the Uniform Drainage Policies and 

Standards for Maricopa County, Arizona dated February 25, 1987. It is intended to 

standardize drainage requirements for Maricopa County including incorporated areas. 

The second document is the Drainage Regulation for the Unincorporated Area of Maricopa 

County, Arizona, published October 5,1988. It's purpose is to implement and enforce drainage 

standards in unincorporated areas through the requirement for drainage clearances and 

submittal of plans and reports. 

The third document is the Hydrologic Design Manual for Maricopa County dated September 

1, 1990. This manual outlines methods to be used in the study of hydrology in Maricopa 

County. Its development was the direct result and one of the primary objectives of the Uniform 

Drainage Policies and Standards. The Manual is currently under revision. In addition to these 

documents, standards and criteria will be employed from the County Highway Department. 
& .  ' /  . fs 

', - -  --- 
F 

The basic design storm for this project will be the 100-year, 2-hour storm. This applies to the 
.--- - - 

design of both stormwater conveyance systems and detention basins. Discharges from the 

property under developed conditions will be as close as possible in location to existing 

conditions with depth and velocity no greater than existing conditions. x a k  discharge 

t will not exceed existing conditions. - 



The hydrologic model in this report will use the Clark unit hydrograph method with Green- 

Ampt rainfall losses based on the Hydrologic Design Manual. The Clark unitgraph method will 

also be used for any future updates, master plan revisions or drainage design where 

hydrograph routing is involved. The rational method will be used for subsequent design of 

individual subdivision units, and commercial and recreation center parcels where hydrographs 

and hydrograph routing are not required. 

Stormwater detention basins will be designed to contain the peak 100-year 2-hour volume for 

the overall developed site. Detention basins will be designed to discharge their entire volume 

within a 36-hour period. Drainageways will be designed to convey 100-year peak discharges 

with freeboard. For this report, hydraulics will be based on normal depth Manning analysis. 

Streets will be designed to carry flows in accordance with both Maricopa County and Del Webb 

criteria. Storm drains or channels will be provided where necessary to limit the am 

carried in the streets. Culverts will be designed so that there is no more t 

over the roadway in a 100-year event. Finished floors will be above the 'mum 100-year 9 
high water elevation. 



PROPOSED DRAINAGE SYSTEM 

Drainage from offsite areas will be intercepted by a perimeter channel system and conveyed 

to locations where it can enter the proposed development. Along the west boundary, there will 

be a concrete lined trapezoidal channel. Along the north side, a channel with earth sides and 

bottom is proposed in conjunction with the landscaped buffer area adjacent to the proposed 

Estrella Freeway. This north channel does not currently fall entirely within the expansion 

property boundary (See Figure 3, Appendix A). This discontinuity will be corrected through 

proposed land trades involving the acquisition of right-of-away for the Estrella Freeway. Or, 

the proposed drainage system will be modified to accommodate the situation. This report 

assumes a continuous channel along the north boundary. 

Offsite flows will enter the property at two locations along the west boundary and one location 

along the north boundary (See Figures 3,4 and 5 in Appendices A and B). This drainage will 

be conveyed from the point of entry to the proposed golf course/open space area via concrete 

lined trapezoidal channel. Trapezoidal channels, where used, will generally have a bottom 

width ranging from 10 to 20 feet and side slopes of 0.5 horizontal to 1.0 vertical. Offsite flows 

will then be conveyed through the development via the golflopen space areas to the southeast 

corner of the property. 

Conveyance within the golflopen space areas is primarily by means of open channels. These 

channels will have a non-uniform cross-section and a combination of turf, stone or bare soil 

ground surface. Vegetation, from a hydraulic standpoint, will generally be designed to 

minimize obstruction. The golflopen space conveyance system may incorporate a series of 



localized depressed areas in order to increase minimum design slopes in turfed areas. It may 

also incorporate a low flow channel or storm drain system in h a l  design. Flow velocities will 

be kept to non-erosive values. 

Onsite developed areas will be designed to surface drain via streets to localized outfalls within 

the golflopen space area. Streets will range in size from residential 32 feet wide and 4 inch roll 

curb to major arterial 68 feet wide and 6 inch vertical curb. No inverted crown streets are 

proposed a t  this time. Contributing sub-basins will be kept as small as reasonably possible in 

final design to minimize the amount of flow carried in the streets. Storm drain and catch basin 

systems or open channels will be provided where street capacities exceed allowable criteria. 

Culverts will be provided under roadways at  various locations in conjunction with the golf 

courselopen space channels. Tentatively, sizes range from single 36-inch diameter pipe to 

multiple barrel box culverts. Golf cart crossings may be incorporated into some of the larger 

box culvert systems. 

Detention basins foronsite development will be provided in the golflopen space area. There are -- - _  _ ^ - - -  - 

a total of 12 basins proposed throughout the development. Seven of these 12 basins will receive 
--- - -  

drainage from onsite sub-basins only. The remainder will receive both onsite and offsite 
'u' 

7 _ - 1  

drainage. Collectively, their maximum stage volumes for the design storm will equal the total 

excess rainfall generated by onsite sub-basins for that same storm. 

These basins will be incorporated into the golf courselopen space grading and landscaping. 

They generally have a maximum depth of 6 feet and side slopes of 6 horizontal to 1 vertical. 

At least three of the twelve basins will be incorporated into permanent lake features. Their 



maximum stages will be in addition to the normal lake water surface. Detention basin outlets 

will generally consist of a pipe principal discharge and a weir overflow spillway. Pipe sizes 

range from a single 18 inch to multiple 48 inch pipe. Weirs are generally assumed to be 100 

feet in length. Discharge from the detention basin system is conveyed within the golf 

course/open space channels mentioned previously. A transition reach will be provided from the 

lower-most detention basin at  the southeast corner of the Expansion Area to the existing 

channel along Deer Valley Drive. 

Onsite grading of future subdivision units in the proposed expansion will be similar in nature 
// 

- . 
to the existing Sun City ~est . i (~esident ia1 lots will be mass graded and will share common ----__ - 
/ 

/ rear yard drainage swales. At regular intervals, it will be discharged to an adjacent street 
I - 
\ - -  

through side yard ~wales or at  the end of blocks. All on-lot drainage ~wales will be included 
,i 
' within drainage easements recorded on final plats. 
'-. ----. - - - - 



HYDROLOGY-BASIC ASSUMPTIONS AND METHODS 

The Corps of Engineers HEC-1 computer hydrograph program, version 4.0 dated September 

1990 was used in this report to generate and route synthetic hydrographs. This version 

contains Green-Ampt loss rate functions, which, along with the Clark unitgraph hydrograph 

option are required by the Flood Control District's Hydrologic Design Manual. Clark unitgraph 

hydrology will be used as the basis of design for storm water detention, offsite and major onsite 

drainage channels, golf course conveyance, storm drain trunklines and other major drainage 

features on an overall master plan basis. 

The rational method from the District's Hydrology Manual will also be used. It will be the 

basis for drainage design of future individual parcels in the Master Plan area. Generally, it 

will be used where peak flows only are needed and not hydrographs or hydrograph routing. It 

will be used as the basis for checking residential street capacity, design of minor drainage 

channels and swales, catch basins inlets and minor storm drain laterals. 

Because both methods will be used, it is desireable that they yield reasonably similar peak 

flows and volumes. This report will establish basic input data for both methods that are 

intended to be consistent with the Hydrology Manual and produce reasonable results and 

agreement. These basic data and comparison results will be presented throughout this and 

later sections of the report. 

Rainfall data is taken directly fiom the Hydrology Manual. The 100-year 2-hour rainfall 

amount for use with the Clark unitgraph method is estimated at 2.77 inches. This storm total 

was used in conjunction with the 2-hour distribution from table 2.2 of the Hydrology Manual. 



No aerial reduction was assumed for the HEC-1 model. Future rational method calculations 

will use the rainfall intensity duration-frequency relation of Figure 3.2 of the Hydrology 

Manual. No location adjustment was made for rational intensity in the comparisons to the 

Clark unit graph contained in this report. 

Drainage sub-basins for the HEC-1 models are shown on Figures 3,4, and 5 in Appendices A 

and B. Their areas were estimated through the use of a digital planimeter. Right-of-way for 

the proposed Estrella Freeway was considered as offsite area, existing desert. Areas are 

presented in HEC-1 carried to the nearest 0.001 square mile although the program - - rounds to 

the nearest 0.01 square mile. Rational method will use area in acres. Rounding off of areas 

in HEC-1 will potentially produce discrepancies with the rational method. 

Times of concentration are estimated using essentially the same methodology for both the 

Clark unit graph and rational method. Both methods use the same basic equation (equation 

3.215.5 of the Hydrology Manual) to estimate floodwave travel time as a function of length, 

watershed resistance, slope and intensity. This equation is: 

Tc = 11.4L 0.5 ~b 0.52 s -0.31 -0.38 i 

The only difference is that Clark unitgraph uses the intensity of rainfall excess and the rational 

method uses direct rainfall intensity. Slopes and lengths have been estimated for the HEC- 

1 model based on preliminary street layout and mass grading plans. Watershed resistance 

coefficients, Kb, are taken from Tablemgure 3.1 of the Hydrology Manual. Table 1 which 

follows is a summary of selected m and b parameters used in estimating Kb. 



TABLE 1 RESISTANCE COEFFICIENT PARAMETERS 

b m 
Residential -0.00625 0.04 
Commercial, Recreation Center -0.00625 0.04 
Existing Desert -0.025 0.1 5 
Golf CourseIOpen Space -0.025 
.. 

0.1 5 
- 

Watershed resistance coefficient, R, is a function of time of concentration, area and length 

based on equation 5.6 of the Hydrology Manual. This equation is: 

R = 0.37 Tc 1.11 A -0.57 0.80 

The time-area relationship for urban watersheds from Table 5.2 of the Hydrology Manual was 

used for all onsite developed sub-basins. All offsite sub-basins and the existing condition onsite 

area use the natural watershed time-area relationship from Table 5.2. The HEC-1 

computation time interval was chosen at 5 minutes. - ___- -- -  - .-- ___ _ - -- -- - . - --. - - . . -. - - . __ 

Green Ampt rainfall loss rates for all offsite sub-basins and the onsite existing condition sub- 

basin are area weighted values based on soil texture classifications and the parameters in 

Table 4.2 of the Hydrology Manual. DTHETA is based on the normal value and XKSAT is 

adjusted assuming a vegetation cover of 25%. Initial surface retention loss, IA, for existing 

conditions was assumed to be 0.25 inches and impervious area was assumed to be 1 percent. 

The existing surface cover of gravel which occurs in parts of the study area was assumed to not , 

affect rainfall losses. 



Green Ampt loss rates and percent impervious for urbanized areas are not presented in the 

Hydrology Manual. Loss rates, initial retention loss and percent impervious for proposed 

conditions were selected to produce the same rainfall excess that rational runoff coefficients 

would produce for corresponding land uses. Percent impervious ranges from 1 percent for 

golUopen space areas to 80 percent for commercial and recreation center areas. Initial surface 

retention loss, IA, ranges from 0.10 inches for commercial and recreation center areas to 0.25 

inches for golflopen space areas. DTHETA, XKSAT and PSIF would correspond to a sandy 

loam/loamy sand soil texture. No adjustment is made to devel - - 
vegetative cover. Table 2 presents a summary of proposed loss rates and runoff coefficients to 

---- - -._- - - -  - -  - ---- - ..- ___- ---- 

be used for onsite developed conditions. The 100-year frequency factor 

being applied in anticipation of the next revision of the Hydrology Manual. 

Hydrograph routing in HEC-1 for this report is performed using kinematic wave and modified 

Puls options. Kinematic wave routing applies only to concrete lined trapezoidal channels. 

Modified Puls routing applies to both channel and detention basin routing in the golflopen 

space areas. Assumed cross sections for routing purposes are presented in Appendix B. 

Golflopen space channels are either 50 feet or 100 feet in total width andinclude a hypothetical 

low flow channel. No infiltrationlpercolation losses are assumed for any modified Puls routing. 

Longitudinal channel slopes are estimated based on preliminary grading plans. The number 

of routing steps is one (1) for reservoir routing. r channel routing, it is estimated based on_ - 
reach length divided by an assumed average flow velocity of 5 feevsecond divided by the 
/ ------- .- - .  

computation time interval of 5 minutes (or 300 seconds). 
- -- 



Detention basin volumes are estimated based on an assumed typical basin cross section having 

a level, flat bottom ranging from 50 to 250 feet in width and side slopes of 6 horizontal to 1 

vertical. Lengths of these basins ranged from 200 feet to 1,000 feet. Maximum assumed 

effective depth is 6 feet, not including any permanent lake water. Basin outlets consist of a 

combination pipe and weir represented in HEC-1 by SL and SS records. Pipes assume inlet 

control and their capacities are estimated based on Bureau of Public Roads standard curves. 

The corresponding orifice coefficient of discharge is estimated a t  0.37. Weirs have crest lengths 

of 100 feet and crest elevations ranging from 3.0 feet to 5.9 feet above basin bottom. A weir 

coefficient of 2.60 was assumed for all weirs. It is assumed for this report that proposed 

culverts have no effect on hydrograph routing. It was also assumed for existing condition 

models that the existing livestock water tank located on the proposed expansion property has 

no affect on hydrographs. 



TABLE 2 

PROPOSED RAINFALL LOSSES 

RATIONAL METHOD RUNOFF COEFFICIENTS 

ADJUSTED 
RUNOFF RUNOFF 

FREQUENCY COEFF 
LAND USE FACTOR C - 
SINGLE FAM RES \ 0.50 1.25 0.63 
RES CASITA / 0.50 1.25 0.63 
GOLFIOPEN SPACE 1.25 0.35 
COMM, REC CENTER 1.25 0.88 

100-YR 
2-HR RAINFALL 

RAINFALL EXCESS 
[INCHES) (INCHES) 

*Composite C based on half turf @ C=0.20 and the other half desert @ C=0.35 

GREEN-AMPT LOSS RATES 

100-YR 
INITIAL 2-HR RAINFALL 

LOSS PSIF XKSAT* RTIMP RAINFALL EXCESS 
LAND USE [INCHES) DTHETA [INCHES) (INAIR) [PERCENT) (INCHES) (INCHES) 

SINGLE FAM RES 0.15 0.28 3.4 0.80 37 2.77 1.75 
RES CASITA 0.15 0.28 3.4 0.80 37 2.77 1.75 
GOLFIOPEN SPACE 0.25 0.30 2.4 1.20 1 2.77 0.97 
COMM, REC CENTER 0.10 0.28 3.4 .80 80 2.77 2.45 

*XKSAT assumes no Ck adjustment for vegetation cover 



HYDROLOGIC MODELS 

There are four HEC-1 models presented in this report. Model 11028H considers the entire 

contributing area to the southeast corner of the proposed expansion as one basin, existing 

conditions. Model 11 0281 takes the same existing condition basin in 11 028H and breaks it into 

sub-basins according to onsite and offsite areas. Model 11028M takes the onsite sub-basin in 

110281 and breaks it into developed condition sub-basins with channel and detention basin 

routing. Model 11028N is identical to Model 11028M except it eliminates the offsite 

contributing drainage and only considers the onsite developed area. In addition to these HEC- 

1 models, this report will present a comparison of peak flows and volumes from the rational 

method to those from Clark unitgraph for three selected onsite developed sub-basins. 

- 
HEC-1 models 11 028H and 11 0281 are intended to provide an existing condition peak discharge 

for comparison to the previous estimate by HDR and to the proposed developed condition. 

These two models also compare, between each other, the effects of breaking the total area into 

smaller sub-basins. Offsite flows in model 110281 are routing through the onsite area in 

hypothetical channels. Model 11028N is intended to compare onsite only developed condition 

discharge to existing condition onsite sub-basin E in Model 110281. 



CONCLUSIONS 

The existing condition peak discharge a t  the southeast corner of the expansion property is 

estimated at  2,550 cfs for the 100-year 2-hour storm using the Flood Control District's 

Hydrology Manual. The 1977 report by HDR does not identify that same location as a 

concentration point. Based on HDR concentration point 59 which is just downstream fkom the 

expansion property's southeast corner, the estimated peak discharge is about 1800 cfs. HDR 

used a 100-year 24-hour storm and the SCS TR-20 watershed model. 

The estimated capacity of the existing improved channel along Deer Valley Drive downstream 

from the expansion property is 1300 cfs at  the top of the south bank. The south bank is about 

5.5 feet above the channel bottom based on field measurement. At an assumed depth of 7.0 

feet, the capacity is about 2300 cfs. Flow velocities in the channel are on the order of 6 feet per 

second a t  bank full depths. 

Hydraulics of the Deer Valley Road channel are based on normal depth calculations using a 

single representative cross section. Based on fieldinspection andmeasurement, it appears that 

the channel has been constructed substantially close to original design and has functioned 

adequately since constructed in about 1983. Using the estimated existing condition 100-year 

peak flow of 2550 cfs from this report, there is a potential for overflow indicated on both sides 

of the channel. This overflow has been considered hydraulically on the south side of the 

channel where the Deer Valley roadway exists but not on the north side. 

With the proposed expansion of Sun City West, there will be a significant amount of 

stormwater detention provided on a significant portion of the overall contributing area. Using 



current drainage criteria the estimated peak discharge after development will be about 1750 

cfs. This would be a net reduction of 800 cfs and would correspond to a depth of about 6 feet 

in the channel along Deer Valley Drive. 

The proposed expansion area comprises almost half of the total area contributing to the 

channel along Deer Valley Drive at  135th Avenue. Runoff from slightly more than half of the 

onsite area is detained in basins that are separate from offsite flow. Detention basins for the 

remaining area handle both onsite and offsite flows. Collectively, onsite detention basins 

provide enough volume a t  their peak stages to equal the total 100-year 2-hour detention 

requirement. Table 3 contains a summary of the onsite areas, their peak flows and their 

volumes. Table 4 contains a summary of basic detention basin data, peak stages and 

correspondingvolumes. The maximum drawdown time on any of the proposed detention basins 
n7-. 

is about 15 hours. The average is less than 10 hours and the maximum allowable - 
under County criteria. 

On the basis of the entire area contributing to the southeast corner of the proposed expansion 

area, the existing condition peak discharge of 2550 cfs will be reduced to about 1750 cfs with 

the detention system in the proposed development. On the basis of onsite area only, the 

existing discharge of about 1300 cfs will be reduced to less than 400 cfs, a significant reduction 

either way. 

Three sub-basins were selected for comparison between the rational method and Clark 

unitgraph. Sub-basin 290 represents one of the smaller, primarily golf course sub-basins. Sub- 

basins 300 and 410 represent typical smaller and larger (respectively) primarily residential 



sub-basins. Peak flows and volumes were developed from the same basic area, length, slope, 

resistance coefficient and rainfall data. 

/--- A 
,/ 

@dering the roundoff of drainage area in HEC-1) there is reasonably good comparison in _-- 
volumes between the two methods. Actually, without area roundoff, volumes would 

theoretically be identical because Green Ampt loss rates for developed areas have been selected 

on the basis of rational runoff coefficients. Peak flows however, from the rational method are 

consistently higher than the Clark unitgraph peaks by approximately 20 percent on a discharge 

per unit area basis. This is fairly good agreement in a hydrologic sense, but from a drainage 

design standpoint, better agreement would be desireable. 

A number of assumptions have been made in this report regarding land use, phasing, hydraulic 

conveyance, grading, etc. As plans and design are developed, these assumptions will be refined. 

This report is intended to present primary concepts and methods commensurate in detail with 

the Master Land Use Plan. As golf course plans are developed, for example, the current 

stormwater detention scheme will evolve to a more final configuration. This applies to golf 

course channels as well. This design evolution will be reflected hydrologically in future updates 

and revisions. Future drainage submittals will also include greater hydraulic detail regarding 

storm drains and channels. 



STORM RUNOFF FLOWS AND VOLUMES FOR INDIVIDUAL ONSITE SUB-BASINS 1-9-92 
TABLE 3 

PEAK RUNOFF 
SUB-BASIN DISCHARGE VOLUME 

NUMBER (cfs) (ac-ft) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 43 2 
20 12 1 
3 0 31 2 
40 3 0 1 
5 0 17 1 
6 0 59 4 
7 0 6 0 3 
7 5 3 7 2 
7 6 2 3 3 
8 0 66 3 
9 0 82 5 
100 11 2 
110 52 2 
130 4 3 2 
140 42 1 
150 37 2 
160 83 4 
170 9 8 5 
175 34 4 
180 8 1 
190 102 5 
200 8 0 5 
210 62 2 
220 6 3 4 
225 34 1 
230 5 0 3 
250 38 2 
260 29 1 
270 12 2 
280 50 2 
290 21 1 
300 45 2 
310 18 2 
320 24 1 
330 9 1 
340 8 1 
350 17 1 
360 3 0 1 
370 48. 3 
380 93 6 
390 3 8 3 
400 4 8 3 
410 108 5 
425 2 7 3 
440 2 5 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TOTAL DETENTION 

REQUIRED - 112 (ac-ft) 



TABLE 4 

DETENTION BASIN CHARACTERISTICS HEC-1 MOOEL 11028H 1-9-92 
- . .  

VOLUME 
BASIN BOTTOM NUMBER SIZE WIER UIER AT MAX MAX 

NUMBER WIDTH LENGTH PIPES PIPES ELEV L Qin Qwt STAGE STAGE 
(ft) (ft) (in) (ft) (ft) (cfs) (cfs)(ac-ft) (ft) ................................................................................. 

- 21 100 500 2 48 105.9 100 274 133 8 105.19 

441 150 1000 6 48 103.0 100 1789 1737 25 105.91 --------------------------------------------------------------------------------- 
TOTAL 
DETAINED 
VOLUME 114 (ac-ft) 
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NOTE: THIS MAP REPRODUCED FROM SOL SURVEY OF MARICOPA 

COUNTY. ARIZONA - CENTRAL PART, SOL CONSERVATION 

SERVICE. SEPTEMBER 1977, SHEETS 2 8 3. REFER TO THAT 

SURVEY FOR DESCRIPTION OF SOLS. 

GREEN AND AMPT RAINFALL LOSS PARAMETERS BY XS SOIL TYPE 

I A I A  DTHETA DTHETA P S I F  XKSAT 
SCS SOIL TYPE (dry) (norm) (dry) (norm) ------------------------------------------------------------------------ 
SANDY LOAM 
AbA, A d ,  Ad9 
AGB, AHC, GYD 0.7 0.6 0.35 0.25 4.3 0.4 
M, RaA, Vc, Va 

LOAM 
Es, GgA, Gn, LcA 0.6 0.5 0.35 0.25 3.5 0.25 

FIGURE 7 

i SCALE: 1'-2000' 

SUN CITY WEST 

EXPANSION 

S.OILS MAP- 

EXJSTING CONDITIONS 

STANLEY CONSULTANTS, INC. 

SCI +I1028 



BASIC SUB-BASIN HEC-1 DATA 1-9-92 

RESIST. COEFF. PARAMETERS - - - - - - - - - - - - - - - - - -  
~ ( r e s i d e n t i a l )  = -0.00625 
 desert) = -0.025 
b c r e s i d e n t i a l )  = 0.04 
b ( d e s e r t )  = 0.15 

LAND USE 1A DTHETA PSIF XKSAT RTlMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Res SF 0.15 0.28 3.4 0.8 37 

Res CAS 0.15 0.28 3.4 0.8 37 
Golf/O.S. 0.25 0.3 2.4 1.2 1 

C m  0.1 0.28 3.4 0.8 ** *+ +* 
80 

E x s t  d e s  0.25 1 

SPECIFIC SUB-BASIN DATA WEIGHTED GREEN / AMPT PARAMETERS MCUHP1 

Sub- A rea  L e n g t h  R e s i s t .  S l o p e  I A  DTHETA PSIF  XKSAT RTlMP Tc  R e s i s t .  
B a s i n  # (miA2) (mi )  C o e f f  Kb (f  t / m i )  (XI (hr l  ( h r )  -----------------------------------------------------------------------------------------------.-------------------.-------- 

OFFSITE 
A 0.867 1.515 0.081 26.4 0.25 0.25 6.15 0.21 1 0.967 0.539 

B1 0.169 0.568 0.099 29.9 0.25 0.32 5.09 0.28 1 0.533 0.323 

E 1.297 1.84 0.077 26.1 
TOT 2.930 2.65 0.068 23.0 

oils 
0.15 
0.23 

SHEET 1 OF 2 



Sub- A rea  L e n g t h  R e s i s t .  S t o p e  I A  DTHETA PSIF XKSAT RTIMP 
B a s i n  # (miA2)  (mi )  C o e f f  K b  ( f t / m i )  (XI -----------------------------------------------------------------------------------------------..----.-- 

TOTAL 1.35 SQ.MI. 
ONSI TE 
AREA 

Tc  Res is t .  
(hr) ( h r )  . . . . . . . . . . . . . . . . . . . .  

SHEET 2 OF 2 

** GREEN AND AMPT RAINFALL LOSS PARAMETERS FOR EXISTING OFFSITE AREAS AND 
EXISTING ONSITE AREA ARE UEIGHTED BY AREA OF INDIVIDUAL SOIL TYPES 
UITHIN EACH SUB-BASIN. 





RATMETH 1-7-92 

RATIONAL METHOD FOLLOWS THE PROCEDURE OUTLINED IN THE FCDMC HYDROLOGIC DESIGN MANUAL. 

TIME OF CONCENTRATION 

The fo l lowing equation i s  used i n  conjunction wi th Fig. 3.2 i n  Hydro Manual. 

Tc i s  the Time o f  Concentration (hours) 
L i s  the length o f  the longest f low path i n  the sub-basin (miles) 
Kb i s  the watershed resistance coe f f i c ien t  (weighted by Land use) 
S i s  the slope o f  the watercourse (feet/mile) 
i i s  the r a i n f a l l  i n t ens i t y  (inches/hour) 

RESISTANCE COEFFICIENT PARAMETERS 

SPECIFIC SUB-BASIN DATA 

Sub- Area 
Basin # (acres) 

290 13.66 
300 13.46 
410 35.83 - - - - - - - - - - - - - - - - - -  

Length Length Slope Resist. Land Use (percent) 
( f t )  ( m i )  ( f t / m i )  Coeff Kb 
1480 0.280 30.4 0.099 SF/25 COL/75 
2000 0.379 30.3 0.053 SF/lOO 
3000 0.568 25.5 O.O3OSF/lOO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALCULATION OF Tc 
SUB-BASIN290 a s s u n e i n i t i a l v a l u e f o r i :  4.90in/hr 
Tc = 0.34 hours so the neu i is:  5.00 in/hr recalc Tc 
Tc = 0.34 hours so ... . . . . . i is:  5.00 in/hr <* USE THIS 

SUB-BASIN300 a s s u n e i n i t i a l v a l u e f o r i :  6 .30in/hr  
Tc = 0.21 hours so thenew  i is: 6.50 in/hr recalc Tc 
Tc = 0.20 hours so ........ i is:  6.50 in /hr  <* USE THIS 

SUB-BASIN 410 assune i n i t i a l  value f o r  i: 5.50 in /hr  
Tc = 0.27 hours so the neu i is: 5.60 in /hr  recalc Tc 
Tc = 0.27 hours so ........ i is: 5.60 in/hr << USE THIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
COEFFICIENTS OF RUNOFF 
C-factors are weighted by area of  d i f f e ren t  land uses w i t h i n  the sub-basin. 

Rau Frequency Adjusted dy.. 
C-value Factor C-value i i ,-., 

SFR 0.5 1.25 0.63 
CAS 0.5 1.25 0.63 % >  
GOLF 0.28 1.25 0.35 
COMM 0.7 1.25 0.88 

SUB-BASIN 290 SFR = 25 X GOLF = 75 X 
Weighted C = 0.42 

SUB-BASI N 300 SFR = 100 X 
Weighted C = 0.63 

SUB-BASIN 410 SFR = 100 X 
Weighted C = 0.63 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

CALCULATION OF RUNOFF 
SUB-BASIN # C i A P 

( in /hr)  (acres) (c fs )  
SUB290 0- 5.00 13.66 28.60 
SUB300 0.63 6.50 13.46 54.68 
SUB4 10 5.60 35.83 125.40 



COMPARISON OF RATIONAL METHOO TO CLARK UNIT HYDROGRAPH 

USING SUB-BASINS 290, 300 & 410 

FCDMC RATIONAL METHOD CLARK UNIT HYDROGRAPH METHOO 

SUB290 SUB300 SUB410 - SUB290 SUB300 SUB410 
PARAMETER 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - -  

AREA 13.66 13.46 35.83 acres 0.021 0.021 0.056 sq m i  * 
AREA --- -  ---- - - - -  0.02 0.02 0.06 sq m i  ** 
AREA ----  - ---  - - - -  12.8 12.8 38.4 acres *** 

LENGTH 1480 2000 3000feet 0.28 0.38 0.57 miles 

SLOPE 30.4 30.3 25.5 f t /mi 30.4 30.3 25.5 ft /mi 

DTHETA N A N A N A 0.30 0.28 0.28 

PSIF  N A N A N A 2.65 3.40 3.40 

XKSAT N A N A N A 1 . 0  0.80 0.80 

RTIMP N A N A N A 10 37 37 

Tc 0.34 0.20 0.27 hrs 0.40 0.17 0.23 hrs 

i j  
P 28.60 54.68 125.40 c f s  21 45 108 c fs  
Q 2.09 4.06 3.50 1.64 3.50 2.81 cfs/ac 

VOL 1.32 1.94 5.17 ac- f t  1 2 5 ac - f t  

* HEC-1 input areas 
** HEC-1 rounded o f f  areas 
*** acres corresponding t o  HEC-1 roundoff 
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STORAGE CAPACITY TABLES 
FOR 

PRELIMINARY DETENTION BASINS 

STORAGE CAPACITY 1 'ABLES 

1.00 FEET 
6.00 :1 

DEPTH = 
S I D E  SLOPE = 

utop 

DEPTH = 
S I D E  SLOPE = 

2.00 FEET 
6.00 :1 

utop 

DEPTH = 
S I D E  SLOPE = 

3.00 FEET 
6.00 :1 

utop 

DEPTH = 
S I D E  SLOPE = 

4.00 FEET 
6.00 :1 

utop 

DEPTH = 
S I D E  SLOPE = 

6.00 FEET 
6.00 :1 

Utop 
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APPENDIX C 
HEC-1 PRINTOUT 



* FLOOO HYDROGRAPH PACKAGE (HEC-1) * 
* SEPTEMBER 1 5 9 0  * 
* VERSION 4.0 
1 * 
I 

' RUN DATE 0 1 / 1 0 / 1 9 9 2  TIME 11:06:53 * 
* * 

* U.S. ARMY CORPS OF ENGINEERS * 
HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET * 

DAVIS, CALIFORNIA 9 5 6 1 6  * 
* ( 9 1 6 )  7 5 6 - 1 1 0 4  * 
* * 

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

T H l S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl <JAN 73) ,  HEClCS, H E C ~ D B ,  AND HEClKU. 

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANCED FROH THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED U I T H  REVISIONS DATED 2 8  SEP 81. T H l S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

L I N E  ID... .... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 
I D  
I D  SUN C I T Y  WEST EXPANSION 
I D  STANLEY CONSULTANTS JOB # 1 1 0 2 8  DATE: 9 JAN 9 2  
I D  HEC-1 MODEL 11028H (NATURAL CONDITIONS OVERALL) 
I D  CLARK U N I T  HYDROGRAPH 
I D  
I D  2-HR STORM DISTRIBUTION (TABLE 2.2) P I 0 0  = 2.77" 
1 D NO AREAL REDUCTION FACTOR 
I D  
I D  GREEN-AMPT LOSS RATES FOR EXISTING CONDITIONS BASED ON 
I D  AREA-WEIGHTED VALUES OF EXISTING SOILS ASSUMING DTHETA NORMAL 
I D  AND VEGETATIVE COVER 2 5  PERCENT. 
I D  I A  ASSUMED TO BE 0.25 INCHES AND PERCENT IMPERVIOUS ASSUMED 
I D  TO BE 1 PERCENT. 
I D  
I D  K b  BASED ON m = -0.025 and b = 0.15 
I D  
I D  TIME OF CONCENTRATION AND STORAGE COEFFICIENT R 
I D  BASED ON RESULTS FROM MCUHP1 
I D  
I D  TIME-AREA RELATION FROM TABLE 5.2, USE NATURAL 
I D  TIME-AREA UA RECORD 
I D  
*DIAGRAM 
I T  5 1 5 0  
1 0  3 

KK SUBTOT 
KM SUB-BASIN TOTAL - OFFSITE AREAS A, B1, 02, C AND D AND ONSITE AREA E 
KM CONC. PT. I S  AT THE SOUTH EAST CORNER OF THE JOBSITE 
BA 2.930 
I N  5 
PB 2.770 
PC .OOO .011 .018 - 0 2 3  .028 .032 .046 .071 . I 0 0  . 
PC .I76 .232 . 3 2 7  .601 .743 .863 .901 .930 .954 . 
PC .970 .979 .982 .992 1.000 
LG .250 .26 5.55 .22 1.000 
UC 1.383 . 6 2 7  
U A 0 3 5 8 1 2  2 0  43 7 5  90 
UA 1 0 0  
ZZ 



SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

L I N E  (V)  ROUTING ( - - ->I  DIVERSION OR PUMP FLOW 

NO. (.) CONNECTOR (< - - - )  RETURN OF DIVERTED OR PUMPED FLOW 

(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* SEPTEMBER 1990 * 
* VERSION 4 .0  * 
* * 

RUN DATE 0 1 / 1 0 / 1 9 9 2  TIME 11:06:53 * * 
......................................... 

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 6 0 9  SECOND STREET t * DAVIS, CALIFORNIA 9 5 6 1 6  * 

(916) 7 5 6 -  1 1 0 4  * * * 
*a************************************* 

SUN C I T Y  VEST EXPANSION 
STANLEY CONSULTANTS JOB # 1 1 0 2 8  DATE: 9 JAN 9 2  
HEC-1 MODEL 11028H (NATURAL CONDITIONS OVERALL) 
CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (TABLE 2.2) P lOO = 2.nii 
NO AREAL REDUCTION FACTOR 

GREEN-AMPT LOSS RATES FOR EXISTING CONDITIONS BASED ON 
AREA-WEIGHTED VALUES OF EXISTING SOILS ASSUMING DTHETA NORMAL 
AND VEGETATIVE COVER 2 5  PERCENT. 
I A  ASSUMED TO BE 0.25 INCHES AND PERCENT IMPERVIOUS ASSUMED 
TO BE 1 PERCENT. 

K b  BASED ON m = -0.025 and b = 0.15 

TIME OF CONCENTRATION AND STORAGE COEFFICIENT R 
BASED ON RESULTS FROM MCUHPl 

TIME-AREA RELATION FROH TABLE 5.2, USE NATURAL 
TIME-AREA UA RECORD 

OUTPUT CONTROL VARIABLES 
I PRNT 3 PRINT CONTROL 
1 PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0 0 0 0  STARTING TIME 

NQ 1 5 0  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NOTIME 1 2 2 5  ENDING TIME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 12.42 HOURS 

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 



2 6  KK * SUBTOT * * 
************** 

SUB-BASIN TOTAL - OFFSITE AREAS A, 01, 82, C AND D AND ONSITE AREA E 
CONC. PT. I S  AT THE SOUTH EAST CORNER OF THE JOBSITE 

1 3 0  I N  T IME DATA FOR INPUT T IME SERIES - 
JXMIN 5 T IME INTERVAL I N  MINUTES 

JXDATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

2 9  BA SUBBASIN CHARACTERISTICS 
TAREA 2.93 SUBBASIN AREA 

PRECIPITATION DATA 

31 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

3 2  P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .O1 -01 - 0 0  .01  -03 
.06 .09 .27 .14 .12 .04 .03 
.O1 .oo .O1 .01 

35 LG GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .26 MOISTURE D E F I C I T  
P S I  F 5.55 WETTING FRONT SUCTION 

XKSAT .22 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC 1 .38  T IME OF CONCENTRATION 

R .63 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= 1.38 HR, R= .63 HR 

SNYDER TP= 1.11 HR, CP= .96 

U N I T  HYDROGRAPH 
5 1  END-OF-PERIW ORDINATES 

26. 71. 101. 129.  161. 201. 256. 339. 
1185.  1527. 1682. 1672. 1586.  1473. 1344. 1196. 

8 0 3 .  703. 615. 538 .  471. 413. 361. 316. 
212. 186. 162. 142. 124 .  109. 95. 84. 

5 6 .  49.  43. 38. 33. 29. 25. 22. 
15. 

HYDROGRAPH AT STATION SUBTOT 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.17, TOTAL EXCESS = 1.60 

PEAK FLOW TIME 
6-HR 

+ (CFS) (HR) 
(CFS) 

+ 2551. 2.17 503. 
(INCHES) 1.595 

(AC-FT) 249. 

CUMULATIVE AREA = 

1 

PEAK 
OPERATION STAT I ON FLOW 

+ 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 12.42-HR 

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE M I L E S  

T IME OF AVERAGE FLOW FOR MAXIMUM P E R I W  
PEAK 

6-HOUR 24-HOUR 72-HOUR 

B A S I N  
AREA 

MAXIMUM T I M E O F  
STAGE MAX STAGE 



HYDROGRAPH AT 
SUBTOT 

*** NORMAL END OF H E C - 1  *** 



* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
SEPTEMBER 1990 t 

t VERSION 4.0 * 
* 

i RUN DATE 0 1 / 1 0 / 1 9 9 2  TIME 11:07:40 * 
t * 
......................................... 

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X xxxxxxx XXXXX XXX 

....................................... 
* 
* U.S. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET * 
t DAVIS, CALIFORNIA 9 5 6 1 6  * 
* (916) 7 5 6 - 1  1 0 4  * 
* 

T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOUN AS HECl (JAN 73), HEClGS, HEClDB, AND HEClKU. 

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTlOR- HAVE CHANGED FROH THOSE USED U l T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD UAS CHANGED U I T H  REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC UAVE: NEU F I N I T E  DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

L I N E  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1 

I D  ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

I D  
I D  SUN C I T Y  WEST EXPANSION 
I D  STANLEY CONSULTANTS JOB # 1 1 0 2 8  DATE: 08 JAN 9 2  
I D  HEC-1 MODEL 1 1 0 2 8 1  (NATURAL COND ONSITE AND OFFSITE) 
I D  
I D  CLARK U N I T  HYDROGRAPH 
I D  
I D  2-HR STORM DISTRIBUTION (TABLE 2.2) P lOO = 2.77" 
I D  NO AREAL REDUCTION FACTOR (TYPICAL FOR ALL AREAS) 
I D  
I D  GREEN-AMPT LOSS RATES FOR EXISTING CONDITIONS BASED ON 
I D  AREA-WEIGHTED VALUES OF EXISTING SOILS ASSUMING DTHETA NORMAL 
I D  AND VEGETATIVE COVER 2 5  PERCENT. 
I D  I A  ASSUMED TO BE 0.25 INCHES AND PERCENT IMPERVIOUS ASSUMED 
I D  TO BE 1 PERCENT. 
I D  
1 D K b  BASED ON m = -0.025 and b = 0.15 
I D  
1 D TIME OF CONCENTRATION AND STORAGE COEFFICIENT R 
I D  BASED ON RESULTS FROM MCUHPl 
I D  
I D  TIME-AREA RELATION FROM TABLE 5.2, A L L  AREAS USE A NATURAL 
I D  TIME-AREA UA RECORD 
I D  
I D  OFFSITE F L W S  ARE ROUTED THROUGH HYPOTHETICAL CHANNELS USING 
I D  MODIFIED PULS ROUTING. CHANNELS REFLECT EXISTING 
I D  CROSS-SECTIONS AND EXISTING ROUGHNESS. 
I D  
I D  
*DIAGRAM 
I T  5 1 5 0  
I 0  3 

KK SUBBl RUNOFF HG FROM SUB-BASIN 01 
BA .I69 
I N  5 



L I N E  

L I N E  

KK RCHAB ROUTE HG SUBBl THRU REACH AB; HYPOTHETICAL CHANNEL 
RS 2 F L W  - 1 
RC .050 -035 -050 2800 -005 
RX 500 500 513 525 53(1 542 550 550 
RY 100 100 97 95 95 97 100 100 

HEC-1 INPUT 

KK SUBA 
BA .867 
LG .25 
UC .967 
U A 0 
UA 100 

KK SUBB2 
BA .I80 
LG .25 
UC .733 
U A 0 
UA 100 

KK SUMAB 
HC 3 

KK RCHSUH 
RS 6 
RC .035 
RX 500 
RY 100 

RUNOFF HG FROM SUB-BASIN A 

RUNOFF HG FROM SUB-BASIN 82 

COMBINE HG FROM RCHAB, SUBA & SUBB2 

ROUTE HG SUMAB THRU REACH SUM; HYPOTHETICAL CHANNEL 
F L W  - 1 
.050 .050 8670 .004 
500 560 560 580 5 8 0 ' 6 0 0  600 
100 93 93 93 93 100 100 

KK SUBC RUNOFF HG FROM SUB-BASIN C 
BA .I95 
LG .25 .25 6.05 .2 1 
UC -700 .508 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK RCHCD 
RS 1 
RC .050 
RX 500 
RY 100 

KK SUED 
BA ,227 
LG .25 
UC .617 
U A 0 
UA 100 

KK SUMCD 
HC 2 

KK RCHSUH 
RS 4 
RC .050 
RX 500 
RY 100 

ROUTE HG SUBC THRU REACH CD; HYPOTHETICAL CHANNEL 
F L W  - 1 
.035 ,050 2020 .OM 
500 513 525 530 542 550 550 
100 97 95 95 97 100 100 

RUNOFF HG FROM SUB-BASIN D 

COMBINE HG FROH SUBC & SUED 

ROUTE HG SUMCD THRU REACH sun; HYPOTHETICAL CHANNEL 
F L W  - 1 
.035 -050 5520 .005 
500 513 525 530 542 550 550 
100 97 95 95 97 100 100 

HEC-1 INPUT 

KK SUBE RUNOFF HG FROM SUB-BASIN E 
BA 1.297 
LG .25 .27 5.05 .23 1 
UC 1.083 .568 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK SUMTOT COMBINE HG FROM RCHSUM (WEST & NORTH) 
HC 3 
ZZ 

PAGE 2 

PAGE 3 



SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

L I N E  (V) ROUTING ( - - - > I  DIVERSION OR PUMP FLOU 

NO. (.) CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOU 

3 2  SUBBl 
v 
v 

43 RCHAB 

48 SUB A 

SUMAB........................ 
v 
v 

RCHSUM 

SUBC 
v 
v 

RCHCD 

SUED 

SUMCD............ 
v 
v 

RCHSUM 

SUBE 

SUMTOT........................ 

(***I RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
.......................................... 

* 
F L O W  HYDROGRAPH PACKAGE (HEC-1) * 

* SEPTEMBER 1990 
* VERSION 4.0 
* * 
* RUN DATE 0 1 / 1 0 / 1 9 9 2  TIME 11:07:40 
* * 
......................................... 

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER 

.609 SECOND STREET t 

* DAVIS, CALIFORNIA 9 5 6 1 6  * 
(916) 7 5 6 - 1 1 0 4  

* * 
....................................... 

SUN C I T Y  WEST EXPANSION 
STANLEY CONSULTANTS JOB # 1 1 0 2 8  DATE: 08 JAN 9 2  
HEC-1 MODEL 1 1 0 2 8 1  (NATURAL COND ONSITE AND OFFSITE) 

CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (TABLE 2.2) P lOO = 2.77'' 
NO AREAL REDUCTION FACTOR (TYPICAL FOR ALL AREAS) 

GREEN-AMPT LOSS RATES FOR EXISTING CONDITIONS BASED ON 
AREA-WEIGHTED VALUES OF EXISTING SOILS ASSUMING DTHETA NORMAL 
AND VEGETATIVE COVER 2 5  PERCENT. 
I A  ASSUMED TO BE 0.25 INCHES AND PERCENT IMPERVIOUS ASSUMED 
TO BE 1 PERCENT. 

K b  BASED ON m = -0.025 and b = 0.15 

TIME OF CONCENTRATION AND STORAGE COEFFICIENT R 
BASED ON RESULTS FROn MCUHPl 



TIME-AREA RELATION FROH TABLE 5.2, ALL AREAS USE A NATURAL 
TIME-AREA UA RECORD 

OFFSITE F L W S  ARE ROUTED THROUGH HYPOTHETICAL CHANNELS USING 
MODIFIED PULS ROUTING. CHANNELS REFLECT EXISTING 
CROSS-SECTIONS AND EXISTING ROUGHNESS. 

OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0000 STARTING TIME 

NP 150 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 1225 ENDING TIME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL T l M E  BASE 12.42 HOURS 

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

* * 
32 KK * SUBBl * RUNOFF HG FROH SUB-BASIN B1 * * 

************** 

34 I N  TIME DATA FOR INPUT TIME SERIES 
JXMIN 5 TIME INTERVAL I N  MINUTES 

JXDATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

33 BA SUBBASIN CHARACTERISTICS 
TAREA .17 SUBBASIN AREA 

PRECIP lTATION DATA 

35 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

36 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .O1 .OO .01 .03 .03 .04 .04 
-06 .09 .27 .14 .12 .04 .03 .02 .01 .01 
-01 .oo .O1 .O1 

39 LG GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .32 MOISTURE D E F I C I T  
P S l F  5.09 WETTING FRONT SUCTION 

XKSAT .28 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

40 UC CLARK UNITGRAPH 
TC .53 TIME OF CONCENTRATION 

R .32 STORAGE COEFFICIENT 

41 UA ACCUMULATED-AREA VS. T IME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 



U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .53 HR, R= .32 HR 

SNYDER TP= .46 HR, CP= .86 

TOTAL RAINFALL = 

PEAK F L W  TIME 

+ (CFS) (HR) 

+ 251. 1.58 

U N I T  HYDROGRAPH 
25 END-OF-PER100 ORDINATES 

17. 34. 90. 173. 203. 176. 139. 107. 83. 
49. 38. 29. 23. 17. 13. 10. 8. 6. 
4. 3. 2. 2. 

HYDROGRAPH AT STATION SUBBl 

2.n, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 12.42-HR 

(CFS) 
26. 13. 13. 13. 

(INCHES) 1.449 1.449 1.449 1.449 
(AC-FT) 13. 13. 13. 13. 

CUMULATIVE AREA = .17 SQ M I  

************** 
* 

43 KK * RCHAB * ROUTE HG SUBBl THRU REACH AB; HYPOTHETICAL CHANNEL * * 

HYDROGRAPH ROUTING DATA 

44 RS STORAGE ROUTING 
NSTPS 2 NUMBER OF SUBREACHES 

I T Y P  FLOW TYPE OF I N I T I A L  CONDITION 
RSVR I C -1.00 I N I T I A L  CONDITION 

X .OO WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL .050 LEFT OVERBANK N-VALUE 

ANCH .035 MAIN CHANNEL N-VALUE 
ANR .050 RIGHT OVERBANK N-VALUE 

RLNTH 2800. REACH LENGTH 
SEL .0050 ENERGY SLOPE 

E LMAX .O MAX. ELEV. FOR STORAGE/OUTFLOU CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
ELEVATION 100.00 100.00 97.00 95.00 95.00 97.00 100.00 100.00 
DISTANCE 500.00 500.00 513.00 525.00 530.00 542.00 550.00 550.00 

COMPUTED STORAGE-OUTFLW-ELEVATION DATA 

STORAGE .OO - 1 1  .28 .49 .77 1.09 1.47 1.90 2.38 2.90 
OUTFLOU .OO 1.85 6.74 15.09 27.43 44.30 66.20 93.64 130.36 178.41 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 3.45 4.03 4.65 5.29 5.96 6.67 7.41 8.17 8.97 9.80 
OUTFLOW 232.95 293.99 361.56 435.70 516.44 603.85 698.00 798.95 906.78 1021.56 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

HYDROGRAPH AT STATION RCHAB 

PEAK F L W  TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 12.42-HR 



+ (CFS) (HR) 
(CFS) 

+ 227. 1.67 26. 13. 13. 13. 
( INCHES) 1.449 1.449 1.449 1.449 
(AC-FT) 13. 13. 13. 13. 

PEAK STORAGE TlME 

+ (AC-FT) (HR) 
2. 1.67 

PEAK STAGE TlME 

+ (FEET) (HR) 
97.60 1.67 

MAXIMUM AVERAGE STORAGE- 
6- HR 24-HR 72-HR 12.42-HR 

MAXIMUM AVERAGE STAGE 
6- HR 24-HR 72-HR 12.42-HR 

CUMULATIVE AREA = .17 SP MI 

48 KK SUBA * RUNOFF HG FROM SUB-BASIN A * * 
************** 

SUBBASIN RUNOFF DATA 

49 BA SUBBASIN CHARACTERISTICS 
TAREA .87 SUBBASIN AREA 

PRECIPITATION DATA 

35 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

36 PI INCREMENTAL PRECIPITATION PATTERN 
. O l  .O1 .O1 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .01 
.O1 -00 .O1 .O1 

50 LG GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .25 MOISTURE DEFICIT 
PSlF 6.15 WETTING FRONT SUCTION 

XKSAT .21 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .97 TIME OF CONCENTRATION 
R .54 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
-0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .97 HR, R= .54 HR 

SNYDER TP= .79 HR, CP= .86 

UNIT HYDROGRAPH 
42 END-OF-PERIOD ORDINATES 

12. 32. 48. 66. 94. 149. 270. 461. 599. 619. 
586. 532. 466. 399. 342. 293. 251. 215. 184. 158. 
135. 116. 99. 85. 73. 62. 53. 46. 39. 33. 
29. 25. 21. 18. 15. 13. 11. 10. 8. 7. 
6. 5. 

HYDROGRAPH AT STATION SUBA 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.17, TOTAL EXCESS = 1.60 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 



. . 

(CFS) 
+ 915. 1.92 149. 72. n. 72. 

(INCHES) 1.595 1.595 1.595 1.595 
( A C - F T I  74. 74. 74. 74. - 
CUMULATIVE AREA = .87 SQ M I  

************** 

54 KK * SUBBZ * RUNOFF HG FROH SUB-BASIN 82 * * 
************** 

SUBBASIN RUNOFF DATA 

55 BA SUBBASIN CHARACTERISTICS 
TAREA .18 SUBBASIN AREA 

PRECIPITATION DATA 

35 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

36 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .01 .01 .OO .O1 .03 
.06 .09 .27 .14 .12 .04 , .03 
.01 .oo .O1 .01 

56 LC GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .32 MOISTURE D E F I C I T  
P S I  F 5.09 WETTING FRONT SUCTION 

XKSAT -28 HYDRAULIC CONDUCTIVITY 
RTlMP 1.00 PERCENT IMPERVIOUS AREA 

57 UC CLARK UNITGRAPH 
TC .73 TIME OF CONCENTRATION 

R .70 STORAGE COEFFICIENT 

58 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .73 HR, R= .70 HR 

SNYDER TP= .65 HR, CP= .65 

U N I T  HYDROGRAPH 
50 END-OF-PERIOD ORDINATES 

3. 7. 11. 18. 37. 74. 108. 117. 
91. 81. 71. 63. 56. 50. 44. 39. 
27. 24. 22. 19. 17. 15. 13. 12. 
8. 7. 7. 6. 5. 5. 4. 4. 
3. 2. 2. 2. 2. 1. 1. 1. 

HYDROGRAPH AT STATION SUB62 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

159. 1.75 28. 14. 14. 14. 
(INCHES) 1.448 1.448 1.448 1.448 

(AC-FT) 14. 14. 14. 14. 

CUMULATIVE AREA = .18 SQ M I  



************** - 
* * 

60 KK * SUMAB * COHBINE HG FROM RCHAB, SUBA I% SUBB2 * * 
************** 

61 HC HYDROGRAPH COMBINATION 
1 COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUMAB 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6- HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 1244. 1.83 203. 98. 98. 98. 
(INCHES) 1.553 1.553 1.553 1.553 

(AC-FT) 101. 101. 101. 101. 

CUMULATIVE AREA = 1.22 SQ M I  

62 KK * RCHSUM * ROUTE HG SUMAB THRU REACH SUM; HYPOTHETICAL CHANNEL * * 
************** 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 6 NUMBER OF SUBREACHES 

I T Y P  FLOU TYPE OF I N I T I A L  CONDITION 
RSVRIC -1.00 I N I T I A L  CONDITION 

X .00 UORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL .035 LEFT OVERBANK N-VALUE 

ANCH .050 MAIN CHANNEL U-VALUE 
ANR .050 RIGHT OVERBANK N-VALUE 

RLNTH 8670. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLOU CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
66 RY ELEVATION 100.00 100.00 93.00 93.00 93.00 93.00 100.00 100.00 
65 RX DISTANCE 500.00 500.00 560.00 560.00 580.00 580.00 600.00 600.00 

COnPUTED STORAGE-WTFLOU-ELEVATION DATA 

STORAGE .OO 1.62 3.55 5.79 8.34 11.19 14.36 17.83 21.61 25.70 
W T F L O U  .OO 7.76 26.59 56.12 96.88 149.57 214.94 293.75 386.76 494.74 

ELEVATION 93.00 93.37 93.74 94.11 94.47 94.84 95.21 95.58 95.95 96.32 

STORAGE 30.10 34.81 39.83 65.16 50.79 56.73 62.99 69.55 76.42 83.60 
OUTFLOU 618.43 758.55 915.85 1091.02 1284.76 1497.76 1730.70 1984.24 2259.05 2555.77 

ELEVATION 96.68 97.05 97.42 97.79 98.16 98.53 98.89 99.26 99.63 100.00 

HYDROGRAPH AT STATION RCHSUM 



PEAK FL0I.I 

+ (CFS) 

1100.  

T I M E  

(HR) 

2.25 

MAXIMUM AVERAGE FLOV 
24-HR 72-HR 12.42-HR 

(CFS) 
203. 

(INCHES) 1.549 
(AC-FT) 100. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
24-HR 72-HR 12.42-HR 

+ (AC-FT) 
8. 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 12.42-HR 

PEAK STAGE TIME 

+ (FEET) 
97.81 

CUMULATIVE AREA = 

* * 
67 KK * SUBC RUNOFF HG FROM SUB-BASIN C * 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .19 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 B A S I N  TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .O1 .OO .01 .03 .03 .04  .04  
.06 . 0 9  . 2 7  .14 .12 .04 .03 .02 .01 .01  
.O1 - 0 0  - 0 1  .O1 

GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .25 MOISTURE D E F I C I T  
P S I  F 6.05 WETTING FRONT SUCTION 

XKSAT .20 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC -70 TIME OF CONCENTRATION 

R - 5 1  STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8 .0  12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .70 HR, R= . 5 1 H R  

SNYDER TP= .59  HR, CP= .73 

U N I T  HYDROGRAPH 
38 END-OF-PERIOD ORDINATES 

4. 10. 17. 28. 60. 118. 158. 158 .  143 .  124 .  
105 .  89. 75. 64. 54. 46.  39. 33. 28. 24. 

20.  17. 15. 12. 10. 9. 8. 6. 5. 5. 
4. 3. 3. 2. 2. 2. 1. 1. 

HYDROGRAPH AT STATION SUBC 



PEAK FLOW T I M E  MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 230. 1.75 34. 16. 16. 16. 
(INCHES) 1.619 1.619 1.619 1.619 

(AC-FT) 17. 17. 17. ' 17. 

CUMULATIVE AREA = .19 SP M I  

************** 
* 

73 KK * RCHCD * ROUTE HG SUBC THRU REACH CD; HYPOTHETICAL CHANNEL * 
************** 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLOW TYPE OF INITIAL CONDITION 
RSVR l C -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFlCIENT 

NORMAL DEPTH CHANNEL 
AN L .050 LEFT OVERBANK N-VALUE 

ANCH .035 MAIN CHANNEL N-VALUE 
ANR .050 RIGHT OVERBANK N-VALUE 

RLNTH 2020. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL -- - - - - -  + - - -  RIGHT OVERBANK - - -  
77 RY ELEVATION 100.00 100.00 97.00 95.00 95.00 97.00 100.00 100.00 
76 RX DISTANCE 500.00 500.00 513.00 525.00 530.00 542.00 550.00 550.00 

COMPUTED STORAGE-WTFLW-ELEVATION DATA 

STORAGE .OO .08 .20 .36 .55 .79 1.06 1.37 1.72 2.09 
OUTFLOW .OO 1.65 6.03 13.49 24.53 39.62 59.21 83.75 116.59 159.58 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 2.49 2.91 3.35 3.82 4.30 4.81 5.34 5.90 6.47 7.07 
WTFLW 208.36 262.96 323.39 389.70 461.92 540.10 624.31 714.60 811.05 913.71 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

HYDROGRAPH AT STATION RCHCD 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 215. 1.83 34. 16. 16. 16. 
(INCHES) 1.619 1.619 1.619 1.619 

(AC-FT)  17. 17. 17. 17. 

PEAK STORAGE TIME 

+ (AC-FT)  (HR) 
3. 1.83 

MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72-HR 12.42-HR 

1. 0. 0. 0. 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6- HR 24-HR 72-HR 12.42-HR 

+ (FEET) (HR) 
97.67 1.83 95.76 95.37 95.37 95.37 

CUMULATIVE AREA = .19 SP M I  



- ************** 
* * 

78 KK * SUBD * RUNOFF HG FROM SUB-BASIN D 
* 
************** 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .23 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 B A S I N  TOTAL PRECIPITAT ION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .01 
-01 -00 -01 -01 

GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I  F 4.34 WETTING FRONT SUCTION 

XKSAT .26 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .62 TIME OF CONCENTRATION 

R .41 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .62 HR, R= -41 HR 

SNYDER TP= .52 HR, CP= .78 

U N I T  HYDROGRAPH 
31 END-OF-PERIOD ORDINATES 

6. 16. 27. 58. 135. 210. 221. 195. 163. 133. 
109. 89. 73. 59. 48. 40. 32. 26. 22. 18. 
14. 12. 10. 8. 6. 5. 4. 3. 3. 2. 

HYDROGRAPH AT STATION SUED 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.19, TOTAL EXCESS = 1.58 

PEAK FLOW T I M E  MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 304. 1.67 38. 19. 19. 19. 
(INCHES) 1.576 1.576 1.576 1.576 

(AC-FT) 19. 19. 19. 19. 

CUMULATIVE AREA = .23 SQ M I  

************** 
* * 

84 KK * SUMCD COHBINE HG FROH SUBC & SUBD 

-, 



85 HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUMCD 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 483. 1.75 72. 35. 35. 35. 
(INCHES) 1.595 1.596 1.596 1 -596 

(AC-FT) 36. 36. 36. 36. 

CUMULATIVE AREA = .42 SQ M I  

* * 
86 KK * RCHSUM * ROUTE HG SUMCD THRU REACH SUM; HYPOTHETICAL CHANNEL * * 

************** 

HYDROGRAPH RWTlNG DATA 

87 RS STORAGE RWTING 
NSTPS 4 NUMBER OF SUBREACHES 

ITYP FLOW TYPE OF INITIAL CONDITION 
RSVR I C -1.00 INITIAL CONDITION 

X .00 WRKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL .050 LEFT OVERBANK N-VALUE 

ANCH .035 MAIN CHANNEL N-VALUE 
ANR .050 RIGHT OVERBANK U-VALUE 

RLNTH 5520. REACH LENGTH 
SE L .0050 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLOU CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK --- + - - - - - -  MAIN CHANNEL -------  + - - -  RIGHT OVERBANK - - -  
90 RY ELEVATION 100.00 100.00 97.00 95.00 95.00 97.00 100.00 100.00 
89 RX DISTANCE 500.00 500.00 513.00 525.00 530.00 542.00 550.00 550.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .00 .22 .54 .97 1.51 2.15 2.90 3.75 4.70 5.72 
WTFLOU .OO 1.85 6.74 15.09 27.43 44.30 66.20 93.64 130.36 178.41 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 6.81 7.95 9.16 10.43 11.76 13.15 14.60 16.11 17.69 19.33 
WTFLOU 232.95 293.99 361.56 435.70 516.44 603.85 698.00 798.95 906.78 1021.56 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

HYDROGRAPH AT STATION RCHSUM 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 451. 1.92 72. 35. 35. 35. 
(INCHES) 1.595 1.596 1.596 1.596 

(AC-FT) 36. 36. 36. 36. 



PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 12.42-HR 

I A K  STAGE T l M E  

+ (FEET) (HR) 
98 .47  1.92 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR ' 12.42-HR 

CUMULATIVE AREA = .42  SP M I  

************** 
* 

91 KK * SUBE RUNOFF HG FROM SUB-BASIN E * 

SUBBASIN RUNOFF DATA 

9 2  BA SUBBASIN CHARACTERISTICS 
TAREA 1.30 SUBBASIN AREA 

PRECIPITATION DATA 

a 3 5  PB STORM 2 . 7 7  B A S I N  TOTAL PRECIPITATION 

36 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .01 .O1 .OO .O1 .03 .03 .04  .04 
.06 . 0 9  . 2 7  .14 .12 .04 .03 .02  .O1 .O1 
.O1 .oo .01  .01 

93 LG GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .27 MOISTURE D E F I C I T  
P S I F  5.05 WETTING FRONT SUCTION 

XKSAT .23 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

9 4  UC CLARK UNITGRAPH 
TC 1.08 TIME OF CONCENTRATION 

R . 5 7  STORAGE COEFFICIENT 

9 5  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= 1.08 HR, R= . 5 7  HR 

SNYDER TP= .88 HR, CP= .88 

U N I T  HYDROGRAPH 
4 5  END-OF-PERIOD ORDINATES 

16. 42. 61. 82. 108 .  152 .  252. 430. 672. 837. 
861. 822. 759. 677. 584.  504 .  435. 376. 325.  280. 
242. 209. 180. 156 .  134 .  116. 100. 86. 75. 64. 

HYDROGRAPH AT STATION SUBE 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.17, TOTAL EXCESS = 1.60 

"EAKFLOV TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 1287. 2.00 222. 107. 107. 107. 
(INCHES) 1 .594  1.594 1.594 1.594 

(AC- FT) 110. 110.  110. 110. 



* 
97 KK * SUMTOT COMBINE HG FROM RCHSUM (VEST 8 NORTH) * 

************** 

98 HC HYDROGRAPH COMBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO COHBINE 

HYDROGRAPH AT STATION SUMTOT 

PEAK FLOW TIME MAXIMUM AVERAGE FLW 
6- HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 2543. 2.17 497. 241. 241. 241. 
(INCHES) 1.573 i . s n  1.577 1.577 

(AC-FT) 246. 247. 247. 247. 

CUMULATIVE AREA = 2.93 SQ M I  

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLW FOR MAXIMUM PERIOO 
OPERAT I ON STAT ION FLOW PEAK 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ SUBBl 251. 1.58 26. 13. 13. 

ROUTED TO 
+ RCHAB 227. 1.67 26. 13. 13. 
+ 

HYDROGRAPH AT 
+ SUBA 915. 1.92 149. 72. 72. 

HYDROGRAPH AT 
+ SUBB2 159. 1.75 28. 14. 14. 

3 COMBINED AT 
+ SUMAB 1244. 1.83 203. 98. 98. 

ROUTED TO 
+ RCHSUM 1100. 2.25 203. 98. 98. 
+ 

HYDROGRAPH AT 
+ SUBC 230. 1.75 34. 16. 16. 

ROUTED TO 
+ RCHCD 215. 1.83 34. 16. 16. 
+ 

BASIN MAXIMUM TIMEOF 
AREA STAGE MAX STAGE 

HYDROGRAPH AT 
+ SUBD 304. 1.67 38. 19. 19. .23 

2 COMBINED AT 
+ SUMCD 483. 1.75 72. 35. 35. .42 

ROUTED TO 
+ RCHSUM 451. 1.92 72. 35. 35. .42 
+ 98.47 1.92 



HYDROGRAPH AT 
+ SUBE 1287. 2.00 

3 COMBINED AT 
SUMTOT 2543. 2.17 

*** NORMAL END OF HEC-1 *** 



* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* SEPTEMBER 1 9 9 0  * 

VERSION 4.0 

I f RUN DATE 0 1 / 1 0 / 1 9 9 2  TIME 15:17:39 

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

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

* * * * * * * * * * * . ~ * * * * t t * t ~ * T t . . r f r . . . . * . . , . ~ .  

* U . S . A R M Y C O R P S O F E N G I N E E ? S  
HYDROLOGIC ENGINEERING C E N T E R  * 

609 SECOND STREET 8 

t DAVIS, CALIFORNIA 9 5 6 1 6  
( 9 1 6 )  7 5 6 - 1 1 0 4  

* * 

T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 K N W N  AS HECl (JAN 73). HECIGS, HEClDB, AND HEClKW. 

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTIOR0 HAVE CHANGED FROn THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION . 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, 0SS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

1 HEC-1 INPUT PAGE 1 

L I N E  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
19 

I D  ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9......10 

I D  
I 0  SUN C I T Y  WEST EXPANSION 
I D  STANLEY CONSULTANTS JOB # 1 1 0 2 8  DATE: 1 0  JAN 9 2  
I D  HEC-1 MOOEL 11028M (DESIGN COND ONSITE, NATURAL COND OFFSITE) 
I D  
I D  CLARK U N I T  HYDROGRAPH 
I D  
I 0  2-HR STORM DISTRIBUTION (FCDMC HYDROLOGIC DESIGN MANUAL; TABLE 2.2) 
I D  P lOO = 2.7718 
I D  
I D  NO AREAL REDUCTION FACTOR (TYPICAL FOR ALL AREAS) 
I D  
I D  COMPUTATION TIME INTERVAL 5 MINUTES 
1 D 
I D  GREEN-AMPT LOSS RATES FOR OFFSITE EXISTING CONDITIONS BASED ON 
I D  AREA-WEIGHTED VALUES OF EXISTING SOILS ASSUMING DTHETA NORMAL 
I D  AND VEGETATIVE COVER 2 5  PERCENT. 
I D  I A  ASSUMED TO BE 0.25 INCHES AND PERCENT IMPERVIOUS ASSUMED 
I D  TO BE 1 PERCENT. 
I D  
1 D GREEN-MPT LOSS RATES FOR ONSITE DEVELOPED CONDITIONS ARE AREA-UEIGHTED 
I D  FROn TABLE 2 OF THE CONCEPTUAL MASTER DRAINAGE REPORT. 
I D  BASIC LOSS RATES AND PERCENT IMPERVIOUS (FOR DEVELOPED CONDITION) 
I D  SELECTED TO PROOUCE RAINFALL EXCESS SIMILAR TO CORRESPONDING 
I D  RATIONAL RUNOFF COEFFICIENT FOR PARTICULAR LAND USE. 
I D  
I D  TIME OF CONCENTRATION AND STORAGE COEFFICIENT R ARE BASED ON RESULTS 
I D  FROM MCUHPl WITH LENGTHS AND SLOPES ESTIMATED FROM PRELIMINARY 
I D  LOT LAYOUTS AND GRADING. 
I D  
I D  K b  BASED ON HYDRO MANUAL FlCURE/TABLE 3.1 (IF-0.025, b . 1 5  f o r  exist) 
I D  (IF-0.00625, b . 0 4  f o r  u r b a n )  
I D  
I D  TIME-AREA RELATION F R W  TABLE 5.2: 
1 D OFFSITE AREAS USE A NATURAL TIME-AREA UA RECORD 
I D  ONSITE AREAS USE AN URBAN TIME-AREA UA RECORD 
1 D 
I D  HYDROGRAPH ROUTING THROUGH STREET REACHES USES KENEMATIC WAVE 
I D  RECTANGULAR CHANNEL U I T H  UIDTH OF 68 FEET AND *1n11=0.015 
I D  
I D  OFFSITE FLOWS COMBINE WITH ONSITE FLOWS I N  DETENTION BASINS 
I D  



L I N E  

L I N E  

1 0 4  " 

I D  HYDROGRAPH ROUTING THROUGH GUNITE-LINED, TRAPEZOIDAL CHANNEL ASSUMES: 
I 0  Ubase = 10'(MIN),  201(MAX); Side Slope = .5:1 (H\V); n = . 0 1 6  
I D  
I 0  HYDROGRAPH ROUTING THROUGH GOLF COURSE CHANNELS ASSUMES: 
I D  MODIFIED PULS ROUTING, 1 0 0  FOOT TOTAL TOPUIDTH 
I D  L W  F L W  CHANNEL I S  1 0 '  BOTTCM UIDTH, SS=4:1, MANNING n = 0.025 
I D  (UNLESS SPEC1 F I ED OTHERUI SE) 
I D  OVERBANK WIDTHS VARY AND HAVE SS=6:1, MANNING n = 0.030 
I D  CHANNEL SLOPE RANGES FROM 0.003 TO 0 .006 FEET PER FEET 
I D  NSTPS (ON RS RECORD) = LENGTH \ (VEL * 3 0 0  SEC) 
ID (VEL ASSUMED a 5 FPS, TIME INTERVAL 5 MINUTES) 
I D  
I D  CULVERTS ARE ASSUMED TO NOT INFLUENCE CHANNEL ROUTING 

HEC-1 INPUT PAGE 2 

I D  ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

I D  
I D  HYDROGRAPH ROUTING THROUGH DETENTION BASINS ASSUMES: 
I D  TRAPEZOIDAL, LEVEL BOTTOM, 6:l SIDESLOPES 
I D  BOTTOM UIDTHS RANGE FROM 5 0 '  TO 2 5 0 '  (100' TYPICAL) 
I D  BASIN OUTLETS ASSUME P I P E  U l T H  INLET CONTROL. 
I D  P I P E  S I Z E  RANGES FROM SINGLE 18" CMP TO 4 - 4 8 "  CMP 
I D  LOU-FLWS ASSUME ORFlCE EQUATION: 
I D  P = C A ( p i p e )  H ( a b o v e  FL)*0.5 
I D  WHERE C I S  O R I F I C E  COEFFICIENT ESTIMATED TO BE 0.37 
I D  (GIVES FLOUS S I M I L A R  TO RESULTS OF BPR INLET CONTROL CURVES) 
I D  UIERS ARE USED I N  COHBINATION WITH P I P E S  
*DIAGRAM 
1 T 5 2 0 0  
I0  3 

SUB61 RUNOFF HG FROM SUB-BASIN B 1  
.I69 

5 
2.770 

.000 .011 .018 .023 .O28 . 0 3 2  . 0 4 6  .071 . I 0 0  . I 3 7  

.I76 . 2 3 2  . 3 2 7  .601 .743 .863 .901 .930 .954 .962 

.970 .979 .982 .992 1.000 

.250 .320 5.090 .280 1.000 

.533 .323 
0 3 5 8 1 2  2 0  4 3  75 90 96 

1 0 0  

KK RCH2l  ROUTE HG SUB01 THRU REACH 21; GUNITE CHANNEL 
RK 840 .004 .016 TRAP 2 0  .5 

KK SUB10 RUNOFF HG FROM SUB-BASIN 10 
BA .020 
LG .15 .28 3.4 .80 37 
UC .I83 .208 
U A 0 5 16 30 6 5  TI 86 90 9 4  97 
UA 100 

KK SUB20 RUNOFF HG FROM SUB-BASIN 2 0  
BA ,012 

KK SUM21 C W B I N E  HG FROM RCH21, SUB10 a SUB20 
KM I N F L W  INTO DETENTION BASIN 2 1  
HC 3 

KK DET21 ROUTE HG SUM21 THRU DET BASIN 21; Ub = 1001; L = 5 0 0 '  
KH 100-FOOT U l E R  USED FOR HIGH FLOWS AN0 2-48'' CMP 
KO 1 
RS 1 STOR 
SV 0 2.57 5.69 9.37 

PAGE 3 

KK RCHSl ROUTE HG DET21 THRU REACH 5 1  
RS 5 F L W  - 1 



SUB30 RUNOFF HG FRCU SUB-BASIN 30 
.017 
.I50 .28 3.4 .80 3 1  
.200 .286 

0 5 16 30 65 77 84 90 94 
100 

SUB40 RUNOFF HG FRCU SUB-BASIN 40 
.016 
.I50 .28 3.4 .80 37 

SUMS 1 COnBINE HG FRCU RCH51, SUB30 & SUB40 
3 

KK RCH71 ROUTE HG SUM51 THRU REACH 71 
RS 1 FLW - 1 
RC .03 .025 .03 1400 .005 
RX 500 512 533 545 555 567 588 600 
RY 100 98 98 % 95 98 98 100 

SUBA 
.867 
.250 
.967 

0 
100 

RUNOFF HG FROn SUB-BASIN A 

RUNOFF HG FRCU SUB-BASIN 82 

KK SUM7 COMBINE HG FRCU SUBA AND SUB82 
HC 2 

KK RCH71 ROUTE HG sun7 THRU REACH 71; GUNITE CHANNEL 
RK 1280 .003 .016 TRAP 20 .5 

HEC-1 INPUT PAGE 4 

.... 10 LINE 

SUB50 RUNOFF HG FROn SUB-BASIN 50 

SUB60 RUNOFF HG FROn SUB-BASIN 60 
.036 

.14 .28 3.4 .80 43 
.267 ,361 

0 5 16 30 65 77 a4 90 94 
100 

KK SUB70 RUNOFF HG FROn SUB-BASIN 70 
BA .030 
LG .15 .28 3.6 .80 37 
UC .217 .233 
U A 0 5 16 30 65 77 86 90 94 

KK SUM71 CWBINE HG FROn RCH71(NORTH 8 WEST), SUBSO, SUB60 & SUB70 
HC 5 

KK RCH77 ROUTE HG SUM71 THRU REACH 77 
RS 1 FLW - 1 
RC .03 .O25 .03 1900 .005 
RX 500 512 533 545 555 567 588 600 
RY 100 98 98 95 95 98 98 100 



LINE 

KK SUB75 RUNOFF HG FROH SUB-BASIN 75 
BA .024 
LC .15 .28 3.4 .80 37 
UC .250 ,382 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 - 
KK SUM77 COMBINE HG FROM RCH77 AND SUB75 
HC 2 

KK RCH241 ROUTE HG SUM77 THRU REACH 261 (WEST) 
RS 1 FLOU - 1 
RC .03 -025 .03 1480 .004 
RX 500 512 533 545 555 567 588 600 
RY 100 98 98 95 95 98 98 100 

KK SUB76 RUNOFF HG FRCU SUB-BASIN 76 
BA .056 
LG .225 .295 2.65 1.10 10 
UC .917 1.256 
UA 0 5 16 30 65 77 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 5 

KK SUB80 RUNOFF HG FRCU SUB-BASIN 80 
KH ***** BEGIN NEU BRANCH ******** 
BA .037 
LG .I50 .28 3.4 .80 37 
UC .233 .277 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

RUNOFF HG FROM SUB-BASIN 90 

COMBINE HG FROM SUB80 AND SUB90 
INFLOU INTO DETENTION BASIN 91 

ROUTE HG SUM91 THRU DET BASIN 91; Vb = 100'; L =400' 
100-FOOT UIER USED FOR HIGH FLOUS AND 2-18'' CMP 

ROUTE HG DET9l THRU REACH 137 50-FOOT CHANNEL 
FLW - 1 
,025 .03 1660 .004 
508 508 520 530 542 542 550 
W 99 96 96 W 99 100 

RUNOFF HG FRCU SUB-BASIN 100 

KK SUB110 RUNOFF HG FRCU SUB-BASIN 110 
BA .022 
LG .I50 .28 3.4 .80 37 

KK SUB130 RUNOFF HG FRCU SUB-BASIN 130 
BA .026 
LG .I50 .28 3.4 .80 37 
UC .250 .330 



LINE 
, 

LINE 

U A 0 5 16 30 65 77 84 90 94 9 7 
UA 100 

HEC-1 INPUT PAGE 6 

KK SUM131 COnBINE HG FROH SUB110  NO SUB130 
KM INFLOW INTO DETENTION BASIN 131 
HC 2 

RWTE HG SUM131 THRU OET BASIN 131; Ub = 100'; L = 200' 
100-FOOT VIER USEO FOR HIGH FLOWS AND 2-18" CMP 

CCMBINE HG FROM RCHt37, DET131 AN0 SUB100 

ROUTE HG SUM137 THRU REACH 147, 50-FOOT CHANNEL 
FLOW - 1 
.025 .03 600 .004 
508 508 520 530 542 542 550 
W W 96 96 W W 100 

KK SUB140 RUNOFF HG FROM SUB-BASIN 140 
KM INFLOW INTO DETENTION BASIN 141 
BA .016 
LG .I50 .28 3.4 .80 37 

KK OETl41 RWTE HG SUB140 THRU OET BASIN 141; Ub = 50'; L = 200' 
KM 100-FOOT UlER USE0 FOR HIGH FLOWS AN0 1-18" CMP 
KO 1 
RS 1 STOR 
SV 0 1.03 2.28 3.75 
SE 100 102 104 106 
SL 102 1.8 .37 .5 
SS 105.9 100 2.6 1.5 

KK SUM147 COnBINE HG FROM RCH147 8 DET141 
HC 2 

KK RCH167 ROUTE HG SUM147 THRU REACH 167 
RS 1 FLOV - 1 
RC .03 .025 .03 1280 ,004 
RX 500 508 508 520 530 542 542 550 
RY 100 W 99 96 96 99 99 100 

KK SUB150 RUNOFF HG FROM SUB-BASIN 150 
BA .017 
LG .I50 .28 3.4 .80 37 
UC .I67 .203 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 7 

KK SUB160 RUNOFF HG FROM SUB-BASIN 160 
BA .039 
LG .I50 .28 3.4 .80 37 
UC .200 .207 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM161 COnBlNE HG FROM SUB150 8 SUB160 
Kl4 INFLW INTO DETENTION BASIN 161 
HC 2 

KK OETl61 ROUTE HG SUM161 THRU DET BASIN 161; Vb = 100'; L = 200' 
Kt4 100-FOOT UIER USED FOR HIGH FLOWS AND 1-36" QIP 
KO 1 



COMBINE HG FROM RCH167 8 OET161 

ROUTE HG SUM147 THRU REACH 181, 50-FOOT CHANNEL 
F L W  - 1 
.025 .03 1 4 6 0  .005 

5 0 8  5 0 8  5 2 0  5 3 0  5 4 2  5 4 2  5 5 0  
99 99 96 96 99 99 1 0 0  

RUNOFF HG FROM SUB-BASIN 1 7 0  

RUNOFF HG FROW SUB-BASIN 175  

RUNOFF HG FROW SUB-BASIN 1 8 0  

HEC-1 INPUT PAGE 8 

L I N E  ID.......l.. 

COMBINE HG FROW RCH181, SUB170, SUB175 AND SUB180 
INFLOW INTO DETENTION BASIN 1 8 1  

ROUTE HG W 1 8 1  THRU DET BASIN 181; Ub = 100'; L = 300 '  
100-FOOT VIER USED FOR HIGH F L W S  AND 2-48'' UIP 

RUNOFF HG FROW SUB-BASIN 190 

ROUTE HG SUB190 THRU REACH 2 0 7  (WEST); 68' STREET 
.003 .015 DEEP 68 

RUNOFF HG FROM SUB-BASIN 2 0 0  

COMBINE HG FROM DET181, RCH207 (WEST) AND SUB200 

RUNOFF HG FROW SUB-BASIN 2 1 0  



KK RCH227 ROUTE HG SUB210 THRU REACH 227; 10' GUWITE CHANNEL 
RK 560 .002 .016 TRAP 10 .5 

KK SUB220 RUNOFF HG FROM SUB-BASIN 220 
BA .046 
LG .15 .28 3.4 .80 37 

97 

PACE 9 

..I0 

UA 100 
HEC-1 INPUT 

LINE 

KK SUB225 RUNOFF HG FRCH SUB-BASIN 225 
BA .014 
LG .15 .28 3.4 .80 37 
UC .I50 . I57 
U A 0 5 16 30 65 77 84 90 94 
UA 100 

KK SUM227 COMBINE HG FROn RCH227, SUB220 8 SUB225 
HC 3 

RUNOFF HG FROn SUB-BASIN 230 

COMBINE HG FROn SUM207, SUM227 8 SUB230 
INFLCU INTO DETENTION BASIN 231 

RWTE HG SUM231 THRU DET BASIN 231; Ub = 250'; L = 800' 
100-FOOT UIER USED FOR HIGH FLCUS AND 1-48" CMP 

COMBINE HG FRW RCH241 (VEST), DETUl 8 SUB76 

KK SUB250 RUNOFF HG FROM SUB-BASIN 250 
BA .023 
LC .15 .28 3.4 .80 37 

KK SUB260 RUNOFF HG FRW WB-BASIN 260 
BA .013 
LG .15 .28 3.4 .80 3 7  
UC .I50 .I98 
U A 0 5 16 30 65 77 84 90 94 
UA 100 

HEC-1 INWT 

97 

PAGE 10 

..I0 LINE 

KK SUM267 COMBINE HG FRW RCH267, SUB250 8 SUB260 
HC 3 

KK RCH281 ROUTE HG SUM267 THRU REACH 281 
R S 1 FLOU - 1 
RC .03 .025 .03 1180 .004 
RX 500 512 533 545 555 567 588 600 
RY 100 98 98 95 95 98 98 100 



LINE 

KK SUB270 RUNOFF HG FROH SUB-BASIN 270 
BA .024 
LG .225 .295 2.65 1.10 10 
UC .900 .953 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 - 
KK SUB280 RUNOFF HG FROH SUB-BASIN 280 
BA .024 
LC . I50 .28 3.4 .80 37 
UC .I83 .222 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM281 COMBINE HG FROH RCH281, SUB270 8 SUB280 
KM INFLCU INTO DETENTION BASIN 281 
HC 3 

KK DET281 ROUTE HG SUM281 THRU DET BASIN 281; Ub 100'; L 5 800' 
KM 100-FOOT UIER USED FOR HIGH FLOWS AND 4-48" CUP 
KO 1 
RS 1 STOR 
SV 0 4.11 9.11 14.99 
SE 100 102 104 106 
SL 102 50.3 .37 .5 
SS 103.5 100 2.6 1.5 

KK RCH441 ROUTE HG DET281 THRU REACH 441 (VEST) 
RS 1 FLW - 1 
R C  .03 .025 .03 580 .004 
RX 500 512 533 545 555 567 588 600 
R Y  100 98 98 95 95 98 98 100 

KK SUB290 RUNOFF HG FROM SUB-BASIN 290 
KM ****++****** BEGIN NEW BRANCH ++++********* 
BA .021 
LC .225 .295 2.65 1.10 10 
UC .400 .437 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

HEC-1 INWT PAGE 11 

KK SUB300 RUNOFF HG FROM SUB-BASIN 300 
BA .021 
LG .I50 .28 3.4 .80 37 
UC .I67 .21l 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM301 COMBINE HG FROM SUB290 6 SUB300 
KM INFLOU INTO DETENTIW BASIN 301 
HC 2 

KK DET301 ROUTE HG sun301 THRU DET BASIN 301; Ub = 100'; L 200' 
KM 100-FOOT UIER USED FOR HIGH FLOVS AND 1-18" CMP 
KO 1 
RS 1 STOR 
SV 0 1.03 2.28 3.75 
SE 100 102 104 106 
SL 102 1.8 .37 .5 
SS 105.9 100 2.6 1.5 

ROUTE HG DET301 THRU REACH 349 (MST) 
FLOU - 1 
.O25 .03 1800 .004 
508 508 520 530 542 542 550 
W W 96 96 W W 100 

RUNOFF HG FROM SUB-BASIN 310 

RUNOFF HG FROM SUB-BASIN 320 



LINE 

KK SUB330 RUNOFF HG FROM SUB-BASIN 330 
BA ,027 
LG .25 .30 2.4 1.20 i 

KK SUBC RUNOFF HG FROM SUB-BASIN C 
BA .I95 
LG .25 .25 6.05 .Z 1 
UC -700 .SO8 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

HEC-1 INPUT PAGE 12 

KK SUM337 COMBINE HG FROM SUB330 & SUBC 
HC 2 

KK RCH347 ROUTE HG SUM337 THRU REACH 347 
RS 1 FLOW - 1 

KK SUED RUNOFF HG FROM SUB-BASIN 0 
BA ,227 
LG .25 .28 4.34 .26 1 
UC .617 .413 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK SUB340 RUNOFF HG FROM SUB-BASIN 340 

K K  SUM347 COMBINE HG FROW RCH347, SUED & SUB340 
HC 3 

KK RCH349 ROUTE HG SUM347 THRU REACH 349 (NORTH); GUNITE CHANNEL 
RK 440 .007 .016 TRAP 20 .5 

KK SUM349 COMBINE HG FROM RCH349 (VEST 6 NORTH), SUB310 & SUB320 
KM INFLOW INTO DETENTION BASIN 349 
HC 4 

ROUTE HG SUM349 THRU DET BASIN 349; Ub = 100'; L = 600' 
loo-FWT UIER USED FOR HIGH FLOWS AND 4-46" CMP 

ROUTE HG DET349 THRU REACH 377 
FLOW - 1 
.025 .03 900 .004 
512 533 545 555 567 588 600 
98 98 95 95 98 98 100 

KK SUB350 RUNOFF HG FROM SUB-BASIN 350 
BA .013 
LG .225 .295 2.65 1.10 10 
UC .317 .309 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 13 

LINE 



RUNOFF HG FROH SUB-BASIN 360 

RUNOFF HG FROM SUB-BASIN 370 

ROUTE HG SUM377 THRU REACH 407 
FLOU - 1 
.025 .03 1820 .004 
512 533 545 555 567 588 600 
98 98 95 95 98 98 100 

RUNOFF HG FROn SUB-BASIN 380 

RUNOFF HG FROM SUB-BASIN 390 

COMBINE HG FROM SUB380, SUB390 
INFLOU INTO DETENTION BASIN 401 

ROUTE HG SUM401 THRU DET BASIN 401; Vb = 150'; L = 400' 
100-FOOT UIER USE0 FOR HIGH FLOUS AN0 1-36" CMP 

STOR 
2.06 4.55 7.49 

102 104 106 
7.1 .37 .5 
100 2.6 1.5 

HEC-1 INPUT PAGE 14 

LINE 

KK SUB400 RUNOFF HG FROM SUB-BASIN 400 
BA .058 
LG .I92 .297 2.55 1.14 6.4 
UC ,633 .473 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK S W 0 7  COHBINE HG FROM SUB400, RCH407 8 DET401 
HC 3 

KK RCH441 ROUTE HG SLIM407 THRU REACH 441 (NORTH) 
RS 1 FLOU - 1 
RC .03 .025 .03 1160 .006 
RX 500 512 533 545 555 567 588 600 
RY 100 98 98 95 95 98 98 100 

KK SUB410 RUNOFF HG FROM SUB-BASIN 410 
BA .056 
LG .15 .28 3.4 .80 37 
UC .233 .242 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUB425 RUNOFF HG FROM SUB-BASIN 425 



INPUT 
L I N E  

NO. 

6 0 9  KK SUB440 RUNOFF HG FROH SUB-BASIN 4 4 0  
61 0 BA .03S 

- 
6 1  1 LG .I92 .297 2.55 1.14 6.4 
6 1 2  UC . 5 6 7  . 6 2 2  
6 1 3  U A 0 5 1 6  3 0  6 5  77 84 9 0  9 4  97 
6 1 4  UA 1 0 0  

6 1 5  KK SUM441 COnBINE HG FROn RCH441 (WEST & NORTH), SUB410, SUB425 8 SUB440 
616 KM I N F L W  INTO DETENTION B A S I N  4 4 1  
617 HC 5 

DET441 R W T E  HG SUM401 THRU DET B A S I N  441; Ub = 150'; L = 1 0 0 0 f  
100-FOOT U I E R  USED FOR HIGH F L W S  AND 6 - 4 8 "  CMP 
****** W T F L W  E X I T S  AT SE CORNER OF EXPANSION AREA ****** 

1 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V)  ROUTING ( - - ->)  DIVERSION OR PUMP FLOW 

(.) CONNECTOR (<- - - )  RETURN OF DIVERTED OR PUMPED FLOW 

SUMS 1.. ...................... 
v 
v 

RCH71 

SUBA 







v 
v 

DET301 
v 
v 

RCH349 

SUB3 1 0  

SUB320 

SUB330 

SUBC 

........... SUM337. 
v 
v 

RCH347 

SUED 

SUB340 

SUM367........................ 
v 
v 

RCH349 

SUM349.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
v 
v 

D E T 3 4 9  
v 
v 

RCH377 



(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

SEPTEMBER l W O  
VERSION 4.0 * 

RUN DATE 0 1 / 1 0 / 1 9 9 2  TIME 15:17:39 * 
......................................... 

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

* * 
U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET * 
DAVIS, CALIFORNIA 9 5 6 1 6  c 

( 9 1 6 )  7 5 6 - 1 1 0 4  
* * 
....................................... 

SUN C I T Y  WEST EXPANSION 
STANLEY CONSULTANTS JOB # 1 1 0 2 8  DATE: 1 0  JAN 92 
HEC-1 HOOEL 1102811 (DESIGN COND ONSITE, NATURAL COND OFFSITE) 

CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (FCDMC HYDROLOGIC DESIGN MANUAL; TABLE 2.2) 
P I 0 0  = 2.77II 

NO AREAL REDUCTION FACTOR (TYPICAL FOR ALL AREAS) 

COMPUTATION TIME INTERVAL 5 MINUTES 

GREEN-AMP1 LOSS RATES FOR OFFSITE EXISTING CONDITIONS BASED ON 
AREA-UEIGHTED VALUES OF EXISTING SOILS ASSLIMING DTHETA NORMAL 
AND VEGETATIVE COVER 2 5  PERCENT. 
I A  ASSUMED TO BE 0.25 INCHES AND PERCENT IMPERVIOUS ASSUMED 
TO BE 1 PERCENT. 

GREEN-AMP1 LOSS RATES FOR ONSITE DEVELOPED CONDITIONS ARE AREA-WEIGHTED 
FROM TABLE 2 OF THE CONCEPTUAL MASTER DRAINAGE REPORT. 
BASIC LOSS RATES AND PERCENT IMPERVIOUS (FOR DEVELOPED CONDITION) 
SELECTED TO PROOUCE RAINFALL EXCESS SIMILAR TO CORRESPONDING 
RATIONAL RUNOFF COEFFICIENT FOR PARTICLJLAR LAND USE. 



TIME OF CONCENTRATION AN0 STORAGE COEFFICIENT R ARE BASED ON RESULTS 
FROM MCUHPI U I T H  LENGTHS AN0 SLOPES ESTIMATED FROM PRELIMINARY 
LOT LAYOUTS AN0 GRADING. 

Kb BASED ON HYDRO MANUAL FIGURE/TABLE 3.1 (F-0.025, b=. 1 5  fo r  ex is t )  - (m-0.00625, b.04 f o r  urban) 

TIME-AREA RELATION FROM TABLE 5.2: 
OFFSlTE AREAS USE A NATURAL TIME-AREA UA RECORD 
ONSITE AREAS USE AN URBAN TIME-AREA UA RECORD 

HYDROGRAPH ROUTING THROUGH STREET REACHES USES KENEMATIC WAVE 
RECTANGULAR CHANNEL U l T H  UIDTH OF 68 FEET AND un11=0.015 

OFFSlTE FLOUS COMBINE U I T H  ONSITE FLOUS I N  DETENTION BASINS 

HYDROGRAPH ROUTING THROUGH GUNITE-LINED, TRAPEZOIDAL CHANNEL ASSUMES: 
Ubase = lO'(MlN),  20t(MAX); S i d e  S l o p e  = .5:1 (H\V); n = .016 

HYDROGRAPH ROUTING THROUGH GOLF COURSE CHANNELS ASSUMES: 
MODIFIED PULS ROUTING, 1 0 0  FOOT TOTAL TOPWIDTH 
LOU FLCU CHANNEL I S  10 '  BOTTOM UIDTH, SS4:1 ,  MANNING n = 0.025 
(UNLESS SPECIFIED OTHERUISE) 
OVERBANK UIDTHS VARY AND HAVE SS=6:1, MANNING n = 0.030 
CHANNEL SLOPE RANGES FROn 0.003 TO 0.006 FEET PER FEET 
NSTPS (ON RS RECORD) = LENGTH \ (VEL 300 SEC) 
(VEL ASSUMED a 5 FPS, TIME INTERVAL 5 MINUTES) 

CULVERTS ARE ASSUMED TO NOT INFLUENCE CHANNEL ROUTING 

HYDROGRAPH ROUTING THROUGH DETENTION BASINS ASSUMES: 
TRAPEZOIDAL, LEVEL BOTTOH, 6:l SIDESLOPES 
BOTTGM UIDTHS RANGE FROH 50 '  TO 2 5 0 '  (100 '  TYPICAL) 
BASIN OUTLETS ASSUME P I P E  WITH INLET CONTROL. 
P I P E  S I Z E  RANGES FROn SINGLE 18"  CMP TO 4 - 4 8 "  CMP 
LOU-FLOUS ASSUME ORFICE EQUATION: 
P = C A ( p i p e )  H c a b o v e  FLI"0.5 
WHERE C I S  O R I F I C E  COEFFICIENT ESTIMATED TO BE 0.37 
(GIVES F L W S  SIMILAR TO RESULTS OF BPR INLET CONTROL CURVES) 
VIERS ARE USED I N  COHBINATION U l T H  PIPES 

OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH T lME DATA 
NMIN 5 MINUTES I N  COHPUTATlON INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0000 STARTING TIME 

NQ 2 0 0  U B E R  OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NOT I ME 1 6 3 5  ENDING TIME 
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 H W R S  
TOTAL TIME BASE 16.58 H W R S  

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

*************I 

* 
69 KK * SUBBI * RUNOFF HG FROn SUB-BASIN 8 1  

8 

***+=********** 

7 1  I N  TIME DATA FOR INPUT TIME SERIES 



JXMIN 5 TIME INTERVAL I N  MINUTES 
JXDATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

7 0  BA SUBBASIN CHARACTERISTICS 
.17 SUBBASIN AREA TAREA 

- 
PRECIPITATION DATA 

7 2  PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .01  . 0 1  . 0 1  .OO .01 .03 .03 .04  .04 
.06 . 0 9  . 2 7  .14 .12 .04  .03  . 0 2  .01 .01 
.01 .oo .01 .01 

7 6  LG GREEN AN0 AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

OTH .32  MOISTURE D E F I C I T  
P S I  F 5 .09  VETTING FRONT SUCTION 

XKSAT .28  HYDRAULIC CONDUCTIVITY 
RT IMP 1.00 PERCENT IMPERVIOUS AREA 

77 UC CLARK UNITGRAPH 
TC .53 TIME OF CONCENTRATION 
R .32 STORAGE COEFFICIENT 

78 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3 .0  5.0 8.0 12.0 20.0  43.0 75.0 90.0 96 .0  

100.0 

U N I T  HYOROGRAPH PARAMETERS 
CLARK TC= .53 HR, R= .32  HR 

SNYDER TP= . 4 6  HR, CP= .86 

U N I T  HYOROGRAPH 
2 5  END-OF-PER100 ORDINATES 

6. 17. 34. 90. 173. 203. 176. 139. 107.  83. 
64. 49. 38.  29. 23.  17. 13. 10. 8. 6. 

5. 4. 3. 2. 2. 

HYOROGRAPH AT STATION SUB81 

TOTAL RAINFALL = . 2.77, TOTAL LOSS 1.31, TOTAL EXCESS = 1.46 

PEAK FLOW TIME MAXIEflJll AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 251. 1 .58  26.  10. 10. 10. 
(INCHES) 1 .449  1 .449  1.449 1.449 

(AC-FT) 13. 13. 13. 13. 

CUMULATIVE AREA = .17 SO n i  

************** 
* 

8 0  KK RCH2l  ROUTE HG SUB01 THRU REACH 21; GUNITE CHANNEL 

************** 

HYOROCRAPH ROUTING DATA 

81 RK KINEMATIC WAVE STREAM R W T I N G  
L 840. CHANNEL LENGTH 
S .0040 SLOPE 
N .016 CHANNEL ROUGHNESS COEFFICIENT 

C A .OO CONTRIBUTING AREA 



SHAPE TRAP CHANNEL SHAPE 
WD 20.00 BOTTOM WIDTH OR DIAMETER 

Z .50 SIDE SLOPE 
NDXM I N 2 MINIMUM NUMBER OF DX INTERVALS 

COMPUTED KINEMATIC PARAMETERS 
VARIABLE TIME STEP 

(DT SHOUN IS A MINIMUM) 

ELEMENT ALPHA M DT DX PEAK TIME TO VOLUME MAXIMUM 
PEAK CELER I TY 

(MINI (FT) (CFS) (MIN) (IN) (FPS) 

MAIN .99 1.56 .47 280.00 250.51 95.76 1.45 11.22 

1 CONTINUITY SUMMARY (AC-FT) - INFLW= .1306E+O2 EXCESS= .0000E+00 W T F L W =  .1307E+O2 BASIN STORAGE. .3862E-05 PERCENT ERROR. -.I 

I INTERPOLATED TO SPECIFIED COnPUTATION INTERVAL 

MAIN .99 1.56 5.00 249.69 95.00 1.45 

HYDROGRAPH AT STATION RCH2l 

PEAK FLOU TIME MAXIMUM AVERAGE F L W  
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
( U S )  

+ 250. 1.58 26. 10. 10. 10. 
(INCHES) 1.452 1.452 1.452 1.452 
(AC-FT) 13. 13. 13. 13. 

CUMULATIVE AREA = .17 SP MI 

************** 
* 

82KK * SUB10 RUNOFF HG FROn SUB-BASIN 10 * 
************** 

SUBBASIN RUNOFF DATA 

83 BA SUBBASIN CHARACTERISTICS 
TAREA .02 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .O1 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .01 
.O1 . 00 .O1 .O1 

GREEN AND AMP1 LOSS RATE 
SlRTL .15 STARTING LOSS 

DTH .28 MOISTURE DEFICIT ' 
PSI F 3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIWS AREA 

85 UC CLARK UNITGRAPH 
TC .18 TIME OF CONCENTRATION 
R .21 STORAGE COEFFICIENT 

86 UA - . ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 



UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .18 HR, R= .21 HR 
SNYDER TP= .14 HR, CP= .45 

UNIT HYOYGRAPH 
14 END-OF-PER100 OROINATES 

19. 37. 32. 22. 15. 10. 7. 4. 3. 2. 
1. 1. 1. 0. 

HYDROGRAPH AT STATION SUB10 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOU TIME MAXIWM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 43. 1.25 4. 1. 1. 1. 
(INCHES) 1.743 1.743 1.743 1.743 
(AC-FTI 2. 2. 2. 2. 

CUMULATIVE AREA = .02 SP M I  

************** 
* 

88 KK * SUB20 * RUNOFF HG FROn SUB-BASIN 20 

************** 

SUBBASIN RUNOFF DATA 

89 BA SUBBASIN CHARACTERISTICS 
TAREA .O1 SUBBASIN AREA 

PRECIPITATION OATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 PI INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .01 .01 .OO .O1 .03 .03 .04 .W 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .O1 
.O1 .oo .01 .01 

90 LG GREEN AN0 AMPT LOSS RATE 
STRTL .22 START I NG LOSS 
DTH .29 MOISTURE DEFICIT 
PSIF 2.65 WETTING FRONT SUCTION 
XKSAT 1.10 HYDRAULIC CONDUCTIVITY 
RT I MP 10.00 PERCENT IMPERVIOUS AREA 

91 UC CLARK UNITGRAPH 
TC .40 TIME OF CONCENTRATION 
R .42 STORAGE COEFFICIENT 

92 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYOROCRAPH PARAMETERS 
CLARK TC= .40 HR, R= .42 HR 
SNYDER TP= .26 HR, CP= .40 

UNIT HYOROGRAPH 
29 END-OF-PER100 OROINATES 

7. 11. 12. 11. 9. 8. 6. 5. 4. 
3. 2. 2. 2. 1. 1. 1. 1. 1. 
0. 0. 0. 0. 0. 0. 0. 0. 



HYOROGRAPH AT STATION SUB20 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.59, TOTAL EXCESS = 1.18 

PEAK FLOW TIME 

+ 12. 1.42 2. 1. 1. 1. 
(INCHES) 1.175 1.175 1.175 1.175 

(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA = -01 SP M I  

************** 
* 

9 4  KK * SUM21 * COHBINE HG FROM RCH21, SUB10 & SUB20 

************** 
I N F L W  INTO DETENTION BASIN 2 1  

9 6  HC HYDROGRAPH COMBINATION 
I COHP 3 NUMBER OF HYDROGRAPHS TO COnBINE 

HYDROGRAPH AT STATION SLIM21 

PEAK FLOU TIME 

+ (CFS) (HR) 

I r l A X I W  AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

(CFS) 
+ 274. 1 .58  32. 11. 11. 11. 

(INCHES) 1.464 1.464 1.464 1.464 
(AC-FT) 16. 16. 16. 16. 

CUMULATIVE AREA = .20  SO M I  

************** 
* 

97 KK D E T Z l  ROUTE HG SUM21 THRU DET BASIN 21; Ub = 100'; L = 500 '  

************** 
1 0 0 - F W T  UIER USED FOR HIGH FLOUS AND 2 - 4 8 "  CMP 

99 KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYOROGRAPH ROUTING DATA 

1 0 0  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITlON 
RSVR I C .OO I N I T I A L  CONDITION 

X .OO UORKING R AND D COEFFIClENT 

1 0 1  SV STORAGE .O 2.6 5.7 9.4 

1 0 2  SE -. ELEVATION 100.00 102.00 104.00 106.00 

1 0 3  SL LOU-LEVEL OUTLET 
ELEVL 102.00 ELEVATION AT CENTER OF OUTLET 



CAREA 25.10 CROSS-SECTIONAL AREA 
COQL .37 COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

104 SS SPILLWAY 
CREL 105.90 SPILLWAY CREST ELEVATION 

SPUIO 100.00 SPILLWAY WIDTH 
C O W  2.60 WEIR COEFFICIENT 
EXPU 1.50 EXPONENT OF HEAD 

COMPUTED OUTFLOW-ELEVATION DATA 

OUTFLW .OO .OO 118.35 121.75 125.35 129.17 133.23 137.55 142.16 147.09 
ELEVATION 100.00 102.00 104.53 104.67 104.83 105.01 105.20 105.41 105.64 105.90 

OUTFLOW 147.31 147.56 147.96 148.52 149.29 150.29 151.55 153.10 154.96 157.19 
ELEVATION 105.91 105.91 105.92 105.92 105.93 105.94 105.96 105.97 105.98 106.00 

CONPUTEO STORAGE-WTFLOU-ELEVATION DATA 

STORAGE .OO 2.57 5.69 6.66 6.93 7.22 7.54 7.90 8.29 8.71 
OUTFLOW .OO .OO 105.33 118.35 121.75 125.35 129.17 133.23 137.55 142.16 

ELEVATION 100.00 102.00 104.00 104.53 104.67 104.83 105.01 105.20 105.41 105.64 

STORAGE 9.19 9.21 9.23 9.27 9.29 9.31 9.34 9.37 
OUTFLOW 147.09 147.56 148.52 150.29 151.55 153.10 154.96 157.19 

ELEVATION 105.90 105.91 105.92 105.94 105.96 105.97 105.98 106.00 

HYDROGRAPH AT STATION DET2l 

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

OA MON HRMN OR0 OUTFLOW STORAGE STAGE DA MON HRMN OR0 OUTFLOU STORAGE STAGE DA MON HRMN ORD WTFLOW STORAGE STAGE 
* 

1 0000 1 0. .O 100.0* 1 0535 68 0. 2.6 102.0 1 1110 135 0. 2.6 102.0 
. 1 0005 2 0. .O 100.0* 1 0540 69 0. 2.6 102.0 * 1 1115 136 0. 2.6 102.0 

1 0010 3 0. .O 100.0* 1 0545 70 0. 2.6 102.0 1 1120 137 0. 2.6 102.0 
1 0015 4 0. .O 100.0 1 0550 71 0. 2.6 102.0 1 1125 138 0. 2.6 102.0 
1 0020 5 0. .O IOO.O* 1 0555 n 0. 2.6 102.0 * I 1130 139 0. 2.6 102.0 
1 0025 6 0. .O 100.0 1 0600 73 0. 2.6 102.0 1 1135 140 0. 2.6 102.0 
1 0030 7 0. .O 100.0 1 0605 74 0. 2.6 102.0 * 1 1140 141 0. 2.6 102.0 
1 0035 8 0. .O 100.0 1 0610 75 0. 2.6 102.0 1 1145 142 0. 2.6 102.0 
1 0040 9 0. .O 100.0 * 1 0615 76 0. 2.6 102.0 1 1150 143 0. 2.6 102.0 
1 0045 10 0. .1 100.1* 1 0620 77 0. 2.6 102.0 1 1155 144 0. 2.6 102.0 
1 0050 11 0. .I 100.1* 1 0625 78 0. 2.6 102.0 1 1200 145 0. 2.6 102.0 
1 0055 12 0. .I 100.1 1 0630 79 0. 2.6 102.0 1 1205 146 0. 2.6 102.0 
1 0100 13 0. .2 100.1* 1 0635 80 0. 2.6 102.0 1 1210 147 0. 2.6 102.0 
1 0105 14 0. .3 100.2 1 0640 81 0. 2.6 102.0 1 1215 148 0. 2.6 102.0 
1 0110 15 0. .6 100.5 * 1 0645 82 0. 2.6 102.0 1 1220 149 0. 2.6 102.0 
1 0115 16 0. 1.1 100.9. 1 0650 83 0. 2.6 102.0 1 1225 150 0. 2.6 102.0 
1 0120 17 0. 1.9 101.5 1 0655 84 0. 2.6 102.0 * 1 1230 151 0. 2.6 102.0 
1 0125 18 , 17. 3.1 102.3* 1 0700 85 0. 2.6 102.0 1 1235 152 0. 2.6 102.0 
1 0130 19 63. 4.4 103.2 1 0705 86 0. 2.6 102.0 * 1 1240 153 0. 2.6 102.0 
1 0135 20 106. 5.7 104.0 * 1 0710 87 0. 2.6 102.0 1 1245 154 0. 2.6 102.0 
1 0140 21 119. 6.7 104.6 1 0715 88 0. 2.6 102.0 1 1250 155 0. 2.6 102.0 
1 0145 22 128. 7.4 104.9 1 0720 89 0. 2.6 102.0 1 1255 156 0. 2.6 102.0 
1 0150 23 132. 7.8 105.1* 1 0725 90 0. 2.6 102.0 1 1300 157 0. 2.6 102.0 
1 0155 24 133. 7.9 105.2 1 0730 91 0. 2.6 102.0 1 1305 158 0. 2.6 102.0 
1 0200 25 132. 7.8 105.1* 1 0735 92 0. 2.6 102.0 1 1310 159 0. 2.6 102.0 
1 0 2 0 5 2 6  128. 7.5 105.0 1 0740 93 0. 2.6 102.0 1 1315 160 0. 2.6 102.0 
1 0210 27 124. 7.1 104.8" 1 0745 94 0. 2.6 102.0 * 1 1320 161 0. 2.6 102.0 
1 0215 28 118. 6.6 104.5 1 0750 95 0. 2.6 102.0 1 1325 162 0. 2.6 102.0 
1 0 2 2 0 2 9  111. 6.1 104.2 1 0755 96 0. 2.6 102.0 1 1330 163 0. 2.6 102.0 
1 0225 30 102. 5.6 103.9* 1 0800 97 0. 2.6 102.0 1 1335 164 0. 2.6 102.0 
1 0230 31 86. 5.1 103.6* 1 0805 98 0. 2.6 102.0 1 1340 165 0. 2.6 102.0 
1 0235 32 72. 4.7 103.4 1 0810 W 0. 2.6 102.0 1 1345 166 0. 2.6 102.0 
1 0240 33 60. 4.4 103.1 1 0815 100 0. 2.6 102.0 1 1350 167 0. 2.6 102.0 
1 0245 34 50. 4.1 103.0 1 0820 101 0. 2.6 102.0 1 1355 168 0. 2.6 102.0 
1 0250 35 42. 3.8 102.8 1 0825 102 0. 2.6 102.0 * 1 1400 169 0. 2.6 102.0 

; 1 0255 36 35. 3.6 102.7 1 0830 103 0. 2.6 102.0 * 1 1405 170 0. 2.6 102.0 
1 0300 37 29. 3.4 102.5 * 1 0835 104 0. 2.6 102.0 1 1410 171 0. 2.6 102.0 
1 0305 38 24. 3.3 102.4 * 1 0840 105 0. 2.6 102.0 1 1415 172 0. 2.6 102.0 
1 0 3 1 0 3 9  19. 3.1 102.4 1 0845 106 0. 2.6 102.0 1 1420 173 0. 2.6 102.0 
1 0315 40 16. 3.0 102.3 1 0850 107 0. 2.6 102.0 1 1425 174 0. 2.6 102.0 
1 0320 41 13. 2.9 102.2 1 0855 108 0. 2.6 102.0 * 1 1430 175 0. 2.6 102.0 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR)  
(CFS) 

+ 133. 1.92 26. 10. 10. 10. 
(INCHES) 1.225 1.225 1.225 1.225 

(AC-FT) 13. 13. 13. 13. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
8. 1.92 

PEAK STAGE T lME 

+ (FEET) (HR) 
105.19 1.92 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24- HR 72-HR 16.58-HR 

102.56 102.05 102.05 102.05 

CUMULATIVE AREA = .20 SQ MI 

* 
105KK RCH51 ROUTE HG DET2l THRU REACH 51 

* 

HYDROGRAPH ROUTING DATA 

106 RS STORAGE ROUTING 
NSTPS 5 NUMBER OF SOBREACHES 

ITYP FLOU TYPE OF INITIAL CONDITIW 
RSVRIC -1.00 INITIAL CONDITION 

X .OO WORKING R AND 0 COEFFICIENT 

107 RC NORMAL DEPTH CHANNEL 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 1400. REACH LENGTH 
SEL .0050 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLW CALCULATION 

CROSS-SECT ION DATA - - -  LEFT OVERBANK - - -  + ------ MAIN CHANNEL ------- + - - -  RIGHT OVERBANK --- 
109 RY ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 



108 R X  Dl STANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 

*** 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE -00 .09 .20 .33 .48 .65 .83 1.03 1.25 1.48 
- . ,  OUT FLOW .00 4.72 15.63 32.14 5t.36 82.55 117.03 158.14 206.23 261.66 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 1.74 2.01 2.51 3.18 3.88 4.61 5.36 6.14 6.95 7.78 
OUTFLOW 324.77 395.91 492.94 627.46 786.91 969.25 1173.53 1399.24 1646.09 1913.99 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

*** WARNING *** MODIFIED PULS ROUTING HAY BE NUMERICALLY UNSTABLE FOR WTFLGUS BETWEEN 5. TO 1914. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION RCHS1 

PEAK FLOW 

+ (CFS) 

t 133. 

PEAK STORAGE 

+ (AC-FT) 
0. 

PEAK STAGE 

t (FEET) 
96.68 

TIME 

( H R )  

1.92 

TIME 

MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 

(CFS) 
26. 10. 10. 

(INCHES) 1.225 1.225 1.225 
(AC-FT) 13. 13. 13. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR R-HR 

MAXlMUH AVERAGE STAGE 
6-HR 24-HR 72-HR 

CUMULATIVE AREA = .20 SQ HI  

************** 
* * 

110 KK * SUB30 RUNOFF HG FROM SUB-BASIN 30 

************** 

SUBBASIN RUNOFF DATA 

111 BA SUBBASIN CHARACTERISTICS 
TAREA .02 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PREClPITATlON 

INCREMENTAL PRECIPITATlON PATTERN 
.O1 .O1 .O1 -01 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 -12 .04 .03 .02 .O1 .O1 
.O1 .OD .O1 .O1 

112 LC GREEN AND AMP1 LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE DEFICIT 
PSlF 3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

113 UC CLARK UNITGRAPH 
. . TC .20 TIME OF CONCENTRATION 

R .29 STORAGE COEFFICIENT 



114 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 5 .0  16 .0  3 0 . 0  6 5 . 0  77.0 84.0 90.0  9 4 . 0  97.0 

100.0  

U N I T  HYDROGRAP_H PARAMETERS 
CLARK TC= .20 HR, R= . 2 9  HR 

SNYDER TP= .15 HR, CP- .36 

U N I T  HYDROGRAPH 
2 0  END-OF-PERIOD ORDINATES 

11. 24. 24. 18. 14. 10. 8. 6. 4. 
2. 2. 1. 1. 1. 1. 0. 0. 0. 

HYDROGRAPH AT STATION SUB30 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW T I M E  M A X I M  AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 3 1 .  1 .25  3. 1. 1. 1. 
(INCHES) 1.745 1.745 1.745 1.745 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .02 SQ M I  

1 1 6 K K  SUB40 RUNOFF HG FROn SUB-BASIN 4 0  * 
************** 

SUBBASIN RUNOFF DATA 

117 BA SUBBASIN CHARACTERISTICS 
TAREA .02  SUBBASIN AREA 

PRECIPITATION DATA 

7 2  PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .01  .O1 .01 .OO .O1 .03 .03 .04 .04 
. 0 6  . 0 9  .27 .14 .I2 .W .03 .02 . 0 1  .01 
.01  .oo .O1 .01 

1 1 8  LG GREEN AND M P T  LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RT I M P  37.00 PERCENT IMPERVIOUS AREA 

119 UC CLARK UNITGRAPH 
TC .18 TIME OF CONCENTRATION 

R .27 STORAGE COEFFICIENT 

1 2 0  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100 .0  

U N I T  HYDROGRAPH PARMETERS 
CLARK TC= .18 HR, R= .27  HR 

SNYDER TP= .15 HR, CP= .38 

U N I T  HYDROGRAPH 
19 END-OF-PERIOD ORDINATES 



HYDROGRAPH AT STATION SUB40 

TOTAL R A I N F A L L  = 2.77,  TOTAL LOSS = 1.02, TOTAL EXCESS =-  1.75 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 30. 1.25 3. 1. 1. 1. 
( INCHES) 1.745 1.745 1.745 1.745 

(AC-FT) 1. 1. 1. 1. 

CUMULATlVE AREA = .02 SO M I  

************** 

122 KK SUM51 COMBINE HG FROH RCH51, SUB30 8 SUB40 * * 
************** 

1 2 3  HC HYDROGRAPH COHBINATION 
I COHP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM51 

PEAK FLOW TIME MAXIMUM AVERAGE FLOV 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 143.  1.92 33 .  12. 12. 12. 
( INCHES) 1 .298  1 .298 1.298  1.298 

(AC-FT) 16. 16. 16. 16. 

CUMULATIVE AREA = .23 SO HI 

1 2 4  KK * RCH71 ROUTE HG SUMS1 THRU REACH 71 
* 

HYDROGRAPH R W T I N G  DATA 

1 2 5  RS STORAGE R W T I N G  
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  F L W  TYPE OF I N I T I A L  CONDITION 
RSVR I C -1.00 I N I T I A L  CONDITION 

X .OO WIRKING R AND D COEFFICIENT 

1 2 6  RC NORMAL DEPTH CHANNEL 
AWL , 0 3 0  LEFT OVERBANK N-VALUE 

ANCH .025  M A I N  CHANNEL N-VALUE 
ANR . 0 3 0  RIGHT OVERBANK N-VALUE 

RLNTH 1400.  REACH LENGTH 
SEL .0050 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WT F L W  CALCtlLATION 

CROSS-SECT I O N  DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  





133 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.o 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRA~H PARAMETERS 
CLARK TC= .97 HR, R= .54 HR 

SNYDER TP= .79 HR, CP= .86 

TOTAL RAINFALL = 

PEAK FLOW T I M E  

+ (CFS) (HR)  

+ 915. 1.92 

U N I T  HYDROGRAPH 
42 END-OF-PER100 ORDINATES 

32. 48. 66. 94. 149. 270. 461. 599. 619. 
532. 466. 399. 342. 293. 251. 215. 184. 158. 
116.  99. 85. 73. 62. 53. 46. 39. 33. 
25. 21. 18. 15. 13. 11. 10. 8. 7. 

5. 

HYDROGRAPH AT STATION SUBA 

2.77, TOTAL LOSS = 1.17, TOTAL EXCESS = 1.60 

MAXIMUM AVERAGE FLOU 
6-HR 21-HR 72-HR 16.58-HR 

(CFS) 
149. 54. 54. 54. 

(INCHES) 1.595 1.595 1.595 1.595 
(AC-FT) 74. 74. 74. 74. 

CUMULATIVE AREA = .87 SO M I  

************** 
* * 

135 KK SUB02 * RUNOFF HG F R f f l  SUB-BASIN 0 2  
t 

************** 

SUBBASIN RUNOFF DATA 

136 BA SUBBASIN CHARACTERISTICS 
TAREA .18 W B B A S I N  AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .01 .O1 .oo .01 
.06 -09 .27 .14 .12 .04 
.O1 .oo .01 .01 

137 LC GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .32 MOISTURE D E F I C I T  
P S I F  5.09 WETTING FRONT SUCTION 

XKSAT .28 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT I M P E R V I W S  AREA 

138 UC CLARK UNITGRAPH 
TC -73 TIME OF CONCENTRATION 

R .70 STORAGE COEFFICIENT 

139 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .73 HR, R= .70 HR 



SNYDER TP= -65 HR, CP= .65 

U N I T  HYDROGRAPH 
5 0  END-OF-PER1 W ORDINATES 

3. 7. 11. 18. 37. 74.  108. 117. 112. 102. 
91 .  81. 71. 63. 56. 50. 44. 39. 35. 31. 
27. 24. 22. 19. 17. 15 - 13. 12. 11. 9. 
8. 7. 7. 6. 5. 5. 4. 4. 3. 3. 
3 .  2. 2. 2. 2. 1. 1. 1. 1. 1. 

HYDROGRAPH AT STATION SUBB2 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 159. 1.75 28. 10. 10. 10. 
(INCHES) 1.448 1.448 1.448 1.448 

(AC-FT) 14. 14. 14. 14. 

CUMULATIVE AREA = .18  SQ M I  

1 4 1  KK SUM7 COMBINE HG FROH SUBA AND SUBBZ 

1 4 2  HC HYDROGRAPH COHBINATIOW 
I C U P  2 NUMBER OF HYDROGRAPHS TO COHBINE 

*** 

HYDROGRAPH AT STATION SUM7 

PEAK FLOW TIME 

+ (CFS) (HR) 

MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

(CFS) 
+ 1055. 1.92 177. 64. 64. 64. 

(INCHES) 1.570 1.570 1.570 1.570 
(AC- FT)  88. 88. 88. 88. 

CUMULATIVE AREA = 1.05 SQ M I  

1 4 3  KK RCH71 ROUTE HG SUM7 THRU REACH 71; GUNITE CHANNEL . 
************** 

HYDROGRAPH ROUTING DATA 

KINEMATIC U A M  STREAM ROUTING 
L 1280. CHANNEL LENGTH 
S -0030 SLOPE 
N .016 CHANNEL ROUGHNESS COEFFICIENT 

C A .DO CONTRIBUTING AREA 
SHAPE TRAP CHANNEL SHAPE 

VD 20.00 BOTTOn WIDTH OR DIAMETER 
Z .50 S I D E  SLOPE 

NDXM I N 2 MINIMUM NUMBER OF DX INTERVALS 



*** 
COMPUTED KINEMATIC PARAMETERS 

VARIABLE TIME STEP 
( D l  SHOWN 1 s  A MINIMUM) 

ELEMENT ALPHA M D T DX - PEAK TIME TO VOLUME MAXIMUM 
PEAK CELERITY 

(MIN)  (FT)  (CFS) ( H I N )  ( I N )  (FPS) 

MAIN .86 1.56 .50 426.67 1054.13 115.30 1.57 17.12 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .8764E+02 EXCESS. .0000E+00 OUTFLOW= .8766E+02 BASIN STORAGE= .2712E-04 PERCENT ERROR= .O 

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL 

MAIN .86 1.56 5.00 1053.66 115.00 1.57 

HYDROGRAPH AT STATION RCH71 

PEAK FLGU TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 1054. 1.92 177. 64. 64. 64. 
(INCHES) 1.571 1.571 1.571 1.571 

(AC-FT) 88. 88. 88. 88. 

CUMULATIVE AREA = 1.05 SP M I  

145 KK SUB50 RUNOFF HG FRU4 SUB-BASIN 50 * 

SUBBASIN RUNOFF DATA 

146 BA SUBBASIN CHARACTERISTICS 
TAREA .02 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

?3 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .01 .01 .OO .01 .03 .03 .04 .04 
.06 .W .27 .14 . I2  .04 .03 .02 .O1 .O1 
.01 .oo .O1 .01 

147 LC GREEN AND AMP1 LOSS RATE 
STRTL .22 STARTING LOSS 

DTH .29 MOISTURE D E F I C I T  
P S I F  2.65 WETTING FRONT SUCTION 

XKSAT 1.10 HYDRAULIC CONDUCTIVITY 
RTlMP 10.00 PERCENT IMPERVIOUS AREA 

148 UC CLARK UNITGRAPH 
TC .52 TIME OF CONCENTRATION 

R .60 STORAGE COEFFICIENT 

149 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .52 HR, R= .60 HR 



SNYDER TP= -33 HR, CP= .37  

UNIT HYDROGRAPH 
41 END-OF-PERIW ORDINATES 

1. 5. 12. 15. 16. 15. 14. 12. 10. 
8. 7. 6. 5. 5. 4. 3. 3. 3. 
2. 2. 1. 1. 1. 1. 1. 1. 1. 
0. 0. 0. 0 .  0 .  0 .  0 .  0 .  0 .  . 
0. 

HYDROGRAPH AT STAT I W SUB50 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.59, TOTAL EXCESS = 1.18 

PEAK FLOW T IHE MAXIHUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 17. 1 .50 3. 1. 1. 1. 
(INCHES) 1.175 1 .I75 1.175 1.175 
(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA = .02 SQ MI 

************** 
* 

151 KK SUB60 RUNOFF HG FROM SUB-BASIN 60 

************** 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .04 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .O1 .O1 .OO .01 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .O1 
.O1 .oo .01 .01 

GREEN AND AMP1 LOSS RATE 
STRTL .14 STARTING LOSS 
DTH .28 MOISTURE DEFICIT 
PSIF 3.40 UETT ING FRaT SUCTION 
XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 43 .OO PERCENT IMPERVI W S  AREA 

CLARK UNITGRAPH 
TC .27 TIME OF CONCENTRATION 
R .36 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 86.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .27 HR, R= .36 HR 
SNYDER TP= .22 HR, CP= .44 

UNIT HYDROGRAPH 
25 END-OF-PER1 OD ORDINATES 

10. 32. 44. 39. 32. 25. 20. 16. 13. 10. 
8. 6. 5. 4. 3. 2. 2. 2. 1. 1. 
1. 1. 0. 0. 0. . . 

*** *** *** CC* *** 



HYDROCRAPH AT STATION SUB60 

TOTAL RAINFALL = 2.77, TOTAL LOSS = .92, TOTAL EXCESS = 1.85 

I PEAK FLOW TIME 

+ (CFS) (HR) 

MAXIHUM AVERAGE F L W  
6-HR 24-HR 72-HR - 16.58.HR 

( INCHES) 1.842 1 .842  1.842 1 .a42 
(AC-FT) 4. 4. 4. 4. 

CUMULATIVE AREA = .04 SQ M I  

* t 

1 5 7  KK * SUB70 RUNOFF HG FROH SUB-BASIN 70 * * 
************** 

SUBBASIN RUNOFF DATA 

1 5 8  BA SUBBASIN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORU 2 ; T I  B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
. O l  .O1 .O1 .O1 . 00 .O1 .03 .03 .04  .04 

1 5 9  LG GREEN AND AMP1 LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I  F 3.40 VETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

1 6 0  UC CLARK UNITGRAPH 
TC .22 TIME OF CONCENTRATION 

R .23 STORAGE COEFFICIENT 

1 6 1  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97 .0  

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .22 HR, R= .23 HR 

SNYDER TP= .15 HR, CP= .41 

U N I T  HYDROCRAPH 
16 END-OF-PERIOO ORDINATES 

21. 47.  47.  35.  25. 17. 12. 8. 6. 4. 
3. 2. 1. 1. 1. 0. 

HYDROGRAPH AT STATION SUB70 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1 .z 
P E A K F L W  TIME MAXIMUM AVERAGE FLCU 

6-HR 24-HR 72-HR 16.58-HR 
+ (CFS) (HR) 

(CFS) 
+ 60. - 1.25 6. 2. 2. 2. 

(INCHES) 1.743 1.743 1.743 1.743 
(AC-FT) 3. 3. 3. 3. 



CUMULATIVE AREA = .03 SQ M I  

* 
163 KK SUM71 COMBINE HG FROM RCH71(NORTH & WEST), SUBSO, SUB60 & SUB70 

164 HC HYDROGRAPH COMBINATION 
I COMP 5 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM71 

PEAK FLW TIME MAXIMJM AVERAGE FLW 
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 1230. 1.92 225. 81. 81. 81. 
(INCHES) 1.529 1.529 1.529 1.529 

( A C - F T I  112. 112. 112. 112. 

CUMULATIVE AREA = 1.37 SQ M I  

HYDROGRAPH ROUTING DATA 

166 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLW TYPE OF INITIAL CONDITION 
RSVRIC -1.00 INITIAL CONDITION 

X .00 WORKING R AND D COEFFICIENT 

167 RC NORMAL DEPTH CHANNEL 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 1900. REACH LENGTH 
SEL .0050 ENERGY SLOPE 

E LMAX .O MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATlOtl 

CROSS-SECTION DATA --- LEFT OVERBANK --- + - - - - - -  MAIN CHANNEL --- - - - -  + - - -  RIGHT OVERBANK -- -  
169 RY ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 
168 RX 01 STANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 

COnWTED STORAGE-OUTFLOW-ELEVATlON DATA 

STORAGE .OO .13 .28 .45 .65 .88 1.12 1.40 1.69 2.01 
WTFLW .OO 4.72 15.63 32.14 54.36 82.55 117.03 158.14 206.23 261.66 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 2.36 2.72 3.41 4.32 5.27 6.25 7.28 8.33 9.43 10.56 
WTFLOU 324.77 395.91 492.94 627.46 786.91 969.25 1173.53 1399.24 1646.09 1913.99 

ELEWTION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 



HYDROGRAPH AT STATION R C H n  

PEAK FLOW 

' (CFS) 

+ 1203. 

T l M E  

(HR) 

2.00 

MAXIMUM AVERAGE FLGU 
6-HR 24-HR 72-HR 

(CFS) 
- 

225. 81. 81. 
(INCHES) 1 . 5 2 9  1.529 1.529 

(AC- FT 112. 112. 112. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 

PEAK STAGE T l M E  

+ (FEET) 
99.24 

CUMULATIVE AREA = 1.37 SQ M I  

************** 
* 

170 KK * SUB75 RUNOFF HG FROH SUB-BASIN 75 

************** 

SUBBASIN RUNOFF DATA 

171 BA SUBBASIN CHARACTERISTICS 
TAREA .02 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .O1 .OO .O1 .03 
.06 .09 .27 .14 .12 .04 .03 
.01 .oo a01 .01 

172 LG GREEN AN0 AMP1 LOSS RATE 
STRTL .15 START I NG LOSS 

OTH .28 MOISTURE D E F I C I T  
P S I  F 3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTlMP 37.00 PERCENT IMPERVIOUS AREA 

173 UC CLARK UNITGRAPH 
TC .25 TIME OF CONCENTRATION 

R .38 STORAGE COEFFICIENT 

174 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .25 HR, R= .38 HR 

SNYDER TP= .22 HR, CP= .42 

U N I T  HYDROGRAPH 
26 END-OF-PERICO ORDINATES 

8. 22. 28. 25. 20. 16. 13. 10. 8. 
5. 4. 3. 3. 2. 2. 1. 1. 1. 
1. 0. 0. 0. 0. 0. 

HYDROCRAPH AT STATION SUB15 



PEAKFLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) ( H R )  
(CFS) - 

+ 37. 1.33 5. 2. 2. 2. 
(INCHES) 1.743 1 -743 1.743 1.743 
(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .02 SQ MI 

************** 
* 

176 KK SUM77 COMBINE HG FRffl RCH77 AND SUB75 * 

in HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

PEAK FLOW TIME 

+ (CFS) (HR)  

MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

(CFS) 
+ 1212. 2.00 230. 83. 83. 83. 

(INCHES) 1.532 1.533 1.533 1.533 

CUMULATIVE AREA = 1.39 SP MI 

************** 

178 KK * RCH241 RWTE HG SUM77 THRU REACH 241 (WEST) 

HYDROGRAPH RWTING DATA 

179 RS STORAGE ROUTING 
NSTPS 1 NWBER OF SUBREACHES 

ITYP FLW TYPE OF INITIAL CONDITION 
RSVRIC -1.00 INITIAL CONDITION 

X .OO UORKING R AND D COEFFICIENT 

180 RC NORMAL DEPTH CHANNEL 
AWL .030 LEFT OMRBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 1480. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL ------- + - - -  RIGHT OVERBANK - - -  
182 RY ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 
181 RX DISTANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 

COMPUTED STORAGE-WTFLW-ELEVATIW DATA 



STORAGE . 00 . lo  .22 .35 .51 .68 .88 1.09 1.32 1.57 
OUTFLOW .OO 4.22 13.98 28.75 48.62 73.83 104.67 141.44 184.46 234.04 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 1.84 2.12 2.66 3.37 4.10 4.87 5.67 6.49 7.34 8.22 
WTFLOU 290.48 354.11 440.90 561.22 703.83 866.93 1049.64 1251.52 1472.31 1711.92 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

PEAK FLOU 

+ (CFS) 

+ 1205. 

PEAK STORAGE 

+ (AC-FT) 
6. 

PEAK STAGE 

+ (FEET) 
99.41 

T l M E  

(HR) 

2.00 

TIME 

T IME 

HYDROGRAPH AT STATION RCH2Gl 

HAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

230. 83. 83. 83. 
(INCHES) 1.532 1.533 1.533 1.533 

(AC-FT) 114. 114. 114. 114. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = 1.39 SP M I  

* 
1 8 3  KK * SUB76 RUNOFF HG FROM SUB-BASIN 76 * * 

SUBBASIN RUNOFF DATA 

184 BA SUBBASIN CHARACTERISTICS 
TAREA .06 SUBBASIN AREA 

P R E C I P I T A T I W  DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL P R E C I P I T A T I W  PATTERN 
.O1 .O1 .Ol .O1 .oo .O1 
.06 .09 .27 .14 .12 .04 
.O1 .oo .01 .01 

185 LC GREEN AND AMP1 LOSS RATE 
STRTL .22 STARTING LOSS 

DTH .29 MOISTURE D E F I C I T  
P S I F  2.65 VETTING FRONT SUCTION 

XKSAT 1.10 HYDRAULIC CONDUCTIVITY 
RTIMP 10.00 PERCENT IMPERVIOUS AREA 

186 UC CLARK UNITGRAPH 
TC .92 TIME OF CONCENTRATION 

R 1.26 STORAGE COEFFICIENT 

187 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

*** 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .92 HR, R= 1.26 HR 

SNYDER TP= .66 HR, CP= .36 



U N I T  HYDROGRAPH 
8 5  END-OF-PERIOO ORDINATES 

5. 10. 16. 19. 20. 
17. 16. 15. 14. 13. 
9. 8. 8. 7. 7. 
4. 4. 4. 4. 3. 
2. 2. 2. -2. 2. 
1. 1. 1. 1. 1. 
1. 1. 1. 1. 0. 
0. 0. 0. 0. 0. 
0. 0. 0. 

HYDROGRAPH AT STATION SUB76 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.59, TOTAL EXCESS = 1.18 

PEAK FLCU TIME E~AXIMU~ AVERAGE FLW 
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 23. 1.75 7. 3. 3. 3. 
(INCHES) 1.162 1.175 1 .I75 1.175 

(AC-FT) 3. 4. 4. 4. 

CUMULATIVE AREA = . 0 6  SP M I  

************** 

1 8 9 K K  S U B S O *  RUNOFF HG FROM SUB-BASIN 80 * 
************** 

***** BEGIN NEW BRANCH ******** 

SUBBASIN RUNOFF DATA 

1 9 1  BA SUBBASIN CHARACTERISTICS 
TAREA .04  SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .01 .O1 .oo 
.06  .09 . 2 7  .14 .I2 
.01 .oo .O1 .01 

1 9 2  LC GREEN AND AMPT LOSS RATE 
STRTL .15 START1 NG LOSS 

DTH .28  MOISTURE D E F I C I T  
P S I F  3.40 VETTING FRONT SUCTION 

XKS AT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT I M P E R V I W S  AREA 

1 9 3  UC CLARK UNITGRAPH 
TC .a TIME OF CONCENTRATION 

R .28 STORAGE COEFFICIENT 

1 9 4  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .23 HR, R= .28 HR 

SNYDER TP= .18 HR, CPm .43 

. - U N I T  HYDROGRAPH 
19 END-OF-PERIOO ORDINATES 

19. 48. 54. 43. 32. 24. 17. 13. 10. 



, TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

?EAK FLOW TIME MAXlMUM AVERAGE FLOW , 
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

t 66. 1.33 7. 3. 3. 3. 
(INCHES) 1.743 1.743 1 .743 1.743 

(AC-FT) 3. 3. 3. 3. 

CUMULATIVE AREA = .04 SO M I  

* 
1 9 6  KK * SUB90 RUNOFF HG FROn SUB-BASIN 90 * 

SUBBASIN RUNOFF DATA 

197 BA SUBBASIN CHARACTERISTICS 
TAREA .06 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PREClPITATION PATTERN 
.01 .01 .01 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .O1 
.01 . 00 .O1 -01 

198 LG GREEN AND AMP1 LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

199 UC CLARK UNlTGRAPH 
TC .38 TIME OF CONCENTRATION 

R .40 STORAGE COEFFICIENT 

200 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .38 HR, R= .40 HR 

SNYDER TP= .26 HR, CP= .40 

U N I T  HYDROGRAPH 
28 END-OF-PER100 ORDINATES 

8. 36. 58. 59. 53. 45. 36. 29. 24. 19. 
16. 13. 10. 8. 7. 5. 4. 4. 3. 2. 
2. 2. 1. 1. 1. 1. 1. 0. 

HYDROGRAPH AT STATION SUB90 

- TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW T lME 

+ (CFS) ~ H R )  

MAXIMUM AVERAGE FLGU 
6-HR 24-HR 72-HR 16.58-HR 



( C F S )  
t 82. 1.42 11. 4.  4.  

(INCHES) 1.744 1.744 1.744 
(AC-FT) 5. 5. 5. 

CUMULATIVE AREA = . 0 6  SP M I  

************** 

2 0 2  KK * SUM91 COMBINE HG FROM SUB80 AND SUB90 

************** 
I N F L W  INTO DETENTION BASIN 91 

2 0 4  HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM91 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 147. 1.33 18. 6. 6. 6. 
(INCHES) 1.744 1 - 7 4 4  1.744 1.744 

(AC-FT) 9. 9. 9. 9. 

CUMULATIVE AREA = .09  SQ M I  

************** 

2 0 5  KK D E T 9 l  ROUTE HG SUM91 THRU DET BASIN 91; Ub = 100'; L =400t  * * 
************** 

100-FOOT U l E R  USED FOR HIGH F L W S  AND 2-18"  CUP 

2 0 7  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT COWTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

2 0 8  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  .STOR TYPE OF I N I T I A L  CONDITION 
RSVRIC .00 I N I T I A L  CONDITION 

X .OO UORKING R AND D COEFFICIENT 

2 0 9  SV STORAGE .O 2.1 4.6 7.5 

2 1 0  SE ELEVATION 100.00 102.00 104.00 106.00 

2 1 1  SL LOU-LEVEL OUTLET 
ELEVL 102.00 ELEVATIOW AT CENTER OF CUTLET 
CAREA 3.50 CROSS-SECTIONAL AREA 

C W L  .37 COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

2 1 2  SS S P I  LLUAY 
CREL 105.90 S P I  LLUAY CREST ELEVATION 

SPUlD 100.00 SPILLUAY UIDTH 
COaU 2.60 WEIR COEFFICIENT 
EXPU 1 .SO EXPONENT OF HEAD 



COMPUTED OUTFLOW-ELEVATION OATA 
- 

WTFLW .Oo .OO 10.50 11.28 12.20 13.27 14.56 16.12 18.05 20.51 
ELEVATION 100.00 102.00 103.02 103.18 103.38 103.63 103.96 104.41 105.02 105.90 

OUTFLOW 20.53 20.61 20.79 21.13 21.67 22.46 23.54 24.96 26.76 28.99 
ELEVATION 105.90 105.90 105.91 105.92 105.93 105.94 105.95 105.96 105.98 106.00 

COMPUTED STORAGE-WTFLOU-ELEVATION OATA 

STORAGE .00 2.06 3.33 3.53 3.78 4.09 4.51 4.55 5.15 6.05 
WTFLW .OO .OO 10.50 11.28 12.20 13.27 14.56 14.69 16.12 18.05 

ELEVATION 100.00 102.00 103.02 103.18 103.38 103.63 103.96 104.00 104.41 105.02 

STORAGE 7.34 7.37 7.40 7.42 7.44 7.46 7.49 
WTFLOU 20.51 21.13 22.46 23.54 24.96 26.76 28.99 

ELEVATION 105.90 105.92 105.94 105.95 105.96 105.98 106.00 

HYDROGRAPH AT STATION DET91 

.................................................................................................. 
* 

DA MON HRMN OR0 WTFLOV STORAGE STAGE DA MON HRMN OR0 WTFLOU STORAGE STAGE DA MOM HRMN OR0 

1 0000 1 0. .O 100.0 * 1 0535 68 10. 3.2 102.9 1 1110 135 
1 0005 2 0. .O 100.0* 1 0540 69 9. 3.2 102.9 1 1115 136 
1 0010 3 0. .O 100.0* 1 0545 70 9. 3.1 102.8 1 1120 137 
1 0015 4 0. .O 100.0 1 0550 71 8. 3.0 102.8 1 1125 138 
1 0020 5 0. .O 100.0* 1 0555 72 8. 3.0 102.7 1 1130 139 
1 0025 6 0. .1 100.0. 1 0600 73 7. 2.9 102.7 1 1135 140 
1 0030 7 0. .1 100.1* 1 0605 74 7. 2.9 102.7 1 1140 141 
1 0035 8 0. .1 100.1 1 0610 75 6. 2.8 102.6 * 1 1145 142 
1 0040 9 0. .1 100.1 1 0615 76 6. 2.8 102.6 * 1 1150 143 
1 0045 10 0. .2 100.2 1 0620 77 6. 2.8 102.6 1 1155 144 
1 0050 11 0. .3 100.3* 1 0625 78 5. 2.7 102.5 1 1200 145 
1 0055 12 0. .4 100.4* 1 0630 79 5. 2.7 102.5 1 1205 146 
1 0100 13 0. .5 100.5 1 0635 80 5. 2.6 102.5 1 1210 147 
1 0105 14 0. .8 100.7* 1 0640 81 5. 2.6 102.4 1 1215 148 
1 0110 15 0. 1.3 101.2 * 1 0645 82 4. 2.6 102.4 1 1220 149 
1 0115 16 0. 2.0 102.0 1 0650 83 4. 2.6 102.4 1 1225 150 
1 0120 17 8. 3.0 102.7 1 0655 84 4. 2.5 102.4 * 1 1230 151 
1 0125 18 13. 3.9 103.5 * 1 0700 85 4. 2.5 102.4 1 1235 152 
1 0130 19 15. 4.7 104.1 1 0705 86 3. 2.5 102.3 1 1240 153 
1 0 1 3 5 2 0  17. 5.3 104.5 1 0710 87 3. 2.5 102.3 1 1245 154 
1 0140 21 18. 5.8 104.9 1 0715 88 3. 2.4 102.3 * 1 1250 155 
1 0 1 4 5 2 2  18. 6.2 105.1 1 0720 89 3. 2.4 102.3 1 1255 156 
1 0150 23 19. 6.5 105.3 1 0725 90 3. 2.4 102.3 1 1300 157 
1 0155 24 19. 6.7 105.5 1 0730 91 3. 2.4 102.3 1 1305 158 
1 0200 25 20. 6.8 105.5 1 0735 92 2. 2.4 102.2 1 1310 159 
1 0205 26 20. 6.9 105.6 1 0740 93 2. 2.3 102.2 1 1315 160 
1 0 2 1 0 2 7  20. 6.9 105.6 1 0745 94 2. 2.3 102.2 1 1320 161 
1 0215 28 20. 7.0 105.6' 1 0750 95 2. 2.3 102.2 * 1 1325 162 
1 0220 29 20. 6.9 105.6* 1 0755 96 2. 2.3 102.2 1 1330 163 
1 0225 30 20. 6.9 105.6* 1 0800 97 2. 2.3 102.2 1 1335 164 
1 0230 31 20. 6.8 105.6* 1 0805 98 2. 2.3 102.2 1 1340 165 
1 0235 32 . 19. 6.8 105.5 1 0810 W 2. 2.3 102.2 1 1345 166 
1 0240 33 19. 6.7 105.4 1 0815 100 2. 2.2 102.2 1 1350 167 
1 0245 34 19. 6.6 105.4 1 0820 101 1. 2.2 102.1 1 1355 168 
1 0250 35 19. 6.5 105.3 1 0825 102 1. 2.2 102.1 1 1400 169 
1 0255 36 19. 6.4 105.2 1 0830 103 1. 2.2 102.1 * 1 1405 170 
1 0300 37 18. 6.2 105.2 * 1 0835 104 1. 2.2 102.1 * 1 1410 171 
1 0305 38 18. 6.1 1 0 5 . 1 * 1  0840105 1. 2.2 102.1 1 1415 172 
1 0310 39 18. 6.0 105.0 1 0845 106 1. 2.2 102.1 1 1420 173 
1 0 3 1 5 4 0  18. 5.9 104.9 1 0850 107 1. 2.2 102.1 1 1425 174 
1 0320 41 18. 5.8 104.8 1 0855 108 1. 2.2 102.1 1 1430 175 
1 0325 42 17. 5.7 104.8 1 0900 109 1. 2.2 102.1 1 1435 176 

- 1 0330 43 17. 5.6 104.7 1 0905 110 1. 2.2 102.1 1 1440 177 
1 0335 44 17. 5.4 104.6 1 0910 111 1. 2.2 102.1 1 1445 178 
1 0340 45 17. 5.3 104.5 * 1 0915 112 1. 2.2 102.1 1 1450 179 
1 0345 46 16. 5.2 104.5 1 0920 113 1. 2.1 102.1 1 1455 180 
1 0350 47 16. 5.1 104.4. 1 0925114 1. 2.1 102.1 1 1500 181 
1 0355 48 16. 5.0 104.3 * 1 0930 115 1. 2.1 102.1 1 1505 182 
1 0400 49 16. 4.9 104.2 1 0935 116 1. 2.1 102.1 1 1510 183 
1 0405 50 15. 4.8 104.2 * 1 0940 117 1. 2.1 102.1 1 1515 184 

OUTFLW STORAGE STAGE 



PEAKFLW TIME 

+ (CFS) (HR) 
(CFS) 

+ 20. 2.25 
(INCHES) 

(AC-FT) 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
7. 2.25 

PEAK STAGE TIME 

+ (FEET) (HR) 
105.64 2.25 

MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .09 sa MI 

213 KK RCH137 ROUTE HC DET91 THRU REACH 137 50-FOOT CHANNEL * * 
************** 

HYDROGRAPH ROUTING DATA 

214 RS STORAGE RWTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLW TYPE OF INITIAL CONDITION 
RSVRIC -1.00 INITIAL CONDlTION 

X .00 WORKING R AND D COEFFICIENT 

215 RC NORMAL DEPTH CHANNEL 
ANL ,030 LEFT WERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 1660. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK --- + ------ MAIN CHANNEL ------- + - - -  RIGHT OVERBANK - - -  
217 RY ELEVATION 100.00 99.00 99.00 %.DO 96.00 99.00 99.00 100.00 
216 RX DISTANCE 500.00 508.00 508.00 520.00 530.00 542.00 542.00 550.00 

*** 

CCUWTED STORAGE-OUTFLW-ELEVATION DATA 

STORAGE .oo .09 .19 .30 .43 .57 .n .a9 1.07 1.27 
WTFLW .OO 2.89 9.47 19.29 32.31 48.62 68.35 91.64 118.65 149.53 

ELEVATION 96.00 96.21 96.42 96.63 96.84 97.05 97.26 97.47 97.68 97.89 



STORAGE 1.48 1.70 1.94 2.18 2.45 2.73 3.03 3.37 3.73 4.12 
OUTFLOW 184.46 223.58 267.05 3t5.04 367.71 434.87 510.93 593.28 682.35 778.52 

ELEVAT 1 ON 98.11 98.32 98.53 98.74 98.95 99.16 99.37 99.58 99.79 100.00 

HYDROGRAPH AT STATION RCH137 

PEAK FLW 

+ (CFS) 

+ 20. 

PEAK STORAGE 

+ (AC-FT)  
0. 

PEAK STAGE 

+ (FEET) 
96.64 

TIME 

( H R )  

2.42 

TlME 

TIME 

MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

13. 5. 5. 5. 
(INCHES) 1.251 1.337 1.337 1.337 
(AC-FT) 6. 7. 7. 7. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .09 SP M I  

; 218 KK SUB100 RUNOFF HG FRU4 SUB-BASIN 100 * 

SUBBASIN RUNOFF DATA 

219 BA SUBBASIN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2. '17 BASIN TOTAL PRECIPITATI OW 

73 PI INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .O1 
.O1 .oo .O1 .O1 

220 LG GREEN AND AMP1 LOSS RATE 
STRTL .22 STARTING LOSS 

DTH .29 UOISTURE DEFICIT 
PSI F 2.65 WETTING FRONT SUCTION 

XKSAT 1.10 HYDRAULIC CONDUCTIVITY 
RT IMP 10.00 PERCENT IMPERVIOUS AREA 

221 UC CLARK UNITGRAPH 
TC 1.03 TIME OF CONCENTRATION 

R 1.28 STORAGE COEFFICIENT 

222 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 1.03 HR, R= 1.28 HR 

SNYDER TP= .70 HR, CP= .36 

UNIT HYDROGRAPH 
87 END-OF-PER100 ORDINATES 

2. 4. 6. 8. 9. 9. 9. 9. 



HYDROGRAPH AT STATION SUB100 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.59, TOTAL EXCESS = 1.18 

PEAK FLOW TIME HAXIHUH AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 11. 1.83 3. 1. 1. 1. 
(INCHES) 1 .I60 1.175 1.175 1 .I75 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .03 SP MI 

************** 

2 2 4  KK SUB110 RUNOFF HG FROn SUB-BASIN 110 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .02  SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77  B A S I N  TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .O1 .O1 .OO .O1 .03 .03 .04 .04 
. 0 6  .09 .27 .14 .12 .04 .03 .02  .O1 .O1 
.O1 .oo .01 .O1 

GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28  MOISTURE D E F I C I T  
P S I  F 3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37 .00  PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .17 TIME OF CONCENTRATION 

R .I7 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .17 HR, R 3  . 1 7 H R  

SNYDER TP= .13 HR, CP= .51 

U N I T  HYDROGRAPH 
12 END-OF-PERIOD ORDINATES 

26. 50. 38. 23. 14. 8. 5. 3. 2. 1. 
1. 0. 

HYDROGRAPH AT STATION SUB1 10 



TOTAL RAINFALL = 2 . 7 7 ,  TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK F L W  TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

(CFS) (HR) 
(CFS) - 

+ 52. 1.25 4. 1. 1. 1. 
(INCHES) 1.745 1.745 1.745 1.745 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .02 SO nr 

230 KK SUB130 RUNOFF HG FROn SUB-BASIN 130 * * 
************** 

SUBBASIN RUNOFF DATA 

231 BA SUBBASIN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .O1 .01 .oo -01 
.06 .09 .27 .14 .12 .04 
.O1 .oo .O1 .O1 

, 232 LG GREEN AND AMP1 LOSS RATE 
STRTL .15 STARTING LOSS 

D l  H .28 MOISTURE D E F I C I T  
P S I F  3.40 VETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

233 UC CLARK UNITGRAPH 
TC .25 TIME OF CONCENTRATION 

R .33 STORAGE COEFFICIENT 

234 UA ACCUMULATED-AREA VS. T IME, 1 1  ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARMETERS 
CLARK TC= .25 HR, R= .33 HR 

SNYDER TP= .21 HR, CP= .45 

U N I T  HYDROGRAPH 
23 END-OF-PERIW ORDINATES 

9. 27. 34. 29. 23. 18. 14. 11. 8. 6. 
5. 4. 3. 2. 2. 1. 1. 1. 1. 1. 
0. 0. 0. 

HYDROGRAPH AT STATION SUB130 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1-75 

. PEAK FLOV TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

(CFS) (HR) 
(CFS) 

+ 43. . .1.33 5. 2. 2. 2. 
(INCHES) 1.744 1.744 1.744 1.744 

(AC-FT) 2. 2. 2. 2. 



CUMULATIVE AREA = .03 SQ M I  

************** 

2 3 6 K K  * SUM131 * COMBINE HG F R W  SUB110 AND SUB130 * 
************** 

INFLOU INTO DETENTION BASIN 1 3 1  

238 HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COHBINE 

HYDROGRAPH AT STATION SUM131 

PEAK FLOU TIME 

+ (CFS) (HR) 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

(CFS) 
+ 93. 1.25 9. 3. 3. 3. 

(INCHES) 1.745 1.745 1.745 1.745 
(AC-FT) 4. 4. 4. 4. 

CUMULATIVE AREA = .05 SP M I  

**********+*** 

2 3 9  KK * DET131 * ROUTE HG SUM131 THRU DET BASIN 131; Vb = 100'; L = 2 0 0 '  * 
*************. 

100-FOOT UIER USED FOR HIGH FLOUS AND 2 - 1 8 "  CW 

2 4 1  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

2 4 2  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVRIC .00 I N I T I A L  CONDIT ION 

X .00 WORKING R AND D COEFFICIENT 

2 4 3  SV STORAGE .O 1 .O 2.3 3.8 

2 4 4  SE ELEVATION 100.00 102.00 104.00 106.00 

2 4 5  SL LOU-LEVEL W T L E T  
ELEVL 102.00 ELEVATION AT CENTER OF OUTLET 
CAREA 3.50 CROSS-SECTIONAL AREA 

COPL .37 COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

2 4 6  SS S P I  LLUAY 
CREL 105.90 SPILLWAY CREST ELEVATION 

SPWID 100.00 SPILLWAY UIDTH 
C W U  2.60 WEIR COEFFICIENT 
EXPU 1.50 EXPONENT OF HEAD 

COMPUTED W T F L W - E L E V A T I O N  DATA 



WTFLW 20.53 20.61 20.79 21.13 21.67 22.46 23.54 24.96 26.76 28.99 
ELEVATION 105.90 105.90 105.91 105.92 105.93 105.94 105.95 105.96 105.98 106.00 

- 
COHPUTEO STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .Oo 1.03 1.67 1.77 1.89 2.05 2.26 2.28 2.58 3.03 
WTFLW .OO .OO 10.50 11.28 12.20 13.27 14.56 14.69 16.12 18.05 

ELEVATION 100.00 102.00 103.02 103.18 103.38 103.63 103.96 104.00 104.41 105.02 

STORAGE 3.68 3.69 3.70 3.71 3.72 3.74 3.75 
CUTFLW 20.51 21.13 22.46 23.54 24.96 26.76 28.99 

ELEVATION 105.90 105.92 105.94 105.95 105.96 105.98 106.00 

HYDROGRAPH AT STATION OETl31 

........................................................................................................................... 
* 

DA MON HRMN OR0 OUTFLOW STORAGE STAGE OA MOM HRMN OR0 OUTFLOW STORAGE STAGE OA MOM HRHN OR0 WTFLW STORAGE 

1 0000 1 0. .O 100.0* 1 0535 68 1. 1.1 102.1 1 1110 135 0. 1 .0 
1 0005 2 0. .O 100.0* 1 0540 69 0. 1.1 102.0. 1 1115136 0. 1 .O 
1 0010 3 0. .O 100.0 1 0545 70 0. 1.1 102.0 1 1120 137 0. 1 .O 
1 0015 4 0. .O 100.0 1 0550 71 0. 1.1 102.0 1 1125 138 0. 1 .O 
1 0020 5 0. .O 100.1 1 0555 72 0. 1.1 102.0* 1 1130139 0. 1 .O 
1 0025 6 0. .O 100.1 1 0600 73 0. 1.0 102.0. 1 1135140 0. 1 .O 
1 0030 7 0. .1 100.1. 1 0605 74 0. 1.0 102.0 1 1140 141 0. 1 .O 
1 0035 8 0. .1 100.1 1 0610 75 0. 1.0 102.0 * 1 1145 142 0. 1 .O 
1 0040 9 0. .1 100.2 1 0615 76 0. 1.0 102.0 1 1150 143 0. 1 .O 
1 0045 10 0. .1 100.3. 1 0620 77 0. 1.0 102.0 1 1155 144 0. 1 .O 
1 0050 11 0. .2 100.4. 1 0625 78 0. 1.0 102.0 1 1200 145 0. 1 .O 
1 0055 12 0. .3 100.5 * 1 0630 79 0. 1.0 102.0 1 1205 146 0. 1 .O 
1 0100 13 0. .4 100.7. 1 0635 80 0. 1.0 102.0 1 1210 147 0. 1 .O 
1 0105 14 0. .6 101.1* 1 0640 81 0. 1.0 102.0 1 1215 148 0. 1 .O 
1 0110 15 0. 1.0 101.9 1 0645 82 0. 1.0 102.0. 1 1220149 0. 1 .O 
1 0115 16 9. 1.6 102.8 1 0650 83 0. 1.0 102.0 * 1 1225 150 0. 1 .O 
1 0120 17 14. 2.1 103.7. 1 0655 84 0. 1.0 102.0 1 1230 151 0. 1 .O 
1 0125 18 16. 2.5 104.3. 1 0700 85 0. 1.0 102.0 1 1235 152 0. 1 .O 
1 0130 19 17. 2.8 104.7 . 1 0705 86 0. 1.0 102.0 1 1240 153 0. 1 .O 
1 0 1 3 5 2 0  18. 3.0 105.0 1 0710 87 0. 1.0 102.0 1 1245 154 0. 1.0 
1 0140 21 18. 3.1 105.2 1 0715 88 0. 1.0 102.0 1 1250 155 0. 1 .O 
1 0145 22 19. 3.2 105.2 1 o n o  89 0. 1.0 102.0 1 125.5 156 0. 1 .o 
1 0150 23 19. 3.2 105.2 * 1 0725 90 0. 1.0 102.0 1 1300 157 0. 1 .O 
1 0155 24 19. 3.2 105.2 1 0730 91 0. 1.0 102.0 1 1305 158 0. 1 .O 
1 0200 25 18. 3.1 105.1. 1 0735 92 0. 1.0 102.0 1 1310 159 0. 1 .O 
1 0205 26 18. 3.1 105.1 1 0740 93 0. 1.0 102.0 * 1 1315 160 0. 1 .O 
1 0210 27 18. 3.0 105.0 1 0745 96 0. 1.0 102.0 1 1320 161 0. 1 .O 
1 0 2 1 5 2 8  18. 2.9 104.8 1 0750 95 0. 1.0 102.0 1 1325 162 0. 1.0 
1 0220 29 17. 2.8 104.7 1 0755 96 0. 1.0 102.0 1 1330 163 0. 1 .O 
1 0225 30 17. 2.7 104.6. 1 0800 97 0. 1.0 102.0 1 1335 164 0. 1 .O 
1 0230 31 16. 2.6 104.5. 1 0805 98 0. 1.0 102.0 1 1340 165 0. 1 .O 
1 0235 32 16. 2.5 104.3 1 0810 W 0. 1.0 102.0 . 1 1345 166 0. 1 .O 
1 0240 33 15. 2.4 104.2 1 0815 100 0. 1.0 102.0 1 1350 167 0. 1 .O 
1 0245 34 15. 2.3 104.1 1 0820 101 0. 1.0 102.0 1 1355 168 0. 1 .O 
1 0250 35 14. 2.2 103.9 1 0825 102 0. 1.0 102.0 1 1400 169 0. 1 .O 
1 0255 36 14. 2.1 103.8 1 0830 103 0. 1.0 102.0 1 1405 170 0. 1 .O 
1 0300 37 13. 2.0 103.6 1 0835 104 0. 1.0 102.0 1 1410 171 0. 1 .O 
1 0305 38 13. 2.0 103.5 1 0840 105 0. 1.0 102.0 . 1 1415 172 0. 1 .O 
1 0 3 1 0 3 9  12. 1.9 103.4 1 0845 106 0. 1.0 102.0 * 1 1420 173 0. 1 .O 
1 0315 40 11. 1.8 103.2 1 0850 107 0. 1.0 102.0 1 1425 174 0. 1 .O 
1 0320 41 11. 1.7 1O3.la 1 0855108 0. 1.0 102.0 1 1430 175 0. 1 .O 
1 0325 42 10. 1.6 103.0 1 0900 109 0. 1.0 102.0 1 1435 176 0. 1 .O 
1 0330 43 9. 1.6 102.9 1 0905 110 0. 1.0 102.0 1 1440 177 0. 1 .O 
1 0335 44 8. 1.5 102.8 1 0910 111 0. 1.0 102.0 1 1445 178 0. 1 .O 
1 0340 45 7. 1.5 102.7 1 0915 112 0. 1.0 102.0 1 1450 179 0. 1 .O 
1 0345 46 6. 1.4 102.6 1 0920 113 0. 1.0 102.0 1 1455 180 0. 1 .O 
1 0350 47 6. 1.4 102.6 1 0925 114 0. 1.0 102.0 * 1 1500 181 0. 1 .O 

. 1 0355 48 5. 1.3 102.5 1 0930 115 0. 1.0 102.0 1 1505 182 0. 1.0 
1 0400 49 5. 1.3 102.4 1 0935 116 0. 1.0 102.0 * 1 1510 183 0. 1 .O 
1 0405 50 4. 1.3 102.4 1 0940 117 0. 1.0 102.0 1 1515 184 0. 1 .O 
1 0410 51 4. 1.3 102.4 1 0945 118 0. 1.0 102.0 * 1 1520 185 0. 1 .O 
1 0415 .5Z 3. 1.2 102.3 1 0950 119 0. 1.0 102.0 1 1525 186 0. 1 .O 
1 0420 53 3. 1.2 102.3 1 0955 120 0. 1.0 102.0 1 1530 187 0. 1 .O 
1 0425 54 3. 1.2 102.3 1 1000 121 0. 1.0 102.0 1 1535 188 0. 1 .O 
1 0430 55 2. 1.2 102.2 * 1 1005 122 0. 1.0 102.0 * 1 1540 189 0. 1 .O 

STAGE 



PEAK FLW TIME MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFSI 

+ 19. 1.83 7. 3. 3. 3. 
(INCHES) 1.341 1.342 1.342 1.342 

(AC-FT) 3. 3. 3. 3. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

+ (AC-FT) (HR) 
3. 1.83 2. 1. 1. 1. 

PEAK STAGE T I M E  

+ (FEET) (HR) 
105.23 1.83 

MAXIMUM AVERAGE STAGE 
6- HR 24-HR 72-HR 16.58-HR 

102.96 102.23 102.23 102.23 

CUMULATIVE AREA = .05 SP MI 

247 KK SUM137 COMBINE HG FRCU RCH137, DETl31 AND SUB100 

************** 

248 HC HYDROGRAPH COMBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM137 

PEAK FLOW TIME W I M M  AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 47. 2.00 23. 9. 9. 9. 
(INCHES) 1.255 1.313 1.313 1.313 

(AC-FT) 11. 12. 12. 12. 

CUMULATIVE AREA = .I7 SP M I  

HYDROCRAPH ROUTING DATA 



250 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLOW TYPE OF INITIAL CONDITION 
RSVR l C -1.00 INITIAL CONDITION 

X .OO WRKING R AN0 D COEFFICIENT 

251 R C  NORMAL DEPTH CHANNEL - 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 600. REACH LENGTH 
SEL .a040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLW CALCULATION 

CROSS-SECTION DATA - - - LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
253 RY ELEVATION 100.00 99.00 99.00 96.00 96.00 99.00 99.00 100.00 
252 RX DISTANCE 500.00 508.00 508.00 520.00 530.00 542.00 542.00 550.00 

CWPUTED STORAGE-OUTFLOU-ELEVATION DATA 

STORAGE .OO .03 .07 .ll .16 .21 .26 .32 .39 .46 
OUTFLW .OO 2.89 9.47 19.29 32.31 48.62 68.35 91.64 118.65 149.53 

ELEVATION 96-00 96.21 96.42 96.63 96 .a  97.05 97.26 97-47 97.68 97.89 

STORAGE .53 .61 .70 .79 .88 . W 1.10 1.22 1.35 1.49 
OUTFLW 184.46 223.58 267.05 315.04 367.71 434.87 510.93 593.28 682.35 778.52 

ELEVATION 98.11 98.32 98.53 98.74 98.95 99.16 99.37 99.58 99.79 100.00 

*** WARNING *** MOOIFIEO PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR WTFLOVS BETWEEN 32. TO 779. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION RCH147 

, PEAK FLOW TIME MAXIMUM AVERAGE FLW 
6-HR 24 - HR 72.HR 16.58-HR 

+ (CFS) (HR)  
(CFS) 

+ 47. 2.08 23. 9. 9. 9. 
(INCHES) 1.253 1.313 1.313 1.313 
(AC-FT) 11. 12. 12. 12. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
0. 2.00 

PEAK STAGE TIME 

+ (FEET) (HR) 
97.03 2.08 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

WAXIMlll AVERAGE STAGE 
6- HR 24 - HR 72-HR 16.58-HR 

************** 

254 KK * SUB140 RUNOFF HG FROM SUB-BASIN 140 * 
************** 

lNFLW INTO DETENTION BASIN 141 

SUBBASIN RUNOFF DATA 

256 BA SUBBASIN CHARACTERISTICS 

. - TAREA .02 SUBBASIN AREA 

PRECIPITATION DATA 



72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 P I  1 NCREMENTAL PRECIPITATION PATTERN 
. 0 1  . 0 1  .O1 .O1 .OO .O1 .03 .03  .04  .04 
.06  . 0 9  . 2 7  .14  .12  .04 .03 . 0 2  .O1 .01  
.O1 .oo .O1 .01  

257 LG GREEN AND AMPT LOSS RATE 
- 

STRTL .15 STARTING LOSS 
DTH . 2 8  MOISTURE D E F I C I T  

P S l F  3.40 WETTING FRONT SUCTION 
XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

2 5 8  UC CLARK UNITGRAPH 
TC .13 TIME OF CONCENTRATION 

R .13 STORAGE COEFFICIENT 

2 5 9  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 T7.0 84.0 90.0 94.0 97.0  

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC+ .13 HA, R= .13 HR 

SNYDER TP= .ll HR, CP= .54 

U N I T  HYDROGRAPH 
9 END-OF-PERIOO ORDINATES 

26. 44.  27.  13. 7. 3. 2. 1. 0. 

HYDROGRAPH AT STATION SUB140 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK F L W  TIME M A X I M  AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 42. 1.17 3. 1. 1. 1. 
(INCHES) 1.745 1.745 1.745 1.745 

(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA = .02 SP M I  

2 6 1  KK DET141 ROUTE HG SUB140 THRU DET B A S I N  141; Ub = 50'; L = 200' * 
************** 

100-FOOT U I E R  USED FOR HIGH F L W S  AND 1-18" CMP 

2 6 3  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 P R I N T  CONTROL 
I PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

2 6 4  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  COUDITIOW 
RSVRI C .DO I N I T I A L  CONDITION 

X .00 WORKING R AND D COEFFICIENT 

2 6 6  SE . - . ELEVATION 100.00 102.00 104.00 106.00 

2 6 7  SL L W - L E V E L  OUTLET 
ELEVL 102.00 ELEVATION AT CENTER OF CUTLET 



CAREA 1.80 CROSS-SECTIONAL AREA 
COQL .37 COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

,268 SS SPILLWAY 
1 CREL 105.90 SPILLWAY CREST ELEVATION 

SPWIO 100.00 SPILLWAY WIDTH - 
COQV 2.60 WEIR COEFFICIENT 
EXPU 1.50 EXPONENT OF HEAD 

COMWTEO WTFLOU-ELEVATION DATA 

WTFLOU .OO .OO 4.62 5.02 5.50 6.08 6.80 7.72 8.91 10.55 
ELEVATION 100.00 102.00 102.75 102.88 103.06 103.30 103.62 104.09 104.78 105.90 

WTFLOW 10.56 10.63 10.80 11.12 11.64 12.41 13.47 14.88 16.67 18.90 
ELEVATION 105.90 105.90 105.91 105.92 105.93 105.94 105.95 105.96 105.98 106.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE . 00 1.03 1 .50 1.58 1.69 1.84 2.04 2.28 2.34 2.86 
OUTFLOW .OO .OO 4.62 5.02 5.50 6.08 6.80 7.55 7.72 8.91 

ELEVATION 100.00 102.00 102.75 102.88 103.06 103.30 103.62 104.00 104.09 104.78 

STORAGE 3.68 3.69 3.70 3.71 3.72 3.74 3.75 
WTFLOU 10.55 11.12 12.41 13.47 14.88 16.67 18.90 

ELEVATION 105.90 105.92 105.94 105.95 105.96 105.98 106.00 

HYOROGRAPH AT STATION OET141 

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

* 
DA MON HRMN OR0 WTFLOU STORAGE STAGE OA MOM HRMN OR0 WTFLOU STORAGE STAGE * OA MOM HRMN OR0 * 

1 0000 1 0. .O 100.0* 1 0535 68 0. 1.0 102.0 * 1 1110 135 
' 1 0005 2 0. .O 100.0 1 0540 69 0. 1.0 102.0 1 1115 136 

1 0010 3 0. .O 100.0* 1 0545 70 0. 1.0 102.0 * 1 1120 137 
1 0015 4 0. .O 100.0 1 0550 71 0. 1.0 102.0 * 1 1125 138 
1 0020 5 0. .O 100.0 1 0555 72 0. 1.0 102.0 * 1 1130 139 
1 0025 6 0. .O 100.0 * 1 0600 73 0. 1.0 102.0 * 1 1135 140 
1 0030 7 0. .O 100.0 1 0605 74 0. 1.0 102.0 * 1 1140 141 
1 0035 8 0. .O 100.1 1 0610 75 0. 1.0 102.0. 1 1145142 
1 0040 9 0. .O 100.1 1 0615 76 0. 1.0 102.0 * 1 1150 143 
1 0045 10 0. .1 100.1* 1 0620 TI 0. 1.0 102.0 * 1 1155 144 
1 0050 11 0. .1 100.2 • 1 0625 78 0. 1.0 102.0 1 1200 145 
1 0055 12 0. 1 100.2 1 0630 79 0. 1.0 102.0. 1 1205146 
1 0100 13 0. .2 100.3 1 0635 80 0. 1.0 102.0 * 1 1210 147 
1 0105 14 0. .3 100.6 1 0640 81 0. 1.0 102.0 * 1 1215 148 
1 0110 15 0. .5 101.0 1 0645 82 0. 1.0 102.0* 1 1220149 
1 0115 16 0. .8 101.6 * 1 0650 83 0. 1.0 102.0 * 1 1225 150 
1 0120 17 0. 1.1 102.0° 1 0655 84 0. 1.0 102.0 * 1 1230 151 
1 0125 18 2. 1.2 102.3* 1 0700 85 0. 1.0 102.0 * 1 1235 152 
1 0130 19 3. 1.3 102.4 1 0705 86 0. 1.0 102.0 * 1 1240 153 
1 013520  3. 1.3 102.5 1 0710 87 0. 1.0 102.0 * 1 1245 154 
1 0140 21 3. 1.4 102.5 1 0715 88 0. 1.0 102.0 * 1 1250 155 
1 0 1 4 5 2 2  3. 1.4 102.5 1 o n o  89 0. 1.0 102.0 * 1 1255 156 
1 0150 23 3. 1.3 102.5. 1 0725 90 0. 1.0 102.0 1 1300 157 
1 0155 24 3. 1.3 102.5 1 0730 91 0. 1.0 102.0 1 1305 158 
1 0200 25 3. 1.3 102.5 1 0735 92 0. 1.0 102.0 1 1310 159 
1 0205 26 3. 1.3 102.4 1 0740 93 0. 1.0 102.0 * 1 1315 160 
1 0 2 1 0 2 7  3. 1.3 102.4 1 0745 94 0. 1.0 102.0 * 1 1320 161 
1 021528  2. 1.3 102.4 1 0750 95 0. 1.0 102.0 1 1325 162 
1 0220 29 2. 1.3 102.4 1 0755 % 0. 1.0 102.0 * 1 1330 163 
1 0225 30 2. 1.3 102.4 1 0800 97 0. 1.0 102.0 1 1335 164 
1 0230 31 2. 1.2 102.3. 1 0805 98 0. 1 .O 102.0 * 1 1340 165 
1 0235 32 2. 1.2 102.3 1 0810 W 0. 1.0 102.0 * 1 1345 166 
1 0240 33 2. 1.2 102.3 1 0815 100 0. 1.0 102.0 * 1 1350 167 
1 0245 34 2. 1.2 102.3 1 0820 101 0. 1.0 102.0 * 1 1355 168 

- 1 0250 35 2. 1.2 102.3* 1 0825102 0. 1 .0 .102.0*  1 1400169 
1 0255 36 1. 1.2 102.2 1 0830 103 0. 1.0 102.0 * 1 1405 170 
1 0300 37 1. 1.2 102.2 1 0835 104 0. 1.0 102.0 * 1 1410 171 
1 0305 38 I. 1.2 102.2 1 0840 105 0. 1.0 102.0 * 1 1415 in 
1 031039  1. 1.1 102.2 * 1 0845 106 0. 1.0 102.0 * 1 1420 173 
1 031540  1. 1.1 102.2 1 0850 107 0. 1.0 102.0 * 1 1425 174 
1 0320 41 1. 1.1 102.2 1 0855 108 0. 1.0 102.0 * 1 1430 175 

WTFLOU STORAGE STAGE 



PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 3. 1.67 1. 0. 0. 0. 
(INCHES) .533 .538 .538 .538 
(AC-FT) 0. 0. 0. 0. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
1. 1.67 

PEAK STAGE TIME 

MAXIMUM AVERAGE STORAGE 
6-HR 24- HR 72-HR 16.58-HR 

1. 1. 1. 1. 

MAXIM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA .02 SQ HI 

270 HC HYDROGRAPH CWBINATION 
I CWP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

PEAK FLOU TIME IIAXICIIM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 50. 2.00 24. 9. 9. 9. 
(INCHES) 1.191 1.246 1.246 1.246 
(AC-FT) 12. 12. 12. 12. 

CUMULATIVE AREA . i9 SQ MI 



HYDROGRAPH ROUTING DATA 

272 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  F L W  TYPE OF I N I T I A L  CONDITION 
RSVRI C -1.00 I N I T I A L  CONDlTION 

X .OO LURKING R AN0 D COEFFICIENT 

273 RC NORMAL DEPTH CHANNEL 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 M A I N  CHANNEL N-VALUE 
ANR ,030 RIGHT OVERBANK N-VALUE 

RLNTH 1280. REACH LENGTH 
SEL ,0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLOV CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
275 RY ELEVATION 100.00 99.00 99.00 96.00 96.00 99.00 99.00 100.00 
274 RX D l  STANCE 500.00 508.00 508.00 520.00 530.00 542.00 542.00 550.00 

CCMPUTED STORAGE-OUTFLOV-ELEVATION DATA 

STORAGE .OO .07 .14 .23 .33 .44 .56 .69 .83 .98 
O U T F L W  .OO 2.89 9.47 19.29 32.31 48.62 68.35 91.64 118.65 149.53 

ELEVATION 96.00 96.21 96.42 96.63 96.84 97.05 97.26 97.47 97.68 97.89 

STORAGE 1.14 1.31 1.49 1.68 1.89 2.10 2.34 2.60 2.87 3.17 
O U T F L W  184.46 223.58 267.05 315.04 367.71 434.87 510.93 593.28 682.35 778.52 

ELEVATION 98.11 98.32 98.53 98.74 98.95 99.16 99.37 99.58 99.79 100.00 

*" UARNING *" MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR W T F L W S  BETUEEN 368. TO 779. 
THE ROUTED HYDROGRAPH S H W L D  BE EXAMINED FOR OSCILLATIONS OR W T F L W S  GREATER THAN PEAK INFLOWS. 
T H I S  CAN BE CORRECTED BY DECREASING THE T IME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION RCH167 

PEAK FLOU 

+ (CFS) 

+ 50. 

PEAK STORAGE 

+ (AC-FT) 
0. 

PEAK STAGE 

+ (FEET) 
97.06 

TIME 

(HR) 

2.08 

TIME 

(CFS) 
24. 

(INCHES) 1.186 
(AC-FT) 12. 

CUMULAT 1 VE AREA = 

WIW AVERAGE FLOU 
24-HR 72-HR 

M A X I M A  AVERAGE STORAGE 
24-HR 72-HR 

M X I l C M  AVERAGE STAGE 
24-HR 72-HR 



RUNOFF HG FROM SUB-BASIN 1 5 0  

SUBBASIN RUNOFF DATA 

2 7 7  BA SUBBASIN CHARACTERISTICS 
TAREA . 0 2  SUBBASIN AREA 

PRECIPITATION DATA 

7 2  PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 -01 .01 .OO .O1 .03 
.06  .09 .27 .14 .12 .04 .03 
.01 .oo .O1 .O1 

2 7 8  LC GREEN AND M P T  LOSS RATE 
STRTL .15 STARTING LOSS 

DTH . 2 8  MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 3 7 . 0 0  PERCENT IMPERVIOUS AREA 

279 UC CLARK UNITGRAPH 
TC .17 TIME OF CONCENTRATION 

R .20 STORAGE COEFFICIENT 

2 8 0  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 - 30.0 65.0 77.0 84.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .17 HR, R= .20 HR 

SNYDER TP- .14 HR, CP= .46  

U N I T  HYDROGRAPH 
14 END-OF-PER100 ORDINATES 

17. 34. 27. 18. 12. 8. 5. 3. 
1. 1. 0. 0. 

HYDROGRAPH AT STATION SUB150 

TOTAL RAINFALL = 2.n, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 37. 1.25 3. 1. 1. 1. 
(INCHES) 1.744 1 .744 1.744 1.744 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .02 SP M I  

************** 
* . 

2 8 2  KK * SUB160 RUNOFF HG FRCU SUB-BASIN 160 . 
************** 

SUBBASIN RUNOFF DATA 

2 8 3  BA -. SUBBASIN CHARACTERISTICS 
TAREA .04 SUBBASIN AREA 

PRECIPITATION DATA 



72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 PI INCREMENTAL PRECIPITATION PATTERN 
. 0 1  . 0 1  .O1 .O1 .oo .01  

\ . 0 6  . 0 9  .27 .14 .12 .04 
. 0 1  .oo .01 .01 - 

2 8 4  LG GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH . 2 8  MOISTURE D E F I C I T  
P S I F  3 . 4 0  WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37 .00  PERCENT IMPERVIOUS AREA 

2 8 5  UC CLARK UNITGRAPH 
TC . 2 0  T IME OF CONCENTRATION 

R .21 STORAGE COEFFICIENT 

2 8 6  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 TI.0 84.0 90.0 94.0  97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .20 HR, R= .21 HR 

SNYDER TP= - 1 4  HR, CP= .45 

U N I T  HYDROGRAPH 
1 4  END-OF-PERIW ORDINATES 

34. 71. 64. 45. 30. 20. 13. 9. 6. 4. 
3. 2. 1. 1. 

HYDROGRAPH AT STATION SUB160 

. TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6.HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 83. 1.25 7. 3. 3. 3. 
(INCHES) 1.742 1.742 1.742 1.742 

(AC-FT) 4. 4. 4. 4. 

CUMULATIVE AREA = .06 SO M I  

****a********* 
* 

2 8 8  KK SUM161 * COIBINE HG FROM SUB150 L SUB160 . 
************** 

I N F L W  INTO DETENTION B A S I N  161 

2 9 0  HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SWl61 

PEAK FLOW TIME MAXl l lUn  AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

I (CFS) 
s # 

(HR) 
(CFS) 

+ 120. .- 1.25 10. 4. 4. 4. 
(INCHES) 1.743 1.743 1.743 1.743 

(AC-FT) 5. 5. 5. 5. 



CUMULATIVE AREA = .06 SQ M I  

**tt******t*** 

291 KK * D E T l 6 1  * R W T E  HG SUM161 THRU DET BASIN 161; U b  = 100'; L = 200' * 
**~*****~***** 

100-FOOT VIER USED FOR HIGH FLOWS AND 1-36" CMP 

293 KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

294 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVR I C .OO I N I T I A L  CONDITION 

X .OO WORKING R AND D COEFFICIENT 

295 SV STORAGE .O 1 .O 2.3 3.8 

296 SE ELEVATION 100.00 102.00 104.00 106.00 

297 SL L W - L E V E L  OUTLET 
ELEVL 102.00 ELEVATION AT CENTER OF OUTLET 
CAREA 7.10 CROSS-SECTIONAL AREA 

C W L  .37 COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

298 SS SPILLWAY 
CREL 105.90 SPILLWAY CREST ELEVATION 

SPUlD 100.00 SPILLWAY UIDTH 
COaU 2.60 WEIR COEFFICIENT 
EXPU 1.50 EXPONENT OF HEAD 

COMPUTED OUTFLOW-ELEVATION DATA 

OUTFLOW .00 .OO 25.10 26.61 28.31 30.24 32.46 35.03 38.03 41.61 
ELEVATION 100.00 102.00 103.42 103.59 103.81 104.06 104.37 104.76 105.26 105.90 

O U T F L W  41.64 41.74 41.96 42.34 42.92 43.74 44.86 46.30 48.12 50.36 
ELEVATION 105.90 105.91 105.91 105.92 105.93 105.94 105.95 105.97 105.98 106.00 

COEIWTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .00 1.03 1.92 2.03 2.16 2.28 2.32 2.55 2.84 3.21 
O U T F L W  .OO .OO 25.10 26.61 28.31 29.80 30.24 32.46 35.03 38.03 

ELEVATION 100.00 102.00 103.42 103.59 103.81 104.00 104.06 104.37 104.76 105.26 

STORAGE 3.68 3.68 3.70 3.70 3.71 3.72 3.74 3.75 
OUTFLOU 41.61 41.96 42.92 43.74 44.86 46.30 48.12 50.36 - ~ .- 

ELEVATION 105.90 105.91 105.93 105.94 105.95 105.97 105.98 106.00 

HYDROGRAPH AT STATION DETl6l 

* 
DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLW STORAGE STAGE DA MON HRMN ORD OUTFLOW STORAGE STAGE 



PEAK FLW TIME 

+ (CFS) (HR) 

+ 39. 1.58 

PEAK STORAGE TIME 

0. .1 100.2 * 1 0610 75 0. 1 .O 
0. .1 100.2 * 1 0615 76 0. 1 .O 
0. . 2  100.3* 1 0620 77 0. 1 .O 
0. .2 100.5 1 0625 78 0. 1 .O 
0. .3 100.7* 1 0630 79 0. 1.0 
0. .5 100.9 1 0635 80 0. 1 .O 
0. .7 101.4 * 1 0640 81 -0. 1.0 
8. 1.3 102.4* 1 0645 82 0. 1 .O 

26. 2.0 103.5* 1 0650 83 0. 1 .O 
32. 2.5 104.4 * 1 0655 84 0. ' 1.0 
36. 3.0 104.9 1 0700 85 0. 1 .O 
38. 3.2 105.2 1 0705 86 0. 1 .O 
39. 3.3 105.4 * 1 0710 87 0. 1 .O 
38. 3.3 105.3 1 0715 88 0. 1.0 
38. 3.2 105.2 1 o n o  89 0. 1 .o 
37. 3.0 105.0 1 0725 90 0. 1 .O 
35. 2.9 104.8 1 0730 91 0. 1 .O 
34. 2.7 104.6 1 0735 92 0. 1 .O 
32. 2.5 104.3 1 0740 93 0. 1 .O 
30. 2.3 104.1 1 0745 94 0. 1 .O 
28. 2.2 103.8 1 0750 95 0. 1 .O 
26. 2.0 103.5 1 0755 96 0. 1 .O 
23. 1.8 103.3 1 0800 97 0. 1 .O 
19. 1.7 103.1* 1 0805 98 0. 1 .O 
15. 1.6 102.9 1 0810 99 0. 1.0 
13. 1.5 102.7 1 0815 100 0. 1.0 
11. 1.4 102.6 1 0820 101 0. 1 .O 
9. 1.3 102.5* 1 0825102 0. 1 .O 
7. 1.3 102.4 1 0830 103 0. 1 .O 
6. 1.2 102.3 1 0835 104 0. 1 .O 
5. 1.2 102.3 1 0840 105 0. 1 .O 
4. 1.2 102.2 1 0845 106 0. 1 .O 
3. 1.1 102.2 1 0850 107 0. 1 .O 
3. 1.1 102.2* 1 0855108 0. 1 .O 
2. 1.1 102.1 1 0900 109 0. 1 .O 
2. 1.1 102.1* 1 0905110 0. 1 .O 
1. 1.1 102.1 1 0910 111 0. 1 .O 
1. 1.1 102.1 1 0915 112 0. 1 .O 
1. 1.1 102.1. 1 0920113 0. 1 .O 
1. 1.1 102.0* 1 0925114 0. 1 .O 
1. 1.1 102.0 1 0930 115 0. 1 .O 
1. 1.0 102.0 1 0935 116 0. 1 .O 
0. 1.0 102.0. 1 0940117 0. 1.0 
0. 1.0 102.0 1 0945 118 0. 1 .O 
0. 1.0 102.0 1 0950 119 0. 1 .O 
0. 1.0 102.0' 1 0955120 0. 1 .O 
0. 1.0 102.0 1 1000 121 0. 1.0 
0. 1.0 102.0 1 1005 122 0. 1 .O 
0. 1.0 102.0 1 1010 123 0. 1.0 
0. 1.0 102.0 1 1015 124 0. 1 .O 
0. 1.0 102.0 1 1020 125 0. 1 .O 
0. 1.0 102.0 1 1025 126 0. 1.0 
0. 1.0 102.0 1 1030 127 0. 1 .O 
0. 1.0 102.0 * 1 1035 128 0. 1 .O 
0. 1.0 102.0 1 1040 129 0. 1.0 
0. 1.0 102.0 * 1 1045 130 0. 1 .O 
0. 1.0 102.0 1 1050 131 0. 1 .O 
0. 1.0 102.0 1 1055 132 0. 1 .O 
0. 1.0 102.0 1 1100 133 0. 1 .O 
0. 1.0 102.0 1 1105 134 0. 1 .O * 

f*********************************************************** 

M A X I M  AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

(CFS) 
8. 3. 3. 3. 

(INCHES) 1.398 1 3 9 8  1.398 1.398 
(AC-FT) 4. 4. 4. 4. 

MAXIMUM AVERAGE STORAGE 
6-HR 26-HR 72-HR 16.58-HR 

PEAK STAGE .TIME 

+ (FEET) (HR) 
105.35 1.58 

MAXIMUM AVERAGE STAGE 
6-HR 26-HR 72-HR 16.58-HR 



CUMULATIVE AREA = .06 SQ M I  

299 KK * SUM167 COMBINE HG FROM RCH167 8 DET161 

************** 

300 HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM167 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 83. 1.92 32. 12. 12. 12. 
( INCHES) 1.229 1.281 1.281 1.281 

(AC-FT) 16. 17. 17. 17. 

CUMULATIVE AREA = .24 SQ M I  

301 KK RCHl8l ROUTE HG SUM147 THRU REACH 181, 50-FOOT CHANNEL * * 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

lTYP FLOW TYPE OF INITIAL CONDITION 
RSVRI C -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 1460. REACH LENGTH 
SEL .0050 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL -- - - - - -  + - - -  RIGHT OVERBANK -- -  
ELEVATION 100.00 99.00 99.00 96.00 96.00 99.00 99.00 100.00 
DISTANCE 500.00 508.00 508.00 520.00 530.00 542.00 542.00 550.00 

COMPUTED STORAGE-WTFLOU-ELEVATION DATA 

STORAGE .OO .08 .16 .27 .38 .50 .64 .79 .94 1.12 
OUTFLOU .OO 3.23 10.59 21.57 36.12 54.36 76.42 102.46 132.65 167.18 

ELEVATION 96.00 96.21 96.42 96.63 96.84 97.05 97.26 97.47 97.68 97.89 

STORAGE 1.30 1 .50 1.70 1.92 2.15 2.40 2.67 2.96 3.28 3.62 
OUIFLOU 206.23 249.96 298.57 352.23 411.11 486.19 571.23 663.30 762.89 870.42 

ELEVATION 98.11 98.32 98.53 98.74 98.95 99.16 99.37 99.58 99.79 100.00 



"* UARNING *** MOD1 F l E D  PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOUS BETWEEN 411. TO 870. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
T H I S  CAN BE CORRECTED BY DECREASING THE T IME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STAT ION RCH181 - 
PEAK FLOW 

+ (CFS) 

+ 83 .  

PEAK STORAGE 

+ (AC-FT) 

PEAK STAGE 

+ (FEET) 
9 7 . 3 2  

T IME 

(HR) 

2.00 

TIME 

T IME 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 
32. 12. 12. 

( INCHES) 1.224 1.281 1.281 
(AC- FT)  16. 17. 17. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

CUMULATIVE AREA = .24 SP M I  

************+* 
* * 

3 0 6  KK SUB170 * RUNOFF HG FROM SUB-BASIN 1 7 0  * 
************** 

SUBBASIN RUNOFF DATA 

3 0 7  BA SUBBASIN CHARACTERISTICS 
TAREA .05 SUBBASIN AREA 

PRECIPITATION DATA 

7 2  PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .01 .O1 .oo .O1 
.06  .09  .27 .14 .12 .04 
.O1 .oo .01 .01 

3 0 8  LG GREEN AND AMP1 LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I  F 3.40 UETTING FRONT SUCTICU 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

3 0 9  UC CLARK UNITGRAPH 
TC .25 T IME OF CONCENTRATIa  

R .26  STORAGE COEFFICIENT 

3 1 0  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARMETERS 
CLARK TC= .25 HR, R= .26 HR 

SNYDER TP= .19 HR, CP* .49  

U N I T  HYDROGRAPH 
18 END-OF-PERIOD ORDINATES 

24. 67. 82. 66. 48. 34. 25. 18. 13. 9. 
7. 5. 4. 3. 2. 1. 1. 1. 



HYDROCRAPH AT STATION SUB170 

PEAK F L W  TIME MAXIMUM AVERAGE FLOU _ 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 98. 1.33 10. 4. 4. 4. 
( INCHES) 1 .743  1.743 1.743 1.743 

(AC-FT)  5. 5. 5. 5. 

CUMULATIVE AREA = .05 SP M I  

* 
3 1 2 K K  * SUB175 RUNOFF HG FROM SUB-BASIN 175 

SUBBASIN RUNOFF DATA 

3 1 3  BA SUBBASIN CHARACTERISTICS 
TAREA .06  SUBBASIN AREA 

PRECIPITATION DATA 

7 2  PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .O1 .O1 .OO .O1 .03 .03 .04 .04  
.06 .09  .27 .14 .12 .04 .03 . 0 2  .01 .01  
.01 .oo .O1 .01 

3 1 4  LG GREEN AND AMPT LOSS RATE 
STRTL .23 STARTING LOSS 

DTH .30 MOISTURE D E F I C I T  
P S I F  2.60 UETTING FRONT SUCTION 

XKSAT 1.12 HYDRAULIC CONDUCTIVITY 
RTIMP 8 .20  PERCENT I H P E R V I W S  AREA 

CLARK UNITGRAPH 
TC .75 TIME OF CONCENTRATION 

R .89 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TlHE, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .75 HR, R 3  .89 HR 

SNYDER TP= .50 HR, CP= .37 

U N I T  HYDROGRAPH 
61 END-OF-PER100 ORDINATES 

1. 5. 13. 23. 29. 31. 30. 30. 28. 27. 
24. 22.  20. 18. 17. 15. 14. 13. 11. 10. 
9. 9. 8. 7. 7. 6. 5. 5. 4. 4. 

*** *** *** *** *** 

HYDROGRAPH AT STATION SUB175 

PEAK F L W  TIME WXIWH AVERAGE FLOU 



6-HR 24-HR 72-HR 16.58-HR 
t (CFS) (HR) 

(CFS) 
t 34. 1.58 8. 3. 3. 3. 

- (INCHES) 1.136 1.136 1.136 1.136 
(AC-FT) 4. 4. 4. 4. 

CUMULATIVE AREA = .06 SQ M I  

************** 

318KK * SUB180 RUNOFF HG FROM SUB-BASIN 180 * 
************** 

SUBBASIN RUNOFF DATA 

319 BA SUBBASIN CHARACTERISTICS 
TAREA .O1 SUBBASIN AREA 

PRECIPITATION DATA 

7 2  PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .01 .01 .OO .01 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .O1 
.01 .oo .01 .01 

320 LG GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

321 UC CLARK UNITGRAPH 
TC .27 TIME OF CONCENTRATION 

R .51 STORAGE COEFFICIENT 

322 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .27 HR, R= .51 HR 

SNYDER TP= .23 HR, CP= .35 

U N I T  HYDROGRAPH 
3 4  END-OF-PERIOD ORDINATES 

1. 4. 6. 5. 5. 4. 3. 3. 2. 
2. 1. 1. 1. 1. 1. 1. 1. 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 

HYDROGRAPH AT STATION SUB180 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.E 

P E A K F L W  TIME HAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) ( H R I  
(CFS) 

8. 1.33 1. 0. 0. 0. 
(INCHES) 1.743 1.743 1.743 1.743 

(AC-FT) 1. 1. 1. 1. 
-. 

CUMULATIVE AREA = .01 SP M I  



************** 

3 2 4 K K  * SUM181 COMBINE HG FROM RCH181, SUB170, SUB175 AND SUB180 * 
************** 

INFLOW INTO DETENTION BASIN 1 8 1  

3 2 6  HC HYDROGRAPH COMBINATION 
I COMP 4 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM181 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
( C F S I  

+ 151.  1.42 50. 19. 19. 19. 
(INCHES) 1.274 1.331 1.331 1.331 

(AC-FT) 25. 26. 26. 26. 

CUMULATIVE AREA = .36 SP M I  

3 2 7  KK * DET181 * ROUTE HG SUM181 THRU DET BASIN 181; Ub = 100'; L = 3 0 0 '  * * 
************** 

100-FOOT WIER USED FOR HIGH FLOWS AND 2 - 4 8 "  CMP 

3 2 9  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH R W T l N G  DATA 

3 3 0  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 
I TYP STOR TYPE OF I N I T I A L  CONDITION 

RSVR 1 C .OO I N I T I A L  CONDITION 
X .OO UORKING R AND D COEFFICIENT 

3 3 1  SV STORAGE .O. 1.5 3.4 5.6 

3 3 2  SE ELEVATION 100.00 102.00 104.00 106.00 

3 3 3  SL LOW-LEVEL W T L E T  
ELEVL 
CAREA 

C W L  
EXPL 

3 3 4  SS S P I  LLUAY 
CREL 

SPUlD 
C W U  
EXPW 

102.00 ELEVATION AT CENTER OF W T L E T  
25.10 CROSS-SECTIONAL AREA 

.37 COEFFICIENT 

.50 EXPONENT OF HEAD 

105.90  SPILLWAY CREST ELEVATION 
100.00 SPILLWAY WIDTH 

2.60 WEIR COEFFICIENT 
1.50 EXPONENT OF HEAD 

*** 

COMPUTED WTFLOU-ELEVATION DATA 

OUTFLOW .OO .OO 118.35 121.75 125.35 129.17 133.23 137.55 142.16 147.09 
ELEVATION 100.00 102.00 104.53 104.67  104.83 105.01 105.20 105.41 105.64 105.90 



OUTFLOW 147.31 147.56 147.96 148.52 149.29 150.29 151.55 153.10 154.96 157.19 
ELEVATION 105.91 105.91 105.92 105.92 105.93 105.94 105.96 105.97 105.98 106.00 

COHPUTEO STORAGE-WTFLW-ELEVATION DATA 

- 
STORAGE .00 1.54 3.42 4.00 4.16 4.34 4.53 4.74 4.97 5.23 
OUTFLOU .OO -00 105.33 118.35 121.75 125.35 129.17 133.23 137.55 142.16 

ELEVATION 100.00 102.00 104.00 104.53 104.67 104.83 105.01 105.20 105.41 105.64 

STORAGE 5.51 5.52 5.54 5.56 5.57 5.59 5.60 5.62 
WTFLOU 147.09 147.56 148.52 150.29 151.55 153.10 154.96 157.19 

ELEVATION 105.90 105.91 105.92 105.94 105.96 105.97 105.98 106.00 

HYDROGRAPH AT STATION OETl81 

OA MON HRMN OR0 OUTFLW STORAGE 

........................... 
* 

STAGE * DA MOM HRHN ORD * 
100.0* 1 0535 68 
100.0* 1 0540 69 
100.0 * 1 0545 70 
100.0 * 1 0550 71 
100.0 * 1 0555 n 
100.1 * 1 0600 73 
100.1* 1 0605 74 
100.1 * 1 0610 75 
100.1* 1 0615 76 
100.2' 1 0620 n 
100.3. 1 0625 78 
100.4* 1 0630 79 
100.5 * 1 0635 80 
100.8 * 1 0640 81 
101.4 * 1 0645 82 
102.2* 1 0650 83 
102.9' 1 0655 84 
103.6* 1 0700 85 
104.0* 1 0705 86 
104.2 * 1 0710 87 
104.4 * 1 0715 88 
104.6* 1 OR0 89 
104.7* 1 OR5 90 
104.7* 1 0730 91 
104.8* 1 0735 92 
104.8* 1 0740 93 
104.7. 1 0745 94 
104.6 * 1 0750 95 
104.5 * 1 0755 96 
104.4. 1 0800 97 
104.3 1 0805 98 
104.1 1 0810 99 
103.9 * 1 0815 100 
103.7 * 1 0820 101 
103.6 1 0825 102 
103.5 1 0830 103 
103.4 1 0835 104 
103.3 * 1 0840 105 
103.2* 1 0845106 
103.1* 1 0850107 
103.0* 1 0855108 
103.0 1 0900 109 
102.9 1 0905 110 
102.9 * 1 0910 111 
102.8 1 0915 112 
102.8 1 0920 113 
102.7 1 0925 114 
102.7 * 1 0930 115 
102.7 1 0935 116 
102.6* 1 0940117 
102.6* 1 0945118 
102.6 1 0950 119 
102.5* 1 0955120 
102.5 * 1 1000 121 
102.5 * 1 1005 122 
102.5 1 1010 123 
102.4 1 1015 124 
102.4 1 1020 125 

.................................... 
* 

STORAGE STAGE DA MON HRMN ORD * 
1.8 102.3 1 1110 135 
1.8 102.3 1 1115 136 
1.8 102.3 * 1 1120 137 
1.8 102.3 * 1 1125 138 
1.8 102.2 1 1130 139 
1.8 102.2 1 1135 140 
1.8 102.2 1 1140 141 
1.7 102.2 1 1145 142 
1.7 102.2 1 1150 143 
1.7 102.2 * 1 1155 144 
1.7 102.2 * 1 1200 145 
1.7 102.2 1 1205 146 
1.7 102.2 1 1210 147 
1.7 102.2 * 1 1215 148 
1.7 102.2 1 1220 149 
1.7 102.1 1 1225 150 
1.7 102.1 1 1230 151 
1.7 102.1 1 - 1235 152 
1.7 102.1 * 1 1240 153 
1.6 102.1 1 1245 154 
1.6 102.1 * 1 1250 155 
1.6 102.1 1 1255 156 
1.6 102.1* 1 1300157 
1.6 102.1 * 1 1305 158 
1.6 102.1 * 1 1310 159 
1.6 102.1 1 1315 160 
1.6 102.1 * 1. 1320 161 
1.6 102.1 1 1325 162 
1.6 102.1 * 1 1330 163 
1.6 102.1 * 1 1335 164 
1.6 102.1 1 1340 165 
1.6 102.1 1 1345 166 
1.6 102.1 1 1350 167 
1.6 102.1* 1 1355168 
1.6 102.1 1 1400 169 
1.6 102.1 1 1405 170 
1.6 102.1 1 1410 171 
1.6 102.1 * 1 1415 172 
1.6 102.0 * 1 1420 173 
1.6 102.0 1 1425 174 
1.6 102.0 1 1430 175 
1.6 102.0 1 1435 176 
1.6 102.0 * 1 1440 177 
1.6 102.0 1 1445 178 
1.6 102.0 * 1 1450 179 
1.6 102.0 * 1 1455 180 
1.6 102.0 * 1 1500 181 
1.6 102.0 1 1505 182 
1.6 102.0 * 1 1510 183 
1.6 102.0 1 1515 184 
1.6 102.0 1 1520 185 
1.6 102.0 1 1525 186 
1.6 102.0 * 1 1530 187 
1.6 102.0 * 1 1535 188 
1.6 102.0 * 1 1540 189 
1.6 102.0 1 1545 190 
1.6 102.0 1 1550 191 
1.6 102.0 * 1 1555 192 

********* 

WTFLOU 

1. 
1. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

STORAGE STAGE 



PEAK FLOW TIME MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 124. 2.00 47. 18. 18. 18. 
(INCHES) 1.208 1.252 1.252 1.252 
(AC-FT) 23. 24. 24. 24. 

PEAK STORAGE TlME 

+ (AC-FT) (HR) 
4. 2.00 

PEAK STAGE TIME 

+ (FEET) (HR) 
104.76 2.00 

MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

102.95 102.23 102.23 102.23 

CUMULATIVE AREA = .36 SQ MI 

************** 
* 

335 KK SUB190 * RUNOFF HG FROM SUB-BASIN 190 * * 
************** 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .06 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .01 .O1 .OO .01 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .O1 

GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE DEFICIT 
PSlF 3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RT I MP 37.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .27 TIME OF CONCENTRATION 
R .27 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
-0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .27 HR, R= .27 HR 
SNYDER TP= .21 HR, CP= .51 

UNIT HYDROGRAPH 



1 9  END-OF-PERIOD ORDINATES 
20. 64. 83. 70. 52. 38 .  28. 21. 15. 

8. 6. 4. 3. 2. 2. 1. 1. 1. 

*** *** *** *** *** 
7 

1 HYDROGRAPH AT STATION SUB190 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ 102. 1.33 11. 4. 4. 4. 
(INCHES) 1.743 1.743 1.743 1 .743 

(AC-FT) 5. 5. 5. 5. 

CUMULATIVE AREA = .06 SQ M I  

************** 
* * 

3 4 1  KK * RCH207 * ROUTE HG SUB190 THRU REACH 2 0 7  (UEST): 68' STREET * * 

HYDROGRAPH ROUTING DATA 

3 4 2  RK KINEMATIC WAVE STREAM ROUTING 
L 2440. CHANNEL LENGTH 
S .0030 SLOPE 
N .015 CHANNEL ROUGHNESS COEFFICIENT 

C A .OO CONTRIBUTING AREA 
SHAPE DEEP CHANNEL SHAPE 

UD 68.00 BOTTOM WIDTH OR DIAMETER 
Z .OO S I D E  SLOPE 

NDXMIN 2 MINIMUM NUMBER OF DX INTERVALS 

*** 
COMPUTED KINEMATIC PARAMETERS 

VARIABLE TIME STEP 
(DT SHOWN I S  A MINIMUM) 

ELEMENT ALPHA M DT DX PEAK TIME TO VOLUME MAXIMUM 
PEAK CELERITY 

( M I N I  (FT) (CFS) (MIN) ( I N )  (FPS) 

MAIN 2.63 1.33 1.62 813.33 100.92 82.74 1.75 8.74 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .5207E+01 EXCESS= .0000E+00 OUTFLOW= .5218E+01 BASIN STORAGE= .2098E-06 PERCENT ERROR= -.Z 

MAIN 2.63 1.33 5.00 98.82 80.00 1.74 

HYDROGRAPH AT STATION RCH207 

PEAK FLOW TIME MAXIHUH AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 99. 1.33 10. 4. 4. 4. 
(INCHES) 1.742 1.742 1.742 1.742 

(AC-FT) 5. 5. 5. 5. 

CUMULATIVE AREA = .06 SQ M I  



343 KK SUBZOO RUNOFF HG FROM SUB-BASIN 200 

SUBBASIN RUNOFF DATA 

,344 BA SUBBASIN CHARACTERISTICS 
TAREA .05 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 PI INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .O1 .01 .OO .01 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .01 
.O1 .oo .O1 .O1 

345 LG GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 
DTH .28 MOISTURE DEFICIT 
PSlF 3.40 WETTING FRONT SUCTION 
XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

346 UC CLARK UNITGRAPH 
TC .30 TIME OF CONCENTRATION 
R .34 STORAGE COEFFICIENT 

347 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .30 HR, R= .34 HR 
SNYDER TPt .23 HR, CP= .46 

UNIT HYDROGRAPH 
24 END-OF-PER100 ORDINATES 

11. 43. 62. 57. 47. 36. 28. 22. 17. 14. 
11. 8. 7. 5. 4. 3. 2. 2. 1. 1. 
1. 1. 1. 0. 

HYDROGRAPH AT STATION SUB200 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW TIME MAXIMUN AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 80. 1.33 9. 3. 3. 3. 
(INCHES) 1.744 1.744 1.744 1.744 
(AC-FT) 5. 5. 5. 5. 

CUMULATIVE AREA = .05 SQ MI 

349 KK * SUM207 COMBINE HG FROn OET181, RCH207 (WEST) AND SUBZOO * * - .  ************** 

350 HC HYDROGRAPH COMBINATION 



I COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

I HYDROGRAPH AT STATION SUM207 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 254. 1.42 66. 25. 25. 25. 
(INCHES) 1.312 1.362 1.362 1.362 

(AC-FT) 33.  34. 34.  34. 

CUMULATIVE AREA = .47 SQ M I  

************** 
* * 

3 5 1  KK * SUB210 RUNOFF HG FROM SUB-BASIN 2 1 0  * * 
************** 

SUBBASIN RUNOFF DATA 

3 5 2  BA SUBBASIN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIP lTATION PATTERN 
.D l  . 0 1  .01 .01 .OO .01 .03 .03 .D4 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .O1 
.01  .oo .O1 . D l  

3 5 3  LC GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28  MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTlMP 37.00 PERCENT IMPERVl W S  AREA 

3 5 4  UC CLARK UNITGRAPH 
TC .17 TIME OF CONCENTRATION 

R .14 STORAGE COEFFICIENT 

355 UA ACCUMULATED-AREA VS. TlME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .I7 HR, R= .14 HR 

SNYDER TP= .13 HR, CP= .54 

U N I T  HYDROGRAPH 
10 END-OF-PER100 ORDINATES 

34 .  62. 44. 24.  13. 7. 4. 2. 1. 

HYDROGRAPH AT STATION SUB210 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW T I M E  M A X I M  AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) [HR) 
(CFS) 

+ 62. 1.25 5. 2. 2. 2. 



(INCHES) 1.744 1.744 1.744 1.744 
(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .03 SP M I  

3 5 7  KK RCH227 * ROUTE HG SUB210 THRU REACH 227; 10' W N l T E  CHANNEL * 
************** 

HYDROGRAPH ROUTING DATA 

3 5 8  RK KINEMATIC WAVE STREAM ROUTING 
L 560. CHANNEL LENGTH 
S .0020 SLOPE 
N .016 CHANNEL ROUGHNESS COEFFICIENT 

C A .OO CONTRIBUTING AREA 
SHAPE TRAP CHANNEL SHAPE 

UD 10.00 BOTTOM WIDTH OR DIAMETER 
2 .50 S I D E  SLOPE 

NDXMIN 2 MINIHUt4 NUMBER OF DX INTERVALS 

*** 
COMPUTED KINEMATIC PARAMETERS 

VARIABLE TIME STEP 
(01 SHOWN I S  A MINIMUM) 

ELEMENT ALPHA M DT DX PEAK TIME TO VOLUME MAXIMUM 
PEAK CELERITY 

( M I N I  (FT) (CFS) ( M I N I  ( I N 1  (FPS) 

MAIN 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .2325E+01 EXCESS= .0000E+00 OUTFLOU= .2329E+01 BASIN STORAGE= .4183E-06 PERCENT ERROR. -.2 

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL 

MAIN 1.11 1.49 5.00 61.51 75.00 1.75 

*** *** *** *** *** 

HYDROGRAPH AT STATION RCH227 

PEAK FLOW TIME 

+ (CFS) ( H R I  

WIW AVERAGE FLOW 
6- HR 24-HR 72-HR 16.58-HR 

. . . . 

(CFS) 
+ 62. 1.25 5. 2. 2. 2. 

( INCHES) 1.752 1.752 1.752 1.752 

CUMULATIVE AREA = .03 SQ M I  

3 5 9  KK SUB220 * RUNOFF HG FROM SUB-BASIN 2 2 0  * 

SUBBASIN RUNOFF DATA 

3 6 0  BA SUBBASIN CHARACTERISTICS 
TAREA .05 SUBBASIN AREA 



PRECIPITATION DATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

?3 PI INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .01 .01 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .I2 .04 .03 .02 .O1 .01 
.01 .DO .O1 .01 

361 LC GREEN AND AMP1 LOSS RATE 
STRTL .15 STARTING LOSS 
DTH .28 MOISTURE DEFICIT 
PSIF 3.40 WETTING FRONT SUCTION 
XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

362 UC CLARK UNITGRAPH 
TC .33 TIME OF CONCENTRATION 
R .44 STORAGE COEFFICIENT 

363 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .33 HR, R= .44 HR 
SNYDER TP= .24 HR, CP= .38 

UNIT HYDROGRAPH 
30 END-OF-PER100 ORDINATES 

7. 30. 46. 45. 40. 33. 27. 22. 18. 
13. 10. 9. 7. 6. 5. 4. 3. 3. 
2. 2. 1. 1. 1. 1. 1. 0. 0. 

HYDROGRAPH AT STATION SUB220 

PEAK FLW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 63. 1.33 9. 3. 3. 3. 
(INCHES) 1.744 1.744 1.744 1.744 
(AC-FT) 4. 4. 4. 4. 

CUMULATIVE AREA = .05 SP MI 

************** 
* 

365 KK * SUB225 RUNOFF HG FROll SUB-BASIN 225 * * 
************** 

SUBBASIN RUNOFF DATA 

366 BA SUBBASIN CHARACTERISTICS 
TAREA .O1 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 PI INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .01 .01 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 ' .03 .02 .O1 .O1 
.01 .oo .O1 -01 

367 LC GREEN AND AMP1 LOSS RATE 
STRTL .15 STARTING LOSS 



DTH . 2 8  MOISTURE D E F I C I T  
P S I F  3 .40  WETTING FRONT SUCTION 

XKSAT .80  HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT I M P E R V I W S  AREA 

3 6 8  UC CLARK UNITGRAPH 
TC .15 TIME OF CONCENTRATION 

R .I6 STORAGE COEFFICIENT 

3 6 9  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
- 0  5.0 16.0 30.0 65 .0  77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .15 HR, R= .16 HR 

SNYDER TP= .12 HR, CP= .52  

U N I T  HYDROGRAPH 
11 END-OF-PERIOD ORDINATES 

18. 33. 24 .  14. 8. 5. 3. 2. 1. 
0. 

HYDROGRAPH AT STATION SUB225 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
t C F S 1  . - 

+ 34 .  1.25 3. 1. 1. 1. 
(INCHES) 1.744 1.744 1 .744 1.744 

(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA = .O1 SQ M I  

************** 
* 

3 7 1  KK SUM227 C W B I N E  HG FRCU RCH227, SUB220 8 SUB225 * 
******it******* 

3 7 2  HC HYDROGRAPH COMBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO C W B I N E  

HYDROGRAPH AT S T A T I M  SLIM227 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 150. 1.25 16. 6. 6. 6. 
(INCHES) 1.746 1.746 1.746 1 .746  

(AC-FT) 8. 8. 8. 8. 

CUMULATIVE AREA = .09 SQ M I  

. . 
***a********** 

* 
3 7 3  KK * SUB230 * RUNOFF HG FRCH SUB-BASIN 2 3 0  



SUBBASIN RUNOFF DATA 

-- 374 BA SUBBASIN CHARACTERISTICS 
I TAREA .04 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .01 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .01 
.01 .oo .O1 .01 

375 LG GREEN AND AMPT LOSS RATE 
STRTL .22 STARTING LOSS 

DTH .30 MOISTURE D E F I C I T  
P S I F  2.50 VETTING FRONT SUCTION 

XKSAT 1.16 HYDRAULIC CONDUCTIVITY 
RTIMP 16.00 PERCENT IMPERVIOUS AREA 

376 UC CLARK UNITGRAPH 
TC .45 TIME OF CONCENTRATION 

R .32 STORAGE COEFFICIENT 

377 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N l T  HYDROGRAPH PARAMETERS 
CLARK TC= .45 HR, R= .32 HR 

SNYDER TP= .27 HR, CP= .50 

U N l T  HYDROGRAPH 
23 END-OF-PER100 ORDINATES 

5. 24. 43. 47. 42. 35. 28. 22. 17. 
10. 7. 6. 4. 3. 3. 2. 2. 1. 
1. 1. 0. 

HYDROGRAPH AT STATION SUB230 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1 .So, TOTAL EXCESS = 1.27 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 50. 1.42 6. 2. 2. 2. 
(INCHES) 1.267 1.267 1.267 1.267 

(AC-FT) 3. 3. 3. 3. 

CUMULATIVE AREA = .04 SP M I  

************** 
* 

379 KK * SUM231 * COMBINE HG FROM SUM207, SIN227 & SUB230 * * 
************** 

INFLOW INTO DETENTION BASIN 231 

381 HC HYDROGRAPH COMBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 



HYDROGRAPH AT STATION SUM231 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 421. 1.42 88. 33. 33. 33. 
(INCHES) 1.366 1.411 1.411 1.411 

(AC-FT) 43. 45. 45. 45. 

CUMULATIVE AREA = .60 sa MI 

************** 
* 

382 KK * DET231 * R W T E  HG SUM231 THRU DET BASIN 231; Vb = 250'; L = 800' * * 
************** 

100-FOOT WIER USED FOR HIGH FLOWS AND 7-48" CMP 

384 KO W T P U T  CONTROL VARIABLES 
I PRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH R W T I N G  DATA 

385 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVRI C .OO I N I T I A L  CONDITION 

X .OO W R K I N G  R AND D COEFFICIENT 

STORAGE .O 9.6 20.1 31.5 

ELEVATION 100.00 102.00 104.00 106.00 

L W - L E V E L  W T L E T  
ELEVL 102.00 ELEVATION AT CENTER OF W T L E T  
CAREA 12.60 CROSS-SECTIONAL AREA 

COaL .37 COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

SPILLWAY 
CREL 105.90 SPILLWAY CREST ELEVATION 

SPWID 100.00 SPILLWAY UIDTH 
COaU 2.60 U E I R  COEFFICIENT 
EXPU 1.50 EXPONENT OF HEAD 

COMPUTED WTFLOU-ELEVATION DATA 

W T F L W  .OO .OO 50.82 53.19 55.79 58.66 61.83 65.38 69.35 73.84 
ELEVATION 100.00 102.00 103.85 104.02 104.23 104.46 104.74 105.06 105.44 105.90 

W T F L W  73.90 74.05 74.32 74.76 75.39 76.28 77.44 78.92 80.76 83.00 
ELEVATION 105.90 105.91 105.91 105.92 105.93 105.94 105.95 105.97 105.98 106.00 

COMPUTED STORAGE-WTFLW-ELEVATION DATA 

STORAGE .OO 9.62 19.33 20.13 20.26 21.42 22.76 24.32 26.15 28.33 
W T F L W  .OO .OO 50.82 52.88 53.19 55.79 58.66 61.83 65.38 69.35 

ELEVATION 100.00 102.00 103.85 104.00 104.02 104.23 104.46 104.74 105.06 105.44 

STORAGE 30.95 31.02 31.12 31.18 31.25 31.33 31.42 31.52 
W T F L W  73.84 74.32 75.39 76.28 77.44 78.92 80.76 83.00 

ELEVATION 105.90 105.91 105.93 105.94 105.95 105.97 105.98 106.00 

HYDROGRAPH AT STATION DET231 

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



DA MON HRMN OR0 

* * 
OUTFLW STORAGE STAGE * OA MON HRMN ORD WTFLOU STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE 

* * 
0. .O 100.0' 1 0535 68 56. 21.6 104.3 * 1 1110 135 8. 11.1 
0. .O 100.0* 1 0540 69 56. 21.3 104.2 * 1 1115 136 8. 11.1 
0. .O 100.0* 1 0545 70 55. 21.0 104.2 * 1 1120 137 7. 11.0 
0. .O 100.0 1 0550 71 54. 20.8 104.1 1 1125 138 7. 11.0 
0. .1 100.Of 1 0555 72 54. 20.5 104.1 1 1130 139 7. 11.0 
0. .1 100.0 * 1 0600 73 53. 20.2 104.0* 1 1135140 7. 10.9 
0. .1 100.0 * 1 0605 74 52. 19.9 104.0 * 1 1140 141 7. 10.9 
0. .2 100.0 1 0610 75 52. 19.6 103.9 * 1 1145 142 6. 10.8 
0. .3 100.1 1 0615 76 51. 19.4 103.9 * 1 1150 143 6. 10.8 
0. .4 100.1* 1 0620 77 50. 19.1 103.8 * 1 1155 144 6. 10.7 
0. .6 100.1* 1 0625 78 48. 18.8 103.8 1 1200 145 6. 10.7 
0. .8 100.2 1 0630 79 47. 18.6 103.7 * 1 1205 146 6. 10.7 
0. 1.1 100.2* 1 0635 80 45. 18.3 103.7 * 1 1210 147 5. 10.6 
0. 1.7 100.4 * 1 0640 81 44. 18.1 103.6 1 1215 148 5. 10.6 
0. 2.9 100.6 * 1 0645 82 43. 17.8 103.6 * 1 1220 149 5. 10.6 
0. 5.0 101.0 * 1 0650 83 42. 17.6 103.5 * 1 1225 150 5. 10.5 
0. 7.6 101.6 * 1 0655 84 40. 17.4 103.5 1 1230 151 5. 10.5 
5. 10.5 102.2 * 1 0700 85 39. 17.1 103.4* 1 1235152 4. 10.5 

19. 13.2 102.7 1 0705 86 38. 16.9 103.4 * 1 1240 153 4. 10.4 
31. 15.5 103.1 1 0710 87 37. 16.7 103.3 * 1 1245 154 4. 10.4 
41. 17.5 103.5 1 0715 88 36. 16.5 103.3 * 1 1250 155 4. 10.4 
50. 19.1 103.8 1 0720 89 35. 16.3 103.3 * 1 1255 156 4. 10.4 
54. 20.5 104.1* 1 0725 90 34. 16.1 103.2 1 1300 157 4. 10.3 
56. 21.6 104.3 * 1 0730 91 33. 15.9 103.2 1 1305 158 4. 10.3 
58. 22.6 104.4 * 1 0735 92 32. 15.7 103.2 * 1 1310 159 4. 10.3 
60. 23.5 104.6' 1 0740 93 31. 15.5 103.1 1 1315 160 3. 10.3 
62. 24.3 104.7* 1 0745 94 30. 15.3 103.1 1 1320 161 3. 10.2 
63. 25.0 104.9 1 0750 95 29. 15.1 103.1* 1 1325162 3. 10.2 
64. 25.6 105.0 1 0755 96 28. 15.0 103.0 1 1330 163 3. 10.2 
65. 26.2 105.1* 1 0800 97 27. 14.8 103.0 * 1 1335 164 3. 10.2 
66. 26.6 1 0 5 . 1 * 1  0805 98 26. 14.7 103.0 1 1340 165 3. 10.2 
67. 27.1 105.2 * 1 0810 99 26. 14.5 102.9 1 1345 166 3. 10.1 
68. 27.4 105.3 * 1 0815 100 25. 14.3 102.9 1 1350 167 3. 10.1 
68. 27.7 105.3* 1 0820101 24. 14.2 102.9 * 1 1355 168 3. 10.1 
68. 27.9 105.4* 1 0825102 23. 14.1 102.8 1 1400 169 2. 10.1 
69. 28.0 105.4* 1 0830103 23. 13.9 102.8 * 1 1405 170 2. 10.1 
69. 28.1 105.4 1 0835 104 22. 13.8 102.8 * 1 1410 171 2. 10.1 
69. 28.1 105.4 1 0840 105 21. 13.7 102.8 1 1415 172 2. 10.0 
69. 28.1 105.4. 1 0845106 20. 13.5 102.7 * 1 1420 173 2. 10.0 
69. 28.0 105.4 1 0850 107 20. 13.4 102.7 * 1 1425 174 2. 10.0 
69. 27.9 105.4 1 0855 108 19. 13.3 102.7 1 1430 175 2. 10.0 
68. 27.8 105.4* 1 0900109 19. 13.2 102.7 * 1 1435 176 2. 10.0 
68. 27.7 105.3 * 1 0905 110 18. 13.1 102.7 * 1 1440 177 2. 10.0 
68. 27.6 105.3 1 0910 111 17. 13.0 102.6 1 1445 178 2. 10.0 
68. 27.4 105.3 * 1 0915 112 17. 12.9 102.6 * 1 1450 179 2. 10.0 
67. 27.2 105.2 1 0920 113 16. 12.8 102.6 * 1 1455 180 2. 9.9 
67. 27.1 105.2* 1 0925114 16. 12.7 102.6 1 1500 181 2. 9.9 
67. 26.9 105.2 * 1 0930 115 15. 12.6 102.6 1 1505 182 2. 9.9 
66. 26.6 105.1 * 1 0935 116 15. 12.5 102.5 * 1 1510 183 2. 9.9 
66. 26.4 105.1 1 0940 117 14. 12.4 102.5 1 1515 184 1. 9.9 
65. 26.2 105.1 1 0945 118 14. 12.3 102.5 * 1 1520 185 1. 9.9 
65. 26.0 105.0 1 0950 119 14. 12.2 102.5 * 1 1525 186 1. 9.9. 
65. 25.7 105.0* 1 0955120 13. 12.1 102.5 1 1530 187 1. 9.9 
64. 25.5 104.9 1 1000 121 13. 12.0 102.5 * 1 1535 188 1. 9.9 
64. 25.2 104.9 * 1 1005 122 12. 12.0 102.4 * 1 1540 189 1. 9.9 
63. 24.9 104.8 1 1010 123 12. 11.9 102.4 1 1545 190 1. 9.8 
63. 24.7 104.8 1 1015 124 11. 11.8 102.4 1 1550 191 1. 9.8 
62. 24.4 104.7 1 1020 125 11. 11.7 102.4 1 1555 192 1. 9.8 
61. 24.1 104.7 1 1025 126 11. 11.7 102.4 1 1600 193 1. 9.8 
61. 23.9 104.7 1 1030 127 10. 11.6 102.4 * 1 1605 194 1. 9.8 
60. 23.6 104.6 1 1035 128 10. 11.5 102.4 1 1610 195 1. 9.8 
60. 23.3 104.6 1 1040 129 10. 11.5 102.4 * 1 1615 196 1. 9.8 
59. 23.0 104.5 * 1 1045 130 9. 11.4 102.3. 1 1620197 1. 9.8 
59. 22.7 104.5 1 1050 131 9. 11.4 102.3 1 1625 198 1. 9.8 
58. 22.5 104.4 1 1055 132 9. 11.3 102.3 1 1630 199 1. 9.8 
57. 22.2 104.4 * 1 1100 133 9. 11.2 102.3 1 1635 200 1. 9.8 
57. 21.9 104.3* 1 1105134 8. 11.2 102.3 * 

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

STAGE 

102.3 

PEAKFLW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

(CFS) (HR) 
(CFS) 

+ 69. 3: 08 57. 26. 26. 26. 
( INCHES) .a88 1.103 1.103 1.103 
(AC-FT) 28. 35. 35. 35. 



PEAK STORAGE TIME 

+ (AC-FT)  ( H R )  
28. 3.08 

PEAK STAGE TIME 

+ (FEET) (HR) 
105.39 3.08 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6- HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .60 SP M I  

************** 
* 

390 KK SUM241 COMBINE HG FROM RCH241 (WEST), DET231 & SUB76 * 
************** 

391 HC HYDROGRAPH COMBINATION 
1 COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM241 

PEAK FLOW TIME MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 1285. 2.00 290. 111. 111. 111. 
(INCHES) 1.320 1.398 1.398 1.398 
(AC-FT) 144. 152. 152. 152. 

CUMULATIVE AREA = 2.05 SP M I  

************** 

392 KK * RCH267 * ROUTE HG SUM241 THRU REACH 267 * * 

HYDROGRAPH ROUTING DATA 

393 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLOW TYPE OF INITIAL CONDITION 
RSVRIC -1.00 INITlAL CONDITION 

X .00 MRKING R AND D COEFFICIENT 

394 RC NORMAL DEPTH CHANNEL 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 700. REACH LENGTH 
SEL .0060 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLOU CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL ------- + - - -  RIGHT OVERBANK - - -  
396 RY ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 
395 RX DISTANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 

*** 

COMPUTED STORAGE-OUTFLW-ELEVATION DATA 



STORAGE .00 .05 .lo .17 .24 .32 .41 .51 .62 .74 
OUTFLOW .OO 5.17 17.13 35.21 59.55 90.43 128.20 173.23 225.92 286.64 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 - STORAGE .87 1 .oo 1.26 1.59 1.94 2.30 2.68 3.07 3.47 3.89 
OUTFLOW 355.77 433.69 539.99 687.35 862.02 1061.76 1285.54 1532.79 1803.21 2096.67 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETUEEN 35. TO 2097. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
T H I S  CAN BE CORRECTED BY DECREASING THE T IME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION RCH267 

PEAK FLOW TIME 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
3. 2.00 

PEAK STAGE TIME 

+ (FEET) (HR) 
99.20 2.00 

MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

(CFS) 
290. 

(INCHES) 1.320 
(AC-FT) 144. 

CUMULATIVE AREA = 

MAXIMUM AVERAGE STORAGE 
24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 16.58-HR 

************** 

397 KK * SUB250 * RUNOFF HG FROH SUB-BASIN 250 * 
************** 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .02 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 B A S I N  TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .O1 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .I2 .04 .03 .02 .01 .01 
.O1 .oo .O1 .01 

GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

400 UC CLARK UNITGRAPH 
TC .U TIME OF CONCENTRATION 

R .33 STORAGE COEFFICIENT 

,401 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

- -  100.0 



U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .23 HR, R= .33 HR 

SNYDER TP= .19 HR, CP= .41  

U N I T  HYDROGRAPH 
2 3  END-OF-PERIOD ORDINATES 

10. 26. 30. 25. 19. 15. 12. 9. 7. 
4. 3. 3. 2. 2. 1. 1. 1. 1. 
0. 0. 0. 

HYDROGRAPH AT STATION SUB250 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

P E A K F L O U  TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 38. 1.33 4. 2. 2. 2. 
(INCHES) 1.744 1 ,744  1.744 1.744 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .02  SP M I  

************** 
* * 

4 0 3  KK SUB260 * RUNOFF HG F R W  SUB-BASIN 260 * * 
************** 

SUBBASIN RUNOFF DATA 

4 0 4  BA SUBBASIN CHARACTERISTICS 
TAREA .01 SUBBASIN AREA 

PREC I P  1 TAT I O N  DATA 

7 2  PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .O1 .D l  .oo 
.06 .W .27 .14 .12 
.O1 .oo .01 .01 

4 0 5  LG GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28  MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37 .00  PERCENT IMPERVI W S  AREA 

4 0 6  UC CLARK UNITGRAPH 
TC .15 T I M E  OF CONCENTRATION 

R .20 STORAGE COEFFICIENT 

4 0 7  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .15 HR, R= .20 HR 

SNYDER TP= .13HR,  CP= .47 

U N I T  HYDROGRAPH 
1 4  END-OF-PERIW ORDINATES 

-14. 27.  21. 14. 9. 6. 4. 2. 2. 1. 
1. 0. 0. 0. 



HYDROGRAPH AT STATION SUB260 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

--OEAK FLW TIME MAXIMUM AVERAGE FLW 
I 6- HR 24-HR 72-HR 16.58-HR 

(CFS) (HR) 
(CFS) 

+ 29. 1.25 2. 1. 1. 1. 
(INCHES) 1.745 1.745 1.745 1.745 

(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA = .01 SQ M I  

************** 
* * 

409 KK SUM267 COMBINE HG FROM RCH267, SUB250 & SUB260 * 
************** 

410 HC HYOROCRAPH CWBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM267 

PEAK FLW TIME MAXIMUM AVERAGE FLW 
6-HR 24- HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

1285. 2.00 296. 114. 114. 114. 
(INCHES) 1.324 1.404 1.404 1.404 

(AC-FT) 147. 156. 156. 156. 

CUMULATIVE AREA = 2.08 SO MI 

411 KK RCH281 ROUTE HG SUM267 THRU REACH 281 * * 
************** 

HYDROGRAPH ROUTING DATA 

412 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLW TYPE OF INITIAL CONDITION 
RSVR l C -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFICIENT 

413 RC NORMAL DEPTH CHANNEL 
AN L .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 1180. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
415 RY ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 
414 RX D~STANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 



COMPUTED STORAGE-WTFLOU-ELEVATION DATA 

STORAGE .OO .08 .17 .28 .41 .54 .70 .87 1.05 1.25 
W T F L O U  .OO 4.22 13.98 28.75 48.62 73.83 104.67 141.44 184.46 234.04 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.04 97.11 97.37 

STORAGE 1.46 1.69 2.12 2.68 3.27 3.88 4.52 5.17 5.85 6.56 
OUTFLOW 290.48 354.11 440.90 561.22 703.83 866.93 1049.64 1251.52 1472.31 '1711.92 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

*** WARNING *** MODIFIED PULS R W T I N G  MAY BE NUMERICALLY UNSTABLE FOR W T F L W S  BETWEEN 1050. TO 1712. 
THE ROUTED HYDROGRAPH SHWLD BE EXAMINED FOR OSCILLATIONS OR W T F L W S  GREATER THAN PEAK I N F L W S .  
T H I S  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

*** *** *** *** *** 

HYDROGRAPH AT STATION RCH281 

P E A K F L W  TIME M A X I M  AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 1285. 2.08 296. 114. 114. 114. 
(INCHES) 1.323 1.403 1.403 1.403 

(AC-FT) 147. 156. 156. 156. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
5. 2.08 

PEAK STAGE TIME 

+ (FEET) (HR) 
99.51 2.08 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = 2.08 SQ M I  

************** 

416 KK * SUB270 RUNOFF HG F R W  SUB-BASIN 270 * 
************** 

SUBBASIN RUNOFF DATA 

417 BA SUBBASIN CHARACTERISTICS 
TAREA .02 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .O1 .01 .OO .01 .03 .03 .04 .04 
.06 .09 .27 .14 .I2 .04 .03 .02 .01 .O1 
.01 .oo .O1 .O1 

GREEN AND AMPT LOSS RATE 
STRTL .22 STARTING LOSS 

DTH .29 MOlSTURE D E F I C I T  
P S I F  2.65 WETTING FRONT SUCTION 

XKSAT 1.10 HYDRAULIC CONDUCTIVITY 
RTIMP 10.00 PERCENT IMPERVI W S  AREA 

CLARK UNITGRAPH 
TC .90 TIME OF CONCENTRATION 

R .95 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.o 5.0 16.0 30.0 65.0 n. o 84.0 90.0 94.0 97.0 

100.0 



U N I T  HYDROGRAPH PARAMETERS 
CLARK TC- .90 HR, R= .95 HR 

SNYDER TP= .58 HR, CP= .39 

U N I T  HYOROGRAPH 
66 END-OF-PERIOD OROINATES 

0. 1. 3. 6. 9. 10. 11. 10. 10 .  10.  
9. 9. 8. 7. 7. 6. 6. 5 .  5. 4.  
4.  4. 3. 3. 3. 3. 2. 2. 2. 2. 
2. 2. 1. 1. 1. 1. 1. 1. 1. 1. 
1. 1. 1. 1. 0. 0. 0. 0. 0.  0. 

HYDROGRAPH AT STATION SUB270 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.59, TOTAL EXCESS = 1.18 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) ( H R )  
(CFS) 

+ 12. 1.67 3. 1. 1. 1. 
(INCHES) 1.174 1.175 1.175 1.175 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .02  SQ M I  

************** 
* * 

- 
4 2 2  KK * SUB280 * RUNOFF HG FROM SUB-BASIN 2 8 0  * * 

SUBBASIN RUNOFF OATA 

4 2 3  BA SUBBASIN CHARACTERISTICS 
TAREA .02 SUBBASIN AREA 

PRECIPITATION OATA 

STORM 2.77 B A S I N  TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .O1 .01 .DO .01 .03  .03 .04 .04 
.06 .09  .27 .I4 .12 .04 .03 .02 .01  .01 
.O1 .oo .01 .O1 

GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I  F 3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

425 UC CLARK UNITGRAPH 
TC .18 TIME OF CONCENTRATION 

R .22  STORAGE COEFFICIENT 

4 2 6  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .18 HR, R= .22 HR 

SNYDER TP= .14HR,  CP= .43 



U N I T  HYDROGRAPH 
1 5  END-OF-PERIOD ORDINATES 

21. 43. 38. 27. 18. 12. 9. 6. 4.  
2. 1. 1. 1. 0. 

HYDROGRAPH AT STAT ION SUB280 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 50. 1.25 4. 2. 2. 2. 
(INCHES) 1.743 1.743 1.743 1.743 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .02  SQ M I  

* * 
4 2 8  KK * SUM281 COMBINE HG FROM RCH281, SUB270 & SUB280 * 

************** 
INFLOW INTO DETENTION BASIN 2 8 1  

4 3 0  HC HYDROGRAPH COMBINATION 
1 COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM281 

PEAK F L 2 J  TIME MAXIMUM AVERAGE FLOU 
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 1298. 2 .08  303. 116. 116. 116. 
(INCHES) 1.323 1.405 1.405 1.405 

( A C - F T I  150. 159. 159. 159.  

CUMULATIVE AREA = 2.13 SQ M I  

***a********** 

* 
4 3 1  KK * DET281 ROUTE HG SUM281 THRU DET BASIN 281; Wb = 100'; L = 800' * 

************** 
100-FOOT UIER USED FOR HIGH FLOUS AND 4 - 4 8 "  CMP 

4 3 3  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
. RSVRIC .OO I N I T I A L  CONDITION 

X .OO W R K I N G  R AND D COEFFICIENT 

4 3 5  SV STORAGE .O 4.1 9.1 15.0 



ELEVATION 100.00 102.00 104.00 106.00 

LOW-LEVEL WTLET 
ELEVL 102.00 ELEVATION AT CENTER OF OUTLET 
CAREA 50.30 CROSS-SECTIONAL AREA 
CWL .37 COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

SPILLWAY 
CREL 103.50 SPILLWAY CREST ELEVATION 

SPWIO 100.00 SPILLWAY WIDTH 
CWU 2.60 WEIR COEFFICIENT 
EXPW 1.50 EXPONENT OF HEAD 

COMPUTED WTFLOU-ELEVATION DATA 

WTFLOU .OO .OO 258.33 243.93 231.06 219.47 208.99 199.47 190.77 182.81 
ELEVATION 100.00 102.00 105.00 104.67 104.40 104.16 103.96 103.79 103.63 103.50 

OUTFLOW 195.10 216.64 254.22 312.10 394.56 505.88 650.36 832.34 1056.18 1326.26 
ELEVATlON 103.59 103.69 103.84 104.03 104.25 104.52 104.83 105.18 105.57 106.00 

COMPUTED STORAGE-OUTFLOU-ELEVATION DATA 

STORAGE .OO 4.11 9.11 12.04 12.58 13.72 14.99 
OUTFLOW .OO .OO 303.01 733.81 832.34 1056.18 1326.26 

ELEVATION 100.00 102.00 104.00 105.00 105.18 105.57 106.00 

HYDROGRAPH AT STATION DET281 

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

DA MON HRMN ORD WTFLOU STORAGE STAGE * DA MON HRMN OR0 WTFLOU STORAGE * 
1 0000 1 0. .O 100.0* 1 0535 68 66. 5.2 
1 0005 2 0. .O 100.0* 1 0540 69 64. 5.2 
1 0010 3 0. .O 100.0 1 0545 70 63. 5.2 
1 0015 4 0. .O 100.0* 1 0550 71 62. 5.1 
1 0020 5 0. .O 100.0* 1 0555 72 61. 5.1 
1 0025 6 0. .O 100.0* 1 0600 73 60. 5.1 
1 0030 7 0. .I 100.0 * 1 0605 74 58. 5.1 
1 0035 8 0. .1 100.0 1 0610 75 57. 5.1 
1 0040 9 0. .1 100.1 * 1 0615 76 56. 5.0 
1 0045 10 0. .1 100.1* 1 0620 77 55. 5.0 
1 0050 11 0. .2 100.1* 1 0625 78 54. 5.0 
1 0055 12 0. .3 100.1* 1 0630 79 53. 5.0 
1 0100 13 0. .4 100.2. 1 0635 80 52. 5.0 
1 0105 14 0. .7 100.3* 1 0640 81 50. 4.9 
1 0110 15 0. 1.3 100.6 1 0645 82 49. 4.9 
1 0115 16 0. 2.2 101.1 1 0650 83 48. 4.9 
1 0120 17 0. 3.6 101.8 1 0655 84 46. 4.9 
1 0125 18 76. 5.4 102.5. 1 0700 85 45. 4.8 
1 0130 19 175. 7.0 103.2 * 1 0705 86 43. 4.8 
1 0135 20 263. 8.5 103.7 * 1 0710 87 42. 4.8 
1 0140 21 383. 9.7 104.2 1 0715 88 41. 4.8 
1 0145 22 530. 10.7 104.5* 1 0720 89 40. 4.8 
1 0150 23 695. 11.8 104.9 1 0725 90 38. 4.7 
1 0155 24 926. 13.1 105.3 1 0730 91 37. 4.7 
1 0200 25 1140. 14.1 105.7* 1 0735 92 36. 4.7 
1 0205 26 1257. 14.7 105.9 * 1 0740 93 35. 4.7 
1 0210 27 1275. 14.7 105.9 1 0745 94 34. 4.7 
1 0215 28 1226. 14.5 105.8 1 0750 95 33. 4.7 
1 0220 29 1141. 14.1 105.7 * 1 0755 96 32. 4.6 
1 0225 30 1044. 13.7 105.5* 1 0800 97 31. 4.6 
1 0230 31 949. 13.2 105.4 1 0805 98 30. 4.6 
1 0235 32 856. 12.7 105.2 * 1 0810 99 29. 4.6 
1 0240 33 774. 12.3 105.1 1 0815 100 28. 4.6 

. I  0245 34 703. 11.8 104.9* 1 0820101 27. 4.6 
1 0250 35 638. 11.4 104.8 1 0825 102 27. 4.5 
1 0255 36 574. 11.0 104.6 * 1 0830 103 26. 4.5 
1 0300 37 511. 10.5 104.5 1 0835 104 25. 4.5 
1 0305 38' 449. 10.1 104.3. 1 0840105 24. 4.5 
1 0310 39 391. 9.7 104.2 1 0845 106 23. 4.5 
1 0315 40 341. 9.4 104.1 1 0850 107 23. 4.5 

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

STAGE DA MON HRMN ORD * 
102.4 1 1110 135 
102.4 1 1115 136 
102.4 * 1 1120 137 
102.4 * 1 1125 138 
102.4 1 1130 139 
102.4 * 1 1135 140 
102.4 * 1 1140 141 
102.4* 1 1145142 
102.4 1 1150 143 
102.4 1 1155 144 
102.4 * 1 1200 145 
102.3 1 1205 146 
102.3 1 1210 147 
102.3 1 1215 148 
102.3 1 1220 149 
102.3 1 1225 150 
102.3 1 1230 151 
102.3 1 1235 152 
102.3 * 1 1240 153 
102.3 * 1 1245 154 
102.3 * 1 1250 155 
102.3 * 1 1255 156 
102.3 * 1 1300 157 
102.2 1 1305 158 
102.2 1 1310 159 
102.2 1 1315 160 
102.2 1 1320 161 
102.2 1 1325 162 
102.2 * 1 1330 163 
102.2 1 1335 164 
102.2 1 1340 165 
102.2 1 1345 166 
102.2 1 1350 167 
102.2 * 1 1355 168 
102.2 * 1 1400 169 
102.2 1 1405 170 
102.2 1 1410 171 
102.2 1 1415 in 
102.2 * 1 1420 173 
102.1 1 1425 174 

WTFLOU STORAGE STAGE 



PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 1275. 2.17 296. 113. 113. 113. 
(INCHES) 1.294 1.368 1.368 1.368 

(AC-FT) 147. . 155. 155. 155. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
15. 2.17 

PEAK STAGE TIME 

+ (FEET) (HR) 
105.92 2.17 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

103.35 102.39 102.39 102.39 

CUMULATIVE AREA = 2.13 SQ M I  

************** 
* 

4 3 9  KK * RCH441 * ROUTE HG DET281 THRU REACH 441 WEST)  

HYDROGRAPH ROUTING DATA 

4 4 0  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 
I TYP F L W  TYPE OF I N I T I A L  CONDITION 

RSVR I C -1 .00  I N I T I A L  CONDITION 
X .OO WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL ,030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 580. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLOU CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK --- + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  



443 R Y  ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 
442 RX DISTANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 

*** 

I COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .oo .04 .08 -14 .20 .27 -34 .43 .52 .61 
OUTFLOW .00 4.22 13.98 28.75 48.62 73.83 104.67 141.44 184.46 234.04 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

ST ORAGE .R .83 1.04 1.32 1.61 1.91 2.22 2.54 2.88 3.22 
WTFLoW 290.48 354.11 440.90 561.22 703.83 866.93 1049.64 1251.52 1472.31 1711.92 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 29. TO 1712. 
THE RWTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION RCH441 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 1277. 2.17 296. 113. 113. 113. 
(INCHES) 1.294 1.368 1.368 1.368 

(AC-FT) 147. 155. 155. 155. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

+ ( A C - F T )  ( H R )  
3. 2.17 1. 0. 0. 0. 

PEAK STAGE T I M E  

I (FEET) (HR) 
99.50 2.17 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

97.13 95.99 95.99 95.99 

CUMULATIVE AREA = 2.13 SQ M I  

************** 
* * 

444 KK * SUB290 * RUNOFF HG FROH SUB-BASIN 290 * * 
***a********** 

*+******+*** BEGIN NEU BRANCH ************* 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .02 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .O1 .Dl .OO .Dl .03 .03 .04 .04 

GREEN AND AMPT LOSS RATE 
STRTL .22 STARTING LOSS 

DTH .29 MOISTURE DEFICIT 
PSIF 2.65 VETTING FRONT SUCTION 

XKSAT 1.10 HYDRAULIC CONDUCTIVITY 
-. RTIMP 10.00 PERCENT IMPERVlWS AREA 

CLARK UNITGRAPH 
TC .40 TIME OF CONCENTRATION 



R .44  STORAGE COEFFICIENT 

4 4 9  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16 .0  30.0 6 5 . 0  77.0 84.0 90.0 9 4 . 0  97 .0  

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .40 HR, R= .44 HR 

SNYDER TP= .26 HR, CP= .39 

U N I T  HYDROGRAPH 
30 END-OF-PER100 ORDINATES 

2. 11. 19. 20. 18. 16. 13. 11. 9. 7. 
6. 5. 4. 3. 3. 2. 2. 2. 1. 1. 
1. 1. 1. 1. 0. 0. 0. 0. 0. 0. 

HYDROGRAPH AT STAT I O N  SUB290 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.59, TOTAL EXCESS = 1.18 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) . . 

+ 21. 1.42 3. 1. 1. 1. 
(INCHES) 1.175 1.175 1.175 1.175 

(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA = .02  SQ M I  

* * 
4 5 1  KK * SUB300 RUNOFF HG FROH SUB-BASIN 3 0 0  

************** 

SUBBASIN RUNOFF DATA 

4 5 2  BA SUBBASIN CHARACTERISTICS 
TAREA .02  SUBBASIN AREA 

PRECIPITATION DATA 

7 2  PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .O1 .O1 .OO .01 .03 
.06 .09 .27 .14 .12 .04 .03 
.01 .DO .O1 .01 

4 5 3  LG GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28  MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37 .00  PERCENT IMPERVIOUS AREA 

4 5 4  UC CLARK UNITGRAPH 
TC .17 TIME OF CONCENTRATION 

R .21 STORAGE COEFFICIENT 

4 5 5  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0  77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .17 HR, R= .21 HR 

SNYDER TP= .14 HR, CP= .45 



U N I T  HYDROGRAPH 
1 5  END-OF-PERIOO ORDINATES 

21 .  41. 33. 22.  15.  10 .  7. 5.  3. 
- - 1. 1. 1. 0. 0.  

HYDROGRAPH AT STATION SUB300 

PEAK FLOU TIME MAXIMUM AVERAGE FLCU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 45. 1.25 4. 1. 1. 1. 
(INCHES) 1.745 1.745 1.745 1.745 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .02 SQ M I  

* 
4 5 7  KK * SUM301 * COMBINE HG FROM SUB290 & SUB300 * * 

************** 
INFLCU INTO DETENTION BASIN 301 

4 5 9  HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM301 

PEAK FLOW TIME MAXIMUM AVERAGE FLOV 
6-HR 24-HR 72-HR 16.58-HR 

+ 61. 1.25 7. 2. 2. 2. 
(INCHES) 1.460 1.460 1.460 1.460 

(AC-FT) 3. 3. 3. 3. 

CUMULATIVE AREA = .04 SQ M I  

************** 
* * 

4 6 0  KK * DET301 * ROUTE HG S U W O l  THRU DET B A S I N  301; bfb = 100'; L = 2 0 0 '  * 
************** 

100-FOOT U I E R  USED FOR HIGH FLOVS AND 1-18" CMP 

4 6 2  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
l PLOT 0 PLOT CONTROL 
9SCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

i63 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVRlC .DO I N I T I A L  CONDITION 

X .OO UORKING R AND D COEFFICIENT 



STORAGE .O 

ELEVATION 100.00 

LOW-LEVEL OUTLET 
ELEVL 102.00 
CAREA 1.80 
C W L  
EXPL 

SPILLWAY 
CREL 105.90 

SPUID 100.00 
COaW 2.60 
EXPW 1 .50 

W T F L W  .00 .00 
ELEVATION 100.00 102.00 

W T F L W  10.56 10.63 
ELEVATION 105.90 105.90 

ELEVATION AT CENTER OF OUTLET 
CROSS-SECTIONAL AREA 
COEFFICIENT 
EXPONENT OF HEAD 

SPILLWAY CREST ELEVATION 
SPILLWAY WIDTH 
WEIR COEFFIClENT 
EXPONENT OF HEAD 

COMPUTED W T F L W - E L E V A T I O N  DATA 

COMPUTED STORAGE-WTFLW-ELEVATION DATA 

STORAGE -00 1.03 1 .50 1.58 1.69 1 .84 2.04 2.28 2.34 2.86 
W T F L W  .OO .OO 4.62 5.02 5.50 6.08 6.80 7.55 7.72 8.91 

ELEVATION 100.00 102.00 102.75 102.88 103.06 103.30 103.62 104.00 104.09 104.78 

STORAGE 3.68 3.69 3.70 3.71 3.72 3.74 3.75 
OUTFLOW 10.55 11.12 12.41 13.47 14.88 16.67 18.90 

ELEVATION 105.90 105.92 105.94 105.95 105.96 105.98 106.00 

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

HYDROGRAPH AT STATION DET301 0 
................................................................................................................................... 

* 
OA MON HRMN ORD W T F L W  STORAGE STAGE DA MON HRMN ORD OUTFLOW STORAGE STAGE DA MON HRMN ORD W T F L W  STORAGE STAGE 

1 0000 1 0. .O 100.0 * 1 0535 68 2. 1.2 102.3 1 1110 135 0. 1.0 102.0 
1 0005 2 0. .O 100.0 1 0540 69 2. 1.2 102.3 1 1115 136 0. 1.0 102.0 
1 0010 3 0. .O 100.0* 1 0545 70 2. 1.2 102.3 1 1120 137 0. 1.0 102.0 
1 0015 4 0. .O 100.0* 1 0550 71 1. 1.2 102.2 * 1 1125 138 0. 1.0 102.0 
1 0020 5 0. .O 100.0 * 1 0555 72 1. 1.2 102.2 * 1 1130 139 0. 1.0 102.0 
1 0025 6 0. .O 100.0 1 0600 73 1. 1.2 102.2 1 1135 140 0. 1.0 102.0 
1 0030 7 0. .O 100.1 f 1 0605 74 1. 1.2 102.2 1 1140 141 0. 1.0 102.0 
1 0035 8 0. .O 100.1 * 1 0610 75 1. 1.1 102.2. 1 1145142 0. 1.0 102.0 
1 0040 9 0. .1 100.1 1 0615 76 1. 1.1 102.2 1 1150 143 0. 1.0 102.0 
1 0045 10 0. .I 100.1 * 1 0620 77 1. 1.1 102.2* 1 1155144 0. 1.0 102.0 
1 0050 11 0. .1 100.2 1 0625 78 1. 1.1 1 0 2 . 1 * 1  1200145 0. 1.0 102.0 
1 0055 12 0. .I 100.3 1 0630 79 1. 1.1 102.1* 1 1205146 0. 1.0 102.0 
1 0100 13 0. .2 100.4* 1 0635 80 1. 1.1 102.1* 1 1210147 0. 1.0 102.0 
1 0105 14 0. .3 100.6* 1 0640 81 1. 1.1 102.1 1 1215 148 0. 1.0 102.0 
1 0110 15 0. .6 101.1* 1 0645 82 1. 1.1 102.1 * 1 1220 149 0. 1.0 102.0 
1 0115 16 0. 1.0 101.9 1 0650 83 1. 1.1 102.1 1 1225 150 0. 1.0 102.0 
1 0120 17 3. 1.4 102.6 * 1 0655 84 1. 1.1 102.1 * 1 1230 151 0. 1.0 102.0 
1 0125 18 6. 1.7 103.1 l 1 0700 85 1. 1.1 1 0 2 . l f l  1235152 0. 1.0 102.0 
1 0130 19 7. 2.0 103.6 1 0705 86 1. 1.1 102. l *  1 1240153 0. 1.0 102.0 
1 0 1 3 5 2 0  7. 2.2 103.9 * 1 0710 87 0. 1.1 102.1* 1 1245154 0. 1.0 102.0 
1 0140 21 8. 2.3 104.1 1 0715 88 0. 1.1 102.1 * 1 1250 155 0. 1.0 102.0 
1 0145 22 8. 2.4 104.2 * 1 0720 89 0. 1.1 102.1. 1 1255156 0. 1.0 102.0 
1 0150 23 8. 2.5 104.3 1 0725 90 0. 1 .  102.1* 1 1300157 0. 1.0 102.0 
1 0155 24 8. 2.5 104.4 * 1 0730 91 0. 1.1 102.1 1 1305 158 0. 1.0 102.0 
1 0200 25 8. 2.6 104.4 1 0735 92 0. 1.1 102.1* 1 1310159 0. 1.0 102.0 
1 0205 26 8. 2.6 104.4 * 1 0740 93 0. 1 .  102.1* 1 1315160 0. 1.0 102.0 
1 0210 27 8. 2.6 104.4 * 1 0745 94 0. 1.1 102.1* 1 1320161 0. 1.0 102.0 
1 0 2 1 5 2 8  8. 2.5 104.4 1 0750 95 0. 1.1 102.0 * 1 1325 162 0. 1.0 102.0 
1 0220 29 8. 2.5 104.3 1 0755 96 0. 1.1 102.0 * 1 1330 163 0. 

I 1 0225 30 8. 2.5 104.3 1 0800 97 0. 1.1 102.0 * 1 1335 164 0. 
1 0230 31 8. 2.5 104.2 1 0805 98 0. 1 .  102.0 1 1340 165 0. 

::: :* 
1.0 102. 

1 0235 32. 8. 2.4 104.2 * 1 0810 99 0. 1.1 102.0 * 1 1345 166 0. 1.0 102.0 
1 0240 33 8. 2.4 104.1 1 0815 100 0. 1.1 102.0 * 1 1350 167 0. 1.0 102.0 
1 0245 34 8. 2.3 104.1 * 1 0820 101 0. 1.0 102.0 1 1355 168 0. 1.0 102.0 
1 0250 35 8. 2.3 104.0 1 0825 102 0. 1.0 102.0 * 1 1400 169 0. 1.0 102.0 



PEAK FLOW TIME 

+ (CFS) (HR) 
(CFS) 

8. 2.08 
(INCHES) 

(AC-FT) 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
3. 2.08 

PEAK STAGE TIME 

+ (FEET) (HR) 
104.40 2.08 

MAXIMUM AVERAGE FLGU 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .04 SP M I  

************** 
* 

4 6 8  KK * RCH349 * ROUTE HG DET301 THRU REACH 349 (VEST) * 
************** 

HYDROGRAPH ROUTING DATA 

4 6 9  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  FLOW TYPE OF I N I T I A L  CONDITION 
RSVRI C -1 .00  I N I T I A L  CONDITION 

X .00  WORKING R AND D COEFFICIENT 

* 7 0  RC NORMAL DEPTH CHANNEL 

- * AN L .030 LEFT OVERBANK N-VALUE 
ANCH .025 MAIN CHANNEL N-VALUE 

ANR .030 RIGHT OVERBANK U-VALUE 
RLNTH 1800. REACH LENGTH 



SEL .0040 ENERGY SLOPE 
ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLW CALCULATION 

CROSS-SECTION OATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
472 RY ELEVATION 100.00 99.00 99.00 96.00 96.00 99.00 99.00 100.00 
471 RX DISTANCE 500.00 508.00 508.00 520.00 530.00 542.00 542.00 550.00 

COHPUTEO STORAGE-WTFLW-ELEVATION OATA 

STORAGE .OO .09 .20 .33 -47 .62 .79 -97 1.16 1.38 
OUTFLOU .OO 2.89 9.47 19.29 32.31 48.62 68.35 91.64 118.65 149.53 

ELEVATION 96.00 96.21 96.42 96.63 96.84 97.05 97.26 97.47 97.68 97.89 

STORAGE 1.60 1.84 2.10 2.37 2.65 2.96 3.29 3.65 4.04 4.46 
OUTFLOW 184.46 223.58 267.05 315.04 367.71 434.87 510.93 593.28 682.35 778.52 

ELEVATION 98.11 98.32 98.53 98.74 98.95 99.16 99.37 99.58 99.79 100.00 

HYDROGRAPH AT STATION RCH349 

PEAK FLOU TlME 

+ (CFS) (HR) 

+ 8. 2.42 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
0. 2.25 

PEAK STAGE TlME 

+ (FEET) (HR) 
96.38 2.42 

(CFS) 
4. 

(INCHES) .971 
(AC-FT) 2. 

MAXIMUM AVERAGE FLW 
24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STORAGE 
24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .04 sa MI 

************** 
* * 

473 KK SUB310 RUNOFF HG FRCM SUB-BASIN 310 * * 
************** 

SUBBASlN RUNOFF DATA 

SUBBASlN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION OATA 

STORM 2.17 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .01 .OO .O1 .03 .03 .04 .(I4 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .(I1 
.O1 .oo .O1 .O1 

GREEN AN0 AMPT LOSS RATE 
STRTL .22 STARTING LOSS 

OTH .29 MOISTURE DEFICIT 
PSI F 2.65 WETTING FRONT SUCTION 

XKSAT 1.10 HYDRAULIC CONDUCTIVITY 
. . RTlMP 10.00 PERCENT IMPERVI WS AREA 

CLARK UNITGRAPH 
TC .60 TIME OF CONCENTRATION 



R .73 STORAGE COEFFICIENT 

477 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .60 HR, R= .73 HR 

SNYDER TP= .41 HR, CP= .38 

U N I T  HYDROGRAPH 
50 END-OF-PER I W ORDINATES 

1. 4. 10. 15. 16. 16. 15. 14. 13. 11. 

HYDROGRAPH AT STATION SUB310 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.59, TOTAL EXCESS = 1.18 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) ( H R I  
(CFS) 

+ 18. 1 .SO 3. 1. 1. 1. 
(INCHES) 1.175 1.175 1.175 1.175 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .03 SQ M I  

* 
479 KK * SUB320 * RUNOFF HG FROH SUB-BASIN 320 * * 

SUBBASIN RUNOFF DATA 

480 BA SUBBASIN CHARACTERISTlCS 
TAREA .O1 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .01 .O1 .OO -01 .03 .03 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 
.01 .oo .O1 .O1 

481 LG GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I  F 3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

482 UC CLARK UNITGRAPH 
TC .22 T I M E  OF CONCENTRATION 

R .34 STORAGE COEFFICIENT 

, 483 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 



CLARK TC= .22  HR, R= .34  HR 
SNYDER TP= . I7  HR, CP= - 3 6  

U N I T  HYDROGRAPH 
23 END-OF-PERIOD ORDINATES 

7. 18. 19. 16. 12. 10. 8. 6. 5. 
3. 2. 2. 1. 1. 1. 1. 1. 0. 
0. 0. 0. 

HYDROGRAPH AT STATION SUB320 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1 .n 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) ( H R I  
(CFS) 

+ 24. 1.33 3. 1. 1. 1. 
(INCHES) 1.743 1.743 1.743 1.743 

(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA = .O1 SP M I  

************** 

4 8 5  KK SUB330 * RUNOFF HG FROH SUB-BASIN 330 * * 
************** 

SUBBASIN RUNOFF DATA 

4 8 6  BA SUBBASIN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

7 2  PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .01  .OO .01 .03 
.06  .09 .27 .14 .12 .04 .03 
.01 .oo .01 .O1 

4 8 7  LG GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .30 MOISTURE D E F I C I T  
P S I  F 2.40 M T T I N G  FRONT SUCTION 

XKSAT 1.20 HYDRAULIC CONDUCTIVITY 
RTlMP 1.00 PERCENT IMPERVIOUS AREA 

4 8 8  UC CLARK UNITGRAPH 
TC .53 T IME OF CONCENTRATION 

R 1 .47  STORAGE COEFFICIENT 

4 8 9  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .53 HR, R= 1.47 HR 

SNYDER TP= . 4 7  HR, CP= .26 

U N I T  HYDROGRAPH 
97 END-OF-PERIOO ORDINATES 

1. 3. 6. 9. 9. 10. 9. 9. 8. 8. 
8. 7. 7. 6. 6. 6. 5. 5. 5. 5. 

--  4. 4. 4. 4. 3. 3. 3. 3. 3. 3. 
2. 2. 2. 2. 2. 2. 2. 2. 2. 1. 
1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 
1. 1. 1. 1. 1. 1. 1. 1. 0. 0. 



TOTAL RAINFALL = 

PEAK FLOW TIME 

+ (CFS) (HR) 

+ 9. 1.58 

HYDROGRAPH AT STATION SUB330 

2.77, TOTAL LOSS = 1.79, TOTAL EXCESS = .98 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

3. 1. 1. 1. 
(INCHES) .962 .978 .978 -978 

(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA = - 0 3  SQ M I  

* * 
491 KK SUBC * RUNOFF HG FRCM SUB-BASIN C * * 

************** 

SUBBASIN RUNOFF DATA 

492 BA SUBBASIN CHARACTERISTICS 
TAREA .19 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .01 .O1 .OO .O1 .03 
.D6 .09 .27 .14 .12 .04 .03 
.O1 .oo .01 .O1 

493 LG GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .25 MOISTURE D E F I C I T  
P S I  F 6.05 WETTING FRONT SUCTION 

XKSAT .20 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

494 UC CLARK UNITGRAPH 
TC .70 T I M E  OF CONCENTRATION 

R .51 STORAGE COEFFICIENT 

495 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .70 HR, R= . 5 1 H R  

SNYDER TP= .59 HR, CP= .73 

U N I T  HYDROGRAPH 
38 END-OF-PERIOO ORDINATES 

4. 10. 17. 28. 60. 118. 158. 158. 
105. 89. 75. 64. 54. 46. 39. 33. 
20. 17. 15. 12. 10. 9. 8. 6. 
4. 3. 3. 2. 2. 2. 1. 1. 

HYDROGRAPH AT STATION SUBC 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.14, TOTAL EXCESS = 1.63 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 230. 1.75 34. 12. 12. 12. 
(INCHES) 1.619 1.619 1.619 1.619 

(AC-FT) 17. 17. 17. 17. 

CUMULATIVE AREA = .19 SQ MI 

************** 
* * 

497 KK * SUM337 COMBINE HG FROH SUB330 8 SUBC * * 
************** 

498 HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STAT ION SUM337 

PEAK FLOU TIME MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 239. 1.67 37. 13. 13. 13. 
(INCHES) 1.538 1.541 1.541 1.541 

(AC- FT) 18. 18. 18. 18. 

CUMULATIVE AREA = .22 SQ MI 

* * 
499 KK * RCH347 * ROUTE HG SUM337 THRU REACH 347 

************** 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLOW TYPE OF lNITIAL CONDITION 
RSVRl C -1.00 INITIAL CONDITION 

X .00 WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 2020. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK --- + ------ MAIN CHANNEL ------- + --- RIGHT OVERBANK - - -  
ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 
DISTANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .OO .13 .30 .48 .69 .93 1.19 1.48 1.80 2.14 



OUTFLOW .OO 4.22 13.98 28.75 48.62 73.83 104.67 141.44 184.46 234.04 
ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 2.50 2.90 3.62 4.59 5.60 6.65 7.73 8.86 10.02 11.22 
WTFLOU 290.48 354.11 440.90 561.22 703.83 866.93 1049.64 1251.52 1472.31 1711.92 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

HYDROGRAPH AT STATION RCH347 

PEAK FLOW TIME 

+ (CFS) (HR) 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

(CFS) 
+ 228. 1.83 37. 13. 13. 13. 

(INCHES) 1.538 1.541 1.541 1.541 
(AC-FT) 18. 18. 18. 18. 

PEAK STORAGE TIME 

+ (AC-FT) (HR)  
2. 1.83 

PEAK STAGE TIME 

+ (FEET) ( H R )  
97.33 1.83 

MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .22 SQ M I  

************** 
* * 

,04 KK * SUED * RUNOFF HG FROM SUB-BASIN D * * 
************** 

SUBBASIN RUNOFF DATA 

505 BA SUBBASIN CHARACTERISTICS 
TAREA .23 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 PI  INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .O1 .01 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .O1 
.01 .oo .O1 .O1 

506 LG GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .28 MOISTURE DEFICIT 
PSIF 4.34 WETTING FRONT SUCTION 

XKSAT .26 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

507 UC CLARK UNITGRAPH 
TC .62 TIME OF CONCENTRATION 
R .41 STORAGE COEFFICIENT 

508 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .62 HR, R= .41 HR 

SNYDER TP= .52 HR, CP= .78 

UNIT HYDROGRAPH 



TOTAL RAINFALL = 

PEAK F L W  TIME 

+ (CFS) (HR) 

+ 304.  1.67 

31 END-OF-PERIOD ORDINATES 
16. 27 .  58. 135 .  210. 221. 195 .  163. 133. 
89. 73. 59 .  48. 40.  32.  26.  22 .  18. 
12.  10 .  8. 6. 5. 4. 3. 3. 2. 

HYDROGRAPH AT STATION SUED 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

(CFS) 
38.  14.  14. 14. 

(INCHES) 1 .576  1 .576  1.576 1.576 
(AC-FT) 19. 19. 19. 19. 

CUMULATIVE AREA = .23 SQ M I  

************** 
* * 

5 1 0  KK * SUB340 * RUNOFF HG FROM SUB-BASIN 3 4 0  * 
************** 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .O1 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2 . 7 7  BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .O1 .O1 .OO .01 .D3 .03  .04  .04 
.06 .09 .27 .14 .12 .04 .03 .02  .O l  .01 
.O1 .oo .O1 .O1 

GREEN AND AMPT LOSS RATE 
STRTL .25 STARTING LOSS 

DTH .30 MOISTURE D E F I C I T  
P S I  F 2.40 VETTING FRONT SUCTION 

XKSAT 1.20 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .23 T I M E  OF CONCENTRATION 

R .37 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0  

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .23 HR, R= .37 HR 

SNYDER TP= .20 HR, CP= .39 

U N I T  HYDROGRAPH 
2 5  END-OF-PER100 ORDINATES 

3. 8. 10. 8. 7. 5. 4. 3. 3. 2. 
2. 1. 1. 1. 1. 1. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 

HYDROGRAPH AT STATION SUB340 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.79, TOTAL EXCESS = .98 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
- .. (CFS) 

8. 1 .33  1. 0. 0. 0. 
I ( INCHES) -978 .978 - 9 7 8  .978 

(AC-FT) 0. 0. 0. 0. 

CUMULATIVE AREA = .01 SQ M I  

************** 
* 

5 1 6  KK SUM347 * COMBINE HG FROH RCH347, SUED 8 SUB340 * 

5 1 7  HC HYDROGRAPH COMBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STAT ION SUM347 

P E A K F L W  TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 505. 1 . 6 7  76. 28. 28. 28. 
(INCHES) 1.546 1.548 1.548 1.548 

(AC-FT) 38. 38. 38. 38. 

CUMULATIVE AREA = .46  SO M I  

************** 
* 

5 1 8  KK RCH349 ROUTE HG SUM347 THRU REACH 3 4 9  (NORTH); GUNITE CHANNEL * 
************** 

HYDROGRAPH ROUTING DATA 

KINEMATIC WAVE STREAM ROUTING 
L 440. CHANNEL LENGTH 
S .0070 SLOPE 
N .016 CHANNEL ROUGHNESS COEFFICIENT 

C A .00 CONTRIBUTING AREA 
SHAPE TRAP CHANNEL SHAPE 

UD 20.00 BOTTOM WIDTH OR DIAMETER 
Z .50 S I D E  SLOPE 

NDXMIN 2 MINIMUM NUMBER OF DX INTERVALS 

*** 
COMPUTED KINEMATIC PARAMETERS 

VARIABLE TIME STEP 
(DT SHOW I S  A MINIMUM) 

ELEMENT ALPHA M DT DX PEAK TIME TO VOLUME MAXIMUM 
PEAK CELERITY 

(MIN) (FT) (CFS) (MIN) ( I N )  (FPS) 

MAIN 1.31 1.56 .16 146.67 504.97 100.33 1.55 17.25 

CONTINUITY SUMMARY (AC-FT) - I N F L W =  .3774E+02 EXCESS= .0000E+00 OUTFLOW= .3774E+02 BASIN STORAGE. .1583E-05 PERCENT ERROR= -0  



INTERPOLATED TO SPEC1 F I E D  COMPUTATION INTERVAL 

MAIN 1.31 1.56 5 .00  503 .78  105.00 1.55 

HYDROGRAPH AT STATION RCH349 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 504.  1.75 76. 28. 28.  28 .  
(INCHES) 1 . 5 4 8  1.550 1.550 1.550 

(AC-FT) 38. 38. 38. 38. 

CUMULATIVE AREA = .46  SQ M I  

************** 
* * 

5 2 0  KK * SUM349 * COMBINE HG FROM RCH349 (WEST & NORTH), SUB310 & SUB320 * * 
************** 

I N F L W  I N T O  DETENTION B A S I N  3 4 9  

5 2 2  HC HYDROGRAPH COMBINATION 
I COMP 4 NUMBER OF HYDROGRAPHS TO COMBINE 

*** *** *** *** *** 

HYDROGRAPH AT STATION SUM349 

PEAK FLOW TIME 

+ (CFS) (HR) 

MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

. . . . 

(CFS) 
+ 535.  1.67 87. 31. 31. 31. 

(INCHES) 1 .487  1 .494  1.494 1.494 
(AC-FT) 43. 43. 43. 43. 

CUMULATIVE AREA = .54 SQ M I  

5 2 3  KK * D E T 3 4 9  ROUTE HG SUM349 THRU DET BASIN 349; Ub = 100'; L = 600' * * 
************** 

100-FOOT U I E R  USED FOR HIGH FLOWS AND 4 - 4 8 "  CHP 

5 2 5  KO W T P U T  CONTROL VARIABLES 
I PRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH R W T I N G  DATA 

5 2 6  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVR I C .DO I N I T I A L  CONDITION 

X .DO WORKING R AND D COEFFICIENT 

5 2 7  SV STORAGE .O 3.1 6.8 11.2 



528 SE ELEVATION 100.00 102.00 104.00 106.00 

529 SL LOU-LEVEL OUTLET 
ELEVL 102.00 ELEVATION AT CENTER OF OUTLET 
CAREA 50.30 CROSS-SECTIONAL AREA - C OaL .37 COEFFICIENT 

EXPL .50 EXPONENT OF HEAD 

530 SS SPILLWAY 
CREL 105.00 SPILLWAY CREST ELEVATION 

SPWlD 100.00 SPILLWAY WIDTH 
CWW 2.60 WEIR COEFFICIENT 
EXPW 1.50 EXPONENT OF HEAD 

COMPUTED W T F L W - E L E V A T I O N  DATA 

W T F L W  .OO .OO 272.42 270.35 268.30 266.29 264.31 262.35 260.42 258.53 
ELEVATION 100.00 102.00 105.33 105.28 105.23 105.18 105.14 105.09 105.04 105.00 

W T F L O U  262.30 268.32 278.56 294.09 315.99 345.33 383.19 430.63 488.71 558.52 
ELEVATION 105.04 105.08 105.14 105.22 105.31 105.41 105.54 105.68 105.83 106.00 

COHPUTED STORAGE- W T F L W - E L E V A T I O N  DATA 

STORAGE .00 3.09 6.83 9.77 9.95 10.22 10.53 10.87 11.24 
W T F L W  .OO .OO 211.09 321.99 345.33 383.19 430.63 488.71 558.52 

ELEVATION 100.00 102.00 104.00 105.33 105.41 105.54 105.68 105.83 106.00 

HYDROGRAPH AT STATION DET349 

DA MON HRMN ORD OUTFLOU STORAGE 

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

STAGE DA MON HRMN ORD 

100.0* 1 0535 68 
100.0* 1 0540 69 
100.0* 1 0545 70 
100.0 * 1 0550 71 
100.0 * 1 0555 n 
100.0* 1 0600 73 
100.0 1 0605 74 
100.0 * 1 0610 75 
100.0 1 0615 76 
100.0* 1 0620 77 
100.0* 1 0625 78 
100.1* 1 0630 79 
100.1 1 0635 80 
100.1 * 1 0640 81 
100.3 1 0645 82 
100.6 1 0650 83 
101.1* 1 0655 84 
102.0 * 1 0700 85 
103.0* 1 0705 86 
104.0* 1 0710 87 
104.8 1 0715 88 
io5.5* 1 ono 89 
105.8 * 1 0725 90 
105.8 1 0730 91 
105.7 1 0735 92 
105.5' 1 0740 93 
105.4 1 0745 94 
105.2. 1 07'50 95 
104.9 1 0755 96 
104.6 1 0800 97 
104.4*.1 0805 98 
104.1 * 1 0810 99 
103.8 1 0815 100 
103.5 * 1 0820 101 
103.3* 1 0825102 
103.1* 1 0830103 
102.9 * 1 0835 104 
102.8* 1 0840105 
102.7 1 0845 106 
102.6 * 1 0850 107 
102.5 * 1 0855 108 

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

W T F L W  STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE 

4. 3.2 102.0 1 1110 135 0. 3.1 102.0 
4. 3.2 102.0 1 1115 136 0. 3.1 102.0 
4. 3.2 102.0 1 1120 137 0. 3.1 102.0 
3. 3.1 102.0 * 1 1125 138 0. 3.1 102.0 
3. 3.1 102.0 1 1130 139 0. 3.1 102.0 
3. 3.1 102.0 1 1135 140 0. 3.1 102.0 
3. 3.1 102.0 * 1 1140 141 0. 3.1 102.0 
3. 3.1 102.0 1 1145 142 0. 3.1 102.0 
2. 3.1 102.0 1 1150 143 0. 3.1 102.0 
2. 3.1 102.0 1 1155 144 0. 3.1 102.0 
2. 3.1 102.0 * 1 1200 145 0. 3.1 102.0 
2. 3.1 102.0 1 1205 146 0. 3.1 102.0 
2. 3.1 102.0 * 1 1210 147 0. 3.1 102.0 
2. 3.1 102.0 1 1215 148 0. 3.1 102.0 
2. 3.1 102.0 * 1 1220 149 0. 3.1 102.0 
2. 3.1 102.0 1 1225 150 0. 3.1 102.0 
2. 3.1 102.0 1 1230 151 0. 3.1 102.0 
1. 3.1 102.0 * 1 1235 152 0. 3.1 102.0 
1. 3.1 102.0 1 1240 153 0. 3.1 102.0 
1. 3.1 102.0 1 1245 154 0. 3.1 102.0 
1. 3.1 102.0 * 1 1250 155 0. 3.1 102.0 
1. 3.1 102.0 * 1 1255 156 0. 3.1 102.0 
1. 3.1 102.0 1 1300 157 0. 3.1 102.0 
1. 3.1 102.0 1 1305 158 0. 3.1 102.0 
1. 3.1 102.0 1 1310 159 0. 3.1 102.0 
1. 3.1 102.0 * 1 1315 160 0. 3.1 102.0 
1. 3.1 102.0 * 1 1320 161 0. 3.1 102.0 
1. 3.1 102.0 1 1325 162 0. 3.1 102.0 
1. 3.1 102.0 * 1 1330 163 0. 3.1 102.0 
1. 3.1 102.0 1 1335 164 0. 3.1 102.0 
1. 3.1 102.0 * 1 1340 165 0. 3.1 102.0 
1. 3.1 102.0 1 1345 166 0. 3.1 102.0 
1. 3.1 102.0 1 1350 167 0. 3.1 102.0 
1. 3.1 102.0 * 1 1355 168 0. 3.1 102.0 
0. 3.1 102.0 1 1400 169 0. 3.1 102.0 
0. 3.1 102.0 1 1405 170 0. 3.1 102.0 
0. 3.1 102.0 * 1 1410 171 0. 3.1 102.0 
0. 3.1 102.0 1 1415 in 0. 3.1 102.0 
0. 3.1 102.0 1 1420 173 0. 3.1 102.0 
0. 3.1 102.0 1 1425 174 0. 3.1 102.0 
0. 3.1 102.0 * 1 1430 175 0. 3.1 102.0 



PEAK FLW TIME MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 470. 1.83 80. 29. 29. 29. 
(INCHES) 1.383 1.387 1.387 1.387 
(AC-FT) 40. 40. 40. 40. 

PEAK STORAGE TIME 

+ (AC-FT)  (HR)  
11. 1.83 

PEAK STAGE TIME 

+ (FEET) (HR) 
105.78 1.83 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24- HR 72-HR 16.58-HR 

CUMULATIVE AREA = .54 SP UI 

************** 

531 KK RCH377 ROUTE HG DET349 THRU REACH 377 * * 
************** 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLW TYPE OF INITIAL CONDITION 
RSVR I C -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 900. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGEIOUTFLOU CALCULATION 
. . 

CROSS-SECTION DATA --- LEFT OVERBANK --- + ------ MAIN CHANNEL -- - - - - -  + --- RIGHT OVERBANK - - -  
535 RY ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 



534 RX DISTANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .Oo .06 .13 .21 .31 .41 .53 .66 .80 .95 
OUTFLOW .OO 4.22 13.98 28.75 48.62 73.83 104.67 141.44 184.46 234.04 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 1.12 1.29 1.61 2.05 2.50 2.96 3.45 3.95 4.46 5.00 
oUTFLW 290.48 354.11 440.90 561.22 703.83 866.93 1049.64 1251.52 1472.31 1711.92 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

*** WARNING *** MOOIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 141. TO 1712. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
T H I S  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION RCH377 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) ( H R I  
(CFS) 

+ 468. 1.92 80. 29. 29. 29. 
( INCHES) 1.382 1.387 1.387 1.387 

(AC-FT) 40. 40. 40. 40. 

PEAK STORAGE TIME 

+ (AC-FT)  (HR) 
2. 1.92 

PEAK STAGE TIME 

+ ,  (FEET) (HR) 
98.22 1.92 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

0. 0. 0. 0. 

MAXIMUM AVERAGE STAGE 
6- HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .54 SQ M I  

************** 
* 

536 KK SUB350 RUNOFF HG FROn SUB-BASIN 350 

SUBBASIN RUNOFF DATA 

537 BA SUBBASIN CHARACTERISTICS 
TAREA .01 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 -01 .O1 .O1 .OO .Dl  -03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .O1 
.O1 .DO .O1 .O1 

GREEN AND AMPT LOSS RATE 
STRTL .22 STARTING LOSS 

DTH .29 MOISTURE DEFICIT 
PSIF 2.65 WETTING FRONT SUCTION 

XKSAT 1.10 HYDRAULIC CONDUCTIVITY 
RTIHP 10.00 PERCENT IHPERVI WS AREA 

-CLARK UNITGRAPH 
TC .32 TIME OF CONCENTRATION 

R .31 STORAGE COEFFICIENT 



5 4 0  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 3 0 . 0  65.0 77.0 , 84 .0  90 .0  94 .0  97 .0  

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC- .32 HR, R= .31 HR 

SNYDER TP= .23 HR, CP= .49  

U N I T  HYDROGRAPH 
2 2  END-OF-PERIOD ORDINATES 

3. 12. 17. 16. 13. 10. 7. 6. 4. 
2. 2. 1. 1. 1. 1. 0. 0. 0. 
0. 0. 

HYDROGRAPH AT STATION SUB350 

PEAK FLOW T I M E  MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) . . 

+ 17. 1.33 2. 1. 1. 1. 
(INCHES) 1 .I76 1.176 1.176 1.176 

(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA .O1 SP M I  

************** 
* 

5 4 2  KK * SUB360 * RUNOFF HG FROH SUB-BASIN 360 

SUBBASIN RUNOFF DATA 

5 4 3  BA SUBBASIN CHARACTERISTICS 
TAREA .O1 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .D l  .OO .01 .03 .03 .04 .. 0 4  
.06 .09 .27 .14 .12 .04 .03 .02  .D l  ..01 
.01 .oo .Dl  .01 

5 4 4  LC GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

5 4 5  UC CLARK UNITGRAPH 
TC .18 T I M E  OF CONCENTRATION 

R .24 STORAGE COEFFICIENT 

5 4 6  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 9'7.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .18 HR, R= .24 HR 

SNYDER TP= . 1 4 H R ,  CP= .41  

U N I T  HYDROGRAPH 



17 END-OF-PERIOD ORDINATES 
12. 25. 23. 16. 12. 8. 6. 4. 3. 
1. 1. 1. 1. 0. 0. 0. 

-- 
HYDROGRAPH AT STAT I O N  SUB360 

TOTAL RAINFALL = 2.n, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 30. 1.25 3. 1. 1. 1. 
(INCHES) 1.745 1.745 1.745 1.745 

(AC-FT) 1. 1. 1. 1. 

CUMULATIVE AREA = .01 SQ M I  

************** 
* 

548 KK * SUB370 * RUNOFF HG FROH SUB-BASIN 370 

************** 

SUBBASIN RUNOFF DATA 

549 BA SUBBASIN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .01 -01 .OO .01 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .O1 
.O1 .oo .O1 .01 

550 LC GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I F  3.40 VETTING FRONT SUCTION 

XKS AT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

551 UC CLARK UNITGRAPH 
TC .25 TIME OF CONCENTRATION 

R .31 STORAGE COEFFICIENT 

552 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .25 HR, R= .31 HR 

SNYDER TP= .20 HR, CP= .47 

U N I T  HYDROGRAPH 
21 END-OF-PERIOO ORDINATES 

11. 31. 39. 33. 25. 19. 14. 11. 8. 
5. 4. 3. 2. 2. 1. 1. 1. 1. 
0. 

HYDROGRAPH AT STATION SUB370 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 



6-HR 24-HR 72-HR 16.58-HR 
+ (CFS) ( H R )  

(CFS) 
+ 48. 1.33 5. 2. 2. 2. 

( INCHES) 1.743 1.743 1.743 1.743 
(AC-FT)  3. 3. 3. 3. 

CUMULATIVE AREA = .03 SP M I  

************** 
* 

554 KK * SUM377 COMBINE HG FROH RCH377, SUB350, SUB360 8 SUB370 * 
************** 

555 HC HYDROGRAPH COMBINATION 
I COMP 4 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM377 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 486. 1.92 90. 33. 33. 33. 
( INCHES) 1.398 1.408 1.408 1.408 

(AC-FT)  45. 45. 45. 45. 

CUMULATIVE AREA = .60 SP M I  

************** 
* 

556 KK * RCH407 * ROUTE HG SUM377 THRU REACH 407 * * 
************** 

HYDROGRAPH ROUTING DATA 

557 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLW TYPE OF INITIAL CONDITION 
RSVRIC -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 1820. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK --- + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK --- 
ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 
DISTANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .OO .12 .27 .43 .62 .84 1.08 1.34 1.62 1.93 
OUTFLOW .OO 4.22 13.98 28.75 48.62 73.83 104.67 141.44 184.46 234.04 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 



STORAGE 
W T F L O U  

ELEVATION 

P E A K F L W  TIME 

+ (CFS) (HR) 

+ 458. 2.00 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
3. 2.00 

PEAK STAGE TIME 

+ (FEET) (HR) 
98.19 2.00 

HYOROGRAPH AT STAT ION RCH407 

MAXIMUM AVERAGE F L W  
6- HR 24-HR 72-HR 16.58-HR 

90. 33. 33. 33. 
(INCHES) 1.397 1.408 1.408 1.408 

(AC-FT) 44. 45. 45. 45. 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .60 SP M I  

************** 
* * 

5 6 1  KK * SUB380 RUNOFF HG FROH SUB-BASIN 380 * 
************** 

SUBBASIN RUNOFF DATA 

5 6 2  BA SUBBASIN CHARACTERISTICS 
TAREA .05 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .01 .O1 .OO .O1 .03 .03 .04  .04 
.06 .09  .27  .14 .12 .04 .03 .02 .O1 .O1 
.O1 .oo .O1 .O1 

GREEN AND AMPT LOSS RATE 
STRTL .13 STARTING LOSS 

DTH . 2 8  MOISTURE D E F I C I T  
P S I F  3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 59.00 PERCENT IHPERVI W S  AREA 

CLARK UNITGRAPH 
TC .30 TIME OF CONCENTRATION 

R .35 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5 .0  16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .30 HR, R= .35 HR 

SNYDER TP= .23 HR, CP= .45 

U N I T  HYOROGRAPH 
2 4  END-OF-PERIOD ORDINATES 

64. 58. 48. 38. 30. 23. 18. 14. 



HYDROGRAPH AT STATION SUB380 

TOTAL RAINFALL = 2.77, TOTAL LOSS = .66, TOTAL EXCESS = 2.11 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HE) 
(CFS) 

+ 93. 1.33 12. 4. 4. 4. 
( INCHES) 2.100 2.100 2.100 2.100 

(AC-FT) 6. 6. 6. 6. 

CUMULATIVE AREA = .05 SP M I  

************** 

SUB390 RUNOFF HG FROH SUB-BASIN 390 

************** 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 B A S I N  TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 -01 .01 .01 .OO .01 .03 .03 .04 .04 
.06 .09 .27 .14 .I2 .04 .03 .02 .01 ..01 
.01 .oo .O1 .01 

GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE D E F I C I T  
P S I  F 3.40 WETTING FRONT SUCTION 

XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .27 TIME OF CONCENTRATION 

R .47 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 TI.0 84.0 90.0 94.0 9'7.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .27 HR, R= .47 HR 

SNYDER TP= .23 HR, CP= .37 

U N I T  HYDROGRAPH 
32 END-OF-PER100 ORDINATES 

6. 20. 28. 26. 22. 19. 16. 13. 11. 
8. 6. 5. 4. 4. 3. 3. 2. 2. 
1. 1. 1. 1. 1. 1. 0. 0. 0. 
0. 0. 

HYDROGRAPH AT STATION SUB390 
. . 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  



6-HR 24-HR 72-HR 16.58-HR 
+ (CFS) (HR) 

(CFS) 
t 38.  1.33 5. 2. 2. 2. 

(INCHES) 1.744 1.744 1.744 1 .744 
(AC-FT) 3. 3. 3. 3. 

CUMULATIVE AREA = .03  SQ M I  

* * 
5 7 3  KK * SUM401 * COMBINE HG FROH SUB380, SUB390 * 

INFLOW INTO DETENTION BASIN 4 0 1  

5 7 5  HC HYDROGRAPH COMBINATION 
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STAT ION SUM401 

PEAK F L W  TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 131. 1.33 17. 6. 6. 6. 
(INCHES) 1.975 1.975 1.975 1.975 

(AC-FT) 8. 8. 8. 8. 

CUMULATIVE AREA = .08 SP M I  

* DET401 ROUTE HG SUM401 THRU DET BASIN 401; Vb = 150'; L = 4 0 0 '  * 
************** 

100-FOOT UIER USED FOR HIGH FLOWS AND 1-36" CMP 

OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVRIC .00 I N I T I A L  CONDITION 

X .00 W R K I N G  R AND D COEFFICIENT 

STORAGE .O 2.1 4.6 7.5 

ELEVATION 100.00 102.00 104.00 106.00 

LOW-LEVEL OUTLET 
ELEVL 102.00 ELEVATION AT CENTER OF OUTLET 
CAREA 7.10 CROSS-SECTIONAL AREA 

COQL .37 COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

'SPILLWAY 
CREL 105.90 SPILLUAY CREST ELEVATION 

SPW 1 0  100.00 SPILLWAY WIDTH 



COQU 2.60 WEIR COEFFICIENT 
EXPU 1.50 EXPONENT OF HEAD 

COMPUTED WTFLOU-ELEVATION DATA 

WTFLOU .OO .OO 25.10 26.61 28.31 30.24 32.46 35.03 38.03 41.61 
ELEVATION 100.00 102.00 103.42 103.59 103.81 104.06 104.37 104.76 105.26 105.90 

WTFLW 41.64 41.74 41.96 42.34 42.92 43.74 44.86 46.30 48.12 50.36 
ELEVATION 105.90 105.91 105.91 105.92 105.93 105.94 105.95 105.97 105.98 106.00 

COMPUTED STORAGE-WTFLW-ELEVATION DATA 

STORAGE .00 2.06 3.83 4.05 4.31 4.55 4.64 5.10 5.67 6.40 
OUTFLOU .OO .OO 25.10 26.61 28.31 29.80 30.24 32.46 35.03 38.03 

ELEVATION 100.00 102.00 103.42 103.59 103.81 104.00 104.06 104.37 104.76 105.26 

STORAGE 7.34 7.36 7.38 7.40 7.42 7.44 7.46 7.49 
WTFLW 41.61 41.96 42.92 43.74 44.86 46.30 48.12 50.36 

ELEVATION 105.90 105.91 105.93 105.94 105.95 105.97 105.98 106.00 

HYDROGRAPH AT STATION DET401 

DA MON HRMN ORD WTFLOU 

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

* 
STORAGE STAGE * DA MON HRMN OR0 * 

.O 100.0* 1 0535 68 

.O 100.0* 1 0540 69 

.O 100.0* 1 0545 70 

.O 100.0* 1 0550 71 

.O 100.0 1 0555 72 

.1 100.1 1 0600 73 

.1 100.1 * 1 0605 74 

.1 100.1 * 1 0610 75 

.2 100.1 * 1 0615 76 

.2 100.2' 1 0620 77 

.3 100.3 * 1 0625 78 

.4 100.4 * 1 0630 79 

.6 100.5 * 1 0635 80 

.8 100.8* 1 0640 81 
1.2 101.2 * 1 0645 82 
1.9 101.9 * 1 0650 83 
2.8 102.6 1 0655 84 
3.5 103.2 1 0700 85 
4.2 103.7* 1 0705 86 
4.7 104.1 * 1 0710 87 
5.0 104.3 * 1 0715 88 
5.3 104.5 1 0720 89 
5.5 104.6 1 0725 90 
5.5 104.7 1 0730 91 
5.6 104.7 1 0735 92 
5.6 104.7 * 1 0740 93 
5.5 104.7' 1 0745 94 
5.4 104.6 * 1 0750 95 
5.3 104.5 * 1 0755 96 
5.2 104.4* 1 0800 97 
5.1 104.3 * 1 0805 98 
4.9 104.2 * 1 0810 99 
4.7 104.1 * 1 0815 100 
4.6 104.0 * 1 0820 101 
4.4 103.9 * 1 0825 102 
4.2 103.8 * 1 0830 103 
4.1 103.6 * 1 0835 104 
3.9 103.5 * 1 0840 105 
3.8 103.4 * 1 0845 106 
3.6 103.2 * 1 0850 107 
3.5 103.1 * 1 0855 108 
3.3 103.0 * 1 0900 109 
3.2 102.9 1 0905 110 
3.1 102.9 1 0910 111 
3.0 102.8 * 1 0915 112 
2.9 102.7 1 0920 113 
2.9 102.6 * 1 0925 114 
2.8 102.6 * 1 0930 115 

WTFLW 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

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

STORAGE STAGE DA MON HRMN ORD 

2.2 102.1 1 1110 135 
2.2 102.1 * 1 1115 136 
2.1 102.1 * 1 1120 137 
2.1 102.1 1 1125 138 
2.1 102.1 1 1130 139 
2.1 102.1 1 1135 140 
2.1 102.0 * 1 1140 141 
2.1 102.0 1 1145 142 
2.1 102.0 1 1150 143 
2.1 102.0 * 1 1155 144 
2.1 102.0 * 1 1200 145 
2.1 102.0 * 1 1205 146 
2.1 102.0 * 1 1210 147 
2.1 102.0 1 1215 148 
2.1 102.0 1 1220 149 
2.1 102.0 * 1 1225 150 
2.1 102.0 * 1 1230 151 
2.1 102.0 1 1235 152 
2.1 102.0 * 1 1240 153 
2.1 102.0 * 1 1245 154 
2.1 102.0 * 1 1250 155 
2.1 102.0 1 1255 156 
2.1 102.0 * 1 1300 157 
2.1 102.0 * 1 1305 158 
2.1 102.0 1 1310 159 
2.1 102.0 1 1315 160 
2.1 102.0 1 1320 161 
2.1 102.0 1 1325 162 
2.1 102.0 * 1 1330 163 
2.1 102.0 1 1335 164 
2.1 102.0 1 1340 165 
2.1 102.0 1 1345 166 
2.1 102.0 * 1 1350 167 
2.1 102.0 * 1 1355 168 
2.1 102.0 * 1 1400 169 
2.1 102.0 * 1 1405 170 
2.1 102.0 1 1410 171 
2.1 102.0 1 1415 in 
2.1 102.0 * 1 1420 173 
2.1 102.0 1 1425 174 
2.1 102.0 1 1430 175 
2.1 102.0 * 1 1435 176 
2.1 102.0 1 1440 177 
2.1 102.0 1 1445 178 
2.1 102.0 * 1 1450 179 
2.1 102.0 * 1 1455 180 
2.1 102.0 1 1500 181 
2.1 102.0 1 1505 182 

WTFLW STORAGE STAGE 



PEAK FLOW TIME 

+ (CFS) (HR) 
(CFS) 

+ 35. 2.00 
(INCHES) 

(AC-FT) 

PEAK STORAGE TIME 

MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

+ (FEET) (HR) 
104.70 2.00 102.85 102.18 102.18 102.18 

1 
CUMULATIVE AREA = .08  SQ M I  

************** 
* 

5 8 4  KK * SUB400 * RUNOFF HG FROM SUB-BASIN 4 0 0  

************a* 

SUBBASIN RUNOFF DATA 

585 BA SUBBASIN CHARACTERISTICS 
TAREA .06 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .Dl  -01 .OO .O1 .03 .03 .04 .04 
.06 .W .27  .14 .12 .04 .03 .02 .O1 .O1 
.01 .oo .O1 .O1 

5 8 6  LG GREEN AND AMPT LOSS RATE 
STRTL .19 STARTING LOSS 

DTH .30 MOISTURE D E F I C I T  
P S I  F 2.55 WETTING FRONT SUCTION 

XKSAT 1.14 HYDRAULIC CONDUCTIVITY 
RT I MP 6.40 PERCENT IMPERVIOUS AREA 

- 5 8 7  UC CLARK UNITGRAPH 

. - TC .63 TIME OF CONCENTRATION 
R .47  STORAGE COEFFICIENT 

5 8 8  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 



UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .63 HR, R= -47 HR 

SNYDER TP- .36 HR, CP= .45 

UNIT HYDROGRAPH 
34 END-OF-PERIOO ORDINATES 

3. 12. 30. 44. 46. 44. 41. 36. 31. 26. 
22. 18. 15. 13. 11. 9. 8. 6. 5. 4. 
4. 3. 3. 2. 2. 2. 1. 1. 1. 1. 
1. 1. 0. 0. 

HYDROGRAPH AT STATION SUB400 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.65, TOTAL EXCESS = 1.12 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 48. 1 .50 7. 3. 3. 3. 
(INCHES) 1.113 1.113 1.113 1.113 

(AC-FT)  3. 3. 3. .3. 

CUMULATIVE AREA = .06 SQ M I  

590 KK SUM407 COMBINE HG FRW SUB400, RCH407 & DET401 

591 HC HYDROGRAPH COMBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO COHBINE 

HYDROGRAPH AT STATION SUP1407 

PEAK FLOW TIME MAXIMLIM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 515. 2.00 109. 40. 40. 40. 
(INCHES) 1.384 1.394 1.394 1.394 

(AC-FT) 54. 55. 55. 55. 

CUMULATIVE AREA = .74 sa MI 

************** 
* 

592 KK * RCH441 ROUTE HG SUM407 THRU REACH 441 (NORTH) 

************** 

HYDROGRAPH ROUTING DATA 

593 RS . STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLW TYPE OF INITIAL CONDITION 



RSVR I C -1.00 INITIAL CONDIT ION 
X .OO WRKING R AN0 D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL .030 LEFT OVERBANK N-VALUE 

ANCH .025 MAIN CHANNEL N-VALUE 
ANR .030 RIGHT OVERBANK N-VALUE 

RLNTH 1160. REACH LENGTH 
SEL ,0060 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
ELEVATION 100.00 98.00 98.00 95.00 95.00 98.00 98.00 100.00 
DISTANCE 500.00 512.00 533.00 545.00 555.00 567.00 588.00 600.00 

COHPUTED STORAGE-WTFLW-ELEVATION DATA 

STORAGE .00 .08 .I7 .28 .40 .53 .69 .85 1.03 1.23 
OUTFLOW .OO 5.17 17.13 35.21 59.55 90.43 128.20 173.23 225.92 286.64 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 1.44 1.66 2.08 2.64 3.22 3.82 4.44 5.09 5.75 6.44 
OUTFLW 355.77 433.69 539.99 687.35 862.02 1061.76 1285.54 1532.79 1803.21 2096.67 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR WTFLWS BETWEEN 173. TO 2097. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLWS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION RCH441 

PEAK FLW TIME 

(CFS) (HR) 
(CFS) 

+ ' 507. 2.08 
(INCHES) 

(AC-FT)  

PEAK STORAGE TIME 

+ (AC-FT)  (HR) 
2. 2.08 

PEAK STAGE TIME 

+ (FEET) (HR) 
98.08 2.08 

MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

WIM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .74 SQ M I  

************** 

597 KK * SUB410 RUNOFF HG FRW SUB-BASIN 410 * 
************** 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .06 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .O1 .O1 .OO .O1 .D3 .03 .04 .04 



599 LG GREEN AND AMPT LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE DEFICIT 
PSIF 3.40 WETTING FRONT SUCTION 
XKSAT -80 HYDRAULIC CONDUCTIVITY 
RT I MP 37.00 PERCENT IMPERVIOUS AREA 

600 UC CLARK UNITGRAPH 
TC .23 TIME OF CONCENTRATION 
R .24 STORAGE COEFFICIENT 

601 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .23 HR, R =  .24 HR 
SNYDER TP= .I7 HR, CP= .45 

UNIT HYDROGRAPH 
17 END-OF-PERIOO ORDINATES 

32. 80. 88. 68. 48. 34. 24. 17. 12. 8. 
6. 4. 3. 2. 1. 1. 1. 

HYDROGRAPH AT STATION SUB410 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.75 

PEAK FLOW TIME MAXIMUM AVERAGE FLW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 108. 1.25 11. 4. 4. 4. 
(INCHES) 1.744 1.744 1.744 1.744 
(AC-FT) 5. 5. 5. 5. 

CUMULATIVE AREA = .06 SQ MI 

************** 
* * 

603 KK * SUB425 * RUNOFF HG FROn SUB-BASIN 425 * * 
************** 

SUBBASIN RUNOFF DATA 

604 BA SUBBASIN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

73 PI INCREMENTAL PRECIPITATION PATTERN 
.O1 -01 .O1 .01 .OO -01 .03 .03 
.06 .09 .27 .14 .12 .04 .03 .02 
.O1 .DO .01 .O1 

605 LG GREEN AND AMP1 LOSS RATE 
STRTL .15 STARTING LOSS 

DTH .28 MOISTURE DEFICIT 
PSI F 3.40 WETTING FRONT SUCTION 
XKSAT .80 HYDRAULIC CONDUCTIVITY 
RTIMP 37.00 PERCENT IMPERVIOUS AREA 

606 UC ..CLARK UNITGRAPH 
TC .45 TIME OF CONCENTRATION 



R .76 STORAGE COEFFICIENT 

607 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .45 HR, R= .76 HR 

SNYDER TP= .33 HR, CP= .32 

U N I T  HYDROGRAPH 
51 END-OF-PERIW ORDINATES 

2. 8. 15. 18. 18. 17. 15. 14. 12. 11. 
10. 9. 8. 7. 6. 6. 5. 5. 4. 4. 

HYDROGRAPH AT STAT I O N  SUB425 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.02, TOTAL EXCESS = 1.n 
PEAK FLOW TIME MAXIMUM AVERAGE FLOW 

6-HR 24-HR 72-HR 16.58-HR 
+ (CFS) (HR) 

( U S )  
+ 27. 1 .50 5. 2. 2. 2. 

(INCHES) 1.743 1 .743 1.743 1 .743 
(AC-FT) 3. 3. 3. 3. 

CUMULATIVE AREA = .03 sa MI 

************** 
* 

609 KK SUB440 * RUNOFF HG FROM SUB-BASIN 440 * 

SUBBASIN RUNOFF DATA 

610 BA SUBBASIN CHARACTERISTICS 
TAREA .04 SUBBAS1 N AREA 

PRECIPITATION DATA 

72 PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

73 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .O1 .OO .O1 .03 .03 .04 
.06 .09 .27 .14 .I2 .04 .03 .02 .O1 
.01 .oo .O1 .01 

611 LG GREEN AND AMPT LOSS RATE 
STRTL .19 STARTING LOSS 

DTH .30 MOISTURE D E F I C I T  
P S I F  2.55 WETTING FRONT SUCTION 

XKS AT 1.14 HYDRAULIC CONDUCTIVITY 
RTIMP 6.40 PERCENT IMPERVIOUS AREA 

612 UC CLARK UNITGRAPH 
TC .57 T I H E  OF CONCENTRATION 

R .62 STORAGE COEFFICIENT 

'113 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 



U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= . 5 7  HR, R= .62 HR 

SNYDER TP= .37 HR, CP= .40 

U N I T  HYDROGRAPH 
4 3  END-OF-PERIOO ORDINATES 

2. 6. 16. 23. 24. 23. 22. 20. 17. 15. 
13. 11. 10. 9. 8. 7. 6. 5. 4. 4. 
3. 3. 3. 2. 2. 2. 2. 1. 1. 1. 
1. 1. 1. 1. 1. 0. 0. 0. 0. 0. 
0. 0. 0. 

HYDROGRAPH AT STATION SUB440 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.65, TOTAL EXCESS = 1.12 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
( C F S I  

+ 25. 1 .50 4. 2. 2. 2. 
(INCHES) 1.113 1.113 1.113 1.113 

(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .04  SP M I  

************** 
* * 

6 1 5  KK SUM441 * COMBINE HG FROM RCH441 (WEST 8 NORTH), SUB410, SUB425 8 SUB440 * 
***a********** 

INFLOW INTO DETENTION BASIN 4 4 1  

6 1 7  HC HYDROGRAPH COMBINATION 
I COMP 5 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUM441 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
( C F S I  

+ 1789. 2.17 422. 160. 160. 160. 
(INCHES) 1.316 1.382 1.382 1.382 

(AC-FT) 209. 220. 220. 220. 

CUMULATIVE A R E A =  2 . 9 8 S P M I  

************** 
* * 

6 1 8  KK * DET441 * ROUTE HC SUM401 THRU DET BASIN 441; U b  = 150'; L = 1 0 0 0 '  * 
************** 

100-FOOT U I E R  USED FOR HIGH FLOWS AND 6 - 4 8 "  CMP 
****** W T F L W  E X I T S  AT SE CORNER OF EXPANSION AREA ****** 

W T P U T  CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 



622 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONOITION 
RSVR I C .OO INITIAL CONDITION 

-, X .OO WORKING R AN0 0 COEFFICIENT 

.023 SV STORAGE .O 7.4 16.0 25.6 

624 SE ELEVATION 100.00 102.00 104.00 106.00 

LW-LEVEL WTLET 
ELEVL 102.00 
CAREA 75.40 
COQL .37 
EXPL .50 

SP I LLWAY 
CREL 103.00 

SPUID 100.00 
COQW 2.60 
EXPW 1.50 

ELEVATION AT CENTER OF WTLET 
CROSS-SECTIONAL AREA 
COEFFICIENT 
EXPONENT OF HEAD 

SPILLWAY CREST ELEVATION 
SPILLWAY WIDTH 
WEIR COEFFICIENT 
EXPONENT OF HEAD 

COMPUTED WTFLW-ELEVATION DATA 

OUTFLOW .OO .OO 403.18 361.74 328.02 300.05 276.48 256.34 238.93 223.74 
ELEVATION 100.00 102.00 105.25 104.61 104.15 103.80 103.53 103.31 103.14 103.00 

WTFLW 264.54 307.85 372.97 464.06 585.36 741.19 935.93 1174.04 1460.05 1798.48 
ELEVATION 103.19 103.33 103.52 103.75 104.02 104.33 104.69 105.08 105.52 106.00 

COMPUTED STORAGE-WTFLW-ELEVATION DATA 

STORAGE .OO 7.44 15.98 21.99 23.31 25.62 
WTFLW .00 .OO 576.42 1279.06 1460.05 1798.48 

ELEVATION 100.00 102.00 104.00 105.25 105.52 106.00 

HYDROGRAPH AT STATION DET441 

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

OA MON HRMN OR0 WTFLW STORAGE STAGE DA MOW HRMN ORD WTFLW STORAGE STAGE * DA MON HRMN ORD WTFLW STORAGE STAGE * 
1 0000 1 0. .O 100.0 * 1 0535 68 80. 8.6 102.3 1 1110 135 10. 7.6 102.0 
1 0005 2 0. .O 100.0* 1 0540 69 77. 8.6 102.3 1 1115 136 10. 7.6 102.0 
1 0010 3 0. .O 100.0* 1 0545 70 75. 8.5 102.3 1 1120 137 10. 7.6 102.0 
1 0015 4 0. .O 100.0 * 1 0550 71 73. 8.5 102.3 1 1125 138 9. 7.6 102.0 
1 0020 5 0. .O ioo .o*  1 0555 n 71. 8.5 102.2 1 1130 139 9. 7.6 102.0 
1 0025 6 0. .1 100.0* 1 0600 73 69. 8.5 102.2 1 1135 140 9. 7.6 102.0 
1 0030 7 0. .1 100.0* 1 0605 74 67. 8.4 102.2 * 1 1140 141 8. 7.6 102.0 
1 0035 8 0. .1 100.0 * 1 0610 75 66. 8.4 102.2 1 1145 142 8. 7.6 102.0 
1 0040 9 0. .2 100.0 1 0615 76 64. 8.4 102.2 1 1150 143 8. 7.6 102.0 
1 0045 10 0. .2 100.1 1 0620 77 63. 8.4 102.2 1 1155 144 8. 7.6 102.0 
1 0050 11 0. .3 100.1* 1 0625 78 62. 8.4 102.2 1 1200 145 7. 7.5 102.0 
1 0055 12 0. .4 100.1 1 0630 79 60. 8.3 102.2 1 1205 146 7. 7.5 102.0 
1 0100 13 0. .6 100.2 1 0635 80 59. 8.3 102.2 1 1210 147 7. 7.5 102.0 
1 0105 14 0. .9 100.2 * 1 0640 81 58. 8.3 102.2 1 1215 148 7. 7.5 102.0 
1 0110 15 0. 1.5 100.4 * 1 0645 82 56. 8.3 102.2 1 1220 149 6. 7.5 102.0 
1 0115 16 0. 2.7 100.7 * 1 0650 83 55. 8.2 102.2 1 1225 150 6. 7.5 102.0 
1 0120 17 0. 4.2 101.1 * 1 0655 84 53. 8.2 102.2 * 1 1230 151 6. 7.5 102.0 
1 0125 18 0. 6.1 101.6 1 0700 85 52. 8.2 102.2 1 1235 152 6. 7.5 102.0 
1 0130 19 62. 8.4 102.2 1 0705 86 50. 8.2 102.2 * 1 1240 153 6. 7.5 102.0 
1 0135 20 215. 10.6 102.7 1 0710 87 48. 8.2 102.2 1 1245 154 5. 7.5 102.0 
1 0140 21 360. 12.8 103.2 * 1 0715 88 47. 8.1 102.2 * 1 1250 155 5. 7.5 102.0 
1 0145 22 516. 15.1 103.8 1 0720 89 46. 8.1 102.2 * 1 1255 156 5. 7.5 102.0 
1 0150 23 755. 17.5 104.3 1 0725 90 44. 8.1 102.2 f 1300 157 5. 7.5 102.0 
1 0155 24 1033. 19.9 104.8 1 0730 91 43. 8.1 102.1. 1 1305158 5. 7.5 102.0 
1 0200 25 1305. 22.2 105.3* 1 0735 92 41. 8.1 102.1 1 1310 159 5. 7.5 102.0 

, 1 0205 26 1567. 24.0 105.7 1 0740 93 40. 8.0 102.1 * 1 1315 160 5. 7.5 102.0 
1 0210 27 1713. 25.0 105.9 * 1 0745 94 39. 8.0 102.1 * 1 1320 161 4. 7.5 102.0 
1 0215 28 1737. 25.2 105.9 * 1 0750 95 38. 8.0 102.1 * 1 1325 162 4. 7.5 102.0 
1 0220 29 1673. 24.8 105.8 1 0755 96 36. 8.0 102.1 1 1330 163 4. 7.5 102.0 
1 0225 30' 1563. 24.0 105.7* 1 0800 97 35. 8.0 ' 102.1 1 1335 164 4. 7.5 102.0 
1 0230 31 1439. 23.2 105.5* 1 0805 98 34. 7.9 102.1 1 1340 165 4. 7.5 102.0 
1 0235 32 1320. 22.3 105.3 1 0810 99 33. 7.9 102.1 1 1345 166 4. 7.5 102.0 



PEAK FLOU 

+ (CFS) 

+ 1737. 

PEAK STORAGE 

+ (AC-FT) 
25. 

PEAK STAGE 

+ (FEET) 
105.91 

TIME 

(HR) 
(CFS) 

2.25 
( I NCHES) 

(AC-FT) 

TIME 

TIME 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

MAXIMUH AVERAGE STORAGE 
24-HR 72-HR 

CUMULATIVE AREA = 2.98 SQ M I  

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HWRS, AREA I N  SQUARE M I L E S  

PEAK TIME OF AVERAGE FLOW FOR MAXIUUU PERIOO BASIN MAXIMUM TIME OF 
OPERAT 1 ON STATION FLOW PEAK AREA STAGE MAX STAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ SUBBI 251. 1.58 26. 10. 10. .17 

ROUTED TO 
+ RCH21 250. 1.58 26. 10. 10. -17 

HYDROGRAPH AT 
+ SUB10 43. 1.25 4. 1. 1. .02 

HYDROGRAPH AT 
+ SUB20 12. 1.42 2. 1. 1. .O1 

3 COMBINED AT 



ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

RWTED TO 

SUB30 

SUB40 

SUMS 1 

RCH71 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

S COMBINED AT 

ROUTED TO 

149. 

28. 

in. 

177.  

3. 

7. 

6 .  

225. 

225. 

SUBA 

SUBB2 

SUM7 

RCH71 

SUB50 

SUB60 

SUB70 

sun71 

RCH77 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

ROUTED- TO 



HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

3 COMBINED AT 

R W T E D  TO 

HYDROGRAPH AT 

RWTED TO 

2 COMBINED AT 

RWTED TO 

SUM147 

RCH 167 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

SUB 170 

SUB175 

SUB180 

SUM181 

DET181 

HYDROGRAPH AT 

ROUTED .TO 

SUB 190 

RCH207 



HYDROGRAPH AT 
SUB200 

3 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 



ROUTED TO 

HYOROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

SUB310 

SUB320 

SUB330 

SUBC 

SUM337 

RCH347 

HYDROGRAPH A T  

2 COMBINED AT 

ROUTE0 TO 

HYOROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

RWTED TO 

4 COMBINED AT 

RWTED TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 



ROUTED TO 
+ RCH441 507. 2.08 109. 40. 40. .74 
+ - 98.08 2.08 

HYDROGRAPH AT 
+ SUB410 108. 1.25 11. 4. 4. .06 

HYDROGRAPH AT 
+ SUB425 27. 1.50 5. 2. 2. .03 

HYDROGRAPH AT 
+ SUB440 25. 1.50 4. 2. 2. .04 

5 COMBINED AT 
+ SUM441 1789. 2.17 422. 160. 160. 2.98 

ROUTED TO 
+ DET441 1737. 2.25 410. 155. 155. 2.98 
+ 105.91 2.25 
1 

SUMMARY OF KINEMATIC UAVE - MUSKINGUM-CUNGE ROUTING 
(FLW I S  DIRECT RUNOFF UITHWT BASE FLOW) 

INTERPOLATED TO 
COMPUTATION INTERVAL 

ISTAQ ELEMENT OT PEAK TIME TO VOLUME DT PEAK TIME TO VOLUME 
PEAK PEAK 

(MINI (CFS) (HIN) (IN) (MlN) (CFS) (MINI (IN) 

RCHZl MANE .47 250.51 95.76 1.45 5.00 249.69 95.00 1.45 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1306E+02 EXCESS= .0000E+00 OUTFLOW= .1307E+02 BASIN STORAGE. .3862E-05 PERCENT ERROR. -.l 

RCH71 MANE .SO 1054.13 115.30 1.57 5.00 1053.66 115.00 1.57 

CONTINUITY SUMMARY (AC-FT) - INFLOV.: .8764E+02 EXCESS= .0000E+00 OUTFLOW= .8766E+O2 BASIN STORAGE= .2712E-04 PERCENT ERROR= .O 

RCH207 MANE 1.62 100.92 82.74 1.75 5.00 98.82 80.00 1.74 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .5207E+01 EXCESS= .0000E+00 WTFLW= .5218E+01 BASIN STORAGE= .2098E-06 PERCENT ERROR= -.2 

RCH227 MANE .58 61.58 75.31 1.75 5.00 61.51 75.00 1.75 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .2325E+Ol EXCESS= .0000E+00 WTFLOW .2329E+01 BASIN STORAGE= .4183E-06 PERCENT ERROR= -.2 

RCH349 MANE .16 504.97 100.33 1.55 5.00 503.78 105.00 1.55 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .3774E+02 EXCESS= .0000E+00 WTFLW= .3774E+02 BASIN STORAGE= .1583E-05 PERCENT ERROR- .O 

*** NORMAL END OF HEC-1 *** 



.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* SEPTEMBER 1 9 9 0  * 
* VERSION 4.0 * 
7 

RUN DATE 01/10/1992 TIME 15:37:38 * * * 
......................................... 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  t 

* (916)  7 5 6 - 1 1 0 4  * 
* * 

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOUN AS HECl (JAN 73) .  HEClGS, HEClDB, AND HEC~KU.  

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED U I T H  REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ T lME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

L I N E  

1 
SUN C I T Y  WEST EXPANSION 
STANLEY CONSULTANTS JOB # 1 1 0 2 8  DATE: 10 JAN 9 2  
HEC-1 M W E L  11028N (DESIGN COND ONSITE) 

****** 11028N SAME AS 11028M EXCEPT NO OFFSITE CONTRIBUTION ***** 

CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (FCDMC HYDROLOGIC DESIGN MANUAL; TABLE 2.2) 
P I 0 0  = 2.77" 

NO AREAL REDUCTION FACTOR (TYPICAL FOR ALL AREAS) 

COMPUTATION TIME INTERVAL 5 MINUTES. 

GREEN-AMPT LOSS RATES FOR ONSITE DEVELOPED CONDITIONS ARE AREA-WEIGHTED 
FROM TABLE 2 OF THE CONCEPTUAL MASTER DRAINAGE REPORT. 
BASIC LOSS RATES AND PERCENT IMPERVIOUS (FOR DEVELOPED CONDITION) 
SELECTED TO PRODUCE RAINFALL EXCESS SIMILAR TO CORRESPONDING 
RATIONAL RUNOFF COEFFICIENT FOR PARTICULAR LAND USE. 

T lME OF CONCENTRATION AND STORAGE COEFFICIENT R ARE BASED ON RESULTS 
FROM MCUHP1 U I T H  LENGTHS AND SLOPES ESTIMATED FROM PRELIMINARY 
LOT LAYOUTS AND GRADING. 

K b  BASED ON HYDRO MANUAL FIGURE/TABLE 3.1 (m-0 .025,  b=. 1 5  f o r  ex is t )  
( m - 0 . 0 0 6 2 5 ,  b=.04 f o r  u r b a n )  

TIME-AREA RELATION FROM TABLE 5.2: 
ONSITE AREAS USE AN URBAN TIME-AREA UA RECORD 

HYDROGRAPH ROUTING THROUGH STREET REACHES USES KENEMATIC WAVE 
RECTANGULAR CHANNEL U I T H  WIDTH OF 68 FEET AND ttn1t=0.015 

HYDROGRAPH ROUTING THROUGH GUNITE-LINED, TRAPEZOIDAL CHANNEL ASSUMES: 
U b a s e  = 10f (MIN) ,  201(MAX); S i d e  S l o p e  = .5:1 (H\V); n = . 0 1 6  

HYDROGRAPH ROUTING THROUGH GOLF COURSE CHANNELS ASSUMES: 
MODIFIED PULS ROUTING, 100 FOOT TOTAL TOPUIDTH 
LOU FLOU CHANNEL I S  10' BOTTOM WIDTH, SS=4:1, MANNING n = 0.025 
(UNLESS SPECIFIED OTHERWISE) 



L I N E  

L I N E  

OVERBANK WIDTHS VARY AND HAVE SS=6:1, MANNING n = 0.030 
CHANNEL SLOPE RANGES FROH 0.003 TO 0.006 FEET PER FEET 
NSTPS (ON RS RECORD) = LENGTH \ (VEL 3 0 0  SEC) 
(VEL ASSUMED 8 5 FPS, TIME INTERVAL 5 MINUTES) 

CULVERTS ARE ASSUMED TO NOT INFLUENCE CHANNEL ROUTING 

HYDROGRAPH ROUTING THRWGH DETENTION BASINS ASSUMES: 
TRAPEZOIDAL, LEVEL BOTTOH, 6: 1 SIDESLOPES 
BOTTOM WIDTHS RANGE FROM 5 0 '  TO 2 5 0 '  (100 '  TYPICAL) 
BASIN OUTLETS ASSUME P I P E  WITH INLET CONTROL. 
P I P E  S I Z E  RANGES FROM SINGLE 18" CMP TO 4 - 4 8 "  CMP 
LOW-FLOWS ASSUME ORFICE EQUATION: 

HEC-1 INPUT 

I D  
I D  
I D  
I D  
*D I AGRAH 
I T  5 
I0  5 

KK SUB10 
BA 0 . 0 2 0  
I N  5 
PB 2.770 
PC .ooo 
PC .I76 
PC .970 
LG .15 
UC .I83 
UA 0 
UA 1 0 0  

Q = C * A(pipe) * H c a b o v e  FLI"0.5 
WHERE C I S  O R I F I C E  COEFFICIENT ESTIMATED TO BE 0.37 
(GIVES FLOWS S I M I L A R  TO RESULTS OF BPR INLET CONTROL CURVES) 
WIERS ARE USED I N  COMBINATION WITH P I P E S  

RUNOFF HG FROM SUB-BASIN 1 0  

KK SUB20 RUNOFF HG FROH SUB-BASIN 2 0  
BA .012 
LG .225 .295 2.65 1.10 10 
UC .400 .422 
u A o 5 16 30 6 5  n 84 90 9 4  97 
UA 100 

COMBINE HG FROM SUB10 & SUB20 
INFLOW INTO DETENTION BASIN 2 1  

ROUTE HG SUM21 THRU DET BASIN 21; Ub = 100'; L = 5 0 0 '  
100-FOOT WlER USED FOR HIGH FLOWS AND 2 - 4 8 "  CMP 

STOR 
2.57 5.69 9.37 

1 0 2  1 0 4  106 
25.1 .37 .5 

100 2.6 1.5 

KK RCHSl ROUTE HG DET21 THRU REACH 5 1  
RS 5 FLOW - 1 
RC .03 .025 .03 1 4 0 0  .005 
RX 5 0 0  5 1 2  5 3 3  5 4 5  5 5 5  5 6 7  5 8 8  6 0 0  
RY 100 98 98 9 5  9 5  98 98 1 0 0  

PAGE 2 

KK SUB30 RUNOFF HG FROM SUB-BASIN 30 
BA ,017 
LG . I 5 0  .28  3.4 .80 37 
UC .200 . 2 8 6  
U A 0 5 16 30 6 5  77 84 90 9 4  97 
UA 100 

HEC-1 INPUT PAGE 3 

KK SUB40 RUNOFF HG FROM SUB-BASIN 4 0  
BA .016 
LG . I 5 0  .28  3.4 .80 37 
UC - 1 8 3  .273 
U A 0 5 16 30 6 5  77 84 90 9 4  97 
UA 100 



LINE 

KK SUM51 CONBINE HG FROM RCH51, SUB30 & SUB40 
HC 3 

KK RCH71 ROUTE HG SUM51 THRU REACH 71 
RS 1 FLOU - 1 
RC .03 .025 .03 1400 .005 
RX 500 512 533 545 555 567 588 
RY 100 98 98 95 95 98 98 

KK SUB50 RUNOFF HG FROM SUB-BASIN 50 
BA .022 
LG .225 .295 2.65 1.10 10 
UC .517 .602 
U A 0 5 16 30 65 77 84 
UA 100 

KK SUB60 RUNOFF HG FROM SUB-BASIN 60 
BA ,036 
LG .14 .28 3.4 .80 43 
UC .267 .361 
UA 0 5 16 30 65 77 84 
UA 100 

KK SUB70 RUNOFF HG FROM SUB-BASIN 70 
BA ,030 
LG .15 -28 3.4 .80 37 
UC ,217 .233 
u A o 5 16 30 6s n 84 
UA 100 

KK SUM71 COMBINE HG FROM SUB60 8 SUB70 
HC 4 

KK R C H n  ROUTE HG sun71 THRU REACH 77 
RS 1 FLOU - 1 
RC .03 .025 .03 1900 -005 
RX 500 512 533 545 555 567 588 
RY 100 98 98 95 95 98 98 

KK SUB75 RUNOFF HG FROM SUB-BASIN 75 
BA .024 
LG .15 .28 3.4 .80 37 
UC .250 .382 
U A 0 5 16 30 65 77 a4 
UA 100 

HEC-1 INPUT 

I D  ..... .. I....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7... 

KK SUM77 COMBINE HG FROH RCH77 AND SUB75 
HC 2 

KK RCH241 ROUTE HG SUM77 THRU REACH 241 (VEST) 
RS 1 FLOU - 1 
RC .03 .025 .03 1480 .004 
RX 500 512 533 545 555 567 588 
RY 100 98 98 95 95 98 98 

KK SUB76 RUNOFF HG FROH SUB-BASIN 76 
BA -056 
LG .225 .295 2.65 1.10 10 
UC - .917 1.256 
U A 0 5 16 30 65 77 84 
UA 100 

KK SUB80 RUNOFF HG FROM SUB-BASIN 80 
KM ***** BEGIN NEW BRANCH ******** 
BA .037 

KK SUB90 RUNOFF HG FROM SUB-BASIN 90 
BA .058 
LG .I50 .28 3.4 .80 37 
UC -383 397  
U A 0 5 16 30 65 77 a4 
UA 100 

97 

PACE 4 

..I0 



L I N E  

L I N E  

COMBINE HG FROM SUB80 AND SUB90 
INFLOU INTO DETENTION BASIN 9 1  

ROUTE HG SUM91 THRU DET BASIN 91; U b  = 100'; L =400f  
100-FOOT UIER USED FOR HIGH FLOWS AND 2 -18 "  CHP 

STOR 
2.06 4.55 7.49 

1 0 2  104 1 0 6  

KK RCH137 ROUTE HG DET9 l  THRU REACH 1 3 7  50-FOOT CHANNEL 
RS 1 FLOU - 1 
RC .03 .025 .03 1 6 6 0  .004 
RX 5 0 0  5 0 8  5 0 8  5 2 0  5 3 0  5 4 2  5 4 2  5 5 0  
RY 1 0 0  99 99 96 96 99 99 1 0 0  

HEC-1 INPUT PAGE 5 

KK SUB100 RUNOFF HG FROM SUB-BASIN 100 

RUNOFF HG FROM SUB-BASIN 1 1 0  

RUNOFF HG FROM SUB-BASIN 1 3 0  

COMBINE HG FROM SUB110 AND SUB130 
INFLOU INTO DETENTION BASIN 1 3 1  

ROUTE HG SUM131 THRU DET BASIN 131; Ub = 100'; L = 200 '  
100-FOOT UIER USED FOR HIGH FLOUS AND 2-18"  CMP 

STOR 
1.03 2.28 3.75 

1 0 2  1 0 4  1 0 6  
3.5 .37 .5 
1 0 0  2.6 1.5 

COMBINE HG FROM RCH137, DET131 AND SUB100 

ROUTE HG SUM137 THRU REACH 147, 50-FOOT CHANNEL 
F L W  - 1 
.025 .03 6 0 0  .004 
5 0 8  5 0 8  5 2 0  5 3 0  5 4 2  5 4 2  5 5 0  
99 99 96 96 99 99 1 0 0  

RUNOFF HG FROM SUB-BASIN 1 4 0  
INFLOV INTO DETENTION BASIN 141 

UA 1 0 0  
HEC-1 INPUT 

KK DET141 ROUTE HG SUB140 THRU DET BASIN 141; U b  = 50'; L = 200 '  
KH 100-FOOT USER USED FOR HIGH FLOWS AND 1-18" CMP 
RS 1 STOR 

PAGE 6 



COMBINE HG FROM RCH147 8 DET141 

ROUTE HG SUM147 THRU REACH 167 
F L a J  - 1 
.025 .03 1 2 8 0  .004 
5 0 8  5 0 8  5 2 0  5 3 0  5 4 2  5 4 2  5 5 0  
99 99 96 96 99 99 100 

RUNOFF HG FROM SUB-BASIN 1 5 0  

RUNOFF HG FROM SUB-BASIN 160 

COMBINE HG FROM SUB150 8 SUB160 
INFLOU INTO DETENTION BASIN 161 

ROUTE HG SUM161 THRU DET BASIN 161; U b  = 100'; L = 
100-FOOT VIER USED FOR HIGH FLOUS AND 1-36" CMP 

STOR 
1.03 2.28 3.75 

COMBINE HG FROH RCH167 & DET161 

ROUTE HG SUM147 THRU REACH 181, 50-FOOT CHANNEL 
F L W  - 1 
.025 .03 1 4 6 0  .005 
5 0 8  5 0 8  5 2 0  5 3 0  5 4 2  5 4 2  5 5 0  
99 99 96 96 99 99 1 0 0  

HEC-1 INPUT PACE 7 

.... 10 L I N E  

RUNOFF HG FROM SUB-BASIN 170 

RUNOFF HG FROM SUB-BASIN 175 

RUNOFF HG FROM SUB-BASIN 180 

COMBINE HG FROM RCH181, SUB170, SUB175 AND SUB180 
INFLOU INTO DETENTION BASIN 1 8 1  

ROUTE HG SUM181 THRU DET BASIN 181; Ub = 100'; L = 3 0 0 '  
100-FOOT VIER USED FOR HIGH FLOWS AN0 2 - 4 8 "  CMP 



KK SUB190 RUNOFF HG FROM SUB-BASIN 190 
BA .056 
LG .I50 .28 3.4 .80 37 

KK RCH207 RWTE HG SUB190 THRU REACH 207 WEST); 68' STREET 
RK 2640 .003 .015 DEEP 68 

KK SUB200 RUNOFF HG FROM SUB-BASIN 200 

U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 8 

ID.. ..... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 
KK SUM207 COMBINE HG FROM DET181, RCH207 (UEST) AND SUB200 
HC 3 

RUNOFF HG FROH SUB-BASIN 210 

ROUTE HG SUB210 THRU REACH 227; 10' WNITE CHANNEL 
.002 ,016 TRAP 10 .5 

RUNOFF HG FROM SUB-BASIN 220 

KK SUB225 RUNOFF HG FROH SUB-BASIN 225 
BA .014 
LG .15 .28 3.4 .80 37 

KK SUM227 COMBINE HG FROM RCH227, SUB220 & SUB225 
HC 3 

RUNOFF HG FROM SUB-BASIN 230 

COMBINE HG FROH SUM207, SUM227 8 SUB230 
INFLOW INTO DETENTION BASIN 231 

ROUTE HG SUM231 THRU DET BASIN 231; Ub = 250'; L = 800' 
100-FOOT USER USED FOR HIGH FLWS AND 1-48" CnP 

STOR 
9.62 20.13 31.52 

102 104 106 
12.6 .37 .5 
100 2.6 1.5 

HEC-1 INPUT PAGE! 9 

LINE 



KK SUM241 COMBINE HG FROM RCH241 (UEST), DET231 & SUB76 
HC 3 

KK RCH267 ROUTE HG SUM241 THRU REACH 267 
RS 1 FLOW - 1 
RC .03 .025 .03 700 .006 
RX 500 512 533 545 555 567 588 600 
RY 100 98 98 95 95 98 98 100 

KK SUB250 RUNOFF HG FROM SUB-BASIN 250 
BA .023 
LG .15 .28 3.4 .80 37 

KK SUB260 RUNOFF HG FROM SUB-BASIN 260 
BA .013 
LG .15 .28 3.4 .80 37 
UC .I50 .I98 
U A 0 5 16 30 65 77 84 90 94 
UA 100 

KK SUM267 COMBINE HG FROM RCH267, SUB250 & SUB260 
HC 3 

KK RCH281 ROUTE HG SUM267 THRU REACH 281 
RS 1 FLOW - 1 
RC .03 .025 .03 1180 -004 
RX 500 512 533 545 555 567 588 600 
RY 100 98 98 95 95 98 98 100 

RUNOFF HG FROH SUB-BASIN 270 

RUNOFF HG FROM SUB-BASIN 280 

KK SUM281 COMBINE HG FROM RCH281, SUB270 & SUB280 
KM INFLDW INTO DETENTION BASIN 281 
HC 3 

HEC-1 INPUT PAGE 10 

.10 LINE 

ROUTE HG SUM281 THRU DET BASIN 281; Wb = 100'; L = 800' 
100-FOOT UlER USED FOR H I G H  FLOWS AND 4-48" CHP 

STOR 
4.11 9.11 14.99 

102 104 106 
50.3 .37 .5 
100 2.6 1.5 

ROUTE HG DET281 THRU REACH 441 (UEST) 
FLOW - 1 
.025 .03 580 . O N  
512 533 545 555 567 588 600 
98 98 95 95 98 98 100 

RUNOFF HG FROM SUB-BASIN 290 

KK SUB300 RUNOFF HG FROM SUB-BASIN 300 
BA .021 
LC .I50 .28 3.4 .80 37 
UC .I67 .211 



COMBINE HG FROM SUB290 8 SUB300 
INFLOW INTO DETENTION BASIN 301 

RWTE HG SUM301 THRU DET BASIN 301; Wb = 100'; L = 200' 
100-FOOT WIER USED FOR HIGH FLOWS AND 1-18" CMP 

STOR 
1.03 2.28 3.75 
102 104 106 

ROUTE HG DET301 THRU REACH 349 (WEST) 
F LOU - 1 
.025 .03 1800 .004 
508 508 520 530 542 542 550 
99 99 96 96 99 99 100 

RUNOFF HG FROM SUB-BASIN 310 

HEC-1 INPUT PAGE 11 

LINE 

RUNOFF HG FROM SUB-BASIN 320 

RUNOFF HG FROM SUB-BASIN 330 

ROUTE HG SUB330 THRU REACH 347 
FLOU - 1 
.025 .03 2020 .004 
512 533 545 555 567 588 600 
98 98 95 95 98 98 100 

RUNOFF HG FROM SUB-BASIN 340 

.30 2.4 1.20 1 
.371 

5 16 30 65 77 84 90 94 97 

COMBINE HG FROM RCH347 AND SUB340 

COMBINE HG FROM RCH349, SUM347, SUB310 & SUB320 
INFLOW INTO DETENTION BASIN 349 

ROUTE HG SUM349 THRU DET BASIN 349; Ub = 100'; L = 600' 
100-FOOT WIER USED FOR HIGH FLOWS AND 4-48" CMP 

ROUTE HG DET349 THRU REACH 377 
F L W  - 1 
.025 .03 900 .004 
512 533 545 555 567 588 600 
98 98 95 95 98 98 100 



LINE 

LINE 

KK SUB350 RUNOFF HG FROM SUB-BASIN 350 
BA .013 
LG .225 .295 2.65 1.10 10 
UC .317 .309 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 12 

KK SUB360 RUNOFF HG FROM SUB-BASIN 360 
BA .015 
LC .I50 .28 3.4 .80 37 
UC .I83 .243 
UA 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUB370 RUNOFF HG FROM SUB-BASIN 370 
BA .028 
LG .I50 .28 3.0 .80 37 
UC .250 .305 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM377 COMBINE HG FROH RCH377, SUB350, SUB360 & SUB370 
HC 4 

ROUTE HG SUM377 THRU REACH 407 
FLOW - 1 
.025 .03 1820 .004 
512 533 545 555 567 588 600 
98 98 95 95 98 98 100 

RUNOFF HG FROM SUB-BASIN 380 

KK SUB390 RUNOFF HG FROM SUB-BASIN 390 
BA .028 
LG .15 .28 3.4 .80 37 
UC .267 .471 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM401 COMBINE HG FROn SUB380, SUB390 
KM INFLOW INTO DETENTION BASIN 401 
HC 2 

KK DET401 ROUTE HG SUM401 THRU DET BASIN 401; Ub = 150'; L = 400' 
KM 100-FOOT UIER USED FOR H I G H  FLOUS AND 1-36" CMP 
RS 1 STOR 
SV 0 2.06 4.55 7.49 
SE 100 102 104 106 
SL 102 7.1 .37 .5 
SS 105.9 100 2.6 1.5 

HEC-1 INPUT PAGE 13 

I D  ....... 1.. ..... 2.......3.......4.......5.......6.......7.......8.......9......10 
KK SUB400 RUNOFF HG FROM SUB-BASIN 400 
BA .058 
LG -192 .297 2.55 1.14 6.4 
UC .633 .473 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM407 COMBINE HG FROM SUB400, RCH407 & DET401 
HC 3 

KK RCH441 ROUTE HG SUM407 THRU REACH 441 (NORTH) 
RS 1 FLW - 1 
RC .03 .025 .03 1160 .006 
RX 500 512 533 545 555 567 588 600 
RY 100 98 98 95 95 98 98 100 



5 3 9  KK SUB410 RUNOFF HG FROM SUB-BASIN 4 1 0  

INPUT 
L I N E  

NO. 
I 

6 2  

545 KK SUB425 RUNOFF HG FROM SUB-BASIN 4 2 5  
5 4 6  BA .029 
5 4 7  LG .15 . 2 8  3.4 .8 37 
5 4 8  UC .450 .759 
5 4 9  U A 0 5 16 30 6 5  77 84 90 9 4  97 
5 5 0  UA 100 

5 5 1  KK SUB440 RUNOFF HG FROM SUB-BASIN 4 4 0  
5 5 2  BA .035 
5 5 3  LG . I 9 2  . 2 9 7  2.55 1.14 6.4 

5 5 7  KK SUM441 COMBINE HG FROM RCH441 (WEST & NORTH), SUB410, SUB425 8 SUB440 
5 5 8  KM INFLOU INTO DETENTION BASIN 4 4 1  
5 5 9  HC 5 

5 6 0  KK DET441 ROUTE HG SUM401 THRU DET BASIN 441; Wb = 150'; L = 1000 '  
5 6 1  KM 100-FOOT UIER USED FOR HIGH FLOWS AND 6 - 4 8 "  CMP 
5 6 2  KM ****** OUTFLOU E X I T S  AT SE CORNER OF EXPANSION AREA ****** 
5 6 3  RS 1 STOR 
5 6 4  SV 0 7.44 15.98 25.62 
5 6 5  SE 1 0 0  1 0 2  1 0 4  1 0 6  
5 66 SL 1 0 2  75.4 .37 .5 
5 6 7  SS 103.0 1 0 0  2.6 1.5 
5 6 8  22 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V)  ROUTING ( - - ->)  DlVERSION OR PUMP FLOU 

(.) CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED F L W  



SUM 167. ........... 
v 
v 

RCH181 



SUB 175 





(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * SEPTEMBER 1990 * 
* VERSION 4.0 * 
* * 
* RUN DATE 0 1 / 1 0 / 1 9 9 2  TIME 15:37:38 * * * 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEEIRING CENTER * 

6 0 9  SECOND STREET 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
* ( 9 1 6 )  7 5 6 - 1 1 0 4  * * * 

SUN C I T Y  UEST EXPANSION 
STANLEY CONSULTANTS JOB # 1 1 0 2 8  DATE: 10 JAN 9 2  
HEC-1 MODEL 11028N (DESIGN COND ONSITE) 

****** 11028N SAME AS 11028M EXCEPT NO OFFSITE CONTRIBUTION ***** 

CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (FCDMC HYDROLOGIC DESIGN MANUAL; TABLE 2.2) 
P I 0 0  = 2.7718 

NO AREAL REDUCTION FACTOR (TYPICAL FOR ALL AREAS) 

COMPUTATION TIME INTERVAL 5 MINUTES 

GREEN-AMP1 LOSS RATES FOR ONSITE DEVELOPED CONDITIONS ARE AREA-UEIGHTED 
FROM TABLE 2 OF THE CONCEPTUAL MASTER DRAINAGE REPORT. 
BASIC LOSS RATES AND PERCENT IMPERVIOUS (FOR DEVELOPED CONDITION) 
SELECTED TO PROOUCE RAINFALL EXCESS SIMILAR TO CORRESPONDING 
RATIONAL RUNOFF COEFFICIENT FOR PARTICULAR LAND USE. 

TIME OF CONCENTRATION AND STORAGE COEFFICIENT R ARE BASED ON RESULTS 
FROn MCUHPl WITH LENGTHS AND SLOPES ESTIMATED FROM PRELIMINARY 
LOT LAYOUTS AND GRADING. 

Kb BASED ON HYDRO MANUAL FIGURE/TABLE 3.1 (m=-0.025, b=.15 f o r  ex is t )  
(m=-0.00625, b=.04 for  u r b a n )  

TIME-AREA RELATION FROM TABLE 5.2: 
ONSITE AREAS USE AN URBAN TIME-AREA UA RECORD 

HYDROGRAPH ROUTING THROUGH STREET REACHES USES KENEMATIC UAVE 
RECTANGULAR CHANNEL WITH WIDTH OF 68 FEET AND 88n80=0.015 

HYDROGRAPH ROUTING THROUGH GUNITE-LINED, TRAPEZOIDAL CHANNEL ASSUMES: 
U b a s e  = 101(MIN), 201(MAX); S i d e  S l o p e  = .5:1 (H\V); n = .016 

HYDROGRAPH ROUTING THROUGH GOLF COURSE CHANNELS ASSUMES: 
M W I F I E D  PULS ROUTING, 100 FOOT TOTAL TOPUIDTH 
LOU FLOU CHANNEL I S  10' BOTTOH WIDTH, SS=4:1, MANNING n = 0.025 
(UNLESS SPECIFIED OTHERWISE) 
OVERBANK WIDTHS VARY AND HAVE SS=6:1, MANNING n = 0.030 
CHANNEL SLOPE RANGES FROH 0.003 TO 0.006 FEET PER FEET 
NSTPS (ON RS RECORD) = LENGTH \ (VEL 3 0 0  SEC) 
(VEL ASSUMED a 5 FPS, TIME INTERVAL 5 MINUTES) 

CULVERTS ARE ASSUMED TO NOT INFLUENCE CHANNEL ROUTING 



HYDROGRAPH ROUTING THROUGH DETENTION BASINS ASSUMES: 
TRAPEZOIDAL, LEVEL BOTTOM, 6:l SIDESLOPES 
BOTTOM WIDTHS RANGE FROM 50 '  TO 2 5 0 '  (100 '  TYPICAL) 
BASIN OUTLETS ASSUME P I P E  U I T H  INLET CONTROL. 
P I P E  S I Z E  RANGES FROH SINGLE 18"  CMP TO 4 - 4 8 "  CMP 
LOU-FLOWS ASSUME ORFlCE EQUATION: 
Q = C * A ( p i p e )  * H c a b o v e  FL)"0.5 
UHERE C I S  ORIFICE COEFFICIENT ESTIMATED TO BE 0.37 
(GIVES F L W S  SIMILAR TO RESULTS OF BPR INLET CONTROL CURVES) 
U l E R S  ARE USED I N  COMBINATION U I T H  PIPES 

OUTPUT CONTROL VARIABLES 
I PRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T l M E  0 0 0 0  STARTING TIME 

NQ 2 0 0  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 1 6 3 5  ENDING TIME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL -08 HOURS 
TOTAL TIME BASE 16.58 HOURS 

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
F L W  CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

RUNOFF SUMMARY 
F L W  I N  CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOU FOR MAXIMUM PERIOD BASIN MAXIMUM T I M E O F  
OPERATION STAT l ON F L W  PEAK AREA STAGE MAX STAGE 

6-HOUR 24-HOUR 7 2 - H W R  

HYDROGRAPH AT 
SUB 1 0  43. 1.25 4. 1. 1. .02 

HYDROGRAPH AT 
SUB20 12. 1.42 2. 1. 1. .01 

2 COMBINED AT 
SUM21 52. 1.25 5. 2. 2. .03 

ROUTED TO 
D E T 2 l  1. 2.83 

ROUTED TO 
RCH5l  0. 3.17 

HYDROGRAPH AT 
SUB30 31. 1.25 

HYDROGRAPH AT 
SUB40 30. 1.25 

3 COMBINED AT 
SUM51 60. 1.25 

ROUTED TO 
RCH71 55. 1.33 

HYDROGRAPH AT 
SUB50 17. 1.50 

HYDROGRAPH AT 



HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

R W T E D  TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

3 COMBINED AT 

R W T E D  TO 

HYDROGRAPH AT 

R W T E D  TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 



HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

2 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 



HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

4 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 



HYDROGRAPH AT 
SUB370 48. 1.33 5. 2. 2. .03 

4 COMBINED AT 
SUM377 92. 1.33 17. 6. 6. .18 

ROUTED TO 
RCH407 83. 1.42 17. 6. 6. .18 

96.39 

HYDROGRAPH AT 
SUB380 93. 1.33 12. 4. 4. .05 

HYDROGRAPH AT 
SUB390 38. 1.33 5. 2. 2. -03 

2 COMBINED AT 
SUM401 131. 1.33 17. 6. 6. .08 

ROUTED TO 
DET401 35. 2.00 13. 5. 5. .08 

104.70 

HYDROGRAPH AT 
SUB400 48. 1.50 7. 3. 3. .06 

3 COMBINED AT 
SUM407 152. 1.50 37. 14. 14. .31 

ROUTED TO 
RCH441 150. 1.50 37. 14. 14. .31 

96.71 

HYDROGRAPH AT 
SUB410 108. 1.25 11. 4. 4. .06 

HYDROGRAPH AT 
SUB425 27. 1.50 5. 2. 2. .03 

HYDROGRAPH AT 
SUB440 25. 1.50 4. 2. 2. .04 

5 COMBINED AT 
SUM441 432. 1.67 146. 61. 61. 1.35 

ROUTED TO 
OET441 376. 1.92 135. 55. 55. 1.35 

103.30 

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE RWTING 
(FLOW I S  DIRECT RUNOFF UITHWT BASE FLOW) 

INTERPOLATED TO 
COMPUTATION INTERVAL 

ISTAP ELEMENT DT PEAK TIME TO VOLUME DT PEAK TIME TO VOLUME 
PEAK PEAK 

( M I N )  (CFS) ( M I N )  ( I N )  (MIN) (CFS) (MIN)  ( I N )  

RCH207 MANE 1.62 100.92 82.74 1.75 5.00 98.82 80.00 1.74 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .5207E+01 EXCESS= .0000E+00 OUTFLOW= .5218E+Ol BASIN STORAGE= .2098E-06 PERCENT ERROR= -.2 

RCH227 MANE .58 61.58 75.31 1.75 5.00 61.51 75.00 1.75 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .2325E+01 EXCESS= .0000E+00 OUTFLOW= .2329E+01 BASIN STORAGE= -4183E-06 PERCENT ERROR= -.2 

NORMAL EN0 OF HEC-1 *** 
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Sect ion H 
INTRODUCTION TO 
DRAINAGE MASTER 
PLAN 

Drainage ana lys is  has  been conducted f o r  t h e  purposes 
of eva lua t ing  the  e x i s t i n g  condit ions on and adjacent t o  the 
Sun C i t y  West Phase I sits and the fu tu re  conditions r e l a t i n g  
t o  the proposed development of t h e  p ro j ec t  s i t e  f o r  the  con t ro l  
of pe r iod ic  flooding condit ions which r e s u l t  from a 100 year  
Frequency S t o m .  

From this aualys is  a Yhstet Drainage Plan has been 
developed cons is t ing  of roadways, roadways with center  rhannels 
and l i n e d  drainage channels t o  ca r ry  t h e  design Frequency S t o n  
away from the  proposed development. Once implemented, this 
Plan w i l l  i n s u r e  t h a t  housing construct ion is above flood l e v e l s  
f o r  design frequency s t o m .  

The study a rea  contains approximately 5,687 acres  of 
land wi th in  Township 4 Xorth, Range 1 West. This land is owned 
by the  D e l  E. Webb Development Company and is  cur ren t ly  being 
fanned by s e v e r a l  d i f f e r e n t  p a r t i e s ,  pr imari ly  Borne11 Fanns, 
Inc. and a c a t t l e  feeding yard (Lizard Acres) operated as 
Ci rc l e  One Ranch. The t o t a l  acreage is not  under cu l t i va t ion  
but  v a r i e s  in useage from raw d e s e r t  t o  fallow t o  a g r i c u l t u r a l  
with the l a t t e r  being t h e  primary useage. 

The study a rea  l i e s  wi th in  the  port ion of t he  s t a t e  
designated as the  upper Sonoran Desert and has a l l  of the 
general  t e r r a i n  f ea tu re s  usua l ly  associated with a t yp ica l  
southwestern dese r t  region. This cons i s t s  of creosote  bushes 
and Saguaro Cactus as t he  predominate p l an t s  on the  f l a t s ,  
with Palo Verde and Ironwood t r e e s  l f n b g  t he  washes including 
Mesquite bushes which general ly  form very dense th icke ts  a t  
ends of washes. 

The topography cons i s t s  of f l a t  deser t  p l a i n  sloping 
southeast  v i t h  t he  White Tank a u n t a i n s  t o  the west and the 
Wickenburg and Hieroglyphic Mountains t o  the  north. The 
aeardsley Canal and proposed Cent ra l  Arizona Pro jec t  Canal 



l i e  nor th  of the  pro jec t  s i t e .  I n  1956 the  Army Corps of 
Engineers completed cons t ruc t ion  of a Detention Basin laim 
as the  HcPEcken Dam t o  p ro t ec t  ~uke' Air Force Base from 
flooding by Tr i lby  Wash. The o u t l e t  f o r  this bas in  is an 
e a r t h  l i n e d  channel (McMicken Dam Outlet  Channel) varying 
in width from 20' t o  50' along t h e  nor th  s i d e  of t he  pro- 
j e c t  site. 

The a rea  is drained by many arroyos and washes 
which discharge i n t o  t h e  Detention Basin o r  Out le t  Channel 
and u l t imate ly  discharge i n t o  t h e  Agua F r i a  River loca ted  
along the  e a s t  s i d e  of the p r o j e c t  site. This r i v e r  along 
wi th  the  o ther  r i v e r s  fn t he  Phoenix a r e a  are d ry  and have no 
permanent flow. In t h e  dcinity of t h e  p ro j ec t  si te the  Agua 
F r i a  River banks a r e  reasonably w e l l  def ined as a water course 
and a r e  capable of carrying s i zeab le  flows r e s u l t i n g  from high 
i n t e n s i t y  summer storms prevalent  t o  this area. 

The c u t e  of t he  a r e a  is t y p i c a l  of t h e  a r i d  
Sonoran Desert. Ter~peratures  vary from highs near  120° F in 
summer t o  lows below 200 F. in wint.er. Long range t e q e r a t u r e  
approximates 70° F. 

U i d u  in the  area is usual ly concentrated in tbe 
months 02 December-Yarch and July-September. Winter s t o m  
a r e  n o m d l y  the r e s u l t  of t h e  e a s t e r l y  inovement of s t o r s  
f r o n t s  a r i s i n g  in t h e  Northern Pac i f ic .  These f r o n t s  pass 
across  the  s t a t e  in cycles  during the  win ter  months and usual ly 
exe r t  t h e i r  max[3urm inf luence in the  higher  e leva t ions  and along 
the  X ~ g o l l o n  Rim Countrp; however, they a r e  f requent ly  of 
severa l  days' durat ion and may r e s u l t  i n  s i g n i f i c a n t  precipi ta-  
t i o n  wi th in  t h e  watershed being s tudied.  

Summer storins more o f t e n  r e s u l t  from t h e  movement 
of wet air masses northward from the  G u l f  of m c o  t rave l ing  
general ly  from southwest t o  nor theas t  across  t h e  state. These 
storins a r e . f r equen t ly  of high i n t e n s i t y  and may produce cyclonic 
a c t i v f t y  as w e l l  as l a rge  amounts of p rec ip i t a t i on .  Local thunder- 
storms a r e  a l s o  f requent ly  observed during the  summer and f a l l .  
These general ly  do not  cover l a r g e  a reas ,  bu t  may r e s u l t  in  
severe loca l ized  f looding due t o  t h e i r  high i n t e n s i t y .  Floods 
may, of course, result from any of the  types of storms discussed, 
depending on durat ion and loca t ion  of high intensity rainfall. 

S t o m  runoff has been estimated by the  S o i l  Consema- 
t i o n  Service &&ad using prec ip i t a t i on  maps prepared by che 
U. S. Weather Bureau f o r  t h e  S o i l  Conservation S e n i c e .  Values 
of p rec ip i t a t i on  were se l ec t ed  from these maps f o r  t he  study 
area  f o r  6 hour and 24 hour dura t ion  storms of 100 year fre- 
quency. These values were then converted t o  L2, 3, 2 & 1 hour 
r a i l f a l l s  by use of equations r e l a t i n g  6 hour and 24 hour dura- 
t ions.  S to ra  nmof;' q u a n t i t i e s  were then computed by the T3-20 



Hydrology Program in t h e  s tudy area f o r  100 year  Frequency 
S t o m  of 24, 12, 6, 3, 2 & 1 hour dura t ion ,  u t i l i z i n g  t h e  
appropr ia te  curve numbers of t h e  cont r ibu t ing  drainage areas .  

3. DESIGX CRITERIA . 

FROM: Arizona Highway Department - Bridge Division 
"Hydrologic Design f o r  Highway Drainage in Arizona" 

PRECIPITATION (Inches) 

DURATION 10 yr. Freq. 25 yr .  Freq. 50 yr. Freq. 100 yr. Freq. 
(Hours ) 

* In t e rpo la t ed  values  equating 6 hour and 24 hour rainfalls 
( P h r .  = 1 . 7 7 P  - 0 .77P  1 

2 6 24 

Peak runoff estimate based on 100 Year Frequency S t o m  of 24 hour 
durat ion.  

Runoff Q u a n t i e e s  have been ca lcu la ted  using computer appl ica t ion  
of t h e  TR-20 Hydrology Program based on Soil Consemation U n i t  
hydrograph equat ion f o r  estimating peak r a t e  of runoff :  

C$ - peak discharge is c f s  

A = Drainage Area in  square miles  

Q = Xunoff volume or' t h e  watershed Fn inches 

Tp = Time t o  peak i n  hours 

484 = is a constant  f o r  the units used 



Time r o  peak is based on the fo l loving  

Where : 

T = time t o  peak in hours 
P 

D = Duration of s t o r n  in boas 

= t ime of concentrat ion in hours -. . . 

Tc 

- __________ -- _-. _ ._ The Runoff volume Q is a funcr ian  of  t he  s t o m  rainfall and a . - 

cume aumber (a) which is based on a vege ta t ive  covet  type and dens i ty  

and a hydrologic  s o i l  group. The hydrologic s o i l  group w i t h i a  Sun Ci ty  

West and the  surrounding a r e a  is constant  as group C (slow i n f i l t r a t i o n  

r a t e ) .  The cover  type and dens i ty  wi th in  Sun City  Vest will vary con- 

s ide rab ly  for each drainage a rea ;  thus  the  CX w i l l  be  based on a weighted 

C3 corresponding t o  t he  t7pe of development using t h e  following values: 

CX Type of Development 
9 1  Commercial Arzas 
87 S ing le  Family Eousbg Area 
83 Aparnnent Coaqlex k e a  
83 Duplex Areas 
80 Undeveloped Desert  Areas 
7 4 Golf Course Araas 
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Runoff O u a n t i t i e s  and Concentra t ion P o i n t s  

S t o r n  runof f  c o n t r i b u t i o n s  have been es t imated  f o r  each 
O f f s i t e  Drainage Area (as shown on P l a t e  18) f o r  a 100 y e a r  Frequency 
Storia of 24 hour dura t ion .  Runoff q u a n t i t i e s  f o r  each Drainage Area 
a r e  p resen ted  in Table  6. .TR-20 Program rou ted  s to rm runof f  q u a n t i t i e s ,  
a t  i n d i c a t a d  c o n c e n t r a t i o n  p o i n t s ,  a r e  presented in Table  7. 

Runoff c a l c u l a t i o n s  were based on t h e  l a n d  within t h e  d ra inage  
a r e a  remaining undeveloped o r  i n  a g r i c u l t u r a l  useage. If o f f s i t e  Land 
use  changes, i t  w i l l  b e  t h e  r e s p o n s i b i l i t y  of t h e  otmer(s)  or' s a i d  l a n d  
t o  i n c r e a s e  the channel  s i z e  a s s o c i a t e d  wi th  t h e  proposed Deer Val ley 
Road improvement if runof f  q u a n t i t i e s  a r e  s u f f i c i e n t l y  i n c r e a s e d  o r  
cause  any f l o o d  of S u n  C i t y  West. 

Ons i t e  D r a h a o e  Area Descr iu t ion  

-4s shown by P l a t e  19 ,  t h e  dra inage a r e a  o f  t h e  p r o j e c t  s i t e  
extends from B e l l  Road t o  Deer Val ley Road and from Grand Avenue t o  
E l  Mirage Road, c o n t a i n i n g  a p p r o s d m t e l y  9 square 'mi les  o f  a rea .  This 
l and  is c u r r e n t l y  in vary ing  s t a g e s  of useage ranging from Desert t o  
fa l low t o  a g r i c u l t u r a l .  . The s u r f a c e  runoff s o u t h  of Deer Val ley Road 
now is a combination of s u r f a c e  s h e e t  flow and def ined  washes conveyed 
in a s o u t h e a s t e r l y  d i r e c t i o n .  Upon reaching B e l l  Road, s u r f a c e  runoff  
is conveyed under  t h e  road in a s y s t a n  of p ipe  c u l v e r t s  and r e i n f o r c e d  
concre te  box culverts. 

The o v e r a l l  d ra inage  p a t t a m  is in a s o u t h e a s t e z l p  d i r e c t i o n  
on an average s l o p e  o f  a 0.5' drop p e r  100 f e e t  h o r i z o n t a l  run. The 
e l e v a t i o n s  w i t h i n  t h e  s t u d y  a r e a  range from 1322 in t h e  nor thwest  
corner  t o  1176 in t h e  s o u t h e a s t  c o m e r ,  which g i v e s  a f a l l  of  146 f e e t  
over  t h e  a rea .  

The e x i s t i n g  cover  type  v a r i e s  from Desert Brush t o  agr i -  
c u l t u r a l  crop w i t h  a d e n s i t y  ranging from "poor" t o  "good" and having 
a hydrologic  s d i l  group in C a t e g o q  "C". Proposed development of t h e  
s tudy  a r e a  w i l l  i n c l u d e  s i n g l e  family  housing, apar tments ,  golf  courses ,  
cemetery, shopping c e n t e r s ,  r e c r e a t i o n  c e n t e r s  and o t h e r  colmnercial 
uses  r e s u l t i n g  in v a r y i n g  c u n e  numbers. 

The central c o r e  des ignated by Drainage Area AA on P l a t e  19 
c o n t a n s  model housing,  apartzaents, a r e c r e a t i o n  c e n t e r  and a golf  
course.  The d q u e  f e a t u r e  of t h i s  c o r e  is  t h a t  it.will c o n t z i b u t e  
no s u r f a c e  runof f  as a l l  t h e  runoff .Jill be s t o r e d  on t h e  g o l f  course  
o r  i t ' s  l a k e s  f o r  u s e  in i r r i g a t i o n  of t h e  golf  course. 

The s u r f a c e  r u n o f f ,  w i t 5  h p r o v e a e n t s ,  of t h e  o t h e r  d ra inage  
a r e a s  will be  i n  t h e  s o u t h e a s t e r l y  d i r e c t i o n .  It is proposed &at t h e  
dra inage hand l ing  s y s t e n  f o r  t h e  p r o j e c t  w i l l  use  t h e  roadway s p s t ~  
network, s r a s s  o r  l i n e d  channels and a combination of roadways w i t h  
median channels  t o  t r a n s p o r t  t h e  nmofr '  t o  a d ischarge p o i n t .  Once 
this runof? reaches  B e l l  Boad i t  will be  conveyed under t h a  roadway 
in box c u l v e r t s  and co l l acced  on t h e  soutk  s i d e  b a larae channel 
t o  be conveyed e a s t  f o r  d i s c h r g e  Lac3 the  .Qua Fr5a W r e r  c b a m e l .  
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The Master Drainage Plan is based on t h e  q u a u t i t i e s  and 
c h a r a c t e r i s t i c s  of runoff ,  both wi th in  the  proposed developed new 
commrrPfty and f r o m  t h e  sur romding  area. Presented below is a 
descr ip t ion  of t h e  ons i t e  and o f f s i t e  drainage a reas  and t h e i r  
assoc ia ted  runoff quan t i t i e s  and poin ts  of s t o m  water discharge 
concentration. 

Off s i t e  Drainage Area Descriotion 

A s  shown by P l a t e  18 the  o f f s i t e  drainage a rea  of this 
study enccrmpasses Sect ions 14, 15 and 16 and p a r t s  of Sect ions 
9,  10, U, 17 and 18 or' Township 4 North, Range 1 West up t o  t he  
o u t l e t  channel of McUcken Dam. This study area i s -mos t ly  undeveloped 
dese r t  land w i t h  a small mix of a g r i c u l t u r a l  row crop useage by Bodine 
Produce Company In Sect ions 14  and 15. The type of cover i n  this a r e a  
is considered t o  be Desert Brush with densi ty  r a t i n g  of "poor" and 
a Hydrologic S o i l  Group C,  a l l  as described in Arizona Highway Depart- 
ment Hydrologic Design !4anual. 

I n  add i t i on  t o  t h e  aforementioned bections,  t he  o f f s i t e  
drainage includes overflow from lW"Licken Dam o u t l e t  channel ranging 
between 4450 c f s  and 14,000 c f s ,  including s i d e  inflows from adjacent  
drainage areas. '  This f l o w  comes d m  an e lds t ing  wash along the  e a s t  
boundary of Sect ions 11, 14, 23 and 26 before being in te rcepted  by 
hgua F r i a  River Channel. 

There present ly  e x i s t s  along the north s i d e  of Deer Valley 
Road an e a r t h  channel of varying depth and width between Reams Road 
and E l  Mirage Road. This d i t c h  w i l l .  d i v e r t  storm-water runoff from 
the no r th  fn an e a s t e r l y  d i r ec t ion  t o  its in t e r sec t ion  wi th  E l  %rase 
Road Chanael Sect ion f o r  conveyance t o  the A g z a  Fr i a  River. The 
&s t ing  d i t c h  sec t ion  increases  i n  width and depth as i t  proceeds 
eas t .  

The e x i s t i n g  design capaci ty of this d i t c h  is not  known a t  
tfiis time a s  no f i e l d  data w a s  taken north of Deer Valley Road. This 
d i t c h  w i l l  i n t e r c e p t  r s lof r '  from t ~ o  defined washes in t he  a r ea  with 
the remainder being in te rcept ion  of sheet  flow of f  dese r t  land and 
a g r i c u l t u r a l  land. 



The e n t i r e  pro jec t  site is above t h e  del ineated Flood Plain 
of the  Agua F r i a  River as showu on Flood P l a i n  Maps prepared by the 
Xaricopa County Flood Control Di s t r i c t .  

Rtmof f Quan t i t i e s  and Concentration Points 

Storm nmoff  quan t i t i e s  have been estimated f o r  each Onsite 
Drainage Area (as shown on P l a t e  19) f o r  a 100 year  Frequency Storm of 
24 hour duration. Runoff quan t i t i e s  f o r  each Drainage Area a r e  pre- 
sented in Table 8. The TR-20 Program routed storm runoff quant i t ies ,  
a t  indicated concentration poin ts ,  a r e  presented in Table 9. 



TABLE 6 

OFF-SITE S T O m  RUNOFF 

SYMBOL DRANAGE AREA CURVE m E R  T ESTM4TED P m  
( A c r e s )  c 

-1 (cfs) 

OFF-SITE ROUTED STORM RUNOFF 

CONCEXTMION DRAINAGE TIHE ESTIMATED PEAK RnfARG 
P O N T  AREA TO RUNOFF 

(Acres) PEBK (cfs) 
(Hours) 

56 550 12-26 718 D.A. A' 
57 U45 12- 50 1315 D.A. A' &B' 
58 1612 12-78 1583 D .A. A' ,B ' 6C ' 
59 . 1913 12.81 1794 D.A. A' ,B' ,Ct&D' 
6 0  ' 3014 13.21 2382 D.X. A' ,B ,cf ,D' &z' 
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SUMMARY AND CONCLUSIONS 

summary 

The hydrogeological investigation and related computations as described in this report is 
summarized as follows: 

1. Sun City West is planning to expand by including 1,045 gross acres that 
adjoin Sun City West along the north side, in Secs. 15, 16, and 17, T.4N., 
RlW., G.R.B.M. 

2. The total gross area after the expansion will be 6,761 acres (5,716 + 1,045). 

3. The total municipal water demand for the expansion area has been computed 
under two scenarios. Under the first scenario (No. 1) the residential water 
demand within the expansion area has been calculated on the basis of 141 
gallons per day per resident. Scenario No. 2 considers residential demand 
within the expansion area to be at the same rate as in Sun City West. 



4. The 1990 municipal demand for Sun City West has been increased to be the 
demand after full buildout has been achieved. This adjusted figure has been 
applied for a period of 100 years. The municipal demand for the expansion 
area is based on instantaneous full buildout and has been applied for 100 
years. 

5. Del Webb's Sun City West is currently preparing an application for a 
Groundwater Recharge and Recovery Permit based on recharge of 
wastewater treated at the Sun City West Wastewater Treatment Plant This 
report contains some of the data required for preparation of the application. 

6. We were requested to submit our computations for the 1Wyear period 
based upon inclusion of total water demand for municipal and golf course 
use within the expanded Sun City West area, offset by recovery of the 
volume of groundwater recharged as a part of the operation of the 
wastewater treatment plant. The computations were made by establishing a 
groundwater model. 

7. Two piezometric water-surface decline maps have been prepared for the 
situation discussed in Item 6, one for Scenario No. 1 and the other for 
Scenario No. 2. 

8. One piezometric water-surface rise map has been prepared based on an input 
rate of 2,442,377 Spd. The average rise of the water table underlying the 
expanded Sun City West resulting from this groundwater recharge during a 
100-year period was found to be 7.3 feet. 

9. The total water demand for the expanded Sun City West, after full buildout, 
is shown to be as follows: 

Annual Volume (acre-feet per year) 
Scenario No. 1 Scenario No. 2 

Municipal Demand 5,965 6,184 
Golf Course Demand 5,481 5.481 
Subtotal 1 1,446 1 1,665 

Less Recovered recharge 
Total 

10. The average depth to the water table underlying the expanded Sun City West 
area as of the spring of 1991, was 413 feet. 



11. The average regional decline of the water table underlying the expanded Sun 
City West area during the period Spring of 1972-Spring of 1991, was found 
to be 50.356 feet in 19 years, a rounded average of 2.58 feet per year. 

12. The locally-generated decline of the water table underlying the expanded Sun 
City West area after 100 years of operation was found to be a total of 33.5 
(use 34) feet under Scenario No. 1 and 34 feet under Scenario No. 2. 

13. The average decline of the water table underlying the expanded Sun City 
West during a 100-year period was computed to be as follows: 

Water Level Decline (feet in 100 vears) 
Scenario No. 1 Scenario No. 2 

Regional decline (2.58 x 100) 258 258 
From projected operation - 34 - 34 
Total 292 292 
Average, ft/yr (rounded) 3.0 . 3.0 

These average declines are within the maximum not-to-exceed limit of 10 
feet per year as set forth & State-mandated regulations. 

14. The computed average depth to the water table underlying the expanded Sun 
City West 100 years hence is as follows: 

Total Depth to Water Table (ft) 
Scenario No. 1 Scenario No. 2 

1991 depth to water table 41 3 
After 100 years of regional decline 258 
After 100 years of projected operation 
(includes effect of recharge) - 34 
Total 71 2 

These figures are less than the maximum permitted depth of 1,200 feet as set 
forth in State-mandated regulations. 

15. Chemical quality of the groundwater underlying the expanded Sun City West 
was not an issue in preparation of this report because voluminous data 
collected over a period of many years indicate it is generally acceptable 
under Arizona Safe Drinking Water Standards. 



Conclusion 

The analysis described herein indicates that the predicted annual decline of the water table 
and the predicted depth to the water table 100 years hence are less than the State-mandated 
upper limits. 



INTRODUCTION 

Initial Scope of Work 

In late November 1990, Water Development Corporation (WADEVCO) was requested 
by Del Webb's Sun City West to conduct a hydrogeological investigation of a tract of land 
adjoining Sun City West along the north side of Deer Valley Road in Secs. 15, 16, and 17, 
T.4N., R.lW., G.R.B.M. (see general location map, F i p  2-1). At that time the available 
land for which purchase negotiations were in progress were as follows: 

Less Planned 
Gross Reduction for Considered 
Area Deer Valley Parkway Available 

Section (ac) (ac) (ac) 

15 320 

16 640 

17 160 

Total 1,120 

At a preliminary conference with DWR (Arizona Department of Water Resources) officials 
in early December, Wadevco was requested to consider the scope of the assignment to result 
in evaluating the hydrogeological impact of the tract separately from Sun City West. Owing 
to pressures of time, a draft report was prepared and submitted to the Del Webb office for 
review and comment on January 15, 1991. By the time the report was submitted to the Del 
Webb office for review, several factors had changed, resulting in the necessity for a new 
report. 



Figure 2-1. Index map of Arizona Showing Location of Area Dlscussed in this Report. 



Changes in Scope of Work 

In early December, Wadevco was informed that an on-going plan was underway to apply 
for a Groundwater Recharge and Recovery Permit from DWR. Preparation of this application 
is assigned to the consulting firm of AGK Engineers. The application is based upon the fact 
that, following construction of the Sun City West Wastewater Treatment Plant in SWM Sec. 
19, T.4W., R.lE., the treated wastewater was disposed of in a series of eleven percolation 
ponds in NWM Sec. 30 of the same township. The application will claim credit for recovery 
via any one or all of the seven golf course wells within Sun City West, to the extent of the 
volume recharged at the percolation ponds. Wadevco was requested to make the necessary 
hydrologic computations to determine whether any, or all, of the seven golf course wells are 
within the area of hydrologic impact resultiq from the recharge. 

By late March the number of acres that would be available for the additional land north 
of Deer Valley Road had been modified several times. The final selection of land for the 
expansion area is a gross total of 1,120 acres, of which 320 acres are in Sec. 15,640 in Sec. 
16, and 160 in Sec. 17 (see Plate I). A planned new parkway will require 75 acres along the 
north side for right-of-way. Of the remaining 1,045 acres, it is planned to use 150 acres for 
an 18-hole golf course and the remaining 895 acres for construction of 3,300 residences. 

A second conference with DWR officials was held early in February. At that conference 
Wadevco was requested to make changes in the scope of work and prepare the report to 
include discussion of the following: 

1. Review the hydrogeological impact of Sun City West water demand for a 
period of 100 years after full buildout; 

2. Include the additional land north of Deer Valley Road after full buildout as 
part of the Item 1 analysis; 

3. Include the amount of recharge, after full buildout of Sun City West and the 
additional land, to determine the rise of water levels within Sun City West 
that will result from the recharge facility; 

4. Determine the average current depth to static water level of the portion of 
the aquifer underlying Sun City West and the additional land; 

5. Determine the current annual rate of regional change in depth to static water 
level underlying the land, based on historic data and expressed as feet of 
change per year; 

6. Determine the total change in depth to static water level underlying Sun City 
West and the additional land during a 100-year period, based on Items 1,2, 
and 3. 

7. Determine the predicted annual rate of change in the water level underlying 
the land resulting from the sum of the data determined from Items 5 and 6. 
This f i p  cannot exceed 10 feet per year, 



8. Determine the total depth to the static water level underlying the land at the 
end of 100 years (Item 4), the 100-year total of current regional decline 
(Item 5), and the 100-year total of predicted annual decline (Item 6). 'This 
total cannot exceed 1,200 feet 

This frnal draft of the report is based partly on figures provided us by Del Webb's Sun 
City West or by other consultants employed by them The f i w s  supplied include the 
following: 

Gross area of Sun City West: Revised from 5,760 to 5,716 acres; 

Existing residences, 1991, Sun City West: Revised from 10,650 to 1 1,600; 

Residences remaining to be built, Sun City West: Revised from 2,550 to 2,000; 

Total ultimate residences, Sun City West: Revised from 13,200 to 13,600; 

Total ultimate residences, Expansion area: , 3,300; 

Annual rate of recharge at recharge ponds: 2,736 ac-ft/yr 



Well Numbering System 

The well numbering system used in this report conforms with the system used by DWR 
and is described in Figue 2-2. This system was devised by Robert L. Cushman and Leonard 
C. Halpenny in the early 1950's, when they were employed by the Water Resources Division 
of the U. S. Geological Survey. It was accepted by the Arizona State Land Department soon 
thereafter and later adopted by DWR. 
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The well numbers used by the Arizona Department of Water Resources are in 
accordance with the Bureau of Land Management's system of land subdivision. The land 
survey in Arizona is based on the Gila and Salt River meridian and base line, which divide 
the state into four quadrants. These quadrants are designated counterclockwise by the 
capital letters A, B, C and 0. All land north and east of the point of origin is in A 
quadrant, that north and west in B quadrant, that south and west in C quadrant, and that 
south and east in D quadrant. The first digit of a well number indicates the township, the 
second the range, and the third the section in which the well is situated. The lowercase 
letters a, b, c, and d after the section number indicate the well location within the section. 
The first letter denotes a particular 160-acre tract, the second the 40-acre tract, and the 
third the 10-acre tract. These letters are also assigned in a counterclockwise direction, 
beginning in the northeast quarter. If the location is known within the 10-acre tract, three 
lowercase numbers are shown in the well number. In the example shown, well number 
D(4-5119caa designates the well as being in the NElA NEIA SWIA Sec. 19, T.4S., R.5E. 
Where more than one well is within a 10-acre tract, consecutive numbers beginning with 
1 are added as suffixes. 

- 
Figure 2-2. Well Numbering System Used in Arizona. 
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HYDROLOGIC REVIEW OF SUN CITY WEST 

Gross Area 

The p s s  area occupied by Sun City West is 5,716 acres, all in B(4-1) (see maps 
accompanying this report). 

Gradient of the Water Table 

Plate 2 is a copy of a portion of a groundwater contour map prepared by Reeter and 
Rernick (see reference on map). Their map provided 1983 data for the entire Salt River 
Valley. Lines indicating the directions of groundwater movement have been drawn on their 
contours. These lines show that the direction of groundwater movement underlying Sun City 
West is generally southward and then trends gently southwest into the large cone of 
depression sometimes referred to as the Luke Field cone. ?his cone began to develop shortly 
after World War I as a result of development of irrigation for growing urgently needed cotton. 
Plate 3, which shows depths to water in the spring of 1972, shows the Luke cone of 
depression. 

Average Depth to Water Table 
Spring of 1991 

The average depth to the water table in Sun City West as of Spring 1991 is 417 feet (see 
Table 3-1, which is based on planirnetric measurements from Plate 4). 

Average Annual Decline of Water Table 
Spring 1972-Spring 1991 

The average decline of the water table within Sun City West was 57.3 feet during the 
period Spring of 1972 to Spring of 1991 (see Table 3-2, which was based on planimeter 
measurements from Plate 5). 

Accordingly, the average decline in the 19-year period was 3.0 feet per year. 

Nine water-level hydrographs have been prepared (see Figures 3-1, 3-2 and 3-3). The 
wells selected were those in the area for which an adequate long-term record exists. 
Fortunately sufficient well records were found to ring the boundaries of the study area. All 
but one of the hydrographs [A(4-1)30ab&] show a flattening or a rise beginning with the 
effects of recharge from the flood events of 1978 and 1980 and a general transition from 
agricultural irrigation to the urbanization of farmland, with a consequent lessening of demand 
on the aquifer. Well A(4-1)30abb, was not measured from 1966 to 1984. 



TABLE 3-1 

WEIGHTED AVERAGE DEPTH TO WATER TABLE 
SPRING OF 1991 

WITHIN SUN CITY WEST AND EXPANSION AREA 
(Based on planimeter measurements, Plate 4) 

SUN CITY WEST 

Zone Average Depth Area Product 
(ft) (R) (ac) (ac-ft) 

Weighted average: 2,381,280 1 5,716 = 416.6 ft 
Use:  417 ft 

EXPANSION AREA 

Zone Average Depth Area Product 
(ft) (ft) (ac) (ac-ft) 

Weighted average: 439,920 1 1.1 20 = 392.8 ft 
Use: 393 ft 

OVERALL AVERAGE 

Zone 
(fl) 

Average Depth Area Product 
(ft) (ac) (ac-ft) 

Sun City West 

Expansion Area 

Weighted average: 41 3.1 ft 
Use: 



TABLE 3-2 

WEIGHTED AVERAGE CHANGE IN DEPTH TO WATER TABLE 
SPRING 1972-4PRING 1991 

WITHIN SUN CITY WEST AND EXPANSION AREA 
(Based on planimeter measurements) 

SUN C I N  WEST 

Zone Average Change Area Product 
( ft ) (ft) (x) (ac-ft) 

Weighted average: 327,360 / 5.716 = 57.27 ft in 19 years 
Regional Decline: 57.27 I 19 I 3.01 Wyr 
U s e  3.0 Wyr 

EXPANSION AREA 

Zone Average Change Area Product 
Section (ft) (ft) (a4 (ac-ft) 

Weighted average: 8,167 I 1,120 = 7.29 ft in 19 years 
Regional decline 7.3 1 19 - .38 Wyr 
U s e  .4 Wyr 

OVERALL AVERAGE (19 years) 

Zone Average Change Area Product 
(ft) (fi) (ad  (ac-ft) 

Sun City West 

Expansion Area 

Weighted average: 335,531 / 6,836 = 49.08 fi 
Regional decline: 49.08 / 19 - - 2.58 Wyr 
Or - 258 feet in 100 years 



Figure 3-1. Hydrographs 
of water levels 

I in wells 
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Figure 3-2 Hydrographs of water levels: T. 4 N. R. 1 W. 
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Figure 3-3. Hydrographs of water levels: T. 4 N. R. 1 E. 
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Historic Water Demand 

Municipal 

The volume of water produced for municipal use at Sun City West in 1990 was 1,382.774 
million gallons (4,244 ac-ft), an average of 3,788,422 gallons per day. 

Tie Required to Reach Full Buildout 

Officials of Sun City West have informed us that full buildout at Sun City West will be 
achieved in less than 6 more years. 

Municipal Water Demand After Full Buildout 

Total water produced for municipal use in 1990 was 1,382, 774,000 gallons. As of the 
end of 1990 the data relating to full buildout were as follows: 

No. of Percent Population 
Residences of Total at 1.9 per residence 

In 1990 1 1,600 85.3 22,040 
Planned additional 2.000 - 14.7 3,800 
Full buildout total 13,600 100.0 25,840 

The demand after full buildout would be 1,382,774,000 gallyear, divided by 353, equal 
to 1,621,071,512 gallons, equivalent to an average of 4,441,292 gallons per day 
(4,975 ac-Wyr). On a per resident basis, the figure is 171.8 (use 172) gpdpc. 

In 1990 the volume of water produced from each of the eight operable wells ranged from 
29 to 1,105 acre-feet. During an operating cycle of 100 years it is considered that this 
variability would continue to occur but that the overall volume produced per well during a 
100-year period would be equal for all eight wells. Therefore, the average daily production 
per well was assumed to be 555,161 gallons per day. 



Golf Course Water Demand After Full Bnildout 

As of the end of 1990, five of the ultimate seven golf courses had been operated long 
enough to be considered ''mature" for projecting 1990 demand into the future. The data for 
these five courses are as follows: 

Name of 
Course 

Stardust 
Briarwood 
Grandview 
Hillcrest 
Pebblebrook 

Total 

Average: 

Gross Area 
(ac) 

1989-1990 Water Demand 
year) lac-ft/yr) laveraae apdl 

The remaining two golf courses were not fully constructed as of February 1991. Parts are 
finished enough for limited play, but construction continues. These two courses cannot be 
considered mature. The long-range water demand for these courses was estimated by applying 
data for the five mature courses as follows: 

Name of Gross Area Unit Demand Proiected Demand 
Golf Course (ac) lac-ft/ac/yr) lac-ftbr) laveraae q pd) 

Trail Ridge 180.0 4.505 81 0.9 723,876 
Echo Mesa - 1 10.6 4.505 498.3 444,823 

Total 290.6 1,309.2 1,168,699 

TOTAL, 7 courses 1,066.5 4,804.6 4,288,978 

Total Sun City West Demand After Full Buildout 

The data contained in this chapter are summarized as follows: 

Amount 

Cateaow of Demand 

Municipal 
Golf Courses 

TOTAL 



HYDROGEOLOGICAL ANALYSIS OF EXPANSION AREA 

Current Development Plan 

As stated previously in this report, the expansion area will consist of 895 acres for 
residential construction and 150 acres for an 18-hole golf course. 

Rate of Buildout to Full Development 

It is estimated that residential sales in the expansion area cannot begin until the latter half 
of 1993 or early in 1994. Residential sales at Sun City West fluctuate from year to year 
resulting from variations in economic conditions. Overall, however, Del Webb anticipates full 
buildout will occur in 6 years or less and could not possibly exceed 10 years. Our 
computations are based on instantaneous full buildout at the beginning of the 100-year period. 

Municipal Water Demand 

The negotiations with DWR during conduct of this investigation have resulted in two 
scenarios being developed for computation of water demand, discussed in the following sub- 
topics. 

Scenario No. 1: 141 gpdpc 

For the 895 acres assigned for residential use, the prevailing DWR regulations for new 
subdivisions require a maximum water use per person of 141 gallons per day. Based on this 
figure the total annual demand would be as follows: 

Gross area 
Residences per gross acre 
Total residences 
People per residence 
Total population 
Demand per person 
Total demand 

Amount 



The figure of 1.9 people per residence is derived from actual occupancy rates in Sun City 
West: as a retirement community with age residency restrictions this figure differs from 
occupancy rates for the general population, which would include children. 

Scenario No. 2: Prorated Demand 

Giving consideration to the dBiculty confronting the water provider resulting from a 
higher water use in Sun City West than in the expansion area, Scenario No. 2 is based on 
equal deliveries of water to Sun City West and to the expansion area. The water demand 
within the expansion area has been computed as follows: 

Item - Amount 

Total full buildout water demand, 
Sun City West 4,441,292 gpd 

Total full buildout 
number of residences, 
Sun City West 

Daily demand per residence, 
Sun City West 327 gpd 

Total full buildout 
number of residences, 
Expansion area 

Total full buildout 
water demand, 
Expansion area 

Golf Course Water Demand 

The historic water demand for mature golf courses in Sun City West was analyzed in 
Chapter 3 of this report and found to be 4.505 ac-ftlgross acre/yr. Applying this figure to 150 
gross acres of golf course in the expansion area indicates an annual demand of 675.75 acre- 
feet, equivalent to an average demand of 603,230 gallons per day. 

It is considered that if a golf course is constructed in the expansion area, a new well 
would need to be constructed. For the groundwater modeling, the site selected is 
B(4-1)16b~c. 



Average Depth to Water Table 
Spring of 1991 

The average depth to the water table in the expansion area as of the spring of 1991 is 393 
feet (see Table 3-1, which was based on planimeter measurements from Plate 4). 

Average AnnuaI Decline of Water Table 
Spring 1972-Spring 1991 

The average decline of the water table in the expansion area was 7.3 feet in the period 
Spring 1972-Spring 1 9 1  (see Table 3-2, which was based on planimeter measurements 
from Plate 5). 

Accordingly, the average decline in the 19-year period was 0.38 foot per year, rounded 
to 0.4 foot per year. 



COMBINED WATER DEMAND AND GROUNDWATER RECHARGE 
SUN CITY WEST AND EXPANSION AREA 

The figures contained in this chapter are summarized from Chapters 3 and 4. 

Municipal Water Demand 

Two figures have been developed for municipal water demand after full buildout in 
Sun City West and in the expansion area-Scenario No. 1 and Scenario No. 2. The data are 
as follows: 

ltem - 
Amount 

Scenario No. 1 

Sun City West, gpd 4,441,292 
Expansion area, gpd 884,070 
Total, gpd 5,325,362 

Amount 
Scenario No. 2 

Municipal, gpd 
Golf courses, gpd 
Total, gpd 

ac-ft/yr 

Golf Course Demand 

ltem - Amount 

Sun City West, gpd 4,288,978 
Expansion Area, gpd 603,230 

Total 4,892,208 gpd 

Total Demand 

Amount 
Scenario No. 1 

Amount 
Scenario No. 2 



EFFECT OF RECHARGE PROJECT 
UPON GROUNDWATER LEVELS 
IN VICINITY OF SUN CITY WEST 

-4 concurrent project is underway consisting of the preparation of an application for a 
Permit to operate a Groundwater Recharge and Recovery Project Water would continue to 
be recharged into the groundwater system via recharge ponds in the river-lain alluvial material 
of the 4 p  Fria River. The ponds are situated in NW% Sec. 30, T.4N.. R.1E. (see Plate 1). 
The ponds are furnished treated wastewater from the Sun City West Wastewater Treatment 
Plant in SW!4 Sec. 19 of the same township. Water has been recharged since the plant was 
consuucted in the early 1980's. 

Production of wastewater in Slln City West is ,greatest in the winter months and least in 
the summer months. m e  proposal is to recover the recharge, to the extent approved. to 
reduce the demand upon the ,groundwater supply for turf irrigation of the seven golf courses 
within Sun City West. Each golf course is provided water from a well at the course. The 
demand for water for turf irrigation is greatest in the surmner and negligible in the winter. 

We have been informed by other consultants employed by Sun City West that the annual 
volume of water to be recharged after full buildout of Sun City West and the expansion area 
will be 1,736 acre-feet per year. For use of the groundwater model utilized in predicting the 
shape of the groundwater mound that will result from the recharge it is necessary to assume 
a constant rate of recharge throughout the year. A volume of 2,736 acre-feet per year is 
equivalent to a constant input of 2,442,000 gallons per day (rounded). Because the modeling 
of other influences upon the groundwater level is based on a period of 100 years, a map 
showing the shape of the recharge mound 100 years hence has been prepared as a part of this 
repon (see Plate 8). 



SIMULATIONS OF AREA DRAWDOWN 
AFTER 100 YEARS OF PUMPAGE 

SUN CITY WEST AND EXPANSION AREA 

Program Utilized 

The program utilized in calculating the drawdown from wells operating in the study area 
for 100 years is THWELLS, version 3.11 released in April 1990 by the International 
Groundwater Modeling Center, Holcomb Research Instihlte, Butler University. This model 
applies the Theis equation to the combined effect of pumping or recharging up to 100 wells 
simultaneously. A correction factor is applied when the model is utilized for unconfined 
(water-table) conditions, within limits which were met by the data of this study. 

The input parameters for the model consist of a transmissivity factor in @ft, storage 
coefficient, and aquifer thickness. There is a provision to include regional slope of the water 
table. Boundary effects on the aquifer are described by image wells. The input parameters 
for each well consist of location data, pumping rate (or injection rate for a recharge well) in 
,gpd, and period of pumping in days. 

The frame of the model is in grid form and for this study a Cartesian coordinate system 
was utilized, with a point of origin. x-axis and y-axis locational coordinates, and elevations 
expressed as the z-axis. The program calculates drawdowns as positive numbers on the z-axis, 
so the recharge component consists of negative values as both input and output 

The output of the model consists of calculated drawdowns from the initial piezometric 
surface at nodes specified on the grid, at a density determined by the purposes and magnitude 
of the study. The calculated drawdowns are listed in tabular form, andlor can be plotted in 
,pphic form on a representation of the grid. The THWELLS program provides both forms 
of output. For the purposes of this study, the calculated drawdowns in tabular form were 
filtered through a spreadsheet program which provided greater facility in presenting the data 
in an easily read form than in the somewhat limited format of the THWELLS output- 
Similarly, the output was filtered through a contour mapping program (SURFER, version 4) 
which provided much greater flexibility than the THWELLS output in producing water-surface 
contours. The drawdown contours were printed on transparent film, which were then overlain 
on the base map utilized in this study. 



Scope of Model 

The procedure required by the THWELLS program is to establish a grid sufficiently large 
to include the study area, with a point of origin for the x and y axes. The point of origin for 
this study was selected at the intersection of Secs. 1,2, 11 and 12, T.3N., R.2W. From this 
zero point locations of operating wells are entered into the model by detexmining the -u and 
y distances, in feet from this point. The x-axis in this study is a line extending east from the 
point of origin, in effect Greenway Road. The y-axis is a line north, effectively Cotton Lane. 
The east distance of the grid was 8 miles, to 107th Avenue, or a distance of 42,240 feet. ?he 
north distance was 7 miles, to Jornax Road, a distance of 36,960 feet. This is a total of 56 
square miles. 

Density of Nodes 

A node is the intersection of the x and y lines of the grid. For this study a grid of 1,320 
feet (%-mile) was selected, with an extra line in both dimensions: the grid used was 33 x 29 
rather than 32 x 28. The 33 x 29 grid gave 957 intersecting nodes, for which drawdowns 
were calculated. 

Consideration of Possible Negative Boundaries 

According to Sheet 1 of the report by Reeter and Remick (Reeter, R. W., and Remick, W. 
H., 1986, Maps showing groundn~ater conditions in the West Salt River, East Salt River, Lake 
Pleasant, Carefree and Fountain Hills Sub-Basins of the Phoeni~ Active Management Area, 
Maricopa, Pinal and Yasapai Counties, Arizona-1983: Az. Dept. of Water Resources 
Hydrologic Map Series Report No. 12) the distance from the zero point of the grid utilized 
in the model to the eastern edge of the White Tank Mountains is 5 miles. The southernmost 
tip of the Hieroglyphic Mountains is 4 miles east and 7 miles north of the zero point. 

The negative boundary of the White Tank Mountains ends about 1% miles north of the 
zero point of the grid, where the flank of the mountain mass turns nearly directly west The 
portion of the Hieroglyphic Mountains nearest the grid is only about 1 mile wide and the main 
mass lies 3 miles north and is only 3 miles wide. For these reasons it was considered that the 
limited zones of impermeable bedrock would have only a minor effect upon the computed 
figures for water level declines or rises, and negative image wells were not included in the 
computations. 



Effect of Water Table Gradient 

From the Reeter and Remick map (idem. Sheet 1) the gradient of the water table in the 
vicinity of Sun City West is southward and amounts to approximately 100 feet in 6 miles. 
Converting this to an angle in degrees, the ,mdient is .0181 degrees southward along the y- 
axis and zero along the x-axis. The point source of recharge is about opposite the middle of 
Sun City West along the y-axis. For operation of the model it was considered that elimination 
of the effect of the water-table gradient would have only a minor effect on the results, and 
hence the effect of the ,gradient was not included. 

Parameters Utilized 

The coefficient of transmissivity T that was selected is 90,000 @ft, based on a 
transrnissivity map of central Arizona (Anderson, T. W., 1964, Electrical-analog analysis of 
ground-water depletion in Central .4ritona: U. S. Geol. Survey Water-Supply Paper 1860, 
Plate 2A). 

The coefficient of storage S applied to the Central Arizona area by Anderson (idem., p. 
10) was 19 percent. For the model a fiLgure of 15 percent was selected, which is considered 
conservative and is the lower limit of the range discussed by Anderson. 

The time t selected was 36,500 days (100 years) based on a recommendation by officials 
of DWR. 

The discharges (Q) that were utilized for each producing well are required by the model 
progranl to be expressed in gallons per day. Development of discharges for the golf course 
wells are set forth on pages 3-7, 3-8 and 4-4 in this report. Potable water for the expansion 
area will be supplied from the existing water system in Sun City West, consisting of eight 
operating production wells, collection mains, and storage reservoirs. Because water can be 
delivered to the expansion area from any of the existing wells, the total average daily demand 
was considered to be distributed equally among all wells as shown in Table 7-1. Table 7-2 
shows the locations of all wells used. 

A hypothetical well situated at the center of the recharge ponds was utilized to simulate 
the daily injection of 2,442,377 gpd from the ponds. 



TABLE 7-1 

DISCHARGEANDRECHARGEDATA 
ENTERED INTO DRAWDOWN MODEL 

Designation Scenario No. 1 Scenario No. 2 
of Well (gPd) (gpd) 

Golf Course Wells 

Trail Ridge 

Echo Mesa 

Stardust 

Briarwood 

Grandview 

Hillcrest 

Pebblebrook 

Expansion 
Area 

Subtotal 

Municipal Wells 

A-2 1 

C-2 1 

A-22 

A-23 

A-27 

A-28 

A-34 

8-34 

Subtotal 

TOTAL 

Recharge 



TABLE 7-2 

Well Name 

WELLS, WELL LOCATIONS 
AND DWR WELL REGISTRATION NUMBERS 

Sun City West 
and 

Expansion Area 

DWR DWR 
Location Registration Industrial 

Number Use Permit 

Sun CIty Westl Golf 

Trail Ridge 

Echo Mesa 

Stardust 

Briarwood 

Grandview 

Hillcrest 

Pebblebrook 

Recreation Centers 

B(4-1)2Obcb 

B(4-1)21 aaa 

Sun CHy West: Municipal CHlrens Utilities 

A-2 1 B(4-1)21 bbb 55-61 2959 

C-2 1 B(4-1)21 abb 55620840 

B(4-1)27cbb 55-610217 
Deepened 
by: 
55-51 4405 

Expansion Area: 

Hypothetical 
golf course well 

Recharge Facility: 

Theoretical center 
of recharge A(4-1)JObc.a 

A(4-1)31 bba Monitor well 



Effect of Groundwater Recharge 

This topic is discussed in Chapter 6. 

Summary of Water Demand 

Table 7-1 contains all of the figures entered into the model for computation of drawdown 
during a 100-year period for the combination of water demand for Sun City West and the 
expansion area, offset by water-level rises resulting from recharge of treated wastewater. 

Compliance with DWR Requirements 

There ate two requirements of DWR relating to conduct of a hydrogeological analysis. 
Both requirements ate based on consideration of three components of the withdrawals from 
the aquifer, as follows: 

1. Compute the average historical annual decline of the water table resulting 
from primarily outside groundwater withdrawals and project this decline into 
the future for 100 years; 

2.. Compute the current average depth to the water table underlying the land 
tract under review; 

3. Compute the total water-level decline resulting from the project development 
for 100 years; 

The first applicable DWR regulation is that the combined annual decline (Items 1 and 3) 
cannot exceed 10 feet per year. The second regulation is that the ultimate depth to the water 
table 100 years hence cannot exceed 1,200 feet. 

Table 7-3 indicates that the results of the investigation show an overall decline rate of 3.0 
feet per year and an ultimate depth to the water table (Item 1 x 100, Item 2, and Item 3) will 
be 712 feet. 



TABLE 7-3 

SUMMARY OF WATER LEVEL DATA 
SUN CITY WEST AND EXPANSION AREA 

1 Sun City West I I Total I New Land 
Item ( f l )  (ac) Factor (ft) (ac) Factor Factor (ac) (ft) 

1991 Static water Level 
100-Year Regional Decline 

Subtotal 
100-Year Projected Decline With Recharge 
Water Level at end of 100 Years (cannot exceed 1,200 feet) 

Annual Rate of Decline, Wyr (cannot exceed 10 feet per year) 
With Recharge ( (260 + 34) / 100) 
Without Recharge ((260 + 34 +7)/100) 

USE 2.9 
USE 3.0 



SUMMARY OF COMPUTER SIMULATIONS 

Three computer-generated piezometric surface maps were made to depict groundwater 
changes 100 years hence. The f m  is generated by Scenario No. 1 and the second by 
Scenario No. 2. The average change in water level underlying Sun City West and the 
expansion area is based on 60 nodes at intervals of one-half mile around the perimeter and 
within the area. The weighted average change was computed by adding the water-level 
changes at all60 nodes and dividing by 60. 

Plate 6 relates to changes in water level based on the following: Full buildout within the 
expanded area; the continued historical rate of municipal water use after full buildout within 
the existing Sun City West; 141 gpd per resident within the expansion area; seven golf 
courses in existing Sun City West and one in the expansion area; and the positive effect of 
groundwater recharge at the wastewater treatment plant. The average net decline in the 100- 
year period was found to be 33 feet. 

Plate 7 follows the same criteria as for Plate 6, with one exception. The residential 
demand within the expansion area was considered to be at the same rate as in Sun City West. 
slightly greater than 141 ggd per resident. ?he avenge net decline in 100 years was found 
to be 34 feet. 

Plate 8 depicts the rise in water level from groundwater recharge at an avenge rate of 
2,.142,377 gpd. The average rise of water level underlying Sun City West and the expansion 
area was found to be 7.3 feet in 100 years. 

Appendices A, B, and C contain the model parameters, the well input parameters, graphic 
plots of the drawdown contours, and the tabular output of the calculated drawdowns for each 
of the 957 nodes for Plates 6, 7 and 8. 



A PPENDICCES 
Input and Output Data for Theis model 

Appendix A 
SCENARIO NO. I 

Drawdo wn and Recharge Combined Effect 100-Year Simulation 
Demand = 141 gpdpc Applied in Expansion Area 

Appendix 8 
SCENARIO NO. 2 

Dra wdo wn and Recharge Combined Effect I &Year Simulation 
Demand = Prorated Current Demand in Sun City West 

Applied in Expansion Area 

Appendix C 
RECHARGE MOUND 

Recharge Rise in Water Level: 100-Year Simulation 



Appendix A 
SCENARIO NO. 1 

Drawdown and Recharge Combined Effect 100-Year Simulation 
Demand = 141 gpdpc Applied in Expansion Area 



CONTOUR PLOT OF FEET OF DRAWDOWN AFTER 100 YEARS 
Scenario No. I 

Demand in Expansion Area = 141 gpdpc 
Recharge from Sun City Wastewater Treatment Plant 

Scale: 1 inch = 1 mile 
Hachures indicate rise in water level 



:LCULATION OF DRAWDOWN IN A HOMOGENEOUS, ISOTROPIC NONLEAKY CONFINED 
AQUIFER WITH MULTIPLE PRODUCTION AND INJECTION WELLS 

Recharge and drawdown SCW at 141 gpdpc SCENARIO NO. I ................................................................................ 

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  INPUT DATA .................................. 

TRANSMISSIVITY = 90000 [gpd/ft] 

STORAGE COEFFICIENT = .15 

REGIONAL FLOW GRADIENT 
(positive--downwards--in flow direction) = 0 

REGIONAL FLOW DIRECTION 
(horizontal angle in degrees 

counter-clockwise from positive x-axis) = 0 

REGIONAL FLOW OFFSET AT ORIGIN 
(positive in downwards direction) = 0 [ft] 

WATER TABLE CORRECTION APPLIED 

AQUIFER THICKNESS = 1200 [ft] 

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



WELL NO. 1 SCENARIO NO. I 

X-COORDINATE = 15312 [ft] 
Y-COORDINATE = 21120 [it] 

PUMPING/INJECTION RATE = 665670 [gpd] A-21 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 2 

X-COORDINATE = 17952 [ft] 
Y-COORDINATE = 21120 [ft] 

PUMPING/INJECTION RATE = 665670 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 3 

X-COORDINATE = 23232 [ft] 
Y-COORDINATE = 21120 [ft] 

PUMPING/INJECTION RATE = 665670 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 4 

X-COORDINATE = 25872 [it] 
Y-COORDINATE = 21120 [ft] 

PUMPING/INJECTION RATE = 665670 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 5 

X-COORDINATE = 17952 [ft] 
Y-COORDINATE = 15840 [ft] 

PUMPING/INJECTION RATE = 665670 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 6 

X-COORDINATE = 23232 [ft] 
Y-COORDINATE = 8976 [ft] 

PUMPING/INJECTION RATE = 665670 [gpd] A-34 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 



' WELL NO. 7 
SCENARIO NO. I 

X-COORDINATE = 23232 [it] 
Y-COORDINATE = 7920 [ft] 

PUMPING/INJECTION RATE = 665672 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 8 

X-COORDINATE = 10032 [ft] 
Y-COORDINATE = 19536 [ft] 

PUMPING/INJECTION RATE = 723876 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 9 

X-COORDINATE = 20592 [ft] 
Y-COORDINATE = 21120 [ft] 

PUMPING/INJECTION RATE = 444823 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 10 

X-COORDINATE = 30624 [ft] 
Y-COORDINATE = 18480 [ft] 

PUMPING/INJECTION RATE = 478656 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 11 

X-COORDINATE = 24288 [ft] 
Y-COORDINATE = 18480 Eft] 

PUMPING/INJECTION RATE = 662995 [gpd] 
TIME SINCE START PUMPING/INJEcTIoN = 36500 [day] 

TRAIL RIDGE 

ECHO MESA 

STARDUST 

WELL NO. 12 

X-COORDINATE = 13728 [ft] 
Y-COORDINATE = 15840 [ft] 

PUMPING/INJECTION RATE = 737890 [gpd] GRANDVIEW 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 



WELL NO. 13 SCENARIO No. 1 

X-COORDINATE = 21120 [ f t ]  
Y-COORDINATE = 15840 [ f t ]  

PUMPING/INJECTION RATE = 535430 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] HILLCREST 

WELL NO. 14 

X-COORDINATE = 27984 [ i t ]  
Y-COORDINATE = 12672 [ f t ]  

PUMPING/INJECTION RATE = 705308 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] PEBBLEBROOK 

WELL NO. 15 

X-COORDINATE = 15840 [ f t ]  
Y-COORDINATE = 24288 [ f t ]  

PUMPING/INJECTION RATE = 603230 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] EXPANSION AREA 

GOLF 

WELL NO. 16 

X-COORDINATE = 37488 [ f t ]  
Y-COORDINATE = 14784 [ f t ]  

PUMPING/INJECTION RATE = -2442377 [gpd] RECHARGE PONDS 
TIME SINCE START PUMPING/INJECTION = 36500 [day] HYPOTHETICAL 

INJECTION WELL 

WELL NO. 17 

X-COORDINATE = 21120 [ f t ]  
Y-COORDINATE = 12936 [ f t ]  

PUMPING/INJECTION RATE = 665670 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 



SCENARIO NO. I 

R.ch.rgo and draudorm: Sun CWy West 
1,320 foot grid 
Carteskn coordinate grld 
Origin: NW corm Su. 12, T.3N., R2W. 
Distencem on x and y axes In feet from orlgin 
Zaxb = drawdown in feet 
Duralon: 100 yearn 
h a n d .  141 gpdpc 

x-axis 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 

I 13X) 

y-axis 
0 
1320 
2640 
3960 
5280 
6600 
7920 
9240 
10560 
11880 
13200 
14520 
15840 
17160 
78480 
19800 
21 120 
22440 
23760 
25080 
28400 
27720 
29040 
30360 
31680 
330CK) 

34320 
35640 
36960 
0 
1320 
2640 
3960 
5280 
6600 
7920 
9240 
lo560 
11880 
13200 
14520 
15840 
17160 
18480 
19800 
21120 
22440 

Drawdown 
17.0667 
17.552 
18.0345 
18.5109 
18.9774 
19.4297 
19.8625 
20.2702 
20.6462 
20.9836 
21.2744 
21 5108 
21.6848 
21.7891 
21.8181 
21.7689 
21.642 
21.4412 
21.1734 
20.8472 
20.4719 
20.0567 
19.6102 
19.1402 
18.6533 
18.1555 
17.6517 
17.1459 
16.6416 
17.5694 
18.0936 
18.6174 
19.1375 
19.6498 
20.1496 
20.6315 
21.089 
21.5149 
21.9008 
22.2374 
22.5 147 
22.7221 
22.8495 
22.8885 
'22.8344 
22.6874 
22.4533 
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Appendix 6 
SCENARIO NO. 2 

Drawdown and Recharge Combined Effect 100-Year Simulation 
Demand = Prorated Current Demand in Sun City West 

Applied in Expansion Area 



CONTOUR PLOT OF FEET OF DRAWDOWN AFTER 100 YEARS 
Scenario No. 2 

Demand in Expansion Area = Prorated Current Demand in Sun City West 
Recharge from Sun City Wastewater Treatment Plant 

Scale: 1 inch = 1 mile 
Hachures indicate rise in water level 



)LCULATION OF DRAWDOWN IN A HOMOGENEOUS, ISOTROPIC NONLEAKY CONFINED 
AQUIFER WITH MULTIPLE PRODUCTION AND INJECTION WELLS 

Recharge and drawdown SCW at prorated demand SCENARIO NO. 2 ................................................................................ 

................................. INPUT DATA .................................. 

TRANSMISSIVITY = 90000 [gpd/ft] 

STORAGE COEFFICIENT = .15 

REGIONAL FLOW GRADIENT 
(positive--downwards--in flow direction) = 0 

REGIONAL FLOW DIRECTION 
(horizontal angle in degrees 

counter-clockwise from positive x-axis) = 0 

REGIONAL FLOW OFFSET AT ORIGIN 
(positive in downwards direction) = 0 [ft] 

WATER TABLE CORRECTION APPLIED 

AQUIFER THICKNESS = 1200 [ft] 

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



I WELL NO. 1 SCENARIO NO. 2 

X-COORDINATE = 15312 [ f t ]  
Y-COORDINATE = 21120 [ f t ]  A-21 

PUMPING/INJECTION RATE = 690049 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 2 

X-COORDINATE = 17952 [ f t ]  
Y-COORDINATE = 21120 [ f t ]  G21 

PUMPING/INJECTION RATE = 690049 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 3 

X-COORDINATE = 23232 [ f t ]  
Y-COORDINATE = 21120 [ f t ]  A-22 

PUMPING/INJECTION RATE = 690049 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 4 

X-COORDINATE = 25872 [ f t ]  
Y-COORDINATE = 21120 [ f t ]  A-23 

PUMPING/INJECTION RATE = 690049 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 5 

X-COORDINATE = 17952 [ f t ]  
Y-COORDINATE = 15840 [ f t ]  A-28 

PUMPING/INJECTION RATE = 690049 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 6 

X-COORDINATE = 23232 [ f t ]  
Y-COORDINATE = 8976 [ f t ]  A-34 

PUMPING/INJECTION RATE = 690049 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 



WELL NO. 7 SCENARIO NO. 2 

X-COORDINATE = 23232 [ft] 
Y-COORDINATE = 7920 [ft] 

PUMPING/INJECTION RATE = 690049 [gpd] B-34 

TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 8 

X-COORDINATE = 10032 [ft] 
Y-COORDINATE = 19536 [ft] 

PUMPING/INJECTION RATE = 723876 [gpd] 
TRAIL RIDGE 

TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 9 

X-COORDINATE = 20592 [it] 
Y-COORDINATE = 21120 [ft] 

PUMPING/INJECTION RATE = 444823 [gpd] ECHO MESA 

TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 10 

X-COORDINATE = 30624 [ft] 
Y-COORDINATE = 18480 [ft] 

PUMPING/INJECTION RATE = 478656 [gpd] STARDUST 

TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 11 

X-COORDINATE = 24288 [ft] 
Y-COORDINATE = 18480 [ft] 

PUMPING/INJECTION RATE = 662995 [gpd] BRIARWOOD 

TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 12 

X-COORDINATE = 13728 Eft] 
Y-COORDINATE = 15840 [ft] 

PUMPING/INJECTION RATE = 737890 [gpd] GRANDVIEW 

TIME SINCE START PUMPING/INJECTION = 36500 [day] 



WELL NO. 13 SCENARIO NO. 2 

X-COORDINATE = 21120 [ f t ]  
Y-COORDINATE = 15840 [ f t ]  

PUMPING/INJECTION RATE = 535430 [gpd] HILLCREST 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 14 

X-COORDINATE = 27984 [ f t ]  
Y-COORDINATE = 12672 [ f t ]  

PUMPING/INJECTION RATE = 705308 [gpd] PEBBLEBROOK 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 

WELL NO. 15 

X-COORDINATE = 15840 [ f t ]  
Y-COORDINATE = 24288 [ f t ]  

PUMPING/INJECTION RATE = 603230 [gpd] EXPANSIONAREA 
TIME SINCE START PUMPING/INJECTION = 36500 [day] GOLF 

WELL NO. 16 

X-COORDINATE = 37488 [ f t ]  
Y-COORDINATE = 14784 [ f t ]  RECHARGEPONDS 

PUMPING/INJECTION RATE = -2442377 [gpd] HYPOTHETICAL 
TIME SINCE START PUMPING/INJECTION = 36500 [day] INJECTION WELL 

WELL NO. 17 

X-COORDINATE = 21120 [ f t ]  
Y-COORDINATE = 12936 [ f t ]  A-27 

PUMPING/INJECTION RATE = 690049 [gpd] 
TIME SINCE START PUMPING/INJECTION = 36500 [day] 



SCENARIO NO. 2 

Rechargm and dnwdown: Sun City Weat 
1,320 foot grid 
Carteokn coordinate grid 
Orlgin: NW corner See. 12, T.3N., R2W. 
Mstancea on x and y axea in fed from origln 
Z-axis = drawdown in feet 
Duration: 100 years 
h a n d :  curreid SCW 

x-axis 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 

y-axis 
0 
1320 
2640 
3960 
5280 
e600 
7920 
9240 
10560 
11880 
132M) 
14520 
15840 
17160 
18480 
19800 
21 120 
22440 
23760 
25080 
26400 
27720 
29040 
30360 
31680 
33000 
34320 
35640 
36960 
0 
1320 
2640 
3960 
5280 
66w 
7920 
9240 
10560 
1 1 m  
13200 
14520 
15840 
17160 
18480 
19800 
21 120 
22440 

Drawdown 
17.4571 
17.9515 
18.443 
18.928 
19.4028 
19.8627 
20.3027 
20.7169 
21.0987 
21.4408 
21.7356 
21.9748 
22.1505 
22.2554 
Z2.2838 
22.2327 
22.1028 
21 3978 
21.6248 
21 2923 
20.9099 
20.4868 
20.0318 
19.5527 
19.0565 
1 8.549 
18.0353 
17.5196 
17.0053 
17.9723 
18.5065 
19.0401 
19.5696 
20.0909 
20.5993 
21.0891 
21.5539 
21 3862 
22.3775 
22.7185 
22.999 1 
23.2085 
23.3366 
23.375 
23.3189 
23.1685 
22.9297 
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Appendix C 
RECHARGE MOUND 

Recharge Rise in Water Level: 100-Year Simulation 



CONTOUR PLOT OF FEET OF RISE AFTER 100 YEARS 
Recharge Mound 

Recharge from Sun City Wastewater Treatment Plant 
Scale: 1 inch = 1 mile 



lLCULATION OF DRAWDOWN IN A HOMOGENEOUS, ISOTROPIC NONLEAKY CONFINED 
..$UIFER WITH MULTIPLE PRODUCTION AND INJECTION WELLS 

Recharge mound after 100 years RECHARGE MOUND ................................................................................ 

.................................. INPUT DATA .................................. 

TRANSMISSIVITY = 90000 [gpd/ft] 

STORAGE COEFFICIENT = .15 

REGIONAL FLOW GRADIENT 
(positive--downwards--in flow direction) = 0 

REGIONAL FLOW DIRECTION 
(horizontal angle in degrees 

counter-clockwise from positive x-axis) = 0 

REGIONAL FLOW OFFSET AT ORIGIN 
(positive in downwards direction) = 0 [ft] 

WATER TABLE CORRECTION APPLIED 

AQUIFER THICKNESS = 1200 [ft] 



WELL NO. 1 
RECHARGE MOUND 

X-COORDINATE = 37488 [ft] 
Y-COORDINATE = 14784 [ft] RECHARGE PONDS 

PUMPING/INJECTION RATE = -2442377 [gpd] HYPOTHETICAL 
TIME SINCE START PUMPING/INJECTION = 36500 [day] INJECTION WELL 



RECHA RGE MOUND 

Recharge: Sun City West 
1,320 foot grld 
Carteden coordinate grid 
Orlgin: NW corner Sec. 12, T.3N., R.2W. 
Dlstancea on x and y ax- in feet from origin 
Z-axis = feel of elevation 
Duration: 100 years 
Model computes drawdown 
Negative values = feet of elevation 

x-axis 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

, 0 
' 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 
1320 

y-axis 
0 
1320 
2640 
3960 
5280 
6600 
7920 
9240 
10560 
11880 
13200 
14520 
15840 
17160 
18480 
19800 
21120 
22440 
23760 
25080 
26400 
27720 
29040 
30360 
31680 
33000 
34320 
35640 
36960 
0 
1320 
2640 
3960 
5280 
6600 
7920 
9240 
10560 
11880 
13200 
14520 
15840 
17160 
18480 
19800 
21 120 

Elevation 
-3.31835 
-3.36233 
3.40322 
-3.44078 
-3.47473 
3.50483 
3.53088 
-3.55265 
-3.56999 
-3.58276 
-3.59084 
-3.59419 
-3.59275 
-3.58656 
3.57565 
-3.56013 
-3.5401 1 
-3.5 1 575 
-3.48725 
-3.4548 
-3.41 866 
-3.37907 
3.33629 
-3.29059 
-3.24225 
3.19153 
3.13871 
-3.08405 
-3.0278 
-3.43555 
-3.48276 
-3.52674 
-3.56717 
-3.60377 
-3.63626 
-3.66439 
-3.68794 
3.70671 
-3.72053 
-3.72929 
-3.73291 
-3.731 35 
-3.72464 
-3.71 284 
-3.69603 
-3.67438 



RECHARGE 

17160 
18480 
19800 
21 120 
22440 
23760 
25080 
26400 
27720 
29040 
30360 
31680 
33000 
34320 
35640 
36960 
0 
1320 
2640 
3960 
5280 
6600 
7920 
9240 
10560 
11880 
1 3200 
14520 
15840 
171 60 
18480 
19800 
21 120 
22440 
23760 
25080 
26400 
27720 
29040 
30360 
31680 
33000 
34320 
35640 
36960 
0 
1320 
2640 
3960 
5280 
6600 
7920 
9240 
10560 
11880 
13200 
14520 

' MOUND 

-5.10131 
6.07653 
-5.04152 
4.9!3682 
4.94312 
4.881 18 
4.81 182 
-4.73591 
4.65431 
4.56786 
-4.47739 
-4.38366 
4.28737 
-4.18918 
4.08967 
3.98936 
4.69073 
4.7868 
4.87828 
4.98422 
-5.04362 
--5.11546 
-5.17874 
-5.23251 
-527591 
-5.30819 
-5.32879 
-5.33734 
-5.33367 
-5.31786 
-5.29019 
-5.251 16 
-5.20144 
-5.14185 
-5.07332 
-4.99682 
4.91338 
4.82399 
4.72965 
4.63126 
4.5297 
-4.42575 
4.3201 1 
4.21341 
-4.1062 
4.85428 
-4.95918 
-5.05947 
-5.15407 
-5.24181 
-5.3215 
-5.39193 
-5.451 96 
-5.50054 
-5.53676 
-5.5599 
-5.5695 1 
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RECJYARGE MOUND 



PLATE 1 

R. 2 W. R. 1 W. Other: -..- 
sources of data: Wlthln Sun Clty West: A(4-1)18, 31; R. 1 E. ; ;; .- ,ll:&, ~.v.Lbmrnt C:.qpu.nh~," 

B(4-1)s. 31; DWR Spring 1990 , - I .  
Water Development Corporallon Water Development Corp~ratlon .. .. T , ~ s , " I  ,\"..1111.1 

goutheast slde of Grand Avenue: 
613-1)2. 5. 8. 12; DWR Sprlng 1990 

spring 1991 
., ;;+ 

Weber Pump Company A(4-116, 8. 18: Mnrch l g s l  

Marlcopa Water Dlstrlct Frank Pnstillion (Danleq and Moore) 
sorlrrn ( o n ?  



PLATE 2 

1 mrle 0 



PLATE 3 

DEPTH T O  WATER TABLE 
VICINITY OF S U N  CITY WEST 

SPRING 1972 
(Water Development Corporation-1976) 

/ Line of 
,ba Equal Depth 

to Wnn. ( i n i n t  

I*..- rmo "a, u : , : 
I.. .Is,.- *-l 

. - 
I . .  I I . . , U.,. 

MAP OF A PORTION OF WESTERN SALT RIVER VALLEY, MARICOPA COUNTY, 
ARIZONA, SHOWING BOUNDARY OF MARICOPA COUNTY M U N I C I P A L  
WATER CONSERVATION DISTRICT NQ I AND DEPTH TO WATER, SPRING 1972. 

@ W e k t  %&punt c+dL"l 
Mach 1 9 8 1  
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R. I E. PLATE 7 

PROJECTED DRAWWWN AFTER 100 YEARS: 

SCENARIO NO. 2 
SUN CITY WEST DEMAND AT FULL BUILDOUT 

EXPANSION AREA DEMAND PRORATED 
FROM CURRENT SUN CITY WEST DEMAND 

RECHARGE FROM BOTH AREAS 

Explanation: 

/ Line of 
,% Equal Drawdown. 

/ in feet 

Hachures ind~cate 
rise in water level 
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W a t ~ . r  Bevsl)olh_ment Co =PO .ration 
CONSULTANTS IN WATER RESOURCES 

LEONARD C. HALPENNY. P.E.. P.G. 

3938 EAST SANTA BARBARA 
TUCSON. ARIZONA 8 5 7 1  1-4744 

FAX: 327-7413 
Mobile (Phoenix): 228-3614 
Mobile (Phoenix): 370-0978 

April 7, 199 1 

Mr. Richard Mastin 
Vice-President 
Land Development 
Del Webb's Sun City West 
Post Office Box 1705 
Sun City West, AZ 85372-1705 

Dear Dick: 

Enclosed are four copies of the current draft of our hydrogeological report. One of these is in loose- 
leaf notebook form. We were informed by Tim Crall that it is planned to submit the report with the 
Recharge Recovery Permit Application, which is in three-hole notebook format. 

I will look forward to receiving your comments and suggestions. 

Sincerely yours, 

Enclosures 
C : 

Dick Mettee, Stanley Consultants 
Jerry Green, AGK Engineers 
Fred Kriess, Jr., Citizens Utilities 

1390 
LCH/sc 

RECEIVED 

APR 1 8  i931 

DEL E. WEBB DW.. CO. 


