


\ calculated using an interest rate of 5-5/8 percent and an economic life of
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Findings of Preliminary Study.

Strong local and congressional interest in the project indicated a need for

a tentative answer on project feasibility as soon as possible. Standard

project flood protection was not investigated during the preliminary studies

first, because the upper three-quarters of drainage area had 100-year

protection provided by extensive existing and proposed SCS projects; second,

because of time and funds restraints. The study area is delineated on

Plate 1. SCS projects are delineated on Plate 2. One-hundred-year protec-

tion was considered to be a representative degree of protection for prelimi-

nary studies. Standard project and other scopes and nonstructural solutions

will be considered in the detailed studies.

A system of earth channels proposed by local interests extending from the

Roosevelt Canal to the Gila River appears to be adequate for preliminary

studies and was used to estimate project costs. Project location and costs

are given on Plate 3 and Table 1. Justification of the Pecos Road and Hunt

Highway floodways is doubtful at this time. The costs of these two flood-

ways are not included in the average annual costs given belo"'T. Fhased

construction will be considered in the detailed studies. Channel alinement

and lining require more study.

Equivalent annual benefits of $4,290,000 and costs of $1,860,000 were

100 years. Benefit-to-cost ratio would be 2.3. Probable benefits for the

following years, assuming future development restricted by a zoned floodway,

are tabulated below.



measures on future discharges will be fully evaluated.

Conclusion and Recommendation from Preliminary Studies.

survey scope. Structural and nonstructural solutions and combinations

$1,470,000
1,700,000
2,560,000

Probable Benefits

1974
1980
1990

Year Development

~.

and 6 show runoff retention measures which have recently been required for

justified. It is recommended that more detailed studies be initiated.

Findings of the preliminary studies will be reviewed and expanded to full

thereof will be considered. Alternatives promoting environmental quality

It was concluded that there is a Federal interest in providing flood damage

to the Gila River and used in nonstructural studies. The photos on Plate 5

new construction in the cities of Mesa and Tempe. The impact of these

will be investigated. The overflow area sho'vn on Plate 4 will be extended

reduction for the area. Structural solutions appear to be economically

,

•

•
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Public Involvement·

Heetings have been he;Ld ivith the Haricopa County Flood Control District;

Cities of Mesa, Tempe, and ~1andler; SCS; BIA; Gila River Indian co~~unity;

and engineering firms which have done studies in the area •

A public meeting was held on 13 December 1973. Various organizations

presented statements in favor of a flood control project.

Maricopa County Board of Supervisors has appointed a l4-member Flood

Control Advisory Group to achieve broader public input and citizen's

reaction to proposed Tlood control plans ~~d projects. We i-nll work

closely "lith this group in the plan formulation studies.

/
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ALTERNATIVES TO BE CONSIDERED IN DETAILED STUDIES

In detailed studies the following alternatives should be considered:

1. Structural.

a. Channels - earth and concrete.

b. Ghannels combined ~~th detention basins to reduce peak flows.

2. Non-structural.

a. Zoned floodway •

b. Floodproofing.

c. Flood insurance.

d. Evacuation - temporary combined with flood forecasting & permanent.

e. Tax incentives to leave land in agriculture or open space.

f. Other.

3. Combinations of 'structural and nonstructural •
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by far the most populous city in the Phoenix area; ho\"cver its relative

surrounding areas grow.

I"~

the Co~ns among the various cities in

<t-o 0 aricopa County h_thei\r~:i::-z-e'na

\.,hich is an averal;e annual incre;:J.se of 4.6 percent.

contained 49.4 percent of the State's population. 0 The City of Phoenix is

or almost an 8-percent average annual increase. In 1970 ~le Phoenit area

19 cities. The 1970 figure was an 844-percent increase over the 1940 figure

92,000 people. By 1970, there were approximately 867,000 people living in

the Cities of Phoenix, Tel'lpe, Eesa, Chandler, Gilbert, and the overflow
-{dr

area are shO\m in the follO\"ing tabulatiJn. Future population figures are
S.--r

based on OBEJ~Sl(projections allocated
~("\ r. •

Wate Com~issien and suballocated by

Economic Base. o~'-U loa t ion . The his toric and projected populations for }!aricopa County,

the area on the bases of historical trends and expected development patterns.

Population trends

City of City of Ci ty of City of City of
,

fIaricopa ;Overflow.
Year County Phoenix Tel~ Nesa Chandler Gilber t Area---- ----- -----

1950 331,800 106,800 7,700 16,800 3,800 1,100 NA {
26U~ (

1960 663,500 439,200 24,900 33,800 9,500 1)800 NA ~ ("

1970 962,500 581,600 62,900 62,900 13.800 2,000 9,000
5

1980 1,328,700 737,000 120,000 105,000 20,000 2,200 13,100.00 1,930,900 845,000 220,000 255,000 60,000 5,000 17,900

2020 2,539,500 880,000 280,000 365,000 135,000 20,000 28,100

In 1940 the population of the Phoenix metropolitan area was about

. importance in both ~opulation and ernp10~~ent will decrease steadily as the

Recent develop~ent trends in the Phoenix area may be shO\m by considering
:;:7

the period 1960-1970. Over this span, the population incrcClseel from about

.2,000 to 867,000 people. T:tis \.J<lS an absolute increase of 315,000 flcople,



• I-

annual increase.

expansion into areas in south Phoenix.

The added population was absorbed both by an increasethe Phoenix area.

City of Phoenix and into the vicinity of the City of Glendale, with slower

CL~RENT A~D FUTURE LAND USE. The patterns of current and future land

Empirical analysis of past patterns of development in the Phoenix

cipitous hillsides are not considered suitable for high-density urban

area has shown that most development during the initial period of spillover

at a slm., rate in the near future. During the 1960's, 315,000 people were

development spread to the east into the City of Scottsdale, southeast

added to the Phoenix metropolitan area. (See red areas on pl. -7.) This

bar development on the east but which are expected to be opened to development

of large ne,v amv-densi ty areas on the periphery. During the 1960' s,

into a given area is on land of less than 25-percent slope. Steep, pre-

8hm., Butte in the City of Phoenix, and "lest into the Haryvale area of -the

Glendale with about an 8.5 percent annual increase and Mesa with 6.4 percent

in densities in the developed parts of the Phoenix area and by development

use in the Phoenix metropolitan area are discussed in the following paragraphs.

--------The general pattern of recent grm\'th in the Phoenix area (1960-19701.

is indicated on plate~. This plate also shm"s the bopographic constraints

of mountains and flood plains as well as the Indian lands, which at present

into the City of Tempe, and the City of Hesa, north up to North Hountain and

with more than a 9.5 percent annual increase, followed by the City of

The greatest ~ate of gro\vth occurred in the City of Scottsdale with an

.average annual increase of about 21 percent. The City of Tempe 'vas second

• development because of the relatively high costs of development and the

community opposition to scarring the picturesque desert mountains.

increase in population required the use of about 73,000 additional acres.in



and monuments, Indian land, and military reservations. Additionally,

next 50 years.

reaching the Agua Fria River by 2020. Simultaneously, development will

the 1970's, the Hesa area and south of Tempe during the

and th~ Chandler area during the period 2000-2020.

Urbanization will also spread northvlard from the City of Phoenix, reaching

part of the City of Phoenix during t~e 1970's, filling in the remaining

current Arizona State la'v and ordinances of Haricopa County and the City of

beyond Lookout }1ountain by 2020. Development is also expected to spread

land suiLtble for development is generally applicable to cities in the

authorities for use as national forest preserves, State and Federal parks

It is anticipated that development in the Phoenix metropolitan area

during the next 50 years (see pI. 8 ) '''ill spread to the southeast into the

western part of the City of Phoenix during the period 1980-2000, and

Phoenix metropolitan area. The areas with slopes greater than 25 percent

are indic;-"4 ed on plate~. Additional constraints on grmvth are lands

spread at a slovler rate into the areas south of the Salt River in south

Phoenix, approximately doublinG existing developed acreage during the

Phoenix restrain urban development within 100-year flood plains.

,,,est,,,ard9, filling in the areas around the City of Glendale and the t-raryvale

'vhich have been withdraun from potential development by Federal and State

~

Tempe area during

~ period 1930-2000,

Consequently for future population projections, areas of steep slopes may

• be considered almost completely undevelopable without severely distorting

the projections. The criterion of 25-percent slope in defining limits of
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PROJECT BllITffiFITS

Future development was not projected within the 100-year

developmelJt. About 11,598 acres-:L-i "fithi-n he futur leG

of property that would be protected is primarily residential and cOillnlercial

Phoenix metropolitan area is the major urb&! area.

Projected increase in personal income was based on the 1968-2020 projected

on plate 8

area of 1..rhicll ,~6 -Gores are currently in urban use.

assessed valuations of the County Assessor adjusted to the market value

A summary of present and future land use in the future 100-year overflow

area is ShO"ffi in table 3 .

Estimates of existing (1974) property values were made by using (a) the

ment in the overflow area. Using economic trends, city and county plans,

E~ture development vlas projected to conform to OEERS population projections

and recent development, estimates of future values of the property were

is the reduction of flood damage in the Cities of Tempe and Mesa. The type

made. Factors reflecting projected increases in personal income and the

average increase in per capita income made by OEERS, a~ounting to 2.8

T'ne primary benefit that would accrue to the irn~l'Gv.ement UFlGe;

of the property, (b) valuation data furnished by mvners and managers of

property,and (c) field inspections and appraisals of the present develop-

percent a year for the Gila-Salt Water Resources Subarea in which the

level of economic activity vlere applied to indicate recent economic outlook.

for iIDe Maricopa County and the Maricopa Association of Governments' Land

Use Plan. Anticipated future grmrth of the Thoenix urbanized area is shown

floodway as current State of Arizona regulations prohibit such development.
----~

•

•

•
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A study made by the Los Angeles District indicates that:

a. Per capita consumption of selected damageable items in the United

States (1950-1968) in 1958 dollars has increased an average of 3.054 percent

a year \<lhile personal income increased 2.521 percent a year. A correlation

analysis uf the data for damageable items and personal income for this

period reveals a coefficient of correlation of .995.

b. Commercial construction costs and inventories have increased an

average of 2.32 percent a year as compared ,.;i th average personal income,

which had risen an average of 2.521 percent a year. A correlation analysis

relating average annual percentage increase in commercial construction

costs and inventory with average ffi1nual percentage increase in personal

income indicates a coefficient of correlation of .968. Overall, it is

expected that residential damageable value per acre would increase at a
~

rate equal 'to the increase of personal income, or about 2.8 percent a year.

For commercial property, the OBERS a~Dual personal income increase was also

applied directly to total damageable value on the basis that the value of

most damageable elements of a comm~rcial establishment are highly sensitive

to the general wealth of potential consumers. Public property avlues vffire

estimated to follow the same trends as residential and commercial properties.

Due to forecast uncertainties, increases in the value of property were dis-

countinued after the first 50 years of project life. A SQ~lary of estimated

present (1974) present \<lith productivity increases applied, and equivalent
1

annual values of property in the future 100-year overflmv area is shown )

in table -L.



~ D~nages were estimated for each of selected flood magnitudes by the following

would occur in the area under study are estimated at $4.4 million. The total

~ benefits from flood damage reduction (1980-2079: 5-5/8 percent) would be

$4,290 ,000.

curve. The area under the damage-frequency curves represents the estimated

1.8'
1.6'
1.5 '
1.2'

Average Depth

Tne total equivalent annual flood damages that

Flood

Future lOO-year ..
100-ye ar ..
50-year ~ III .

25-year ..

c. The individual damages to each property type were totaled. Curves

shown in figure 2.

b. Depth-damage relationships, based on records of past floods and

The nonpreventable damage-frequency curve, indicating the estimated residual

damage and the total equivalent annual d~lages (5-5/8 percent-100 years) is

damages that would occur after construction of the plan of improvement under

development.

consideration, is also shown. The total undiscounted and discounted probable

probable annual flood damages in the overflow area under 1979 conditions of

applied to each property subject to inundation.

was combined with the discharge-frequency curve to obtain the damage-frequency

evaluation of potential flood damages to various t~~es of properties, were

area, . the depth of inundation, and the velocity of the flow. Average depths

were as folloYTS:

procedure:

a. Hydraulic studies were made to determine the extent of the overflmv

showing damage-discharge and damage-frequency relationships under year-one

(1979) conditions are shown on figure~. The damage-discharge curve

~



~ At present, Arizona State Law and Ordinances of the City of Phoenix and

Maricopa County require that future urban development remain outside the

limits )f 19Q-year floodways. ~A1though the overflow area under study has

not to date been defined as a floodway by the Arizona Water COlnmission,

this study assQmed that it would be so designated in the near future.
r

Benefits from increased utilization of land would accrue to the proposed

project, but have not been analyzed. It is anticipated that an additional

3,506 acres in the flood plain would be converted to urban uses by 2030 if

flood protection were provided .

•

•
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GILA DRAIN

ESTI}~TED LAND USE (ACRES)

Type of ~eve1opment 1974 1979 1999 2019 2039

Residential 1627 1712 2383 3729 3812

Commercial 168 292 344 7(; U4 IJ 424

Public 144 114 179 192 192

Parks 27 27 37 46 48
r-

Agriculture 9662 9453 8655 7217 7122 ~jU I
~

Total 11,598 11,598 11,598 11 ,598 11,598

•

•
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2,600

•

39,400

1,800

210,000

756,200

'>
502,400

Future
Development
Equivalent
Annual Value

2,900

1,800

20,900

94,300

310,200

,./

~~ i ~

1,900

1,800

46,500

10,300

154,GOO

Present
Developmentvr-V Equivalent

~/ Present Value Annual Value

~¥Jr~,
93,800 Cl f\ .'"-~ 190,300

200

3,000

•

300,000

l~D;OOO

GILA DRAIN

I~\.o \e Y

Present Value

SU}illARY OF ESTIMATED VALUE OF DEVELOPMENT

200

Per Acre of
New Improvement
~b

57,600 140,000 P

65,000

90,600

276,000

of

,'-

Agriculture

Residential

Commercial

Type of Development

Total

Parks

Public
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,. DEPARTMENT OF THE ARMY
LOS ANGELES DISTRICT, CORPS OF ENGINEERS

P. O. BOX 2711
LOS ANGELES, CALIFORNIA 90053

17 April 1974

MEMORANDUt-1 FOR: CHIEF, INVESTIGATION SECTION B

SUBJECT: Hydrologic Investigation for Gila Floodway

1. A preliminary hydrologic investigation of the Gila Floodway under
no-project conditions was conducted in support of Phase 1 economic
analysis. Peak dishcarges were computed for the 100-, 50-, and 25-year
floods under present (1980) and ultimate (2080) conditions. These'
discharges are listed in Table 1.

2. The assumptions made for this investigation concerning manmade.alter
ations to existing flow patterns were:

a. The proposed Superstition Freeway was in place by ro ~~1

~ 1980. Floodflows originating north of the freeway collected at Horne
Street and flowed over the freeway at that location.

b. For present conditions no on-site (within developments) detention
~ storage was considered.

c., For future conditions an analysis was made both with an without
on-site detention storage.

d. On-site detention storage reduced floodflows from new developments
south of the western canal by 20 percent.

e. Soil conservation service levees and detention structures controlled
all flows up to and including the 100-year flood originating above the
Roosevelt Canal.

f. Urban storm drains designed for 2-year storms had no effect on
major downstream floodflows.

3. The method used to develop the peak discharges was the single linear
reservoir method. 100-year 6-hour, 50-year 6-hour, and 25-year 6-hour
precipitation amounts were from maps of rainfall-frequency prepared by the
U. S. Weather Bureau. The storm pattern used was derived from the Arizona
standard project summer thunderstorm. Constant loss rates of 0.40, 0.45,
and 0.50 inches per hour were used for the 100-, 50-, and 25-year storms,

..~espectively. These loss rates were estimated from plate 27 of the report

~



17 April 1974

ROBERT L. HALL
Chief, Hydrologic Engineering Section

CF:
Inv. Sec. A
FPMS
Channels Sec
Ariz Proj. Ofc

Incl
as

"Gila River Basin, New River and Phoenix City Streams, Arizona, Design
Hemoraildum No.2, Hydr.ology Part I", dated October 1973, by accumula ting
rainfall lost up to the period that the peak rainfall amount occurred,
and using the corresponding loss rate from the "Dry Watershed Curve".
Cha~nel routing was accomplished using the Huskingum method with an X of
o arid K equal to travel time, which was determined from normal depth
computations.

• SPLED-WH

SUBJECT: Hydrologic Investigation for Gila Floodway
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*See Plate 1 for location.

I** No detention storake above this point.
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Purpose and Scope. This assessment identifies the most significant

4It" environmental elements pertinent to the Gila Floodway and assesses

~he significant environmental considerations that could effect project

formulation. The assessment was based on preliminary field and office

4It

4It

investigation and limited coordination with agencies. Further investi

gation wi I I be needed to prepare a quantified environmental inventory

and Impacts analysis. The environmental elements deemed most critical

tn the study area are archeological resources, the presence of rare or

endangered species, socio-economic conditions, and ground water.

These elements are considered in fol.~owing paragraphs~ Significant

environmental consideratVons are discussed in the final paragra~h.

Study Area. The study area is bounded by Apache Boulevard on the

north, Interstate 10 on the west, Pecos Road on the south, and Reebs

Road (Val Vista Drive) and the Consol idated Canal on the east. Plate

shows the boundaries of the study area in red, and the overflow for

a 100 ear frequency flood in blue.

..

Archeological Resources. Contacts were made "with the fol lowing

agencies to determi~e potential environmental pro~lem~: the Arizona

Archeological Center of the National Park Service, the State of Arizona

Historical Preservation Officer, the Arizona State University.Department

of Anthropology, and the Arizona Highway Department. Our inquires

stressed the presence of.sltes listed in the National Register. The

State of A~izona HistorIcal Preservation Officer indicated that there

are no sites currently I isted on the National Register in the study area,



•

...~.

•

nor any sites under consideration for nomination. The Historical

Preservation Officer indicated, however, that Wi I Iiams Air Force Base,

which is just outside the eastern limit of the study area has an
.

archeological site, the Midvale site, that is currently being considered

for ~he nomination to the National Register of Historic Places.

The archeological history of the region, including the study area,

deals primari Iy with the. Hohokam, an agricultural people who made

their living by gathering natural vegetation and by. farming the rich

lands boardering the rivers. For the first 1000 years of their oc-
. .

cupation of the\Salt River Val te~, the .Hohokam lived in vi I lages of

various sizes made up of pit houses. Sometime around I 100 A~D. the

plthouses changed to surface rooms with joined wal Is. Sites became

canals had fal len into disuse and ruin, and the Indian population had

dispersed; Anglo settlers arriving in the 19th century began to farm

the same land abandoned by the Hohokam. In some cases the old canals

. were cleaned and reused to water the modern fields. In the late 19th

century the cities of Chandler, Tempe, and Mesa were founded and began
. .

. .
to grow. As they grew, and as more land. around them came linderculti-

vation, the Hohokam sites began to disappear under agricultural fields

and urbanization. As the growth of the cities accelerated in the late

1920's and:in the 1930's, so did the destructio~ of the sites .

2



-. Despite the great wealth of sites, there have been few major

~ excavations in the Salt River Val ley. The Hemenway Expedition of 1888

explored Los Muertos, a large vii lage northwest of Chandler" as wei I

Farming has created a twofold problem with regard to the archeological

• resources in the study area: First, the destruction of the original

land surface through farming activities has made recognition ofs~tes

..
- .

published

,
The present condition of the two sites mentioned above typifies

3

in 1945. In the 1930's excavations were conducted at Pueblo Grande in

park; the part of the site outside of the park is under the city.

A smal I part of the -Pueblo Grande site has been preserved as_a city

park, there has been little published on the work done there.

"

making identification of the site areas difficult. Second, crops

most of the ruins in the Salt River Val ley. Los Muertos has fal len

BiologIcal Resourcv3. Field surveys and searches of local literature

Phoenix. Although this site has been partially preserved as a city

obscure the ground surface and make survey identification impossible.

cultural activities and urbanization. -No natural communities exist

almost impo~sible. The sherds, flakes, and stone tools commonly used

as surface indicators of iites have been buried, broken, and scattered,

,.-

as several smaller sites. Results of this work were

indicat~ that no ~are or endangered species inhabit the study area.

The vegetation of the study area_ has been extensively al~ered by agri-

- victim-to expanding land cultiyation, an~ now lies under cotton fields.
\

.f In a~und-i$tur6ed condition in the study area. The agricultural lands

offer some measure of protection and food to birds and sma I I mammals .

- .

. -
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.~ Those wildlife species present in the study area are tolerant of man's

activities •.

~

Land Use and Demography. Field surveys and analyses of aerial photographs

were used to assess the existing land use in the study area. The Composite

Land Use Plan for Maricopa Cou..'1ty, Arizona, prepared by the Maricopa

Association of Governments (t~G) was used as a basis for projecting future

land use in the study area. Table 1 compares the present and projected

future(2030) land uses in the study area. Table 2 compares the present

land use with the projected future land use in the 100-year future overflow

. area. Table 1 shows that the conversion of agricultural land to other
"-
urban land uses will have a major effect on the study area. Table 2 shows

that the present (mid 1974) population of the study area, based on MAG

1975 projections, is about 160,000. The 100-year overflow area presently

supports about 3,600 housing units, containing a population of approxi-

mately 12,000.

Assuming a continuation of recent trends and conforming to local land-use

plans, the additional 2,200 acres projected by MAG to be converted to

residential use by 2030 could support 6,600 additional housing units. The

overflow area could, with this many housing units, have a total future

population of nearly 35,000 people. Acreage figures reflect the fact that:

future development was not projected within the 100-year floodway due to

Arizona State law and Maricopa County ordinances.

Housing in the floodway ranges in market value from under $12,000 to over

$60,000. Significant community facilities in the floodway include:



, .

the grounds of the Arizona Mormon Temple, one high school, one junior

~ high school, and two elementary schools. Significant commercial!

. ind~strial facilities in the floodway include the John Deere Tractor

Plant, The Caterpillar Tractor Plant, and the maintenance base yards

for the Mountain Bell Telephone Company, and the Line Construction Bower

Division of the Salt River Project.

Socio-Economic Profile. The 1970 census indicates that of the 143,958

residents of the study area, over 97 percent were white in race. Some

86,018 (59.8 percent of the total population) were in the prime working

age of 16 to 64 years old. Persons over 65 accounted for 8.6 percent

(12,376 persons) of the population. Civilian employment totaled 53,146

or 96.2 percent of the civilian work force. Therefore, the unemployment

rate of 3.8 percent was below the national average of 4.9 percent. The

~ median family income was $9,713 with 8 percent (2,835) of the families

below the poverty level. This compares to national figures of $10,100 and

9.9 percent~respectively. Following is a summary of employment by industry

for the study area and nation as a whole:

-~.

~
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Study Area United States

• Number ~rcent of Number Percent of
(000) Total (000) Total

Agriculture ••.•••••• 1.761 3.3 3,462 4.7
l-lining .............. .296 .6 622 .8
construction .•••.••. 3.802 7.2 3,345 4.5
Manufacturing .••.••• 10.963 20.6 19,369 26.1
Transportation and

4.3 4,504 6.1public utilities •• 2.308
Wholesale and

retail trade •••••• 11.725 22.2 14,922 20.2
Finance, insurance,

and real estate ••• 2.843 5.3 3,690 5.0
Services .......•...• 7.519 14.1 1l,630 15.7
Government •••••••••• 1l.929 22.4 12,535 16.9

Total ......... 53.146 100.0 74,079 100.0

The study area's higher participation in construction reflects the recent

dynamic growth of the Phoenix area. Government labor force participation is

high because Phoenix is Arizona's state capital. Tourism and retirement play

ea more important part in Phoenix's economy than nationally, as reflected, in

higher trade employment and lower employment in the manufacturing sector.

Ground"l'rater. Because of declining groundwater levels, the State of Arizona

. has designated the Phoenix area, including the study area, to be a critical

groundwater basin. The overdraft of the available groundwater in the study

area, has come about because of the extensive agricultural development.

Agricultural land presently accounts for nearly 75 percent of the land in the

study area.

Significant Environmental Considerations. With respect to the significances

of archeological resources in the study area, two points .must be kept in mind•

. First, sites disturbed by plowing could still be present below the "plovr zone"

(the depth to which the soil has been broken by plowing) if the site had

• consid~rable depth to begin with. Features be~ow a depth of 12 to 18 inches



Ground,Yater quality is of: such importance to the economic well-being of

~ the region that any project must take into consideration its ef:fects on

~. (houses, cremations, hearths, etc.) may survive intact. Second, archeo

logical remains may exist within the project area that have not been reco-

. ,

'.

••

:

gnized because of plo~~ng or the presence of crops. The potential for

archeological sites in the study and project area (the 100-year future

overflO\f area) is high, and "Till bea major concern in formulating struc-
,

tural alternatives. Study and field survey by professional archeologists

should be initiated as soon as possible. Our best judgment,at this time,

is that archeological resources will be a consideration in formulation of

any structural alternatives.

Our best judgment is that biologic considerations "rill have a minor effect

on project formulation.

groundwater recharge. If: the Urbanization projected by MAG is realized,

there will be a considerable reduction in the amount of agricultural land

under cultivation in the study area. Several studies have estimated that

less water is used as land moves from agricultural to urban land uses.

The ratio betvTeen the agricultural use of water and the urban use of water

is estimated from betvTeen 1: 1 (no difference) to 10: 12 (agricult.ure

requiring 10 f/mes the water a comparable area of urban use would demand).

The most agreed upon ratio is close to 2:1. Even though urban land uses

require less water, their existence creates a considerable decrease in

groundwater percolation because of the increase in impervious area (streets,

drive"Tays, buildings, storm drains, etc.) associated "rith urbanization.

Because of this, any-flood control effort must consider non-structural
i -

alternatives, spreading basins, and soft-bottom channels.

7
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• The potential future damages resulting from the urbanization projected

for the lOO-year future overflow area are great. The potential and the

impetus for significant urban grmorth exists in the study area. Future

communities must be protected from flood threats or not allowed to locate

in flood threatened areas.

FOOTNOTES

1. Kelso, M. M., Martin, W. E., and Mack, L. E., Water Supplies and

Economic Grmorth in an Arid Environment, The University of Arizona Press,

Tucson, Arizona, 1973, page 113.

2. Smith, A. W., Recreational Harket Area Study, Tempe, Arizona, 1972,

page 7•
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TABLE 1

• GILA FLOODWAY STUDY AREA LAND USES
-.

C------,- --1 Present Present Future FUture Percent
'- --_._-'
Land Use Acreage Percent Acreage Percent Change

Residential 1l,700 19.3 33,000 54.5 +182

Commercial/
Industrial 2,000 3.3 -8,300 13.7 +315

Agricultural 45,400 74.9 16,000 26.4 -65

Public 1,500 2.5 3,300 5.4 +120

'lbtal: 60,600 100.0 60,600 100.0

TABLE 2

GILA FLOODWAY 100-YEAR FUTURE OVERFLO'i{ AREA LAND USE (2030)

• (NO FUTURE DEVELOR1ENT WITHIN THE 100-YEAR FLOODHAY)

Present Present Future FUture Percent

Land Use Acreage Percent Acreage Percent Change

Residential- 1,650 14.2 3,800 32.8 +130

Commercial/
3.4Industrial 150 1.3 400 +167

Agricultural 9,650 83.2 7,150 61.6 -26

--, Public 150 1.3 250 2.2 +67

Total: 1l,600 100.0 1l,600 100.0

• --9
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COLONEL FOLEYI It lie8 between the Salt R1ver and

in Arizona.

that despite our district:; name, we have.

re referring to a8 ~he Gila Floodway--

So, you s

which includes Western New Mexico, virtually all ofr

Thi is an area of just under 250 squar miles--

This y ar, at the request of the Board of Super-

(Affirmative responses.)

I am Colon 1 Jack Pol y, District Engin er of the

The Los Angeles District i. charged with investiga-

COLONEL FOLEY* Good vening, la<11e. and gentlemen.

e hav an on-going congressional authority to

This i. what bring us her this evening.

PROCEEDINGS------_ ... -.---

a continuing intere t in flood control and associated probl s

found in it, W have been carrying out the study in sections.

Bec us of the siz of the basin and the various problems •

visors of th Maricopa County lood Control District, the

III

Arizona, sections of Utah and Nevada, and Southern California.

tion, planning and development of water resources projects in

and which is frequently r ferred to loca~ly as the Gila Drain.

Conqr S8 appropriat d mon y tor us to tudy the flood problems

Loa Anqeles District of the U.S. Army Corps of Engineers.

study the entire basin of the Gila River and its tributaries.

of the area which w

can you all Bee those? Is there enough light?
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and the Gila River, from the South Mountain east to the

Roosevelt Water Conservation District Canal.

This is the area under study, but actually we have

to look beyond this in our considerations, because water

reaches this area from a 760 square mile drainage basin both

east and north of the Roosevelt Canal.

I have asked you here this evening to help us with

this study. I will go into further detail on the study and

how you oan help us in a few moments.

First, there are, however, a few administrative

details to get out of the way. I'd like first now to intro-

duce some members of my district staff who are here this

evening.

Major Will Worthington who is our Representative

here in Arizona, and I know many of you know him.

Mr. Art Potter on the right, Mr. Perry Davis on

my left, Chief of Public Affairs.

Our project Engineer, Bob Stocking, here out in

the audience, as well as Bob Koplin who is one of our

hydrologists. And the very lovely lady, Marie, who is helping

us take care of the cards. When you came in, she gave you

attendance cards, and I'd appreciate it now, if you have not

filled out a card, that you do so at this point and this time,

and pass it to the aisle where Marie can pick it up. These

cards serve two very useful purposes for us. They give us a
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record of who is her and who you represent so that in the

future, vh n we call oth r m etinqa or when" have informa-

tioD perhaps 0 maii to you, w do have a list of people that

are interested and bave expres.ed their interest tonight.

And, 8 condly, on the card you've notioed a place

to indicate whether or not you wish 1:0 address the'group

tonight and speak here, or if you prefer to submit a writ.ten

statement. Thi helps the meet.inq run more smoothly. How-

ev r, pleas underst.and th t if you hadn't indio ted you want

to apeak and you do desire to at same t.ime during the meet-

ing, pleas do let. us know, and we can make provisions tor it..

ryone h re who wants to be heard will be heard.

We h v a st.enograph r on the left who is keeping

a rbatiJi tr nscript. of t.his proceeding. Everything th t ia

said here this evening 111 become an official part of that

r cord. If any of yO\\ "bonld want copie of the transcript,

you c n make individual arrangements wit.h the stenographer

to purcha 8 -them directly from him.

Now, I'd like to get. down to the business ot the

eveninq.

'rbi mee1:ing i. one of t.h first. step. in our study

of ~ Gila Floodway. We have come here primarily t.o learn

from you. In a study suoh as this, we need all the .help and

all the infor tion w can get, and of course, some of the

b at information and ideas that we can yet are from the people
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that live here in the local area, and work here.

In a study like this, we must answer basically six

fundamental questions.

The first is, we must determine whether there is

or is not a problem.

6

Second, we must find out if there is an engineering

solution to'the problem.

Third, we must determine if that solution is

economically feasible; that is, the return to society over

the life of the project must exceed the cost of the project.

Fourth, the solution must be environmentally

acceptable--you must have the local support.

Fifth, it must have local support.

And finally, determine if there is a federal inter-

est in participating in solving this problem.

In order for us to recommend any federal partici-

pation in a plan, we must have a yes answer to everyone of

those six questions.

At this point, since we have just started the study,

we don't know any of the answers and do not pretend to know th

answers. We do know a few things that will affect the study.

As I mentioned earlier, the study area is about

250 square miles, but it receives water from a drainage area

of an additional 760 square miles. A·study made for Maricopa

county by a private engineering firm indicates that in the
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cas of h so-o led 100-y r storm, t:h t is, the storm. which

oould ooour h r on h statiBtioal averag of one ev ry 100
..

y ara, in this case, w ter would flow crOB this ar in such

an mount o d liver mar than 20,000 cubic feet of water

a second to th Gila Riv r •. Virtually v ry drop of water

tba f lla here ppears 'to make its ay to the Gila, even

th 1t i one of th boundari 8 f the study area.

know that oonsiderabl development is

x ected her in the future. Right no , there are four

in th Gila FlOodway, and th

tot 1 popUlation of the rat this t i8 about 140,000.

years from now, the

best projections we can com up with a this point indicat

that th popul tion will number s ewhere in the vicinity

of 790,000, and urban development. will co er approximately

nt of this floOdway ar _

Our proble , 'then, very simply, is to determine 1f

the f oodway need flood protection now or if it will need it.

in th for se able futur I and if there is such

th r anything we can do about it.

need, is

I looking fa ard to nearinq your opinions on

tb 8 q 88tion8, and, of DOurs , on the as oci ted que.tions.

With t a ai in ind, I auld like now to stop 1:A~in9' and

at t lis aning_

I think as a first order of busines8, I would like
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11 know, Col. John Lowry, who

parot of this ohannel must necessarily crOBS

COLONEL LOWRY, Thank you, Colonel. I want to make

The slop of t.he land i8 to t.he southwest. and a

point.

th study and which will be very ac~ive as our par~n.rs in

Control Di trict, since it was that district that In.p~red

t.o thes. cards that you have subm1t.ud nd hear from all

rest of you, who have expressed an interest t.o-be heard.

~o call on a repr sen1:a'tive of th Maricopa Coun~y Flood

The Corps of Engineers and D1s1:%'io1: Engine r has

So, at. this point, I would 11k t.o int.roduce a

the st.udy and in any project that might come from it.

We, 1n our stud!e previously, back as long ago as

After we h ve heard from the County, I will turn

gentleman I am sure you all

i8--he 18 Plood Control District Enqineer from Mar!copa

at t.h

COUD'ty, and, John, I tmink you wo\lld lik to make a

a bri f statement.

part of the fund are alre '4y vailable.

been asked 80me tim ago t.o make th st.udy that has been

au'thorlzed by Congress. Funds ar being made available,

bas taken place below "1' pe, below e8a, around Chandler and

19 3, saw the need of a flood ch nnel in the area now c lled

t.h Gila- Orain. Since that: time, a 9reat. deal of development.

on t.he Gila Indian Res rvation.

great. dG-al or
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I'd

selves for

to say on this

rge indian reservation to our

W met with him a couple of we ks

v benefits from this ch nnel when

t Gov rnor Lewis.

asked and m t several times with respres n-

with a here tonight Governor Lewis, Governor

d a eral other of the smaller COJIIJIlUniti.. in

COLONEL LOWRY.

of the res rv t10n p op e, a d we ar certainly

h occurred many, many times in the past • veral years,

GOVERNOR LEWIS. (Standing) Thank you.

go and got to talking about our probl 8. We know that the
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llk for you to

As Colon 1 Lowry nUaned, Governor Levis 1s here,

COLONEL OLEY I '1'hank you very auc , Colonel Lowry.

n I think t thl point. it would be pproprlate, Governor,

th in ian res rvation.

honor d to ha

tativ

floodwater8 are gener t d in th vicinity of T pe, Mes ,

industrial d velopment and urbanisation on their res rvation,

it is completed.

of the Tri 1 Council of th Gila In4i

Chandler

as to why w thought the study w • neces.ary. We know that

8 e gr atar th n ot:hers, nc1 w hope that you com ~ with a

solution th t' found co ptable to the COngres •
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nt

• floods

y see some of the

I think we should all be

y, 1 di s an q ntlemen,

of the detailed information

In this cas , in this particular

biob is a allahl to anyone ho

rticular area, compared 1:0 the

statement.

things that are sai in the sta

th r hasn't been too much of a

IS, If I

t:o say th t: the value of land.h s gone

at particular ar a. I wish to ua ~.

tat

take car of ~ flash floods that co 0 from

partiaul

GOVE OR

Ther i8 so

copy ot it.

evelopment: of

We have gre t: ~in9s in mind ot doing. Plan have'

re for Queen Cre k drain, much development: has gone into

wants

particular area, that we will b disoussing about tonight.

Idohve

if you'd car to make

b n ad, studi shave b en ad in ~ ar a, proj ctinq

there--but: it does contain so

the north, onto our reservation. It se ms lik th t all or

about what: w ax carrying on at the r eervatlon, in 1mat

au n er k channeJ.lnq, which takes place on on our reser-

vatton,

everything hat is bad is tilrown onto t:l r ••rvation. But,

in tbl partioular cas , I thin we

disad antages and a van ges for us if w can be able to
\

work 0 t a cent plan that will take car of

coming down from the Gila Drink.
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~ha~ par~icular area, and I feel, and I think my tribe8men

would fe 1: w y,' that the value of the land h a gone
"

So, i th this in mind, I would like for everyone

a. different type of neg-otiat.ion whenever the

come. b cause of th incre ed improvement in that area,

up.

So, I think the improvement that has taken place

~.re re industries located in that partioular area.

of you to understand that because of our plana and studies

peopl outaide th reservation, any of th m nonindian and

speaking about the 1 nd.

t.hat have be n made to improve and develop the land for our

vid d jobs for our people in that area, provided jobs for

own--maybe not. our own--personal qain, I think we have pro-

have a lot ot them work.ing in the park and that area where

has ceruinly xtended or moved 1 nd where it's of more value

than It ever has been before. And then again, I do not want

any of that land wh re yo can jU8t have a canal and it'll

be laying there and maybe . littl drop of water go 8 through

ther once or twice a year. I think we w nt 1:0 develop it

o that: we can uae t:b land for higher and better tl a in the

iu ur •

So, w have great things in mind that w

or develop the 1 nd into, and so I 1:hink there has to be a.

t.r ndous amount of study d in order to project where

ca w b able to pu~ a canal or whatever the thlnq might be
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•

ater in 0

involve and 1 It at

go • on, • would b able

b n fiol.11y 11 inq the

qaln t.o • in 1:11. dir atlon.

t ther is a pos

you v ry uch, GOvernor, and

ntl

a ,

tlUtre' s a po sib! ty 1n the stu y--yb

we wuld be

•ay alao t.h t: if our water table and b aaus

d a ceJ:t:aln number of peak loa a, t.h n may

rowned out by ivert1 9 all of th

of 0 r peepl wbo ould

ver,

80 forth.

I ould also

COLONEL POLEY. 'th

So, I f 1

rti JUS of it co 1 be diverted to our salt River b

po. !billt.y of rwuung this Gil Drain 0 into the r8.8r-

auld

• stUdy, tb feasibility t.udy of this th ng, vh r 1.t

xteo. I think ttli would be

at1 n co Id r charge th UM rground water t.o a (J rt 1.

o control ~he Gila Drain, a d the water that co a off trom

t hay a

I c n au 111 be orklng v ry cl0 ~y with

on

I like t.o call on .Mr. eid ••ple vh

i. th As n CJ r lt Riv r Proj ct.

I bell oulci1 like 0

• TBE LESt Ye•• % sent. yo lett r on nec er

lOth. I don' 1: know vh t.h r you v it with you or not, but

Of co ae, w c

land for our entire U8 •

1: 1 haa dr

ot ~ tarlling hat go.. on 1n our reservation, t.hat ~h. water
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have orked

t wi1:11 the Pima

1s who really are essentially private

and we will cooperate in any way we can.

19ht r pre.ent local or state or even

•

COLONEL FOLEY. Thank you very much, Mr. Teeples.

I would like now to kind of 90 into reverse and

ndors the Corps tudy in this specifio rea. We have been

At thl. point, I think Mr. Dean Sloan, City Engineer

f d ra1 government.

Th r pid concept. or the rapid d v lopment that

So, all loan say this evening is, we heartily

~1R. SLOANI Gentl en, I have just a very short

b hind this for several years. We have

forth, evera1 time over the 1 8t few years.

I would ju t like to say to you people h re, we certainly

group and all oth r inter sted qroups in Tempe, M sa and 80

the down.

citizens r pr senting themselves, and then in rver e order,

to 'the prabl

City of 8.

statement, and it's not a statement that I'll sUbmit in

writing. Just. t.o k ep y remarks hort, though, I jot.ted

ware exp riencing in th southern portion of M sa 1s

with the Gila Drain concept for several years and the v rious

cr atlng potential floOding in that area.

agencies concerned in th b 11ef that it is the beet solution
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I ill sp ak partly for my-

I believe. Mr. Coop r?

to some xtent, and I think that it is

I have here Mr. Ji Cooper, wbo is a Repr aentat.ive

sa rea--which was recently oompleted by our consul-

..

n 41t rnate solution, one that would be possible. Legal

COLONBL FOLEY I Pine. 'l'hank you very much.

e wish to b on r cor as supporting the project,

What we're proposing in this project, if I under-

I'll dlgr ss h r wh n I 8ay th best solution to

to the possibility ot running water to the Salt Channel. This

self, but I t.hink you are aware t.h t the Leqisl ture has b en

the prabl -- nd the Governer of the Gil Bend Agency eluded

re entat-ive of your a9' ney.

of the

in fact, urge its dev lopment as soon as possible. We will

and we f It that th1 may b a rather strong fa.ctor in favor

of th Gila Drain conoept,that it actuaily k p8 the water

st nd it corr ctly, is concentrating and controlling the flow

soon h ve a r port on the local drainage study--that would be

of water into the am water shed that it pres ntly taIls on.

or political robl. s involved, or a question raised on that

tant , and w will furnish copi 8 ot this report to the rep-

in ~le water hed and naturally drains at this tim •

water shed. There could be some problems along that line,

haa b en investigat

concept.! divertinq water from one water shed into another
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r marks.

•Gila,

ay can be

that we have a fixation on one

ph.size th t we are at a very

st, you ar awar of the Salt

isn't one of the ones we did appro-

IS-year program and started the prograJl\ with

help in some of this. This particular proj ct

Aqain, I'd like to

pri t for but out furth r

you're

Foundation and so forth.

One of the proposals there as that. w could rWl a

very uoh concerned w1~h this problem nd last year did

The one thing that I ba'¥ been interested in here

COLONEL FOLEYr Fine. Thank you, ire

the Citoy of Mesa and the County Supervisor and 80 forth ia the

built out across th re to help the flow of traffic, that is

in thi area, and that I have attend d many me 1dnqs on, wit.h

d v lopinq out 1: the e st sid •

diverting of the water some ay 80 th t the fr

but I am not. sure at this point what you're going on,. but I

down the western canal and th n ventually down into th

chann 1 down over long bout Dobson Road or somewhere there,

do ant you to know, and you know already, that we in the

Legislature are concerned.

par1:1cul r way of solvinq thia problem. We don't. But there

do 't want nybody to be misl

early tag in this, ftd e don't have any r al plans, but I

are many olu ions and alternatives. So, I appr aiate your
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20 eX08SS storm W 1:er through drains to detention basis. Dis-

25 storm wat.er ponding on highways and sueets annually. The

19 of street runoff in detention ponds and transmission of

ter by re~ention of rainfall on property, storage

-Historically ~e Chandler area ha experienced

ALLIED STENOTYPE REPORTERS
NINE TEN HOUSTON

FORT WORTH, TEXAS 76102

the following. statementl '

I think next Major Worthington

th City of Chandler. Is that correct?

MAJOR WORTHINGTON. 'the City of Chandler 1s

• meeting themselves toniqht, so in the conflict, they

handed us this let~.r and asked that it be read 1nto the

record.

-Gentlemen. In response to the November IS, 1973

-This p at year, in expectation of expanding popu-

-Department of the Army, Los Antlele. District,

r 9arding flood control and related purpose., Gila Floodway,

Loa Angeles, California.

Dated Oecember 12, 1973.

Maricopa and Pinal County, Arizona, City of Chandler submits

announcement of public meeting for development of information

17 aq study. The report. submitted proposes a plan for control

18 of stbrm

16 . Iation growth, the City of Chandler authoriz d • storm drain-

22 r t ntion ponds. and detention basins. This plan prOVide.

23 proteotion for less than a one-year frequency storm•.

21 posal of st.orm. wat r is by percolation from depressed areas,

24 .
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Chandler. Pi nning for ISubdiviaion development is now in

8 drain within sixty to

nex to c: 11 Mr. Kenneth Fooks.

nt located near Lone Butt on ~e Gila River

COLONEL FOLEY. Thank you.

MR. KENNETH G. FOOKS. Gent.lemen, I repr sent the

I'd li

·Sinoer ly, Raul G. Navarrett , Mayor.·

ction would result in appreci ble saving of monie for the

ni ty inutes after th end of the storm. Incidents of flood

rainfall of 1/2 inch.

-0 siqnation of !loodway routes and priority of

WThe pres nt oure of wat. r for the City of

d age to private and public property in Ch dl r to date ar

proqres for oms land through which floodways ar propo d •.

repor ad to h va been negllqible.

d pth of p ndinq *R.P8de. va cular traffic h n there 1s

construction are important economically to the City of

Construo~ion of Gila Dr in and Pecos Road Floodways to sult-

coordina 10n with the Ch ndler plan nd limlnate excavation

trea

City of Chandler.

of d tention basins for 4i po.al of excess storm water. This

able depth for gravity dr ins within 5 y ar would p rmit

Chandler is fro the groundwater supply obt.ained by pumps

deliv ring to th City distribut.ion system. Sewage from the

City is conv yed approximately 12 miles west-southwest to a

Indi
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City of Chandler on the' Hohokam nc'D projec~, nd I also m

Board Member of the E& 1; M rlcopa National R souroes Con-

eervation District.

I'd like to say this. I have been associated with

the thinking of ~. Gila Drain Project since about 1961. At

th t time, I was transferred in here as an employee of t:he

Soil Con ervation Service. Some time later, we submitted

of the Gila Drain Ploodway.S %'Vic

through the board of directors to t:he Soil Conservation

cat~ory of the Amy Engineers.

oons rvat.10n projeot. It should be

Beoause of the rapid urbanization, it was cODsidered

that this

Th whole RC'O Project has then, has asked that

the project: of til' Gila Floodway be removed from the SCS

authorit.y and 'that we highly endorse this Army Engineers'

stUdy.

I 180 would like to emphasiz the need for some

organiaed drainage of floodwater from this upper area, as it

90es outh and we t into th Gila Indian Reservation. In the

past., people in this ar a haY not considered the damages and

1:he prob1 that ware having down there.

22 Reading a report recently mad by the reservation

23 P opl , a stat.e ent in there say. that there is 80m_where

24, around 161,000 Acres or about 43' of the Indian Reservation

25 ehat could be farDied in agriCUlture. At present, there 18
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of th flood problema, t.!lat

qolng to be a problem for

frOID the southern part. of Tempe and

ndou increas in flood runoff.

more urbanized, as faX1llland goes into home.,

Chandler sit down here t th apex of where the

pres nt ime. Mainly I bee u

arises fro th nor h, flooding over th se lands hiob is

During- my tenure at the Soil Conservation Service,

tudy was made of the land area in Maricopa County. The

only about h lf of thi amount that is in agriculture at th

al ost i possible to U8 as agricultural land.

the ame typ of land vheX"! it had been urbanized, we found

runoff--the study of desert agriculture are 8 and then from

th t the runoff was somewh re around 300 percent ore after

urbanization, and it ia your stat...nt. here ~at 40 peroent

going 0 cau e a t.r

of this r a will be urbanized in t:h near futur. This is

southern Mesa over Gilbert w y--there'. nly on way for it to

sion of runoff to a great degree.

factori II or what have you, this is 90in9 to raise the exten-

co e and that is south and west. This m ana that when th se

cities b co

20 floodw r

21 in h future.
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22 I think also that now i8 the time to take care of
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t:he problems that Phoenix and

that. are. ar having t04 y. 'l'hi land is
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s place allover the

this construction and be

the--wh t is known as the

nd the COrps of Engineers for und r

MR. C. L. LINSER. Speakin<1 for the Arizona Water

••10n, I want to co

now wh re h y should put th ir tloodwat r. The probl

a, it could be don cheaper and will a180 h Ip the cities

COLONEL FOLEYI Thank you very much, Mr. Fooks.

I'd lik to calIon Mr. C. L. Linser, Chief of FlOod

It nds to reason ~hat this project, if put in

So, e n ed a framework. I'm not saying that this

'1'h only comm n I would lik to ake i8 relatlv to

r a.

king this study in the area referred to as the Gila Ploodway

thr e or four differ nt plac s fr

Gila Drai Project should be m de laterals and everything else

into 11 secUoDs of land, but the main tems come back in .

right now 1s t.ha~ ny of them--thf.!tJe subdivider , they don't

know wher to put. their water. There-. no place for it to qo.

tak n safely dOwn to ~. Indian Reservation to th Gila River.

of flood at rs which will ria fr

Con~ol Planning Branch of the Arizona WatercomDdsslon.

old Temp Drain, 0 that ~hes cities can plan a better con~o

th eastern boundary of th st.udy are a8 shown on t.he map

Co

for. prot OtiOD of both urban and agricultural interests in

'1'h r i little qu stiOD th t flood control facilities are n
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is not an lo1pated until th year 2000--1 am sure you agree

•of fro

f a iblention that if

to add to my statement that this

nq any f el11tl 8 in this rea.

, through the Arizona later Commission,

tween the RWCD Canal and Consoli ted Canal, fur-

I auld also 1ik to

oon idereb1e are subj ot. to flood d age i8 not

to the anno nco ent to this. et1nq. This bound ry

re

ppropri ed,

~t ch

study und r~ en by Boyl Engin••ring Corporation

~ t. t.his would be 8i9nlfioant flow. I, therefor , urge you

ell.a taoilitle pro Ide, or wlll provide, protection to

r 0 iving aODsld ration for full flood protection.

Roos v It Wat r Conserv tion District (RWCD) Canal. Although

betw en Co solidated Canal and the RWCD Canal.

to xi: nd your ourrent planning offort. to include th ar a

th

S rv10e 18 no aontempl

ther protection should be evaluated. The SoIl Conserv tlon

trol f 011it1. now in operation and planned by the Soil

projeot: i. fomul ted, nd subs quently authorlz d and funds

and L. H. Bell nd A 80ci t s, for Marioopa County, .s-timated

approximate th location of Con olidated Canal. Flood oon-

If your our nt. study does no1: extend ea t rly to the RWCD

Conservation S rvice und r P.L. 566 ex nd easterly from

Can 1,
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25 a -h If the nec 8sary oost:s of i nda, a aments, rights-of-wa ,
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and relocations necessary for the project.

COLONEL FOLEY: Thank you very much, Mr. Linser,

and I might add that you are absolutely correct. There is

an error on the information sheet, and it does go easterly

to the RWCD Canal. Thank you very much for pointing that

I have--the next gentleman has a question mark, a

Hr. Richard·I-1oore, with the Arizona Bureau of Mines.

HR. RICHARD MOORE: Yes. I came here, not knowing

exactly how far your study had gone and in the hopes

some information.

That not being the case, I would like to make a plea

that your study should include what effect this might have on

salinity problems in the area. I do think that the soils in

the area do have a fairly high salinity and natural floods are

one way of flushing the salt off of soil and just what effect

it would have on agricultural and such.

COLONEL FOLEY: Thank you very much.

Next, I have another one wi~~ a question mark.

Chris 'lilliams.

IR. CHRIS ~vILLIAMS: No thank you.

COLONEL FOLEY: All right. Thank you.

There's no indication on these. r1r. C. Farrington?

~1R. FARRINGTON: No, sir, thank you.

COLONEL FOLEY: Mr. Grover Serenbetz?

MR. GROVER SERENBETZ: Yes, sir, I'd like to make a

. ALLIED STENOTYPE REPORTERS
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conunent.

COLONEL FOLEY: Please.

MR. SERENBETZ: My name is Grover Serenbetz. I

am Public Works Director for the City of Tempe. I hadn't

planned to submit anything in writing this evening, but I

would like to just add to what has been said, and I'll attempt

not to repeat what has been stated by others.

I think that it's extremely important that you do

proceed very expeditiously with any study that you might make.

We find that we already are expanding very rapidly to the

south into the area, into the·northern part of this water shed

and we are doing everything we can to--to detain and retain

our runoffs, but by the time anything is concluded we will

probably be well developed. We will be subject to some

flooding certainly, but, however, we will be contributing

to the area to the south of us, I'm sure, at that time.

We had hoped, some years ago, that we would be able

to know what the alignment.might be for the floodway and any

major stems so that we might, in our subdivision planning,

set aside these lands or at least b~ able to keep development

out of their particular path or route, but we have not been

able to do that because we do not know just where this might

be located, and if it is located, we do not know how wide, so

we are somewhat helpless at this point.

What I am saying is not new to those that I have
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line to develop their properties to not only to detain but to

storms. Th 8 people are not real happy when they first hear

there is no a1ternativ ,

But, we are convinc d we ar going to have some

Th l8-hole qolf course which is under construction

under major rterial streets will have to 90 somewher. We

will b accomplished, a8 we were saying, over the lOO-year

as t ir local collector streets and the water that fal18

area, and by som late developm nt wi thin the golf COurBe--

we are--have required all developments south of the western

to do everything we oan to hold as much water within our own

tied in not knowing just how we can cooperate, but we mean

about this, but wh n they find th

work d with in the Corps and also NCS, but I think I would

have Motorola coming into th c1ty now, south of the w••tern

right today, we are retaining lOO-year flows from a sizeabl

llke to repeat it for the record that we certainly do want to

have told them they are goinq to have to retain all their

co unity.

retain 11 th water they can bold on their property 8 well

coop rat , and we find at this point our hands re somewhat

surface water. They are reel.signing their development 80

they certainly are doinq this.

canal, we are d veloping 160 aores in an indust.rial area.

an that this will a180 help protect ~heir d velopment, th n
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public me tinq, we'll have it when we can present alternatives

etiny was at all, but I came kind of unpre-

ince 'v been in the Legislature, and I have attended. many

eatings, nd I've heard some comments made about diverting

COLONEL FOLEYI Fine. Thank you very much sir.

REPRESENTATIVE CooPERI I 4idn't know what the

int rmal basis where I'm sura, you know, you'll be able

REPRESEN'l'A'l'IVE COOPER. May I make another comment?

I might add that we have v ry limited funds that

the president's budget n xt January, 80 ware really at the

th t I know you're inter sted in hearing as 800n as possible.

I do not h ve any other cards. Is ther anyone

COLONEL FOLBYI Yes, sir•.

we'r starting with now. i e hop ~o accelerate this after

w would 11k to encourage your rap1d movemen~ on this if it

1s at 11 possible.

next time--we'll have many meetinq8 in bet.ween, perhaps on

to be very directly involv d, but. perhaps the next formal

first stag•• of ~e planning ~f this. I would hope that the

Hopefully, this will b an array of solution. that w will be

that--is there anyone that. might. have viewa t.hey would like

W Ire re lly not 'there yet.

a le to perh ps zero in on thoa that are more desirable.

natur of your

t.o pres n1:? Does nyone have any questions?

pare. I h va been very much involved in this subject ever
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Now, I can a8sur you we will reaearch what has been

lready begun

diately people in Phoenix started hollering,

COLO EL .POLSY I V ry tine sir. That' 8 Mr. Cooper,

80 of this ater b CK into th Salt, and I've attended

Now, this ian't always true, but aft.er last spring,

Mesa especially has b en interested in this, because I en-

to 90 through quite a hump to get to the area wh re the water

Also, the last e t1n9 I attend d, it was discussed

eUnvs vh r 'this bas co e up. Of course, th Cl1;y of

to drive v ry day. But, it was found that. you really have

tioned while go the fr eway--we would like to s e that free-

way extended 0 we can get into Phoenix easier, Which I have

taking ORe of the water from the drainaqe down by Wllliams-

1 along Sout.hern Avenue and til t area back to the Salt. River.

l.fe a, and i

it was very uch on their minds in Temp and Pho nix initially

field t.o their back end of th Salt up east and on north of

we h ve 11 the water 1n th Salt w want.

there. So, these are Bome of the t.hings that I've heard in

th In e in9s that I've ttended, and I'd certainly like to be

propos ls and see how th y work out..

start d saying we don't. want any of that wat r put back in

kept. abreast. ot wh tis going on, and be able to list n to your

don already on this, and I'm sure, Bob, you'v

doing that, and he'll b sp ndinq many months out here so we -
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don't plow any ground that's already been plowed, and I don't

want to have to do that, but that's the very kind of thing

that would help us accelerate this. There has been a lot of

preliminary study made in this area already.

Well, I don't want to keep anyone unless thay have

something else to add. This is really a fact-finding meeting.

We want to get on with it, and we did want to hear just how

stronglY'you all felt and what kind of approaches you felt

were necessary to be looked at.

I'm sure that there will be other alternatives

which we haven't even mention~d here tonight that will enter

into our study, because they will surface themselves, although

perhaps not here tonight.

I assure you that we will keep you informed, as you

asked, Mr. Cooper, as we make some progress here. We want to ~

have all those that have an interest involved early so that

we don't get any surprises at the end of the road here when

we think we've got somethi~g ready to go and suddenly get

turned around backwards. We do want to preclude that happen-

ing in this case.

I'd like, at this point, unless someone has some-

thing further--I think at this point I will thank John and

all the people that were kind enough 'to have us down here

and give us this "fine facility, which I'm truly impressed

with. This is quite a high school here in Chandler.

,

,
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3 de lop some of thea alternative8~•
1

2

4

I appreoiat your hlp, and I look forward to hear-

ing fro you, nd I will promi • to k ep you informed as we

1(, 1 dies and gentlem n, I think th meeting Can

5

6

b djourned.

(Whereupon, at 9135 p.m., the public hearing in
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"At... _0.. o~..,._.

UNITED STATES DEPARTMENT OF A~mCUl.TUF?E

SOIL CONSEr~VATIOI',l S!::RVICE----------_. ----------~--------

6029 Federal Buiteling, 230 Nor.~h First Avenue, Phoenix, Arizona 85025

December 16, 1975

Mr. Garth A. FuquCly
Chief, Enginceri.ll~ Division
U.S. Army, Los Angeles District,

Corps of Engineers
P.O. Box 2711
Los Angeles, California 90053

Dear Mr. Fuquay:

He apprec.inte hGving had the opportunity to revie\-J' tbe "Gila Flood\\Tay
Survey Report, Hydrology, Part I, tI and offer the follm.Jing co:mTIcmts
for your considerntion:

From our rev:i.<:,~u, it appears that 31 t:hou~h the methodology as used
by the SCS and t:hE: Corns of Engineers ill evaluating th8 runoff p(ltenti~l

of the study area differs considerably, comparable results have been
obtained T • This CD.n be attributed in pc;rt to the continuous c:oordimltion
efforts conducted by o~r staffs. Areas of general agreement include:
present and proj (~c:t(',d land use, perC(:'fLt i"lpervious by type and density
of urbaniz,8tiol1, '.'elocity of ovcrhmd flo\:Js, volume of depression stOl····
age on agL~.cultu1.·Cil lauds, and the e1::::"::>(: t of existing and proposed SCS
projects on the runoff potential for the study area.

The only significant difference ii1 our evaluation:; ts in th2 trcat-
ment of onsite storage>. He have reached agreelQent "Tith the ~'faricoT)a

County Flood CO(1ti~ol District that one-inch of onsite stor<::ge Hill be
required for all new land developed after 1975 for the area betwe~l the
existing and proposed SCS floodvater r,='tardi!lS structures end the "tJroposed
m~CD Floodway. This requir~nent has been included as part of the Supple
mental Hark Pla.n Agreement for the BucUlorn--}1esa ~'Jat(~rshed Proj eel:.

The only 'other co;rnne.nt \-lith respect to the subject report is refer
enced to page 2, paragraph 2, of the BEe Special Project Memo No. 441,
dated August 29, 1975. In this p3ragr~ph the statement is made that the
relationship K:::O.5t c "bears similarity to another relationship used in
Soil Conse.rvation procedures tp:"O. 6t e . " The ec;uo.tion tp=-:O. 6t e is in
correct; but in conversation \.,7it11 Hr . .JO~·lll. Pederson of your staff, it
appears that the error is simply in the misuse of SCS standard symbols.



Sincerely,

l.Je hope that the~e. c.omments vJ:i;ll be of benefit to you; and if ,,:o]e can
be of furt.her assistance, please let us know.

l /;/ - . / .
I I. (/ "i -! /-r'-. " /It'':..:··., L.c. . y.:: ': .•. <::-,.

/~/}/rilOmas G. RocJ.<.enb.'wgh
., I I

,.I' /Jtate Conservationist

1/
cc: Herbert Donal~. M~ricopa County

Flood Contr-,)l District

2
Hr. Garth A. Fuquay

The SCS uses the .symbol "tpll to refer to the "time to peak" of the
runoff hydrof,raph and "L" is used to symbolize "basin lag," i. e.

_ L==O. 6t
e

. Basin lag (L) as defined by SCS is the time from center of
mass of excess rainfall to the peak rate of runoff and is similar to
the definition of "K" as defined in your report. Additional definition
and descripi:ion of rclatiorrsbips and symbols used by SCS in hydrologic
analysis can be found in Chapters 15 ~nd 16, Sec~ion 4, Hydrology of

the SCS~NEH.
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December 3, 1975

3325 West Durango Street • Phoenix, Arizona 85009 • Telephone (602) 262-3630/262-3639

CONTROL DISTRICT of Maricopa County

The Mesa-ADOT drainage system was designed assuming an outlet to
the Gila Floodway. At this time there is no outlet. The drainage
basins will retain water until it dissipates by seepage and evapora
tion, very likely for the duration of entire "monsoon" season. The
cumulative effect of a series of moderate storms could cause con-'
siderable damage currently not considered. We feel that significant
economic benefit should be attributed to draining the Mesa-ADOT

RE: Gila Floodway - Maricopa and Pinal Counties, Arizona

Department of the Army
Los Angeles District, Corps of Engineers
P. O. Box 27ll
Los Angeles, California 90053

Dear Colonel Foley:

ATTENTION: Colonel John V. Foley

We would like to propose consideration of a nuw~er of factors as
benefits which were not included in the economic analysis.

1.

The flood control facilities assumed for the Corps I economic analysis
include a floodway from Williams Field Road to the Gila River along
the alignment of existing Salt River Project (SRP) Gila Drain and
tributary drainage channels from Chandler along Williams Field Road
and from Mesa and Gilbert along the Western Canal. Also provided
would be a disposal point for the City of Mesa - Arizona Department
of Transportation (ADOT) drainage system proposed along the Superstition
Freeway alignment. Benefits were estimated to be $2.5 million for a
100-year flo~ with cost of the system estimated at $25 million.

On November 19, 1975, Mr. Leland Anderson, Project Engineer for the
referenced Corps study presented preliminary findings regarding
hydrologic and economic evaluation of a flood control project for

~he watershed. The preliminary conclusions of the study were dis
cussed among the seven local agencies represented at that meeting.
A number of comments were elicited concerning conclusions reached
by the Corps. Mr. Anderson agreed to consider a number of the comnlents
and requested that further comments be forwarded as soon as possible.
Our comments are as follows:



system from both standpoints of flood protection and public health.

It is our understanding that the report forthcoming on the Gila Flood
way will recommend whether to continue or abandon the study. It is
our recommendation that the study be continued to determine whether any

Colonel John V. Foley
Page 2
December 3, 1975

Determination of overflow areas in the study was made on the basis
of the latest USGS topography available. In many cases, this topo
graphy does not reflect land development within the last several
years. It has been pointed out by the City of Mesa that the area
between the Tempe Canal and Country Club Drive from the Western
Canal to Broadway Road has been developed through the importation
of large amounts of fill material from outside this area. The.re
sult is that the volume of storm water ponded by the Western and
Tempe canals in a 100-year storm would be significantly less than
that estimated in the study. Consideration of this factor in the
study should result in increased damages from the 100-year storm,
therefore, increased benefits.

2. The Mesa-ADOT system provides almost 100% of the drainage necessary
for the Superstition Freeway between the Tempe Canal and the
Roosevelt Water Conservation District Canal, approximately 10 miles.
Because the Mesa-ADOT system was designed assuming an outlet to the
Gila Drain, the feasibility of continued construction of the free
way may depend on establishing adequate disposal capability for the
system. The net benefits of the freeway should be considered as
an economic factor in the Gila Floodway analysis.

4. During storms in the Mesa area a considerable amount of surface
drainage is introduced into the SRP canal system. Currently the

-~nly relief for SRP from the Tempe-Western Canal system within
the Gila Drainage area boundary is a 75 cfs release to the existing
Gila Drain. Although the precise point (s) at which a 100-year
storm would breach the Tempe or Western Canal cannot be determined,
there is an obvious, but undefined, benefit to providing increased
spill capacity from the Western Canal to the Gila Drain.

3.

OUr review of the preliminary hydrology survey report has resulted in
no additional comments other than the possibility of updating develop
ment in overflow areas per Item 3 above.

It was pointed out by Mr. Anderson that the value of all right-of-way,
whether purchased, or donated, was included as a cost to the project.
~ ~xception would be existing right-of-way for flood control. The
existing SRP right-of-way for the Gila Drain has been used for many
years for emergency storm releases. If this land were made available
at no cost by SRP, the value of the right-of-way should not be con
~idered as a project cost.

e·



Herbert P. Donald, P. E.
Chie~ Engineer and General Manager

We will appreciate your consideration o~ all o~ the above ~actors and
will be happy to assist you in any way possible.

.' ....

cc: Don Womack, SRP
Dean Sloan, Mesa
Martin Toney, ADOT
Omar Rood, Gilbert
Grover Serenbetz, Tempe

-Charlie Johnson, Chandler

Sincerely,

HPD/BJ/det

Colonel John V. Foley
Page-3
December 3, 1975

o~ the components o~ the Gila drainage system would result in a ~easible

~roject when considered separately, i. e. drainage o~ Chandler, emergency
release ~rom the Western Canal, outlet capacity ~or the Mesa-ADOT system,
drainage o~ Gilbert.

, .



1., References:

SU[3JECT: Reviel'/ of l~a';nYan-Runoff ~'odel for Use in Sheet Flol'l Areas

b. Lettel~ SPKHE 1/} July 197~) to Chi2f s Engineedng Division, Los Angeles
Distr'ict.

29 August 1975

5. Applicatio'n of the nnear reservoir ;":,c(~dure requires evaluation of a
par2,m~t(~r K I/hich represents the slope of a linear relationship bet\",'een
outflc;'/ ()nd StOir19C. The: ~)arai11e-~'::T f' ct:n lJe sho\'1J1 to be equal to the
time i nterva1 b2b'!:~L:r: tile ('entct~S O'~ r',) Ss of ra i nf(\ 1/ exees sand di rect
runoff. In the cusc I,,'here the n;!icr;f procr;ss 'is linear, as assumed ;-n
unit hydl'ognwh thec}'y, this tir;;c: i:1tGl'val is independent of both intensity

4. A basic ele;1cnt of the subject rainfall-runoff model is application of the
conce6t of thl'; single linec.r :'c;scr\'(j'ir t()r ti'ansfon71ing rainfCll1 excess
to runoff. Studies at Purdue llniversi~': and elsel'lhc~'e hilve demonstratc;cJthat
this concept is uppiopriate and u;;c:ft;: 1('i' smiln dl"C'tinage areas (e.g. 'less
than 5 sq. lnilGs) rll1d ':Ie concu'( I-lith ~~:-' ~pplication.

3. The }'ainfCll"!-runoff rwcblC:in thc.t n~r:~~in:d :mdc1ing for the r~esa, trizo!lu
Flood InsunulCe Study (lnci Gnu Fl0Jd".':ly Study is indeed complex. Runoff
is c):qectcG to OCCL!l" 2S sh!:::c:t flo',',!; UI~'~~ is, runoff I'lill sprclio over broad
pl'liltir surf2ccs rClthC:l~ than con:c:r;t~'i;te in \'!ell·,de'i~incd chi.\nnels. Tl1crl~
are Cl nU;i1~)2r' of obsttuct-;o-:s to til2 'fI!)"'l -in the form of 10\',', uncOlllpacted
10vees on the upStI'Cc.:11 s-ides of iir'jg~,tion canals \'ihich t1'<1VerSe the area.
These leVEes aie certain to fail \'!n::'fl :)\,crtopped, but yet the tempor'ary 11:i
poundricnt of runof-;- ci:used by thc.sl? '\ C\lr2SS and i i,ter'sect'l ng lAoaci\'/ay ci[:~)a,nk-
ments CCll-l!iot be i~jri'Jred. PG1~t'ions of: (;(12 c.li'ain()ge l~reU have undergone
substtlnti tl'j urban deVCrOpf!lent.

a. SPLED-HE 25 June 1975) Subject: Rcq~cst for Review and Evaluation of
Rainfill1-Runoff i1odc:'j 'YOt' Use -in Sh~et Flol'l An~as.

2. The subject l'ev;el" \'/(\S l~erluc:;tGd by the Los t\ngr.lcs DistlAict in reference
a. Reference b sllQ~ested 2x:"~ngci:iCnts for' the rev-iel~, ;nclud'ing the
holdin~ of (l meeting at HEe to discuss the techn'ical baSeS for tIle subject
model. t'1essrs. l10hn Pedcrson and Daniel [')OI'l;ng CJf' the Los An;Jeles Distl'itt
met IFith 11C!ssr's. Dale 8unJctt, Al"'-c!;ur P&bst (\lId John Peter's at HEC on )J

.IhigU:-,t !975. The f011oi'/ing pi}ragti;I.,hs COiitain the HEe's tcviel'[ comments
based on thJ.t r~;~ctin9 lind 011 sUbsc:'qH~nt '(',;\';el'1' of i'witten mate'rial pert<lin
ing to the subject f;10Je'l.

SPKHE

.,. cCIAL PROJECTS m~na NO. 441

, ..
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6.

8.

9.

10.

and duratioh of rainfall ey.cr.SS. In the rroposed method, K is assumed to
equal 50~~ of the tirlc of concentl~i'ltion, \'/hcre time of concentration is
defjned by an equation by r~a9dn and [luru (lS a function of length, slope,
roughness and intensi ty of effective l'ainfall.

The del'ivation of the l'elationship betv!een I~ and t, (Le. K = 0.5 t : is
subject to qu~:;tion. T!le steps le~ding to this :etutionship al'E~ v2::1id
on1'y undet' cel~ti)in conditions. The time of concentration, t_ is c.:h:ays
less than the time to eql,lilibl'iul11, t c (or gni.of the time to\.,;equi1'i~1'ium,
tf)7). The iar'gcl' tlw Cll1:0Un'l: of storCiqc in a \':atershcd (or runoff plane),
the ~weatcr \./; 11 be the eli fference betl.'een t and tn,to Th·:; t rr:ay l.'e taken
to bQ analogous to t

9
cJniy \'ih::~l'C~ sUi'foe.:; stbl'ilgC ((i~tcnt)on ~tol-t1ge in

the flOl'/ profile) is ~u'icUY sCltisfied. Th~ c'Jnclusion thtlt the time
to peak may b~ USGd to i'\PP·(o.:im?lte the tir:12 to the ccnt.2t of mss as
implied in Plate 17 is valid only \'lh(~n the h:~!df'OJr'ttph is sylj;1ctl'ical
about the peak. Thus the derived n::iationsh'ip may not be val'jd in gen~t'ul.
The relationship bC61~s,similar'ity to anothet' l~(:lationsh'ip used 'in S0i1
Consel~vation Service procedures - t. ::: 0.6 t ... n(?causc K 'is typic:l'ly
grouter than t s it seems that t~ caOid b;:: exk~cted to b2. u largel'
i)foportion of ~ than 50%. ~:O\':C::Vr:I', slIcccss,'ful reproducti en of OJserved
events affirms the useab'j-lity of the \'c'iationsllip. It 1'/uu'lLl be dc:siN,ble
to determine the s(~nsiti\'ity of the final re:;utts to val'io!J.s chc.n~;cs in
K. Thi s \'/Qui d pl'o\'i de a bJ.si s for jl!dgi ng \'!hethcr Q need (~;: i sts ror a
more refined relationshi~.

f\pplicution of the equotion fcY" t~ by R~g2n and Dutu requ-jl'2s th<lt J'a-infcll
intensity be specified. The e~ua~ion is based on a condition of constJnt
rainfall intensity. To app',y the equClt'ion to stOtl;; t'J.infiln of ViH'y'jj\g

intensity, an assumption must be made' as to what rainfa)~ intensity to v~e.
In tt)c subject procGdure , tile maximum 15··rninutc ~'air:fall i:ltensity Vias
adopted.

The equation for t by Ragan and Duru also requires that a roughness
coefficient, 11, becspecified. f\ pl'oblc:f:1 exists 'in sel(!ctina n vblucs~
and in establishing eanposite n-\'alues for non-homogeneous ateo_s. For

'example, n values could be \,,reighted in aecoic!0I1Ce I'rith the size of area
to \·/hieh they apply, or criteria such tiS the inYer~;e \'/eight"ing rclat·ion··
ship recommended for use in the EPA Storm \-later j'·lafli:':gcment ;'lodel could
be used. The latter criteria was adopted for calibration purposes.

Because of the assumpt-ions discussed in the prec~ding part.giA i1phs, the
desirability of verifying the adopted oraceriurcs aglinst field data is
apparent. The velAifications on data for the E1 t'1odcnCl-Irvine ch"nnei and
Aqua Fria tributary are certainly encourJging; but "it is hoped thut ild
ditional ver-jfication can be l1i3.de in the futun~.

Once runo ff frOlil suba reas has been COl1pU ted, as sump'ci ons un~ requi red h'ith
respect to ponding behind, and failure of, levees. The ptoccdurc faY'



V' •sr, .,., "

11. r1uskingum rautin~ criteria adopted for the study assumes a tonstant velocity
of flood \'Flve trovel of 1.5 feet per second and un X of O. I3ccduse of the
chan~ring ground slop2 throu9h th~ study 3n~ri, it might b2 more i1PPI'opriil.tc
to vary the velocit.y \·,rith the SC]U(\l~C l~oot of slope. HOI-lever, because of
the ui1certbint'ies rcgli'lding the pc\ths that the fiol'/ \,..-in fall 0';1, the adopted
crite~ia nre reasonable.

.JOH~ C. PETERS, Chief
Tra~ning and Methods Branch
The Hy.drologic Eng'irleerin~J Centel~

---- \ ~f/ 0 ('/, / -L
P//z- A, 'CcdlV~
BILL S. EICHERT, Dil~ectOl~

. The Hydrologic Engineering Center

opy fUl'ni shed:
Chier, E1191neer·ing. Divison
Los ~nge12s District

estim~tinCJ_dcDth.vo1u[llCchi.lrClcteris-cics of pondin<j arcas arrears to be
adequate dnd anpropriate. Assumptions implicit in modeling levee breaks
arc that the 1cvces \'Ii 11 not fCl i 1 unt i 1 they are overtopped, the \'Ia tcr
sUI'face behind tlie levee "Ii 11 not exceed the top of levee elevation, ltnd
di 5ch':\1'9(2 f1'o:n rlead ~.tol~age bclii nd the tweeched 1evee \'/i 11 be in proportion
to thr 'inflO\'" hycirogiCl.ph to the pondcd area; The llltter assumption is
somc'o!l1at tenuous but should be tic!equate provided thdt release from. dead
storage is not the m0.jOl~ portion of flOl" thr'ough the levee.

12. In sU;l~;r;(u'}'~ the subject model -is io~rical, reasonnble nne! C1P1H'opdate for
the pi'ob'ir~m be'irig modeled. The co:nplcxity of the problem l'cquin~s num2rcus
assumpJcior.s; SO:TtC of \·,hich ure commented on above. ilo runoff dtlta (Ire
available in the study ar'ea. The teSults of v.pp1ication of the model i':ould
appca~ to yield a rea~onablc assessment of the hydrologic behavior of the
an:~a modeled. f\s clcidHionai d2.ta becot!!c available it \-iQuld be desirable to
reevuluatc model results a::d lurth(;r validate the p:occdures lIsed.
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110 North Oregon St. - Chandler, Arizona 85224

Mr. Dan Young, Economist
U.S. Army Engineering District
Los Angeles
P.O. Box 2711
Los Angeles, Calif. 90053
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GILA DRAIN HYDROLOGY

{/ I

Items for Clarification or Additional Data

References cited are the watershed subareas or concentration points given in
"Surnmal'y Report for Flood Control, Gila FloodvJay, ~1aricopa and Pinal Counties,

Arizona" by the U.S. Army Corps of Engineers, Los Angeles District, September
1977. A map is attached for clarity.

Genera 1

As a gene~al statement of the hydrologic findings, the Corps report provides

limited inform3ticn on 25, 50 and 100 year and Standard Project flood peak
flc\v rate d'ld \.Jlume for "Base Yearll and "Future ll watershed conditions

(develop~ent) and only at those concentration points the Corps considered

critical. The detail presented is not sufficient to allow the various

jurisdictions to evaluate how a specific flood problem would be resolved under

their respective ordinances. If the Corps hydrology is to be utilized as a

dcta base for evaluation of various alternative concepts, the detailed

working files for all subareas in the watershed lying west of the RWCD Floodway

and south o~ the Superstition Freeway must be available for use. In addition~

the a 10 year event each of the subareas will need to be evaluated.

Omissions

The Corps southerly \'Jatershed boundary is roughly "Citrus Heights Road".

Field observations indicate that during at least some level of precipitation,

flow can reach the Gila Drain from a major subarea south of the Corps' limit.

This area is bounded by "Citrus Heights Road" on the north, by the RWCD Floodway

on the east and south, and by the Phoenix-Tucson No. l-IISkv Transmission Line

on the west. The Sun Lakes development is encompassed by this area. The

hydrology of this area should be evaluated for 10 year through 100 year events.

1. City of Phoenix Drainage - The Corps projection for developments in evaluating

".cutun~" hydrology makes no spr"cific reference to drainage ~')licy \'/ithin areas
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under jurisdiction of Phoenix. Pima Ranch has been proposed subsequent to the

Corps study and there is potential for additional development in the South

~ountain area. Because of the high runoff potential and the opportunity of

concer,tration of sheet flmvs into channels, "future" conditions flow projected

by the Corns could well be low in both peak rate and volume. The specific action

l-equired to define these potentials is not clear. It is suggested that

dialogue be established betlveen the Flood Control District and Phoenix to define

~he studies 'leeded.

2. Drainage Subareas 307, 308 and 309. - The work done by Coe ~ Van Loa resulted

in ~heir re~ov2l of flows from these drainage areas as contributing to Concentration

Point 1310 as assumed by the Corps. However, in routing t~ese flows west under

I-la, the Coe &Van Lao Report is unclear whether the flows were routed into the

Gila Drain west of 1-10 and at which location(s). This suggests that both the

Corps and Coe &Van Loo assumptions be re-evaluated and the Cae & Van Loa

routing be clarified.

3. Drainage Subareas 201-207~ 210-214 and 225. - This point relates to the

omitted watershed area previously discussed. The Corps hydrology assumes that

f1 ows reachi ng Concentra t i on Poi nt 1225, roughly "Citrus He i ghts Road" and

Arizona Avenue, does not contribute to the Gila Drain. Observations tend to refute

the assumption, at least for some levels of flooding. The Corps hydrology summary

does not shol-J values for peak flow and volume at Concentration Point 1225.

T~is information will be required to evaluate flooding conditions for present

and future conditions for Gila Drain alternatives.

4. Ponding, Drainage Subareas 220-224, 751 and 752. - The Corps hydrology shows

zero outflow from these subareas up to and including the 100 year event.

However, the existing irrigation delivery and tailwater system of Salt River

Project includes numerous undercrossings of the Chandler Branch of the Southern

Pacific. The potential exists for virtually all th<: DonrJed \/olume to discharge

l'lest at a reduced rate and eventually impact the Gila Drain, in terr:'s of volume,

if not in pe~k flo~. The effect of these discharge opportunities should be

evaluated both in terms of existing hydraul'c :)arc:~('ters and futljre intentions or
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the municipalities involved with regard to ponding and outflow. Overflow potential

should also be re-evaluated in light of recent development plans.

5. Flows north from Drainage Subarea 221 and Flovls from Concentration Point

1753. - The Corps shows outflow from Subat'ea 753 crossing the Western Canal in

a northwesterly direction into Subarea 752. The~e is a potential for unmetered

flow into the Western Canal beyond any which may ~ave been considered by the

Corps or Cae &Van Loa. Neither report clearly addresses this impact on flow

of the Western Canal in terms of peak or volume discharged west from the

respective areas. Evaluation should be made on the potential impact of peak

and volume discharges into the Gila Drain and additionally the impact should
be evaluated on the proposej schedule of metered release of detained waters by

the various municipalities.
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BOL//e EnOineerino Corporation

Suite 200
7807 Convoy Court
San Diego. California 92111

. CITY OF MESA
Attention: Mr. Harry Kent
City Engineer
P.O. Box 1466
Mesa, AZ 85201

GILA DRAIN - WESTERN CANAL ALTERNATIVE

consultlnq enqlneers I architects

619/268-8080

January 9, 1984

At the project meeting on December 21, 1983 you gave us tne iollowing uaea:

1. The Ci ty of Mesa needs capacity for 100 cfs or 130 cfs, depending on whether or
not Motorola is included.

2. A rate of 100 cfs or 130 cfs will drain the City of Mesa retention basins in 10
days.

3. The rate of 100 cfs or 130 cfs will be input to the Western Canal from the
retention basin that is just east of Price Road and just north of the Western
Canal. There will be no input at the Dobson Road retention basin.

If any of this data is not correct, please let us know. Also, in order to determine
when pumping can be started, we need an inflow hydrograph for the retention basin at
Price Road and the Western Canal. Assume the 100-year, 3.14-inch, 7-hour storm
used by the Corps, Maricopa County, and Coe and Van Loo.

If you have any questions or would like to discuss the project, please call.

BOYLE ENGINEERING CORPORATION

Donald L. MacFarlane, PE
Associate Civil Engineer

Hf

SD-M04-102-S0

cc: Kent Dibble, Dibble and Associates
Tom LaMarche, County of Maricopa
Jim Nichols, BEC Phoenix
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TEMPE
FLOOD C n l DISTRICT
(60~~C~~VED

May 5, 1982

Tempe, Arizona 85281

Home ri Arizona state University

OFCITY
P.O. Box 5002

O'hel:! of the
Mel'. Of and City Manager

Mr. Thomas R. Lammers
State Engineer
Arizona Department of
206 South 17th Avenue
Phoenix, AZ 85007

Transportation
Room l02-A

J CH ENG ...., HYDRO
f)., ASST lMgt

ADMI~ - SUSP

C&O t£:.... mEL-v
I r.IIQIO.J'/.l- DESTROY

ANAHCE 1\ ,JPLL--r'

REMARXS C\c~... r~ •
, If

Re: Gila Drain Diversion Channel and ADOT Borrow Pit Site

Dear Tom:

The enclosed drawing shows the proposed location of the Gila
Drain Diversion Channel extending from Elliot Road south to
the ADOT borrow pit lying one quarter mile south of Warner
Road. This channel will be located immediately east of the
1-10 Freeway and intercept the storm water runoff emanating
from that portion of South Mountain as indicated on the draw
ing, which runoff passes under the Freeway through the
numerous pipe and box culvert crossings.

Although this channel had been originally planned to be con
structed as an integral part of the Gila Drain channel com
mencing at the Western Canal and extending southerly along
Rural Road and then southwesterly across the Indian Reserva
tion to the Gila River, Tempe is planning to proceed with
Phase I as shown. Construction is scheduled for '82-'83
fiscal year and that segment shown as future construction as
soon thereafter as development dictates. That segment shown
as existing construction consists of retardation structures
which permits a slow release of the surface flows easterly
along Elliot Road to 56th Street pending construction of the
diversion channel.

The former freeway borrow pit designated as "ADOT Borrow Pit"
is the key element in this plan. Since the Gila Drain project
is an authorized flood control project in the Maricopa County
Flood Control District program, the District has attempted to
acquire the parcel or obtain a long term lease but has been
unsuccessful to date. It is my understanding they currently
hold a one year lease renewable annually and we, of course,
would not be able to construct the proposed diversion channel
without an assured retention/detention area.

GENE SEARS. V"" Mayo, HARRY E MI rCHELL. MilYO, JAMES R PHil LIPS. CounCilman

WILLIAM J REAM. Councilman



Mr. Thomas R. Lammers
May 5, 1982
Page 2

Although the Freeway contributes a rather minor amount of
surface water runoff tributary to the diversion channel, it
will be a part of the total conveyed to the borrow pit and
we would, therefore, hope that ADOT could find some method of
making the pit available for so long as the channel remains
operative. Your insight and assistance in helping us find a
solution would be deeply appreciated.

Sincerely,

CITYOF~ti

Grover Serenbetz, p.i.
Public Works Direct&r

GRS:bn

Ene.

CC: D. Sagramoso!~
L. Quaas



GEOIIGE L. EVAt\S, P.E.
JOHN D. :<UHN. Jr.., P.E.

MOSES O. ~ICYA, P.E.
KEf H E. [l[NNETL P.I.'

FRED L. oAK ... -, L.~,

DARREL E WO()O P.E.

EVP
---- -----------~..- ------------------

--------

i
. I______._~___.J

CONsoJLTiNG ENGINEERS
-r East Bethany Home Road. Suite: 25
t'ncenlX, I-\rlzona o5u 14
(602) 241-0782

une 20, 1983
EKA 1,l1950

,DOT PiT DIVERSiON CHANNEL
(Gila Drain Phase I)

ACRE·-FEET OF HUNOFF IN A.D.G.T. PIT*

Return Interval 10yr--2hr 100yr'-ihr"

Rainfall Amoun~r 1.75 in. 2.65 in.

City of Phoenix 75.0 AcFt 170.1 AcF'r
71 .0% 67.7~i

Maricopa County 26.0 AcFt 72.1 AcFt
24.6% 28.7%

City of Tempe 4.7 AcFt 9.0 AcFt
4.4% 3.6%

198.3 AcFt
65.3%

'X-SOL:rce: Surface Water Hydrolo91 Report
City of Terlipe Projeci- I~o. 82006
Ap r r I, 1983

50yr-6hr

2.90 1n.

91.5 AcFt
30.1%

14.1 AcF'r
4.6%

1OO~-'24IH'

~5.85\in.

293.1 AcF'r v
58.3~t

152.5 f\cFt
30.3% I

I \
57 . 5 AcFti

1 1 • 4 ~~ :

I
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HDR Engineering, Inc.
October 26, 1992

Summary of Santan Channel/Gila Drain Outfall Construction Option 3

General Project Description: A new concrete-lined storm water collector channel along the north
side of the future Santan Freeway beginning at Price Road, 1000 feet north of Pecos Road,
proceeding westerly along ADOT RO.W. to an intersection with the existing Gila Drain
irrigation ditch (to be diverted into conduit), then following the Gila Drain alignment
southwesterly (Gila Drain Outfall) to Maricopa Road where a new crossing of Maricopa Road
shall be constructed approximately 300 feet north of the existing crossing. This improved
channel will discharge approximately 1800 cfs into a proposed Gila Drain Floodway located on
Gila River Indian Community land, with an ultimate discharge downstream into the Gila River.
The project will also include a new concrete lined channel beginning at 56th St. and continuing
easterly to the Santan Collector/Gila Drain intersection. See sketch attached.

Option 3 Description
A. R.O.W. available to be used. (RO.W. maps are included in this material.) Unacquired
sections of R. O.W. at the east end of the project mayor may not be .acquired. The Hearthstone
Subdivision area is assumed not to have been acquired.
B. Channels to be constructed to ultimate planned alignment and grade where ADOT RO.W.
is available. An interim earth channel is planned adjacent to Pecos Road from McClintock Dr.
to 1/2 mile east of McClintock Dr. A drainage easement may be required through this area.
C. Crossing structures on the Gila Drain outfall portion to be constructed and street pavement
or railroad trackage reinstalled. Santan Collector crossings are to be left as open cut.
D. Throwaway costs include the excavation of the Hearthstone bypass channel and the drainage
easement expense.
E. Cost Summary

Construction Drg. Esmt.
Costs Acquisition

Floodway
Excav. **

Total Proj.
Costs

[Throwaway
Costs]

Option 3 $8,817,050 $198,000* $3,840,000 $12,855,050 [$666,750]

A detailed cost estimate is attached.

*Estimated cost of 2640' long, 100' wide drainage easement at $0.75 per square foot (approx.
one-half of estimated market value).
**Based upon 1.2 million cubic yards at $3.20 per cubic yard of excavation. Subject to
variance.
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._------------------------------------------------------------------------------------------------------------------------_.· .
CLIENT :Arizona Department of Transportation

PROJECT :Price Expressway
SECTION :Santan Collector/Gila Drain System

STATIONS
LENGTH :29,500 feet

JOB NO.
ESTIMATED

CHECKED
DATE

REVISED

:173-39-44:Estimate for Santan Collector System
ETL :From 1-10/Maricopa Rd. TI to Price/

JZ Santan TI
02-92 OPTION 3

4-06-92 10-23-92 fn=Collect3
._------------------------------------------------------------------------------------------------------------------------_.· .

ITEM DESCRIPTION QUANTITY: UNIT UNIT COST : TOTAL COST
._------------------------------------------------------------------------------------------------------------------------_.· .

:Includes: Partial RO~ Acquisition Assumed
Incomplete Gila Drain and Santan Collector
Earth Channel from 1458+16
thru Hearthstone to 1487+16
Structures at Maricopa Rd., 1-10, Price Rd.

Allison St., SPRR Only
Utility Relocation as Necessary Only
Cross Street Repaving at Maricopa Rd, 1-10,
Allison St., SPRR (rebuild trackage)

:Does not include:
Structures at Kyrene, Country
Club, McClintock, Santan

:Concrete Channel Lining
Gila Drain improvement, L=7395 ,
1299+80 . 1327+00
1327+00 - 1352+41
1354+04 - 1458+64
1487+16 - siphon

2 :Drainage Excavation
Gila Drain improvement, L=7395 ,
1299+80 - 1327+00
1327+00 - 1352+41
1354+04 - 1458+64
1458+64 - 1487+16
1487+16 - siphon

3 :Structural Excavation
1327+05 Santan X-ing
1352+41 - 1354+04 Kyrene X-ing
1458+64 - 1460+31 McClintock X-ing
2-8'x8' Siphon at Price/Santan TI
Maricopa Road
1-10
Ramp DE
Allison St.
SPRR

4 :Structures
4-10x6 Box Culvert Allison St.
4-10x6 Box Culvert SPRR
4-10x7 Box Culvert Maricopa Rd.
4-10x7 Box Culvert 1-10

43,346
15,436
19,700
58,423
11,306

59,500
22,328
37,678

131,244
156,250
45,933

7,467
2,350
2,250
4,200
4,091
3,882
3,481
1,518
1,518

110
110
235

1

Sy

SY
SY
Sy

SY

CY
CY
CY
CY
CY
CY

CY
CY
CY
CY
CY
CY
CY
CY
CY

LF
LF
LF
LS

$18
$18
$18
$18
$18

$3
$3
$3
$3
$3
$3

$3
$3
$3
$4
$4
$4
$4
$4
$4

$868
$868

$875
$200,714

$780,228
$277,848
$354,600

$1,051,614
$203,508

$178,500
$66,984

$113,034
$393,732
$468,750
$137,799

$22,401
$7,050
$6,750

$16,800
$16,364
$15,528
$13,924

$6,072
$6,072

$95,480
$95,480

$205,625
$200,714

---------------------------------------------------------------------------------------------------------------_.. .
Continued next page



•
Option 3

---------------------------------------------------------------------------------------------------------------.· .
60-inch RCP (75cfs irrigation) 9,230 LF $135 $1,246,050
2-8'xB' Box Culvert Siphon 350 LF $394 $137,900

5 :Rebui ld Pavement/Crossing (incl. removal)
Maricopa Road (AC) 667 Sy $14 $9,338
1-10 (AC) 1,389 Sy $14 $19,446
Allison St. (AC) 444 SY $14 $6,216
SPRR 1 LS $10,000 $10,000

6 :Basin B
Excavation 360,000 CY $1.5 $540,000
lJei r, conc. lined, L=500' n8 SY $18 $14,004
36-inch RCP (Basin B drain) 200 LF $68 $13,600

7 :Utility Relocation LS $114,125 $114,125
---------------------------------------------------------------.----.-.-----------------------------------------· .

SUB-TOTAL A $6,845,536
--------------------------------------------------------------------------------.--------------------------------· . .
:Other Misc. Items: :(15 ~ of Sub-Total A) $1,026,830
-----------------------------------------------------------------------------------------------------------------· . .

SUB-TOTAL B $7,872,366
---------------------------------------.-----------------------------------------------------------------------_.· .
:Contingency &Engineering: :(12% of Sub-Total B) $944,684
._-------------------------------------------------------------------------------------------------------------_.· .

:Estimated Construction Total $8,817,050
:==========================================================================================================================:
:==========================================================================================================================:

8 :Floodway Excavation 1,200,000 : CY $3.20 : $3,840,000

._------------------------------------------------------------------------------------------------------------------------_.. .
9 :Drainage Easement Acquisition 264,000 : SF $0.75 : $198,000

._--------------------------------------------------------------------------------------------._---------.-.--------------_.. .
:Total Project Costs $12,855,050

:==========================================================================================================================:

:==========================================================================================================================:
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COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM

•
• (">AO,

Al
A2

• -~.

C
0
EO

• El
F
G

• HI
H2
-I

• J1
J2
KT• K2
K3
K4

• K5
K6

u
c

~.•
of
~

c

~.
~

(;
0

::E

•
•
•
•
•
•
•
•
•
•

MARICOPA COUNTY FLOOD CONTROL DISTRICT

CONSTRUCTION ITEM

NO CHANNEL THROUGH RESERVATION
CHANNEL PECOS RD TO GILA WITH 1-10 CULVERT (Q=4300)
CHANNEL PECOS RD TO GILA, NO 1-10 CULVERT (Q=2000)
CHANNEL ERYE TO PECOS (200 CFS)
CHANNEL WESTERN CANAL TO PECOS RD IQ=700)
USE OF WESTERN CANAL FROM GILBERT
CHANNEL ALONG wESTERN CANAL (Q=700)
GILBERT CHANNEL AND TRAINING DIKES (Q 650)
RETt~TION ABOVE GILBERT (V=690
RETENTION BELOW GILBERT, NONE ABOVE (V=690)
RETENTION BELOW GILBERT, RETENTION ABOVE (V=340)
RETENTION IN CHANDLER (V=430)
RETENTION AT PRICE RD, NONE IN GILBERT (V=840)
RETENTION AT PRICE RO, RETENTION IN GILBERT (V=150)
RETENTION AT PECOS WINO RETENTION ABOVE (V=1810)
RETENTION AT PECOS W/RETENTION AT CHANDLER (V=1380)
RETENTION AT PECOS W/RETENTION AT GILBERT (V=11~0)

RETENTION AT PECOS W/RETENTION AT PRICE RD (V=970)
RETENTION AT PECOS W/RETENTION AT GILBERT AND CHANDLER IV=690)
RETENTION AT PECOS W/RETENTION AT PRICE RD AND CHANDLER (V=540)

GIla-».--
COST

0000.
1853000.
874000.
543000.
870000.

0000.
952000.
680000.

9it-0-mJ.
1794000.

884000.
1118000.
2184000.
390000.

4730000.
3606000.
2926000.
2534000.
1803000.
1411000.
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MARICOPA COUNTY FLOOD CONTROL DISTRICT

TOTAL

A2 CHANNEL PECOS RD TO GILA, NO 1-10 CULVERT (Q=2000)
D CHANNEL WESTERN CANAL TO PECOS RD (Q=700)

---EO USE OF WESTERN CANAL FROM GILBERT ~-----

F GILBERT CHANNEL AND TRAINING DIKES (Q 650)
_______________~H~l RETENTION BELOW GILBERT, NONE ABOVE (V=6_9_0~) _

I RETENTION IN CHANDLER (V=430)

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM--=-=--=--=---------------------

_____.ITEMSOLUTION NUMBER 1--------- -----
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MARICOPA COUNTY FLOOO CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM- - . --- - - ----------------------
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COST

874000.
870000.

0000.
1794000.
884000.

1118000.

5540000.

ITEM-----SOLUTION NUMBER 2------

TOTAL

A2 CHANNEL PECOS RD TO GILA, NO 1-10 CULVERT (Q=20001
D CHANNEL WESTERN CANAL TO PECOS RD (Q=70~0~l __

---------------------~E~O~USEOF WESTERN CANAL FROM GILBERT
G RETENTION ABOVE GILBERT (V=690l

______~H~2--RETENTION BELOW GILBERT, RETENTION ABOVE (V=340)
-- I RETENTION IN CHANDLER (V=430l
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•
•
•COST

874000. •870000.
0000.

680000. •1794000.
1118000.

390000. •
5726000. •
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•
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•
• TOTAL

SOLUTION NU~BER 3 ITEM

• A2 CHANNEL PECOS RD TO GILA, NO 1-10 CULVERT (Q=2000)
D CHANNEL WESTERN CANAL TO PECOS RD (Q=700)
EO USE OF WESTERN CANAL FROM GILBERT

• F GILBERT CHANNEL AND TRAINING DIKES (Q 650)
__________________~H~I~~R~E~T~ENTION BELOW GILBERT, NONE ABOVE IV=690)

I RETENTION IN CHANDLER (V=430)
• J2 RETENTION AT PRICE RD, RETENTION IN GILBERT (V=150)

•

E-.
~

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM-------------------------

MARICOPA COUNTY FLOOD CONTROL DISTRICT
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•
•
•COST

874000. •870000.
0000.

1794000. •884000.
1118000.

390000. •
-5930000. •

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

•

TOTAL

MARICOPA COUNTY FLOOD CONTROL DISTRICT

______ITEM

CHANNEL PECOS RD TO GILA, NO 1-10 CULVERT (Q=2000)
CHANNEL WESTERN CANAL TO PECOS RD (Q=7001
USE OF WESTERN CANAL FROM GILBERT 
RETENTION ABOVE GILBERT (V=690)
RETENTION BELOW GILBERT, RETENTION ABOVE (V=340)
RETENTION IN CHANDLER (V=430)
RETENTION AT PRICE RD, RETENTION IN GILBERT (V=150)

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM
-~-- -- --------------------
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TOTAL

•
•

COST •
- . - .... ...... . ~ .....

874000.

- -
870000. •
952000.
680000.

1118000. •
2184000.

6678000. •
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MARICOPA COUNTY FLOOD CONTROL DISTRICT
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___________________.. _ COMBINATIONS OF PARTIAL SOLUTIONS TO GILA _D_RA_IN P_R-=..O.=...B.=...L.=...E.c..:.M _
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SOLUTION NUMBER 5 ITE~- -

• A2 CHANNEL PECOS RD TO GILA, NO 1-10 CULVERT (Q=2000)
o CHANNEL WESTERN CANAL Tn PFr.n~ Rn IO=7nnl

---~-----------E1 CI-!ANNEL ALONG WESTERN CANAL ({J=rOOI
• F GILBERT CHANNEL AND TRAINING DIKES (Q 650)

I RETENTION IN CHANDLER (V=430)
----~J~l RETENTION AT PRICE RD, NONE IN GILBERT (V=840)

•

•

u
c

"
~.
"g,
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le



•
•
•COST

1853000. •870000.
952000.
680000. •1118000.

5473000. •
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

TOTAL

MARICOPA COUNTY FLOOD CONTROL DISTRICT

ITEM _

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM-----------------------

CHANNEL PECOS RD TO GILA WITH 1-10 CULVERT (Q=4300)
CHANNEL WESTERN CANAL TO PECOS RD (0=700)
CHANNEL ALONG WESTERN CANAL (0=700) --------
GILBERT CHANNEL AND TRAINING DIKES (Q 650)
RETENTION IN CHANDLER (V=430)
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SOLUTION NUMBER 7

-------
MARICOPA COUNTY FLOOD CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM

ITEM

Ai CHANNEL PECOS RD TO GILA WITH 1-10 CULVERT (Q=4300)
C CHANNEL ERYE TO PECOS (ZOO CFS)
D CHANNEL WESTERN CANAL TO PECOS RD (Q=700)
EO USE OF WESTERN CANAL FROM GILBERT
F GILBERT CHANNEL AND TRAINING DIKES (Q 650)
Hi RETENTION BELOW GILBERT, NONE ABOVE (V=690)

TOTAL



•
•

COST •
1853000.

543000. •
870000.

0000.
1794000. •

884000. - --

5944000. •
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•
•

MARICOPA COUNTY FLOOD CONTROL DISTRICT

TOTAL

ITEM

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM------------------------- -------------------------------
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SOLUTION NUMBER 9

MARICOPA COUNTY FLOOD CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM

ITEM

Al CHANNEL PECOS RD TO GILA WITH 1-10 CULVERT (Q=4300)
C CHANNEL ERYE TO PECOS (ZOO CFS)
o CHANNEL WESTERN CANAL TO PECOS RD (Q=700)
EO USE OF WESTERN CANAL FROM GILBERT
F GILBERT CHANNEL AND TRAINING DIKES (Q 650)
Hi RETENTION BELOW GILBERT, NONE ABOVE (V=690)
J2 RETENTION AT PRICE RD, RETENTION IN GILBERT (V=150)

TOTAL

•
•
•COST

1853000. •543000.
870000.

0000. •680000.
1794000.

390000. •
6130000. •
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•
•
•
•
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MARICOPA COUNTY FLOOD CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM------

ITEM _

TOTAL

•
•
•COST

1853000. •543000.
870000.

0000. •1794000.
884000.
390000. •

6334000.
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•

COST •
1853000.

543000. •
870000.
952000.
680000. •

2184000.

7082000. •
•
•
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•
•
•
•
•
•
•
•
•
•
•

ITEMSOLUTION NUMBER 11--------

MARICOPA COUNTY FLOOD CONTROL DISTRICT

TOTAL

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM------------------ -----------------------------

-----~-----------

A1 CHANNEL PECOS RD TO GILA WITH 1-10 CULVERT (Q=4300)
C CHANNEL ERYE TO PECOS (200 CFS)

------------------------------~D--~C-H~A~N~N~EL WESTERN CANAL TO PECOS RD (Q=700)
E1 CHANNEL ALONG WESTERN CANAL (Q=700)
F GILBERT CHANNEL AND TRAINING DIKES (Q 650)

-------------------------------J~l--~R~E=T~E~N~T~I~O~N~ATPRICE RD, NONE IN GILBERT (V=840)
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• •-
MARICOPA COUNTY FLOOD CONTROL DISTRICT •COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM--

• •SOLUTION NUMBER 12 ITEM COST
-

• Al CHANNEL PECOS RD TO GILA WITH 1-10 CULVERT (Q=4300) 1853000. •C CHANNEL ERYE TO PECOS (200 CFS) 543000.
D CHANNEL WESTERN CANAL TO PECOS RD (Q=700) 870000.

• EI CHANNEL ALONG WESTERN CANAL (Q=700) 952000. •F GILBERT CHANNEL AND TRAINING DIKES (Q 650) 680000.
-

• TOTAL 4898000. •
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6811000.TOTAL

MARICOPA COUNTY FLOOD CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM------------------------

SOLUTION NUMBER 13 ITEM COST

AO NO CHANNEL THROUGH RESERVATION 0000.
C CHANNEL ERYE TO PECOS (200 CFS) 543000.

------------------~D~~CHANNELWESTERN CANAL TO PECOS RD (Q=700) 870000.
EO USE OF WESTERN CANAL FROM GILBERT 0000.

________________~F_~GILBERT CHANNEL AND TRAINING DIKES (Q 650) 680000.
H1 RETENTION BELOW GILBERT, NONE ABOVE (V=690) 1794000.
J2 RETENTION AT PRICE RD, RETENTION [N GILBERT (V=150l 390000.

_______________~K~4__R~E~T~E~N~T~I~0~N~A~T~P~ECOS W/RETENTION AT PRICE RD (V=970l 2534000.

•

•
•

•
•
•

•

•

•

•

•

•

•

•

•

•

•
•
•
•

u
.E
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MARICOPA COUNTY FLOOD CONTROL DISTRICT

_________________-=C...::O....:..M...::B--=-INAT I ON S OF PART I AL SOL UT ION S TOG I LAD RA_I_N_PR_O_B_L_E_M _

- -.- - - -- ------ - ------- -- - - ---- ---- ---~- ---

•

•

•

•

•

•

•

•

•

•

•
•

•

•

•

•

•

•

•

•

•

•

0000.
543000.

COST

870000.
0000.

1794000.
884000.
390000.

2534000.

7015000.TOTAL

ITEM

- --- --- --------- -- --

SOLUTION NUMBER 14------=-------:...-

AO NO CHANNEL THROUGH RESERVATION
C CHANNEL ERYE TO PECOS (ZOO CFS)
D CHANNEL WESTERN CANAL TO PECOS RD (Q=7001
EO USE OF WESTERN CANAL FROM GILBERT
G RETENTION ABOVE GILBERT IV=6901

----------------H~2~~R~E~T~E~N~T~ION BELOW GILBERT, RETENTION ABOVE (V=340)
J2 RETENTION AT PRICE RD, RETENTION IN GILBERT (V=150)
K4 RETENTION AT PECOS W/RETENTION AT PRICE RD (V=9701------------------- -- ---

•
II

•
•
•
•
•
•
•
•-

v
c

i.
~

~
c].
..
(;
0

::;:

•
•
•
•
•
•
•
•
•
•



--- --

MARICOPA COUNTY FLOOD CONTROL DISTRICT

TOTAl..

•
•
•COST

0000. •543000.
870000.
952000. •680000.

2184000.
2534000. •
7763000. •

•
•
•
•
•
•
•
•
•
•
•
•-----

•
•
•

ITEM

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM::...-_--------------------

SOLUTION NUMBER 15-----=---=----- -----

AO NO CHANNEL THROUGH RESERVATION
C CHANNEL ERYE TO PECOS (200 CFS)

-----------------=0- CHANNEL WESTERN CANAL TO PECOS RO (Q=700)
El CHANNEL ALONG WESTERN CANAL (Q=700)
F GILBERT CHANNEL AND TRAINING DIKES (Q 650)

------~J1 RETENTION AT PRICE RO, NONE IN GILBERT (V=~84~0~)~-

K4 RETENTION AT PECOS W/RETENTION AT PRICE RO (V=970)

•

•
•

•

•

•

•

•

•

•

•
•

•
•

•
•

•

•

•
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MARICOPA COUNTY FLOOD CONTROL DISTRICT

----------- --- - -- -----~------------------------------------

•

•
•

•
•

•

•

•

•

•

•

•

•

•

•

•

•
•

•
•

•

•

0000.
870000.

COST

0000.
680000.

1794000.
1118000.
1803000.

6265-0-00.

ITEM

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM

SOLUTION NUMBER 16---

TOTAL

AO NO CHANNEL THROUGH RESERVATION
o CHANNEL WESTERN CANAL TO PECOS RO (Q=700)

----------------~E~O~~U~S~E~O~FWESTERN CANAL FROM GILBERT
F GILBERT CHANNEL AND TRAINING DIKES (Q 650)
Hi RETENTION BELOW GILBERT, NONE ABOVE (V=690)

-----~I~~R~E~T~E~N~TION IN CHANDLER (V=430)
K5 RETENTION AT PECOS W/RETENTION AT GILBERT AND CHANDLER (V=690)

•
•
•
•
•
•
•
•
•

u
c

~-.
~

"c].
"(;
0

:;:

•
•
•
•
•
•
•
•
•
•



•
•
•COST

0000. •870000.
0000.

1794000. •884000.
1118000.
1803000. •
6469000.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

ITEM

MARICOPA COUNTY FLOOD CONTROL DISTRICT

TOTAL

_____.::....S.::....O.::....LU.::....T..:......::..IO.=....N NUMBE R 17

AO NO CHANNEL THROUGH RESERVATION
D CHANNEL WESTERN CANAL TO PECOS RD (Q=700)

-----------------=E:-:O----,--U:-:Sc=-E 0 F WE STERN CAN AL FRO M GIL BE RT
G RETENTION ABOVE GILBERT (V=6901

_______________--=H--=2_ RETENTION BELOW GILBERT, RETENTION ABOVE (V=340)
I RETENTION IN CHANDLER (V=430)
K5 RETENTION AT PECOS W/RETENTION AT GILBERT AND CHANDLER (V=690)

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM----------------------'---'------- -----------------------

•
•

•

•
•

•

•

•
•

•

•

•

•
•

•

•

•
•

•
•

u
c
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•
•
• SOLUTION NUMBER 18

• AO
D
"[1

• F
I
K2

•
•
•
•
•-

u
Cgo.
~

~
c].
"0
0
:<

•
•
•
•
•
•
•
•
•
•

MARICOPA COUNTY FLOOD CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM

ITEM--
NO CHANNEL THROUGH RESERVATION
CHANNEL WESTERN CANAL TO PECOS RD (Q=700 1

CHANNEL ALONG WESTERN CANAL (Q=700l----
GILBERT CHANNEL AND TRAINING DIKES (Q 650)
RETENTION IN CHANDLER (V=430)
RETENTION AT PECOS W/RETENTION AT CHANDL~V=1380)

TOTAL

•
•

COST •
0000. •870000.

952000.
680000.

1118000. •
3606000.

7226000. •
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•



•
•

COST •
0000. •543000.

870000.
952000. •680000.

4730000.

7775000. •
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

ITEM

MARICOPA COUNTY FLOOD CONTROL DISTRICT

TOTAL

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM--------------'---'--'--- ----------------------

_____-=-SO-=-L=-U=--T I ON NUMBER_19 _

AO NO CHANNEL THROUGH RESERVATION
C CHANNEL ERYE TO PECOS (200 CFS)-----------------D CHANNEL WESTERN CANAL TO PECOS RD (Q=700)
El CHANNEL ALONG WESTERN CANAL (Q=700)
F GILBERT CHANNEL AND TRAINING DIKES (Q 650)

---------------~K~l-RETENTIONAT PECOS WINO RETENTION ABOVE~(~V~=~1~8~1~0~)-----~---------

•
•

•

•

•

•

•
•

•

•

•

•

•

•

•

•

•

•

•

•

u
c

E'.~



TOTAL

•
•
•COST

0000. •870000.
0000.

680000. •1794000.
1118000.

390000. •. -" . - - . - - - - - _. . - - - . - . - . 1411000.

6263000. •
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

ITEM

MARICOPA COUNTY FLOOD CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM---------------------------

AO NO CHANNEL THROUGH RESERVATION
D CHANNEL WESTERN CANAL TO PECOS RD (Q:7001
EO USE OF WESTERN CANAL FROM GILBERT -
F GILBERT CHANNEL AND TRAINING DIKES (Q 650)
Hi RETENTION BELOW GILBERT, NONE ABOVE (V=690)
I RETENTION IN CHANDLER (V=430)
J2 RETENTION AT PRICE RD, RETENTION IN GILBERT (V=150)
K6 RETENTION AT PECOS W/RETFNTTnN AT PRIrF Rn ANn (HANni FR (V=~401-------------------------- ----------------------

SOLUTION NUMBER 20---------

•
•

•

•

•

•

•

•

•
•

•

•

•

•

•

•

•
•~ ~

•

•
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cgo.
~



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

MARICOPA COUNTY FLOOD CONTROL DISTRICT•
ITEMSOLUTION NUMBER 2~1 _

TOTAL

AO NO CHANNEL THROUGH RESERVATION
______________~D-~C~H~A~N~N~E=-LWESTERN CANAL TO PECOS RD (Q=700)

EO USE OF WESTERN CANAL FROM GILBERT
G RETENTION ABOVE GILBERT (V=690)
HZ RETENTION BELOW GILBERT, RETENTION ABOVE (V=340)

------------::I-------::R-=E::-::T::-::E:-:"N-=T::-:I:""""OO,....,..N INC HAN 0LER (V = 430 )
J2 RETENTION AT PRICE RD, RETENTION IN GILBERT (V=150)
K6 RETENTION AT PECOS W/RETFNTION AT PRICE RD AND CHANDLER {V=5401-------------------------- -- ----------------

•
•

•

•

•

•

•

•

•

•

•

•
•

•
•

•

•
•

•
COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM------------------------- ------------------------
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v
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•
•
•COST

0000. •870000.
952000.
680000. •1118000.

2184000.
1411000. •
7215000. •

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

MARICOPA COUNTY FLOOD CONTROL DISTRICT

TOTAL

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM----------------------

ITEM-----

NO CHANNEL THROUGH RESERVATION
CHAN NEL WE STERN CAN AL-;T...-'O~P:-'E=..cC:....:0~S=___:R::_:D~(;_;Q::...=-.;7--=O--=O--=)-------------
CHANNEL ALONG WESTERN CANAL (0=700)
GILBERT CHANNEL AND TRAINING DIKES (Q 650)
RETENTION IN CHANDLER (V=430)
RETENTION AT PRICE RD, NONE IN GILBERT (V=840)
RETENTION AT PECOS W/RETENTION AT PRICE RD AND CHANDLER (V=5401

•
•
• SOLUTION NUMBER 22

-

• AO
0
El• F
I
Jl• K6

•
•
•
•

u
c

i.
~

"c].
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0
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•
•
•
•
•
•
•
•
•
•
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•
•
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•
•
•
•
•

SOLUTION NU~BER 23

MARICOPA COUNTY FLOOD CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM

ITEM

AO NO CHANNEL THROUGH RESERVATION
D CHANNEL WESTERN CANAL TO PECOS RD (Q=700)
El CHANNEL ALONG WESTERN CANAL (Q=700)
F GILBERT CHANNEL AND TRAINING DIKES (Q 650)
I RETENTION IN CHANDLER (V=430)
K6 RETENTION AT PECOS W/RETENTION AT PRICE RD AND CHANDLER (V=540)

TOTAL

,

•
•

COST •
0000. •870000.

952000.
680000. •1118000.

1411000.

5031000. •
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•



•

• SOLUTION NUMBER 24

• AO
C
0• EO
G
H2• K3

•
•
•
•

v
c

~.•
~
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c].
..
0
0

::;

•
•
•
•
•
•
•
•
•
•

MARICOPA COUNTY FLOOD CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM

ITEM

NO CHANNEL THROUGH RESERVATION
CHANNEL ERYE TO PECOS (200 CFS)
CHANNEL WESTERN CANAL TO PECOS RD (Q=700)
USE OF WESTERN CANAL FROM GILBERT
RETENTION ABOVE GILBERT (V=690)
RETENTION BELOW GILBERT, RETENTION ABOVE (V=340)
RETENTION AT PECOS W/RETENTION AT GILBERT (V=1120)

TOTAL

•
•
•COST

0000. •543000.
870000.

0000. •1794000.
884000.

2926000. •
7017000.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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•
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•
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MARICOPA COUNTY FLOOD CONTROL DISTRICT

COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM

SOLUTION NUMBER 25 ITEM

AO NO CHANNEL THROUGH RESERVATION
C CHANNEL ERYE TO PECOS (200 CFS)
D CHANNEL WESTERN CANAL TO PECOS RD (Q=700)
EO USE OF WESTERN CANAL FROM GILBERT
F GILBERT CHANNEL AND TRAINING DIKES (Q 650)
Hi RETENTION BELOW GILBERT, NONE ABOVE (V=690)
K3 RETENTION AT PECOS W/RETENTION AT GILBERT (V=1120)

TOTAL

COST

0000.
543000.
870000.

0000.
680000.

1794000.
2926000.

6813000.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•



~ •
MARICOPA COUNTY FLOOD CONTROL DISTRICT

II •COMBINATIONS OF PARTIAL SOLUTIONS TO GILA DRAIN PROBLEM

• •SUMMARY- - - - - - --- -- -

• SOLUTION OPTIONS COST •
12 Al C D ELF 4898000.• 23 AO D E1 F I K6 5031000. •1 A2 D EO F HI I 5336000.

~--

AID - ---~-~.- --6 E1 F I 5473000.• 2 A2 D EO G H2 1 5540000. •3 A2 D EO F HI 1 J2 5726000.
7-- Al C D EO F Hl 5740000.• 4 A2 D EO G H2 I J2 5930000. •8 Al C D EO G H2 5944000.- . -- ._- ....
9 A1 C D EO F HI J2 6130000.• 20 AO 0 EO F Hl I J2 K6 6263000. •16 AO D EO F H1 1 K5 6265000.

10
-- -

A1 C D EO G H2 J2 6334000.• 21 AO D EO G H2 I J2 K6 6467000. •17 AO D EO G H2 I K5 6469000.

~
5 A2 D El F 1 JI 6678000.
13 AO C D EO F HI J2 K4 6811000. •25 AO C D EO F HI K3 6813000.

v 14 AO C D EO G H2 J2 K4 7015000.c

~-. 24 AO C D EO G HZ K3 7017000. •~ 11 Al C D E1 F Jl 7082000.
.. 22 AO D El F I JI K6 7215000.
']. 18 AO D ELF I K2 7226000. •.. 15 AO C D El F JI K4 7763000.(;

0
::;; 19 AO C D E1 F Kl 7775000.• •
• •
• •
• •
• •

~------- ---

• •
• •- ~----- - - - - - - - -- - ...... - -- - - _., --- ...... . _- - .. -

• •._--- --_.- ---- - --- - - - - ---- -- --- ------~

• •
• . •
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51' I ·8<00
52 ·8667
53 I ·8833

~~ 'I :§i~ I
56 ·93,3 I

57 ·9500 I
58 I ·9661
59 I ·9833
60 1·(){0(1~
_'---__I

41' 1'6833
42 ·7000
43 ·7167

~~ I :nM
46 I .7667
47 I ·7833

:g :~?~
so ·8333

·5167
·5333
·5500
·5667
·5833
·6~

·6167
·6333
·6500
·6667

-------------,

I
I

I
I

·3500 31'
·3667 32
·3833 33
·4000 34
·4167 35
·4333 36
·4500 37
.46671 38
·4833 39
·5000 I ..0

CURVE FORMULAE

21'
22
23
24
25
26
27
28
29
30

Inches in Decima!s of a Foot

·1833
·2000
·2167
·2333
·2500
·2667
·2833
·3000
·3167
·3333

Minutes in Decimals of a Degree

11'
12
13
14
15
16
17
18
19
20

·0167
·0133
·0500
·0667
·0833
·1000
·1 ;67
·1.133
·1500
·1667

l'
2
3
4
5
6
7
8
9

10

1~1·~81·0~041·01\61
~314
·0833 I ·1667 I ·2500 ·3333

llf Cur c
1·1 llfurvc

l)l "ce of urvc
I' I I (I urve
I' Inl of T ..Ing nl
I' 1111 of 1nter~ccllon
Inl r l 'lIon of ngle, Angle
I 'lween Two Tangents
lln th of urve.
f. om P.e. to P.T. PC ~.,.....----';__-+~~-----~P.T.

fang n: Oi lance
f . lerna! Distance
Radlu
Length of Chord
Length of Middle Ordinate
Lenglh of Sub-Chord

ngle of Sub-Chord

n L.e. T R ~ I L.e.
I 2 sin t I = tan 2 = 2 cosll

-~ - R sin -.!... D 10 = R = 5730 D 20 = 5730 D = _573~
2 - 2.' , 2' R

I
M = R (1 - cos ! I), = R - R cos 2

-+ R I R-M 1
-R- = sec T' --R-- = cus 2 I
c = 2 R sin t ct, d = 2~

I JIL.C. = 2 R sm ~ I, E = R (sec ~ I - I), = R sec 2 - R
L- _
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--,
I
I
I

I
j

51' I ·8'00
52 ·8667
53 I ·8833
S4 I ·~JVO

55 I ·9167 I
56 ·93:'3 I

57 ·9500 I
~8 ! ·9661
~9 I ·9833
60 J .(ltl(l() :

·6833 I
·7000
·7167
·7333
·7500
·7667

.

7833

1·8000
·8167
.x333

41' I
42 I43

4.\ I45
46
47
48 I49
50

P.I

·5167
·5333
·5500
·5667
·5833
·6000
·6167
·6333
·6500
·6667

31' I32
33
34
35
36
37
38
)9
..0

P.c.~~-I,,.---+~4= ~1

·3500
·3667
·3833
·4000
·4167
·4333
·4500
·4667
·4833
·5000 I

21'
22
23
24
25
26
27
28
29
30

CURVE FORMULAE

·1833
·2000
·~167

·2333
·2500
·2667
·2833
·3000
·3167
·3333

Minutes in Decimals of a Degree

It'
12
13
14
15
16
17
18
19
20

·0167
·0133
·C5OO
·0667
·0833
·1000
·1i67
·1333
·1500
·1667

D = Degree of Curve
10 = 1-Degree of Curve
20 =2-Degree of Curve
P.C.=Point of Curve
?T. = Point of Tangent
P.I. = Point of Intersection
I = Intersection of Angle, Angle

between T\Vo Tangents
L = Length of Curve,

from P.c. to P.T.
T =Tangent Distance
E =External Distance
R =Radius
L.c. = Length of Chord
M =Length of Middle Ordinate
c = Length of Sub-Chord
d =N,gle of Sub-Chord

R L.c. T R 1 I L.C.
, = 2 sin ~ I = tan ~ = 2 cos t I

l.C. = R sin --.!... D 10 = R = 5730 D 20 = .5730 D = 573~
2 -2' , 2' R

I
M = R (I - cos ~ I), = R - R cos '"'

~

E+R I R-M 1
~ = sec 2' --R-- = cos 2

I'
2
3
4
5
6
7
8
9

10

Inches in Decimals of a Foot
-~~~-* h I i f~ i : : ~ I i I ~t-~

1.0052 ·0078 ·0104 ·0~60 I ·03:3 I ·0417 I ·0521 1·06l~ ~~~ :

1 2 3 6 '7' I 8 I 9 I 10 Ty I
L..O_83_3-.!-_.1_6_67---L_._25_0_0.L.__'---_.....L_·5_00_0L:~I .5667.J...:2:~E.~:?_1

I
c = 2 R sin t d, d = 2~ I

I JIL.C. = 2 R sm ~ I, E = R (sec t I - J), = R sec 2 - R
L-.--- _



----r Ba..SeLUVE

II --:;2 57

. -+-:1:--_-----. @_A_, S7-i'~"" &I: /d, .I¢

. .
~

1-----++-----I=---I-.;&l.-----7A/<~~f'7I..e.~--.

,if s-Io s 2.o-1S~' v//N,.

'---' 7'~.



4----

1A/LIA/I*nt1l ~;(.H Fe.tJ~ $.

(!/LC¥fC-"> UNDc..?C Q /,v ~

:%;,/e£'$, Q,h_t /~Htj~ J?~ C/~,~

c.. j"'A .. 0 . ft





· \





2 e+"o o~~~ _



------
-- -

- -----1+

Et?/E S~1----+---'----



-- --.--- - --

\



-~r-

\



----++----------

~-

/~'----

~ ------





---

- - --h-- --+------ --------I





----------

I-------r-!------+---------



-- -R-=-



\



I 0~
I

£Oae/~' ~
- /'





t

~fn~

.t~ <ft} .• Ih.2-Y J It)O F ~a..ui~

~~....~.~ ~

~~~~~.7,k~

.~~~. '~~7h;:T~~

~~- . To 1~2-~~



1J't'~,~~ ~;iu~ If

.,-~~-k1.4Il~~ ~~1X..f/A~, scs~

'{.~ ;-~ I~ tA-U.Jtr;r:;L
I()(J -F-kvt

~~1t-k

II.~-~ ~1~f 2-K~

~~tu-J~~&t dJur



-
~

'-+
-

1.;..

-+
t-I

:

T

I
-
-

-;-

t
,

1
--

1
-
-
-
:-

,

I

-
i
-
I
-

-1
-

-"-i-
I

1

'-
:-

G
'

(
"

.j:>
O

'l

o".J
oW







T- p L 5-L r..( -L)

I ,,(.,I #() ~ 0 G

2- ,0 u1 (j 0 6

~O Of' (j 0 B

,0 7 0 6 (J

.0<)7 .0) 0 (3

, ~65 -0 0 f) 0

.O~ } # 7 0 0

.015 , q (j (} (J

,j/~ #JI 0 (J 0

1 ,))y ·n & 0

I ..~v<7 .209 f .(; 0 0

J ), 1.06'1 .3'30 ,2.51- fl i
,3112- () , i . I .~ '--

j ,/ (] ,I (J 7

I .1"~3 0 .I 0 . 72".

I ,OJ) (j "0 s- O L

I .07 0 ' 7 () . 7

.07' () ..0 0 -~ ]..

1 ,07 0 .. 0 .~

],() .() c, ,0 (J 2-

2.- G') ) 0 0
.()<!c, () v • 7

,611 (J .0 0 2.72-

., .ol-) 0 I'O~ (J 2..2.-.. ----- - ---- ~'3.. 0 2 ..00 I.~Z~ '2-72- ,2-72--



.~¢.,r,..~.'J~~'"',,""SIIM""N~tllY

'''''f/"/11'3[#~;,,,,,,,,.'""!~t""'W~A"'"

01(/I

z
o

'"A

•



of

f-,--

--

+-

j--

--

.-.

:t
-~+--ort-+--+-+-t,>-+-+-+'...;...·-!-H f--4-+-+-CJL

+-

1--
1-,

1--1--

"hO'

5£'0'-

•
,+-I-!--+-

O?Q'2.-

'--





o-s

.5"-/0

/0- 15

35-~

~D- 6S

SS-bO

13

./1

,0.55

,03/

,D2.tj

.01.,3

c

/.08

/,32.

.335

1300



101) 'I' /4,. =

fp~
I
0-$

I
t
5-/0

/0 -1$

IS- 2-D

kt'~/~
~ieZ;

2.B2

3.~S

I. 7 Z ,

_ ',17 \ _



8Q7672686460

1389

~6~2

CP

100 YR. UNIFORM STORM

100 YR SELECTIVE STORM

48'4440

TIME' HOURS

,~

12 16 20 24 2812' 36
~i,

l
~
~
.~:,.
~

.,
:-;.

~ .~
\. ~
\ ~
\ f
\ t
\ ~

\
~

\
~':.,.

I
~i

"I ~
\ :{
\ ~
I

.~

.)1

I ~
I'

I
:;,
i":

I ti;
\ ~

I ~\ ,J
I

{
~

\ t
\ '"\ ~
\

!
1

\ ~
\ l
\ ~
\ 1-

\ I,

\ ~\ },

\ $
\ .{;

\ I~~,

\ ~

" ~" ~" ';:<" ~,
" l.........;~~

~

~ "·:s ""
'!~ "

~ ---------------. ------- ----------

84

2 •

e .

6 .

o .

4 .

10 .

12 •

CF S X 1,000

",

"

"



TABLE 2

Comparison of Peak Discarges Using
FCD HEC-l and 1977 COE Report

(100 Year)

LOCATION FCD HEC-l CORPS OF ENGINEERS (1977)

CP 1220 923 550

CP 1225 2052 not given

CP 1304 1077 400

CP 1310 Not compa rab1e - different routing

CP 1362 8679 3100

CP 1372 11856 4000

CP 1382 12993 4100

CP 1389 13807 not considered
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TABLE 2

Comparison of Peak Discarges Using
FCD HEC-1 and 1977 COE Report

(100 Year)

LOCATION FCD HEC-1 CORPS OF ENGINEERS (1977 )

CP 1220 923 550

CP 1225 2052 not given

CP 1304 1077 400

CP 1310 Not compa rab1e - different routing

CP 1362 8679 3100

CP 1372 11856 4000

CP 1382 12993 4100

CP 1389 13807 not considered
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GILA FLOODWAY OVERFLOW STUDY

Ponding areas between S.P. Railroad going to Chandler and Superstition

Freeway divided by S.P. Railroad branch going to Gilbert with Western Canal

as a southern boundary.

S.P.F. OVERFLOW ANALYSIS

A. Ponding area bounded by freeway on north and S.P. Railroad going to

Gilbert.

The flow into this ponding area includes the R.W~C.D. overflow. The

peak flow is 4500 cfs with a volume of 4300 acre-feet for present con

ditions. For future conditions, peak flow is 4600 cfs with a volume of

4285 acre-feet. Because there is more volume than the ponding area can hold,

the flow will weir over the S.P. Railroad branch going to Gilbert and get

into the ponding area south of tracks. The maximum elevation of this pond

is 1214.81 feet for both present and future conditions. The weir length is

3800 feet. This flow will combine with the flow coming into subarea 220

(ponding area bounded by S.P. Railroad going to Chandler,on the S.P. Railroad

branch going to Gilbert with Western Canal on south).

B. Ponding area bounded by both branches of S.P. Railroad and Western

Canal on the south. The present condition inflow is 3400 cfs with a volume

of 1075 acre-feet. Future condition inflow is 3000 cfs with a volume of

1165 acre-feet. This flow will combine with the weir flow over the S.P.

Railroad branch going to Gilbert. Again the volume of both inflows far

exceeds the ponding capacity of the area, and therefore, the flow will weir

over the tracks. The flow will then head west and spread out in the area

bounded by the freeway ~n the north, Western Canal on the south, and Tempe

Canal on the west. Peak weir outflow for present conditions is 4600 cfs

with a volume of 4243 acre-feet. Peak weir outflow for future conditions
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t"looa L-onrf'ClJ L11511"lCI Ot l'liinCOPii L-ounrY ~Linear Reservoir Sneetflow Model
AU9ust,1931

l

6 8

1 WATERSHED SUBAREA NUMBER = 206 f"I

2
2 I

WATERSHED AREA = 3.38 SQUARE MILES SLOPE = 0.003 LENGTH = 20064.00 3
3 4-
4 MANNING/S N=0.070 5

5
6 I

TIME OF CONCENTRATION = 3.25 HOURS ~ INTENSITY OF 6.16 INCHESIHR. 7
6 8

7 DEPRESSION STORAGE IS 2.000 INCHES 9

8
10 I

PEAK DISCHARGE OF 647.33 CFS OCCURS AT 61 MINUTES 11
9 12- - -

1310

11
14 I
15

12 16_.__ .__ .-
1713

ELAPSED TIME (MINUTES) RAINFALL INTENSITY (IN/HR) INFLOW (CFS) OUTFLOW (CFS) 18 ,
14

J ~:82 0.00 0.00 0.00 0.00 19
15 .39 0.00 0.00 0.00 o.on 20_. --- -
16 33 0.97 2115.79 265.73 38.79 1.86 21

49 0.81 1766.79 510.82 80.19 10.79 22 ,
17

~i
0.00 0.00 621.33 fg%·, ~% 24.02 23

18 0.00 0.00 527.21 36, 59 24

19 97 0.00 0.00 447.35 106.96 47.25 25

113 0.00 0.00 379.53 106.96 56.29 26
20

H~ &:g& g:~g 322.08 106.96 63.97 27
21 273.29 106.96 70.4B 28

--- - --
22 161 0.00 0.00 231.89 106.96 76.00 29

177 0.00 0.00 196.77 106.96 80.69 30
23 193 0.00 0.00 166.96 106.96 84.67 31
24 209 0.00 0.00 141.67 106.96 Ra.05 32

---
25 225 0.00 0.00 120.21 106.96 90.91 33

241 0.00 0.00 102.00 106.96 93.34 34
26 257 &"gg Z:&Z ~~:~~

106.96 9'5.41 35
27 "73 106.'16 97.16 36-- - -------
28 239 0.00 0.00 62.31 106.96 98.64 37

305 0.00 0.00 52.87 106.96 99.90 38
29 321 0.00 0.00 44.86 106.96 100.97 39
30 337 0,00 0,00 ::1B,07 -101J~L----. 101.38 40

--
31 353 0.00 ,. ; 0.00 32.30 106.96 102.65 41

32 369 0.00 0.00 27.41 106.96 103.30 42

335 0.00 0.00 23.26 106.96 103.8.5 43
33 401 O.M /).0..'1 19,,7::1 10&96 104.:P 44

13l
-- - - ---

417 0.00 0.00 16.74 106.96 104.72 45

i35 433 0.00 0.00 14.21 106.96 105.06 46
I

~1~ g~gg Q.oo 12.06 106.96 105.35 47
j36 0.00 If) 71 106.96- 101.'19 48

137 481 0.00 0.00 8.68 106.96 105.30 49

497 0.00 0.00 7.37 106.96 105.97 50

1

38 51
39 52

--- - -
53

140
54

41
55

42 56
- .. - _. ---

43 57

44 58
59

45 60-- -. -- _._--- --~-~--- -
46 61

47 62
63

48 64
-' -- - _.. _- .- --- -- ~~

6549
66

50 67
51 68

- - - -- --------_ .. _-
6952
70

53 71
54 72--- - ._-- - ------ ---- - -- ---- ----_ ... _----- ----~.

--~.,-_._- - . - - - - --~- ----- ----
55 73

74
56 75
~l 79

•
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•Flood Control District of Maricopa County
Linear Reservoir Sheetflow Model
AU9ust,1931

6 8

1 WATERSHED SUBAREA NUMBER = 206 1"\
2

2 3 IWATERSHED AREA = 3.33 SQUARE MILES SLOPE =0.003 LENGTH =20064.003 4

4 MANNING'S N= 0.070 5

5
6

I

TIME OF CONCENTRATION = 3.25 HOURS @INTENSITY OF 6.16 INCHES/HR. 7
6 8
~- -

7 DEPRESSION STORAGE IS 0.000 INCHES 9

8 10 I

PEAK DISCHARGE OF 2456.72 CFS OCCURS AT 31 MINUTES 11
9 12

10 13

11 14 I
15

12 16-- - - -
13 17

ELAPSED TIME (MINUTES) RAINFALL INTENSITY (IN/HRl INFLOI~ (CFS) OUTFLOW (CFS) 18
14 19 I1 2.82 6151.06 0.00 2t2'1~ t~'~1115 1') a 14 1775') 70 j417.90 20-
16 29 1.72 3751. 71 2438.38 335.41 53.12 21

17 43 0.81 1766.79 2401. 98 426.12 100.05 22 ,

57 0.81 1766.79 2316.94 460.19 145.47 23
18 71 0.00 0.00 7062.76 !6.U9 137.97 24-- -
19 35 0.00 0.00 1786.60 467.49 224.78 25

99 0.00 0.00 1547.41 467.49 256.71 26
20 ,

H~ ~.~ o.~? 1~40.25 467.49 ~~~:36
27

21 o a I 60.32 467---4.2- 11 28

22 141 0.00 0.00 1005.41 467.49 329.05 29

23 155 0.00 0.00 870.81 467.49 347.02 30

tg~ 0.00 0.00 754.22 467.49 362.53 31
24 nnn (Inn h':;1')r 4h7.4'l- 376.06 32- - -- -- --
25 197 0.00 0.00 565.79 467.49 387.73 33

26 211 0.00 0.00 490.05 467.49 397.84 34
I

225 ~.~~ ~.~ ~f~'1~ 1~~'1~ 406.60 35
27 ?1? 414 19_ 36-
28 253 0.00 0.00 318.40 467.49 420.75 37

29 267 0.00 0.00 275.77 467.49 426.44 38

231 0.00 0.00 233.85 467.49 431.37 39 '
30 295- 0..00 a 00 706.83 _ %7.42-_ 41').64 40--
31 309 0.00 0.00 179.18 467.49 439.34 41

32 323 0.00 0.00 155.19 467.49 442.54 42
I

337 0.00 0.00 134.41 467.49 445.31 43
33 3:11 0.00 0.00 116.42 467.49 447.71 44
34 365 0.00 0.00 100.8.3 467.49 449.80 45

35 379 0.00 0.00 37.33 467.49 451.60 46

393 &:&& 0.00 75.64 467.49 453.16 47
36 407 0.00 A."i.:11 467.49 4:14.51 48
37 421 0.00 0.00 56.74 467.49 455.68 49

38 435 0.00 0.00 49.15 467.49 456.69 50

449 0.00 0.00 42.S? 467.49 457.57 51
,

39 463 0.00 0.00 36.87 467.49 4:13.33 52
-------

40 477 0.00 0.00 31.93 467.49 458.99 53

41 491 0.00 0.00 27.66 467.49 459.56 54 ,
505 0.00 0.00 23.95 467.49 460.06 55

42 __ :112 0.00 0.00 70.7') 467..A9 4600-49 - 56- ---
43 533 0.00 0.00 17.97 467.49 460.86 57

44 547 0.00 0.00 15.56 467.49 461.18 58

561 0.00 0.00 13.48 467.49 461.45 59
45 ____ ~57"i 0.00 0.00 t 1.63 467.49 46WCL 60
46 589 0.00 0.00 10.11 467.49 461.90 61

47 603 0.00 0.00 8.76 467.49 462.08 62

617 0.00 0.00 7.59 467.49 462.24 63
48 631- __ _~O __ ____ tl.M______ 6~'.17 - -467.49 462.38- - -- 64--- -- - -_._-- ------49 645 0.00 0.00 5.69 467.49 462.49 65

50 659 0.00 0.00 4.93 467.49 462.60 66

673 0.00 0.00 4.27 467.49 462.68 67
51 hPJ o~o. 0.00 3..ZQ 467.49 462.7b.. 68- - - --- _.. -- -- _. - ---
52 701 0.00 0.00 3.20 467.49 462.83 69

53
70
71

54 72--_. - -- - -- - - - - -------

55 73

56
74 ,
75

57 7§•
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•r lood (.ontr-o1 District (tf l'lar-iC(IPii County
Linear Reservoir Sheetflow Model
AU9ust, 1981 ,

6 8

1 WATERSHED SUBAREA NUMBER = 213 1
2

2 3 1HATERSHED AREA = 3.70 SQUARE MILES SLOPE =0.003 LENGTH =17635.003 4

4 MANNING-'S N=0.070 5
6

5 I

TIME OF CONCENTRATION = 2.98 HOURS t INTENSITY OF 6.16 IN[~ES/HR. 7
6 8

7 DEPRESSION STORAGE IS 0.000 INCHES 9

8
10 ,

PEAK DISCHARGE OF 2890.60 CFS OCClfRS AT 31 MINUTES 11
9 12

10 13
14 ,11 15

12 16

13 17

ELAPSED TIME (MINUTES) RAINFALL INTENSITY (IN/HR) INFLOW (CFS) OUTFLOW (CFS) 18
14

1 " 8" j$~~~:~~ lA7~'~~ 9.27 0.00 19
15 1'1 R'j4 -1~A 9A I~ SL 20

16 29 1.72 4106.90 2373.25 421.90 62.91 21

43 0.81 1934.06 2300.25 466.46 117.90 22
17

~? g:~ 1934.06 2674. if ~9~'~~ ~?~.~~
23

18 noo ~~~" :1 24

19 85 0.00 0.00 2011.37 511. 75 261.04 25

99 0.00 0.00 1719.57 511. 75 296.74 26
20

H~ ~.~g 0.00 1%2. 11 ~H'~~ ""7 "6 27

"~1:l'21 0.00 I" R'{ 1~ _~ 28

22 141 0.00 0.00 1074.50 511. 75 375.66 29

155 0.00 0.00 913.62 511. 75 394.73 30
23

1~~ g.gg ~.g~ 785 ~C'

~H'~~ 1~~'S~
31

24 :tjl' '41 32

25 197 0.00 0.00 574.01 511.75 436.39 33

211 0.00 0.00 490.74 511. 75 447.08 34
26

.-,')c"

~.~~ ~.~~ ~~;·t~ ~H'~~ ~t~·79
35

27 ?~i "':1 36

28 253 0.00 0.00 306.64 511. 75 469.60 37

267 0.00 0.00 262.16 511. 75 475.04 38
29

~! ~.~~ g.gg ~1'H ~H'~~ 1b?'~~
39

30 ''l /.' 40

31 309 0.00 0.00 163.81 511. 75 437.07 41

32 323 0.00 0.00 140.05 511. 75 489.93 42

337 ~:gg g:gg n~·~~ ~H'~~ 1~~'~l
43

33 ~~1 44

34 365 0.00 0.00 87.51 511. 75 496.41 45

35 379 0.00 0.00 74.82 511. 75 497. '16 46

1~~ 0.00 0.00 63.96 511. 75 4'19.29 47
36 (100 0.00 ~4,AR ~lj .7~ ~f'I() .a'{ 48

37 421 0.00 0.00 46.75 511. 75 501.40 49

38 435 0.00 0.00 39.97 511.75 502.23 50 I

449 g:~ g:gg ~~.;; ~H'~~ ~g?'~1
51

39 4A1 C' 11. C' 52

40 477 0.00 0.00 24.97 511. 75 504.06 53

41 491 0.00 0.00 21.35 511. 75 504.50
L'7C:,

54
1

505 o.~? o.~g 13'~1 511. ~~ ~g,.~~ 7-~~
55

42 ~j9 o 0 o 0 Ie; A c.;" ~ ~ ~ ')
j \. ~' j 56

43 533 0.00 0.00 13.34 511. 75 505.48 ~' - /(V ) 57

44 547 0.00 0.00 11.41 511.75 505.72 '~~ 1G
)

58 1
561 &:8& 8:g& ~:~~ 511~~~ ~gX'rt f~ .LP 59

45 575 '111 60
1--'

46 589 0.00 0.00 7.13 511. 75 506.24 "-~
61

47 603 0.00 0.00 6.09 511. 75 506.37 62 I

*~~
0.00 0.00 5.21 511.75 506.43 63

48 0.00 0.00 4.fi- 511.75 ~6...57 64-
49 645 0.00 0.00 3.81 511. 75 506.65 65

50
66

1
67,

51 68- --- ----- - - ---- - - -- - - - - - -- -- - - ----

Cf 6952
70

53 71 I

~ ---54 - - 72

55 73,
74 I56

f!7
75
79
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•

•

•

•
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~Iuud COfitrol District of Maricopa County
Linear Reservoir Sheetfluw Model
AU91JS t, 1981

:

6 8

1 WATERSHED SUBAREA NUMBER ;: 201 1
2

2
WATERSHED AREA ;: 3 I2.39 SQUARE MILES SlOPE;: 0.002 LENGTH;: 18004.003 4

4 MANNING/S N;: 0.070 5

, 6
5

TIME OF CONCENTRATION;: 3.36 HOURS @INTENSITY OF 6.16 INCHES/HR. 7 I
6 8

7 DEPRESSION STORAGE IS 2.000 INCHES 9

8 10 I

PEAK DISCHARGE OF 538.44 C-FS OCCURS AT 61 MINUTES 11
g 12

10 13

11 14 I
15

12 16

13 17

TIME INTENSITY INFLOIHCFS} OUTflOWCCFS1 INFLOWCAC-FTl OUTFLOW (A(:-FT1 18
14 19 I

I§ "l ::12
g~gg g~gg &:g& g~w15 R'14 J(j 20

16 29 1.72 :3207.82 134.35 21.27 0.50 21

17 43 0.81 1510.66 357.24 56.08 5.69 22 I

~
0.81 1510.66

~~*:~
a.r ~/l

~1~ f*
23

18 C/ C/O C/.C/O 9t:4~ 24

19 3§.., 0.00 0.00 424.34 '71.45 32.84 25

19----. 0.00 0.00 369.30 91.45 40.44 26
20 I

H~ g'Rg g.gg ~~!·n U'i~ ~!·~t
27

21 "l.R 28

22 141- 0.00 0.00 243.44 91.45 57.83 29

155- 0.00 0.00 211.87 91.45 62.19 30
23

169- g:Rg g~gg f2~~~? ~f'i~ 65.98 31
24 lRR· /..9 "l9 32

25 197- 0.00 0.00 139.66 91.45 72.16 33

26 21t- 0.00 0.00 121. 55 91.45 74.66 34

225- g.gg g.gg 19~·1.2 91.45 Zg'~1
35 I

27 ..,~i- 91 4 r 36

28 25~ 0.00 0.00 80.12 91.45 80.39 37

26'1- 0.00 0.00 69.73 91.45 81.32 38
29 I

2&1- g:gg g:gg ~g:*~ %~'1~ 83·~r
39

30 ?9S- ::<4 1 40

31 30r 0.00 0.00 45.97 91.45 85.10 41

32 328- 0.00 0.00 40.00 91.45 85.93 42

337- g:gg g:gg ~~:~~ %f'1~ ~~'~i
43

33 :i~ 44

34 365-- 0.00 0.00 26.37 91.45 37.81 45

35 379- 0.00 0.00 22.95 91.45 88.23 46

393- g:oo &:gg g~~ ~f:1~ ~:i~
47

36 40r- .00 48

37 421- 0.00 0.00 15.13 91.45 89.36 49

38 435- 0.00 0.00 13.17 91.45 39.63 50
I

~1r g.gg g.gg 1~:~~ U'1~ ~?~~
51

39 • (L 52

40

~
0.00 0.00 8.68 91.45 90.25 53

41 0.00 0.00 7.55 91.45 90.41 54
I

505 0.00 0.00 6.57 91.45 90.54 55
42 56

43 57

44 58
59

45 60
46 61

47 62
63

48 64
------ ---- - -- - ----- - -

49 65
66

50
67

51 68- - --_. --_. - - ---_._---~-_._------_._. ----------------------
6952

53 70 I
71

54 72
1---- - ~ -- -- - -

55 73

56 74 l
75

57 7§
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•

•
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•Fl clod Contr'o) District of M.1r·icopa County
Lineal" Reservoir Sheetflow Model
AU9ust,1931

6 '-. 8

1 WATERSHED SUBAREA NUMBER = 201 I 1"
.> \

2 II2 I

WATERSHED AREA = 2.39 SQUARE MILES SLOPE =0.0023 LENGTH =13004.00
3

3 4._--- - --- -_..- -
4 MANNING'S N=0.070

5

5 6 1

TIME OF CONCENTRATION = 3.36 HOURS @INTENSITY OF 6.16 INCHES/HR.
7

6 8.- -- - - - - - ---_. ~-- -- -+- -- ,
7 DEPRESSION STORAGE IS 2.000 INCHES \ 9

8
,

10 1

AVERAGE CONSTANT LOSS RATE IS 0.40 INCHES PER HOUR. 11
9 ,

12

PEAK DISCHARGE OF fB6.64 trs Or.cURS AT 61 MINUTES
--- -- . - - - - - - -- - - ---

10 13

11 141~
15

12 16---_.__.- ._- --
13 ,I' 17

14 f::\
18,
19

15
INfENStf¥ INrLOW(E'f~J OUTrLOW(C~----- INFL(~'A&-Fn-- - OUTFlOW(AC FTl 20/ ''''~

----_._- --- - - - --
16 2.42 0.00 0.00 0.00 0.00

-;r • 21

17

4
7.74 0.00 0.00 0.00 0.00 22

: 1.32 0.00 0.00 0.00 0.00 23
18 24

0.41 764.66 78.12 11.09 0.58 -
19 0.41 764.66 167.16 26.64 3.02 25

20 0.00 0.00 169.01 29.30 6.45
26

0.00 0.00 147.09 29.80 9.48 I
27

21 28

22 I ." v.vv v.vv .~ 29.80 12.120 29
113' 0.00 0.00 111.41 29.30 14.41

23 127 0.00 0.00 96.96 29.30 16.41 30 I

141 0.00 0.00 34.33 29.30 13.14 31
24 32

25
I 155 e.oe e.oo 73.44 29.8Q 19.66 33I 169 0.00 0.00 63.91 29.80 20.97 34

26

I
183 0.00 0.00 55.62 29.80 22.12 35 I

27 197 0.00 0.00 48.41 29.30 23.11 361 . 0.00 0.00 42.13 -29086-- - 2&-98 ._----
28 ~;., 0.00 0.00 36.67 29.80 24.73 37

LL...' 38
29 239 0.00 0.00 31.91 29.80 25.39

~~~ 0.00 0.00 27.77 29.80 25.96 39
30 40

..VI v.eo 0.00 24017-- --_. 29100- 2ti.%- - -----
31

\
281 0.00 0.00 21.04 29.30 26.39 41

32 295 0.00 0.00 13.31 29.80 27.27 42

309 I 0.00 0.00 15.93 29.30 27.60 43
33 i 44

34 \

~
0.06 0.00 13.87 29.80 27.88 45
0.00 0.00 12.07 29.30 28.13

35
351 \ 0.00 0.00 10.50 29.80 23.35 46

~~~ 0.00 O.qg ~.!.4 29·~2 28.54 47
36 48
37 393 \ 0:00

V.lA' .70 .(.7.0V L.'_. J lJ 49
0.00 6.92 29.30 23.:34 50

38 407 0.00 0.00 6.03 29.80 23.'17 51
39 4~1 \ 0.00 0.00 5.g4 29.80 29.08 52

40 449 \ v.vv \.1.\.1\.1 'to ..'0 29.86 29.17 53
0.00 0.00 3.97 29.30 29.25

~1441 463 0.00 0.00 3.46 29.30 29.32
42 477 0.00 0.00 ~.01 29.30 29.38 56

50S v.vv v.vv L.f:il:- - -L908& . - -..- 29.44 --
43 0.00 0.00 2.23 29.80 29;48 57

44 519 I 0.00 0.00 1.98 29.80 2'1.53 58
1

45
59

I...... - 60
46 61

47 62 I

48
631'

- - ~- - - - - - - - - - -- - 64
49 65

50
66
67 I

51 58---_._-- .. .- ---_. -- -- ---- --_.- --- - -~ - - _. --
52 69

53 701~
71

54 72-- - --- - -- .. - - - - - _.- - - --
55 73

56
74

4
~7

75
7§
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rlOO/] l-OOlTCtI lllSlTln or I'llirlCOPli l-OIJrIIY ~Linear' ResH'yc,ir' Sheetflow Model
AU9USt,1981

I

6 8

1 WATERSHED SUBAREA NUMBER = 999 f

2 2 I

WATERSHED AREA = 1.~~ SQUARE MILES SLOPE =0.003 LENGTH =17213.00 3
3 4

4 MANNING'S N- 0.070 5

5 6 I
TIME OF CONCENTRATION = 2.93 HOURS @ INTENSITY OF 6.16 INCHES/HR. 7

6 8

7 DEPRESSION STORAGE IS 0.000 INCHES 9

8 10 I
PEAK DISCHARGE OF 1233.43 CFS OCCURS AT 31 MINUTES 11

9 12

10 13

11
14 I
15

12 16

13 17

ELAPSED TIME (MINUTES) RAINFALL INTENSITY (IN/HR) INFLOW (CFS) OUTFLOW (CFSl 18
I14 1 2.82

~~~:~ O~~~ 3.91 0.00 19
15 2 ".8? 32. 7.:-1,? 0,,04 20

16 .3 2.82 2838.95 63.77 11. 73 0.13 21

17 4 2.82 2838.95 95.12 15.64 0.26 22 I
C" 2.82 2838.95 126.11 19.5.'5 0.44 23'-'18 6 3.45 3473.13 160.34 24.34 0.66 24-

19 7 3.45 3473.18 197~76 29.12 0.93 25

8 3.45 3473.18 234.75 33.90 1.25 26
I20

Ib ~::~ ~:~~:{~ 1~~:1~
3r• 69 1.63 27

21 3 Cj 43:47 ",O~ 28

22 11 8.14 8194.70 369.92 54.76 2.56 29

12 8.14 8194.70 453.31 66.05 3.19 30
23 13 8.14 8194.70 545.69 77.33 3.94 31
24 14 8.14 3194.70 632.09 88.62 4.81 32

- - . - -
25 15 8.14 8194.70 717.51 99.91 5.30 33

16 6.39 6936.30 794.86 109.46 6.90 34
26 g ~:~g n~2'~ 864.23 119.02 8.09 35
27 932.82 128.57 9.37 36

-
28 19 6.89 6936.30 1000.63 138.13 10.75 37

20 6.89 6936.30 1067.63 147.63 12.22 38
29

21 2.98 3000.03 1111. 73 151~~a 13.75 39
30 22 2.93 3000.03 1133.06 It:~ It: 31 40

31 23- 2.98 3000.03 1154.15 160.08 16.90 41

32 24 2.93 3000.03 1175.00 164.21 18.52 42

25 2.~ l~~y·g~ 1195.61 168.34 20.17 43
33 26 1.7 1208.83 170.73 21,83 44

13~ 27 1.72 1731.56 1214.74 173.11 23.51
-- -

45

i35 28 1.72 1731.56 1220.57 175.50 25.19 46
1

I 29 1.72 1731.:tb 1226.35 177.33 26.88 47
j36 _____~__ .___ J--I2 1731.56 __ Jm.~ 130.27 28.57 48..

137 . 31 0.97 976.52 1233.43 181. 61 30.27 49

32 0.97 976.'52 1230.53 182.96 31.97 50
38

33 0.97 976.52 1227.66 184.30 33.66 51
39 - ---~ -- -- ~:§t 976.52 1224.82 135.65 35.35 52- _. - - - - -
40 976.52 1222.02 186.99 37.03 53

36 0.85 855.71 1213.56 188.17 38.71 54
41

37 0.85 8.'55.71 1214.46 139.35 40.38 55
42 38 0.85 855.71 ...J11Q.41 190,"53__ 47.05 56--
43 39 0.85 855.71 1206.41 191. 71 43.71 57

44 40 0.85 ~Q.71 1202.44 192.89 45.37 58

41 0.85 85.'5.71 1198.53 194.06 47.02 59
45 ___ 42_______0.85 __ 855.71 1194.66 195.24 ..4&6.6 60

~.J5. 71
- -- -- -- ---

196.42
- - --

46 43 0.85 1190.83 50.30 61

47 44 0.35 355.71 1187.04 197.60 51.94 62

45 0.85 855.71 1183.30 193.78 53.57 63
48~__46 ____Q,.85 8.'55.71 __ 1179.60___ , _ _.199.96 55.19 64- - -.---- ------------ - --.. ..-- '-- .. --- --~---- -- -
49 47 0.35 855.71 1175.94 201.14 :tb.81 65

66
50

67
51 68- - -- -_. - -------- - - -- . - - - .._- . ---- ----_. - - . - - - --

6952
70

53 71
54 72- _.. - ~ -" - - . -- - - - - . - - - - -
55 73

74
56 75
{j"l 79

•-------------
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•f-lo{l(J Contred Distr'lct of Mar'icopa County
Linear Reservoir Sheetflo~ Model
August, 1931

6 8

1 WATERSHED SUBAREA NUMBER = 204 f

2
2

,

WATERSHED AREA = 2.55 SQUARE MILES SLOPE =0.003 LENGTH =17424.00 3
3 4--
4 MANNING'S N=0.070 5

5
6 ,

TIME OF CONCENTRATION = 3.01 HOl~S ~ INTENSITY OF 6.16 INCHES/HR. 7
6 8

---- _.
7 DEPRESSION STORAGE IS 0.000 INCHES 9

8
10

PEAK DISCHARGE OF 1973.26 CFS OCCURS AT 31 MINUTES 11
9 12

-- --

10 13

11
14 ,
15

12 16

13 17

ELAPSED TIME (MINUTES} RAINFALL INTENSITY (IN/HR} INFLOW (CFS} OUTFLOW (CFS} 18
14

1 2.82 4640.59 0.00 6.39 0.00 19

15 IA 6.89 11133.70 In7 91 173.91 11 00 20
- -- - - -

16 31 0.97 1596.23 1973.26 296.37 43.34 21

17 46 0.31 1332.94 1395.04 326.99 33.33 22

61 ~.~~ ~.~ ~~~l'~~ ;~2.~9 1"16 '10 23
18 7A ~C(") ,q lAi'J:;'i 24

19 91 0.00 0.00 1292.69 352.69 189.50 25

20 106 0.00 0.00 1094.96 352.69 213.98 26

HI ~.~g 9..~~ ~~r'1~
3r

"l 69 234'~1
27

21 ~~~'LI;J ""~I') 28
I

22 151 0.00 0.00 665.43 352.69 267.14 29

23 166 0.00 0.00 563.65 352.69 279.73 30

t~l ~.~~ ~.~~ 477.43 352.69 290.41 31 I

24 404.40 3:=;2.69 799.4~ 32
--- -

25 211 0.00 0.00 342.54 352.69 307.10 '33

26 226 0.00 0.00 290.15 352.69 313.59 34,

241 ~.~9. 9..9.9. ~~i'~~ 352'~b 319.03 35 I

27 "Ic;t. ':Ir"l ':1?':j 7':1 36

28 271 0.00 0.00 176.33 352.69 327.67 37

29 236 0.00 0.00 149.36 352.69 331. 01 38
1

~?l 0.00 0.00 126.51 352.69 333.34 39
30 0.00 0.00 -l.OL-l6. 352..69- ~~t. .;.; 40

31 331 0.00 0.00 90.77 352.69 338.26 41

32 346 0.00 0.00 76.88 352.69 339.98 42 I

~l 9..~ 9..9.9. 65.12 352.69 341.44 43
33 rr -!.b- 3')2.69 342.67 44

-_. - - ..
34 391 0.00 0.00 46.72 352.69 343.72 45

35 406 0.00 0.00 39.$3 352.69 344.60 46.

421 0.00 0.00 :{3.52 352.69 345.35 47 \
36 436 0.00 0.00 78.40 3')2.69 '34').98 48

r-- ---- -

37 451 0.00 0.00 24.05 352.69 346.52 49

38 466 0.00 0.00 20.37 352.69 346.93 50 11

481 0.00 0.00 17.26 352.69 347.36 511\
39 496 0.00 0.00 14...6L 3')2.69 347 69 52
~ - . -

40 511 0.00 0.00 12.38 352.69 347.97 53

41 526 0.00 0.00 10.49 352.69 348.20 54 11

~~l 0.00 0.00 8.88 352.69 348.40 55 I

42 0.00 o 00 -7.52___ ----.352...b9 348.57 56
-

43 571 0.00 0.00 6.37 352.69 348.71 57

44 536 0.00 0.00 5.40 352.69 343.33 5811

601 0.00 0.00 4.57 352.69 348.93 591l

45 1llb.... ___ 0,00 0.00 1.87 1')7.69 349.02 60
- - - -

46 631 0.00 0.00 3.23 352.69 349.09 61

47 646 0.00 0.00 2.73 352.69 349.15 621~
661 0.00 0.00 2.35 352.69 349.21 63

48 64
- ..~---- - -- - - - .- - . - - ---

49 65

50 ~Il
51 68- , - - -- - -- "--- .---- -_.- --- .. _-- - - - - -- -----'-'--~------_._.- -_ ..-. -- ------- - -
52 69

53 7°H
71

54 72
- -- -_.- ~-- -~- - - -_ .. _-_. -

55 73

56
74 11
75 1l

~7 7§
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f-l (1(ld COfltr'o1 Distr'ict of Mar·icopa County
Linear Reservoir Sheetflow Model
AU9USt.t981

6 8

1 WATERSHED SUBAREA NUMBER = 203 1"'\
2

2 3 I

3
WATERSHED AREA = 3.30 SQUARE MILES SLOPE = 0.003 LENGTH:: 23390.00 4

-'-- --
4 MANNING'S N=0.070 5

5 6 I

TIME OF CONCENTRATION = 3.59 H(~RS @INTENSITY OF 6.16 INCHES/HR. 7
6 e-- -
7 DEPRESSION STORAGE IS 0.000 INCHES 9

8 10 I

PEAK DISCHARGE OF 2200.77 CFS OCCURS AT 31 MINUTES 11
9 12----

1310

11
14 I
15

12 16
---- -- - --

1713

ELAPSED TIME (MINUTESl RAINFALL INTEt4SITY (IN/HRl INFLOH (CFSl OUTFLOW (CFS) 18
14 19 I1 2.82 6005.47 0.00 3.27 0.00
15 18 6.3:1 14672.90 1632 97 271.98 16.3"; 20

- -- - - - - - -
16 35 0.97 2065.71 2195.85 395.56 65.41 21

52 0.81 1724.98 2137.~'O 437.42 116.17 22
17

*~
0.00 0.00 1946.31 456.43 164.59 23 I

18 0.00 o 00 1667.40 4:16.43 706 :'i~ 24

19 103 0.00 0.00 1419.90 456.43 242.40 25

120 0.00 0.00 1212.78 456.43 27.3.02 26
20 ,

t~~ ~.~~ ~.~~ Ig~~'~I 1~~'H
"'''''i 17 27

21 ~.~'C;l 28

22 171 0.00 0.00 755.70 456.43 340.58 29

183 0.00 0.00 645.46 456.43 356.38 30
23

205 ~.~~ 0.00 551.31 456.43 370.30 31
24 ,,')') O.Of! 470.aQ 4'16 "':1 '{~':'I f..':1 32

25 239 0.00 0.00 402.20 456.43 392.34 33

256 0.00 0.00 343.53 456.43 401.51 34
26 35273 ~.~~ ~'9s~ 2~~'12 1~2'1~

4(18 q2
27 ~QfI ')1:' ') Jijl:";;t 36

--- - ---

3728 307 0.00 0.00 214.06 456.43 420.65
324 0.00 0.00 132.33 456.43 425.26 38

29 39341 ~.~g ~.~~ 156.16 456.43 429.21
30 ~c;p. j~~ ':1':1 --A56.A3 432.58 40--
31 375 0.00 0.00 113.93 456.43 435.45 41

32 392 0.00 0.00 97.31 456.43 437.91 42

1~~ ~.~g ~.~~ ~k11 456.43 110•01 43
33 n 4C;/, 41 t1 (./n 44

34 443 0.00 0.00 60.63 456.43 443.33 45

35 460 0.00 0.00 51. 79 456.43 444.64 46

1~~ g.~~ g.g~ ~~.23 456.43 445.75 47
36 ,73 4:'i6.43 446.71 48

37 511 0.00 0.00 32.27 456.43 447.52 49

523 0.00 0.00 27.56 456.43 448.22 50
38

545 ~.~~ 9.'9.~ 23.54 456.43 443.81 51
39 "i.l.? ?fJ 11 4":.l. 4':1 41lQ ~':'I 52

40 579 0.00 0.00 17.17 456.43 449.75 53

596 0.00 0.00 14.67 456.43 450.12 54
41

613 0.00 0.00 12.53 456.43 450.44 55
42 .~?O o 00 0.00 10.70 456.43 4"iO.7L 56

-
43 647 0.00 0.00 9.14 456.43 450.94 57

44 664 0.00 0.00 7.31 456.43 451.14 58

(..a1 0.00 0.00 6.67 456.43 451.31 59 I
45 MB- 0.00 o 00 :1.70 4:=;6..43.- 4'11.4'1 60

46 715 0.00 0.00 4.86 456.43 451. 57 61

47 732 0.00 0.00 4.16 456.43 451.68 62

749 0.00 0.00 3.55 456.43 451. 77 63 I
48 7/'h 0.00 0.00 -3.03-- ------A56.43- -- -- -----45L34- 64

- - ----------- - .- - _.- - -
49 783 0.00 0.00 2.59 456.43 451.91 65

66
50 67 I

51 68- - ._-" ._---_ .._- - _._------ - -- - . - - - - - - - - - - -- --

6952
70

53 71 I

54 72---- - -- -- --- -- ---- - --- - -- - -- --- - ----- -- - - _. - --
7355
74

56 75 I

~7 79
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•
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TIME OF CONCENTRATION = 3.59 HOURS @ INTENSITY OF 6.16 INCHES/HR.

[fEf)DE~~II-'N ~TnRArE I~ t I)(-)() INrl-lE~r\ .~._I... ,,:' _ _, '::-.L-. .. .. .. _,r "_,

-=~'T.=·r·un ..t:·I-E IIF ~,- '" I fIR'-- ~1r '-l-M-'Nt:1t~'_'_' __ '_' ..' _' ,_I __'_'_ ,_, _I I"IJ.I'I_I I c,.::,

Flo (I d '-- (I n t r- 0 I [11 5- t r- 1 C t (I 'f-I"l::3_ r' 1 C (I p.]. ,_. (I U rr t-··,·
Lirrea~ Rese~voir Sheetflow Model
AU9ust,19:31

I

•8

....... t ........;:,

104. Ll 3

0.00 4:3. :3::::
0.00 :37. 0::;

;;-0-0- - -- - .31 • t:1~":t

,00 :27.0:3
.00 2:3. (),~

l)"";lJu .1. ••" • I .1 ...

0.00 16. ::::4
0.00 14. :3'~-'

0.0-0 12.L'7
0.00 to.50
0.00 :3. '~i6

0.(1) I .. I~.,~,

0.0(1 6.5

0.00
0.00
.::'-";:<:'11]"

0.00
0.00
O.O"C
0.00

/[09
~:'"i/:2

.;rT:::.'

,-,1.
1;:'_')

.~ILf=,

'-,e'..:_._1

251~

1, ,-,,-,
'::-',:)

426 ~- I}. l)t}

44:3
460
t77
494
'311

2(>5

545

2=3';1

e'41
42

43

_144

45

46

e 1
47

481-
49

_150

51

52

_153

54~_
55

.156

~

•

•-L 6

-p
3

4

_1 5

6

7

_1 8

9

10

_111

12

13

_114

15

19

_120

21

22

_123

24

25

~·126
« 27
<>:

" 28c

~-
29

<>: 30«

31

e 32

33

13l

_:35

j36

137

el
38

39

40



I'"t:. Ht:·. [rr-:=;ert~~=· OLCUR:=. Ar-ot-M"I1\tttiE~.=·--------------------------------

•

•

•
8

LENGTH = 22018.00

.2(J 101.26 ~j:2.41
t"~-,. 101.2,1:, ~5::: • ~5')

• ",e' I

-; l~ &; It ()~=I I (11 • 2.1.-:0 t:1 .;,. ~>;.

.0:;: 101.26 6:;:. 71
~..~ ~-. 101.26 72. ::52• w__ ' .."

' •..:H· lUI.":::/'::' 7l;'ulJ..:::
I ~):::: 101.26 79.56

, ,.e.
1.01.26 :::2. :31·'-"-"

1 ()'" • ::.{6 1() 1. • ~~6 ::::4. 71
.O'? 101.26 :3e,. (::: (>

' .. 101.26 ::;::::.6:3r ",..'1_'

, I ~::"~I 10.L.":::6 '::'tJ •.~.3
101.26 '~~ 1 .. (.:2
101.26 '?2. ::::4·
1 U 1 • ..:::7.:. '-;·>.3 .. '/1
1. 0 1. • 2.~) ')4 .. ::::iJ.
1 (> 1.26 ';:i5. c15
l(J.l • .;:.J.:.. '7.':'- ...;l'~

101.26 'i'IS II '~i:3

l01.26 ';;"'7 • 5:~~

J.-cr1. • L6 '~7::::. t) ()

:[01.26 -::>8.4-.1
101.26 '~i~:'~ .. 7-"
to'1. 26 '99.0-
101. 26 ,,::,,'7' .'~:<.)
101 • 2,:' '79.60

--TOT .. Z5 '';..»>,). ;:;:1

• 101.26 'y';.) " ':;I'~I

101.26 100.16
OIO 1 • .<:.t.:.. 1 UU •..:.lJ

:3LOPE ::: 0.0023.20 SQUARE MILES

1,./. til)

(). (j()

0.00
0.00

U.I.H)

0.00
0.00

::.:'::.(;1

:346
361

..:'..:i 1

37b
391
406

LLFI

":'::'='('
271
:25,~,

226

Tn~

211

1 \.1.::-

121
1'':'/• 0_11')

"1"5'"
1.~.6

1.::::1

:::;:01
:31/::1

ELAPSED TIME (MINUTES)
1 2.82

WATERSHED AREA =

DEPRESSION STORAGE IS 2.000 INCHES

~rood Cont~ol Ulst~lct of Ma~lcopa Lountv
Linea~ Rese~voi~ Sheetflow Model
AU9ust,1981

"+ .<:."'1 I) • I) 1_

436 0.00
451 0.00

l- "- "456 - - " . - . -- -- -0:'00-----· - .,..,

481 0.00
4'76 0.00
'51r (). l)!)

526 0.00
541 0.00

•-L 6

-p
3

4

_1 5

6

7

_1 8

9

19

• 1
20

21

22

• 1
23

24

25
tilie 26
0-

27~
a:

'" 28c

~e 29
a: 30~

31

e 32

33

13 ~
_ :35

j361--

137

el38

39

49

• 1

50

51

52

_153

54

55

e~

•
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rlOOO 1••OnU·OI lJ1SU'lCt Ot l'lancopa I.-ounty I
Linear Reservoir Sheetflow Model
AU9ust,1931

6 8

1 WATERSHED SUBAREA NUMBER = 207 f
2

2
WATERSHED AREA = 1.56 SQUARE MILES SLOPE =0.003 LENGTH =17213.00 3

3 4
- -

4 MANNING'S N=0.070 5
6

5
TIME OF CDNCENTRATION = 2.93 HOURS @INTENSITY OF 6.16 INCHES/HR. 7

6 8-- DEPRESSION STORAGE IS 2.000 INC~ES 97

8
10

PEAK DISCHARGE OF 323.60 CFS OCCURS AT 61 MINUTES 11
9 12

10 13
14

11
15

12 16-- 1713
ELAPSED TIME (MINUTES) RAINFALL INTENSITY (IN/HR) INFLOW (CFS) OUTFLOW (CFS) 18

14

.11
') 8')

O:g~ g:g~ 0.00 0.00 19
15 6:89 O. .0.00 0.00 20

16 31 0.97 976.52 115.71 15.21 0.59 21

46 0.81 815.44 237.69 33.64 4.42 22
17 61 0.00 0.00 323.60 49.37 10.35 23
18 76 ~OO 0.00 272.90 4~.JL~ ~ 16.46 24

19 91 0.00 0.00 230.14 49.37 21.62 25

106 0.00 O.QO 194.09 49.37 25.96 26
20 121 g:gg g:8g 163.68 49.37 29.63 27
21 13/\ 1:t'UI4 49.37 3').7? 28

22 151 0.00 0.00 116.41 49.37 35.33 29

166 0.00 0.00 98.17 49.37 37.53 30
23 181 0.00 0.00 82.79 49.37 39.33 31
24 196 0.00 0.00 69.R2 49.37 40.95 32

~ - - ~

25 211 0.00 0.00 58.83 49.37 42.27 33

226 0.00 0.00 49.66 49.37 43.38 34
26

~~l g:gg g:gg ~.!:~~ 1~'~~ ~,.32 35
27 "'i 11 36

- - --
28 271 0.00 0.00 29.78 49.37 45.77 37

286 0.00 0.00 25.12 49.37 46.34 38
29 301 0.00 0.00 21.13 49.37

1~:~f
39

30
1--' _31~ 0.00 0.00 17.86 49.JL , 40

31 331 0.00 0.00 15.07 49.37 47.55 41

32 346 0.00 0.00 12.70 49.37 47.83 42

361 0.00 0.00 10.71 49.37 43.07 43
33 376 0.00 o.on 9.04 49.37 43.28 44

13 ~
- ---

391 0.00 0.00 7.62 49.37 43.45 45

i35 406 0.00 0.00 6.43 49.37 43.59 46
I 421 0.00 0.00 5.42 49.37 43.71 47
j36 436 0.00 - - - . 0.00 4."'i7 49.37 4::1 R! 48

137 451 0.00 0.00 3.85 49.37 48.90 49

38
50
51

39 52- -- ----
5340

41
54
55

42 56
-~-..---

43 57

44 58
59

45 60--- ----- --- - - --
46 61

47 62
63

48 64------- - ------------ ---. -----------~~ - --~-~-----------~-

49 65
66

50
67

51 68.. - - - - ._~-_._- . . - . .- - - . - . - - ----- - --- ----- --- .._- -
52 69

53
70
71

54 72
~

~--
~ ----~ - - ---- - - - - - --- - ---- -~- - --

55 73
74

56
75

~7 7§

•
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fl(l(ld C(lntr·Ij) Distr·ict (,f Mar·ic{lpa C(lunh' ." ~
Linear Reservoir Sheetf]ljw Mljdel
AU9Ust,1931

6 8

1 WATERSHED SUBAREA NUMBER = 202 1'\
2

2
3

3 WATERSHED AREA = 3.20 SQUARE MILES SLOPE =0.002 LENGTH =22013.00 4

4 MANNING'S N=0.070 5

5
6

TIME OF CONCENTRATION = 3.70 HOURS @INTENSITY OF 6.16 INCHES/HR. 7
6 8

7 DEPRESSION STORAGE IS 0.000 INCHES 9

8 10

PEAK DISCHARGE OF 2090.47 CFS OCCURS AT 31 MINUTES 11
9 12

10 13

11
14
15

12 16-- - - -- - -
13 17

TIME INTENSITY INFLOl-J(CFS) OUTFLO~J( CFS) INFLOW IAC-FTl OUTFLOIoJ( AC-FTl 18
14

19
15 1 2.82 5823.49 0.00 3.02 0.00 2015 8.14 16809.60 1182.40 204.94 9.54
16 29 1.72 3551.92 2070.95 366.17 44.76 21

17 43 0.81 1672.70 2068.81 404.71 84.92 22

~? 0.31 1672.70 2021.34 436.96 124.32 23
18 1\ I\f\ 1\ 1\1\ 1827 35 443.87 161. 66 24. .,... ,....

2519 85 0.00 0.00 1612.41 443.87 194.65 26
20 99 0.00 0.00 1421. 20 443.87 223.73 27
21 113 0.00 0.00 1252.66 11~'~Z 249.36 28- 127 0.00 0.00 H~· ... '>"7' nr::

.v.v, .. , 4.1 v
22 141 0.00 0.00 973.17 443.37 291.87 29

23 155 0.00 0.00 857.77 443.87 309.42 30

169 0.00 0.00 756.04 443.87 324.89 31
24 32- 183 0.00 0.00 666.39 44:'.87 - 33S. S:t - --- _.
25 197 0.00 0.00 537.36 443.87 350.54 33

26 211 0.00 0.00 517.71 443.87 361.13 34

~~ 0.20 0.00 456.31 443.37 370.47 35
27 36......... ,. ,.,. 402.20 - --443.87 378.7fJ

253 0:00 0:00
.-

28 354.50 443.87 385.95 37

29 267 0.00 0.00 312.46 443.37 392.35 38

281 0.00 0.00 275.41 443.87 397.93 39
30 40'>0'1 0.00 0.00 242.75 443.87 4G2.95 -
31 309 0.00 0.00 213.96 443.37 407.:33 41

32 323 0.00 0.00 138.59 443.87 411.13 42

337 0.00 0.00 166.22 443.87 414.53 43
33 44

13~
J51 0.00 0.00 146.51 44::.81 417.53 -

365 0.00 0.00 129.14 443.37 420.23 45

i35 379 0.00 0.00 113.32 443.87 422.55 46
I 391 ~.~~ 0.00 1~2·q~ 1H·~Z 424.61 47
j36 Ar.7 1\ 1\/\ -42&.42 48

137 0:00 0:00 '-O""'II'lJ
_....

49421 77.94 443.37 428.01

I: 435 0.00 0.00 68.70 443.87 429.42 50

449 0.00 0.00 60.5-5 443.87 430.66 51
52" :3 0.00 G.GO 33.37 443-.B7 431.75 -

40 477 0.00 0.00 47.04 443.87 432.71 53

41 491 0.00 0.00 41.46 443.87 433.56 54

505 0.00 0.00 36.55 443.87 434.31 55
42 56- -- 519 0.00 0.00 32.21 443-.-&7- 434.97 -
43 533 0.00 0.00 28.39 443.87 435.55 57

44 547 0.00 0.00 25.02 443.87 436.06 58

561 0.00 0.00 22.06 443.87 436.51 59
45

-_.- ·575 0.--00- 0.00 ~~-- 19.44 443,-87 ~16-.91··--
60---- ---

46 589 0.00 0.00 17.14 443.87 437.26 61

47 603 0.00 0.00 15.10 443.87 437.57 62

617 0.00 0.00 13.31 443.87 437.84 63
48 64r--- --b31 O. 00---- - -~ -- 0.00 - -- - 11.7'3 - 443.87 --4J3.00 - --~---------.-~ ------... --- ------~._~-----

49 645 0.00 0.00 10.34 443.37 438.29 65

50 /:..59 0.00 0.00 9.12 443.87 438.48 66

673 0.00 0.00 8.03 443.87 438.64 67
51 68687 -e. 00- fh-OO- 7.08 443.--87 438."1"f ... ... . - - ------ _. ----- --- ----- - - --- ---
52 701 0.00 0.00 6.24 443.87 438.92 69

53 715 0.00 0.00 5.50 443.87 439.03 70

729 0.00 0.00 4.85 443.87 439.13 71
54 72- . ---7+3- -(J;OO-- . 0.00-- 4.27 - -443; 8t- - 439.22- . .... - - - - - - -- - --
55 757 0.00 0.00 3.77 443.87 439.29 73

56 771 0.00 0.00 3.32 443.37 439.36 74

~l 78'5 2·22 Q·~2 2.93 443.87 439.42 75
~ ~~ M ,. .... , .~~ A-. 7§..
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•FI Md COfltf"{l] Oistr'iet (if Mar'lc(ipa CCIIJnh'
Lifl€ar Reservoir Sneetflow Model
AU9ust,1931

6 8

1 WATERSHED SUBAREA ~JMBER = 211
1
2

2 3 I

3 ~JATERSHED AREA = 3.32 SQUARE MILES SLOPE =0.002 LENGTH =17424.00 4

4 MANNING'S N=0.060
5
6

5 I

TIME OF CONCENTRATION = 3.04 HOURS @INTENSITY OF 6.16 INC~ES/HR.
7

6 e
7 DEPRESSION STORAGE IS 1.000 INCHES

9

8 10 I

PEAK DISC.HARGE OF 1560.22 CFS OCCURS AT 60 MINUTES 11
9 12

10 13

11
14

I
15

12 16

13 17

14 TIME INTENSITY INFLOWCC.fS) OllTFLOW(CFSI INFLOWCAC-FT> OUTFLOW(AC-FTl 18

.1 ~I foP .~. o.qg 0·29 0.00 0.00
19 I

15 ::.-I,.;L
r.~ ~ ,.,~ ~ " ........ 20

16
.~ \. ..' • .V·J .LV''''.'oJ ·..... ·_·v .......60- 21
29 1.72 3635.11 1424.49 201.50 20.30

17 43 0.81 17:<.'5.43 1524.37 241.49 49.64 22

~7 0.31 173~.~~ 1~~4.?? ?Z~·9~ .?%.~~
23

18 • AA 24

19 '. v.vv v.vv 1,,'''<N .L.'-"L.J. ... Jo.\.,; ....... 25
35 0.00 0.00 1193.77 232.13 1:-<2.32 26

20 '"79 0.00 0.00 1024.06 282.13 154.05 ,

113 0.00 O.go ~Z§·1r ~~~.~~ 1?~·f~
27

21 28

22
J.LI v.vv V,""'. r.J..... \o.i LlTL.T" .VI.'.}\' 29
141 0.00 0.00 646.45 232.13 201.27 30

23 155 0.00 0.00 554.55 282.13 212.77
~~2 0·22 2·22 ~~.?? ?§?1~ ~?2.~~

31
24 32

25
1\.'. V.VV ••• V. rv\..v LVL..... ......l ..... 33
197 0.00 0.00 350.07 282.13 238.34 34

26 211 0.00 0.00 300.30 282.13 244.57
225 0.00 0.00 ~~7.g ~~?q ~1? ?1.

35
27 36

28 ~~~ 0:00 v.vv LLV., LQL.". L'J- • 37
L·J.. 0.00 189.57 282.13 258.42 38

29 267 0.00 0.00 162.62 232.13 261. 79 ,

281 0.00 0.00 139.50 232.13 ~61·68
39

30 40
~

31
... ,..,. v.vv V.VV 11, .0;.>, LO.c..J.-.J

~6r' 2:; 41
309 0.00 0.00 102.66 232.13 L 'I. l 42

32 :323 0.00 0.00 88.06 232.13 271.11 I

~7 0.00 0.00 75.~4 232.13 272.68
43

33 44

34 '~'~ v.vv v.vv O' .0. LI.LI i,J L .VL 45
365 0.00 0.00 55.59 232.13 27'5.17 46

35 379 0.00 0.00 47.69 232.13 276.16
393 Q·2Q O·Q2 40.91 282.13 ~ZZ·Ql

47
36

,~ 48

37 TV v.vv V.V~ ""'''-IV LOLli""", L 49
421 0.00 0.00 30.10 232.13 273.36 50

38 435 0.00 0.00 25.82 282.13 278.90 ,

449 0.00 0.00 22.15 282.13 279.36
51

39 52

40 53

41
54
55

,

42 56

43 57

44 58

45
59
60

46 61

47 62
63

48 64
~ -- -- ..

49 65

50 66 I
67

51 68
f--- - -- - - - -_.~- - - - - -----------

52 69

53 70 1 /

71
54 72_.- - - - ---- --- --- ._- . - - , ,- ,----
55 73

56
74

l
~7

75
7~
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80161268646056

CP 1389

------ 100 YR. UNIFORM STORM

100 YR. SELECTIVE STORM

~'..

TIM E ' HOURS
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•
+00000000000000000000000000000000000000000000000000000OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOCOOOOOOO000000000000000000000000

•
•

•

•

•
•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•
•

13:24:50
13:3Q:58
13:40:02

10-AUG-88
10-AUG-88
10-AUG-88

AOS/VS REV 07.57
AOS/VS XLPT REV 07.56

AOS/VS REV 7.57.00.00

PATH=:UDD:HYD.DJP:GUADALUPE.OUT

CREATED:
NQUEUED:

PRINTING:

$ $ $ $$$$ $$$$ $ $$$$
$ $ $ $ $ $ $ $ $ $ $
$ 't $ $ $ $ $ $ $ $ $
$$$$$ $ $ $ $ $ $ $$$$
$ $ $ $ $ $ $ $ $
$ $ $ $ $ $$ $ $ $ $ $
$ $ $ $$$$ $$ $$$$ $$$ $

DEST=HYD.DJP USER=HYD.DJP QUEUE=LPT DEVICE=@LP
SEQ=12457 QPRI=128 LPP=66 CPl=136 COPIES=1 LIMIT=89

$S$$ $ $ $ $$$$ $ $ $ $ $$$$ ~$$$$ $$$ $ $ $$$$$
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

$ $ :$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
$ $ $ $ $ $ $ $ $ $ $ $ $$$$ $$$$ $ $ $ $ $
$ $$ $ $ $$$$$ $ $ $$$$$ $ $ $ $ $ $ $ $ $ $
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $$ $ $ $ $ $

$$$$ $$$ $ $ $$$$ $ $ $$$$$ $$$ $ $$$$$ $$ $$$ $$$ $

+OOOOOOOOOOOOOOOGOOOOOOOGOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOGOOOOOOOOOOO000000000000000000000000

•

•

•
•

•

•

•

•

•
•

•

•

•

•
•

•

•
•

•
•

•



**** AOS/VS REV 7.57.00.00 I BATCH OUTPUT FILE ****

AOS/VS 7.57.00.00 I EXEC-32 7.57.00.00 10-AUG-88 13:24:52
QP~I=128 SEQ=12451
INPUT FILE -- :UDD:HYD.DJP:?75.CLI.00001.JOB (WILL BE DELETED AfTER PROCESSING)
LIST FILE -- :QUEUE:HYD.DJP.lIST.12451

•

•
•

•

•
•

•

•

•
•
•

•

•

•

•

•

•
•

•
•

•
•

***********
***********

*** ***
*** ***

*** ***

13:24:54

*** ***
************

************

8:20:02

0:36:12

10-AUG-88

*******
************

**** ***
***

***
*** ***
***********

*******

10-AUG-88

25-0CT-86

***************
************

***
*******

******
***

****
******

LAST PREVIOUS LOGON

AOS/VS eLI REV 07.56.00.00
) SEARCHLIST :UTIL,:MACRCS,:
) DIRECTORY :UDD:HYD.DJP
) DEF~CL HYD.DJP,OWARE
)
)
) LISTFILE GUADALUPE. OUT
) DATAFILE GUADALUPE
) SEA :UTIL:HEC1.DIR,(!SEAJ
) X HEC1_START

LAST MESSAGE CHANGE

•
•
•

•

•
•

•

•
•

•

•
•

•

•

•

•
•

•
•

•

•
•



._------------------- - -----~--------

THIS PROGRA~ REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1D9, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THE VERSION RELEASED 31JAN85
CONTAINS NEW OPTIONS ON RL AND SA RECORDS, AND ADDS THE HL RECORD. SEE JANUARY 1985 INPUT
DESCRIPTION FOR NEW DEFINITIONS.

•
•
•

•

•

•

•

•

•

•
•
•

•

•

•

•

•

•

•

•

•

•

**
***************************************

***************************************
* ** U.S. ARMY CORPS OF ENGINEERS *
* THE HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *

* (916) 440-3285 OR (FTS) 448-3285 *

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

*

*
*
*
*

TIME13:24:55 *

FLOOD HYDROGRAPH PACKAGE (HEC-1)
FEBRUARY 1981

REVISED 31 JAN 85

*****************************************

* RUN DATE 8/10/198
*

*
*
*
*

*****************************************
* *

•

•

•

•

•

•
•

•
•

•
•

•
•

•
•
•
•

•
•

•

•
•



-------------------------------------- ---- .----- - - -- --.--- ----------------- - - ---- - --- - - - -- - ---------- ---- - -----~_._------

• •
• •

HEC-1 INPUT PAGE 1

• 10. • • • • • • 1 • • • • • • .2. • • • • • .3. • • • • • .4. • • • • • .5. • • . • • .6. • • • • • .7. • • • • • .8. • • • • • .9. • • • • .10 •LINE

• *** FREE *** •*D1AGRAM
1 10 GUADALUPE DAM WATERSHED ANALYSIS

• 2 1D HDMC JUNE 30, 1988 •3 1D GLEN VORTHERMS
4 ID RAINFALL: CENNTE~IAL WASH SEPT. 1, 1984 STORM .-

-_.
----......",• 5 IT 5 30JUN88 1200 150 ~ -~ •6 5 0 //f ) ,J/ /10

/ /
• 7 KK SU81 e, (?,J- / •8 KO 0 2 / ~ /

9 SA 0.346 au ~

• 10 IN 1 5 G) 11~. ( I Lj ( (I ~ lot) •11 P9 6.64
,~/t( - 1,it;l.

12 PI 0.45 0.45 0.45 0.45 0.688 0.688 0.6-88 0.688 0.46 0.46

• 13 PI 0.46 0.46 0.063 0.06~06 .063

0~ •14 LS 0 88 ' 2. i1 '"l..! 000, ,/

1 5 UI 0.0 35.0 110.0 235. 33. 381.0 347.0 259.0 196.0 162.0

• 16 UI 122.0 93.0 82.0 75.0 53. 46.0 28.0 23.0 20.0 13.0 •17 UI 12.0 11 .0 12.0 6.0 6.0 5.0 5.0 1.0 0.0

• 18 KK SUS2 •19 SA .571
20 LS 0 88

• 21 UI c.o 38.0 97.0 199.0 326.0 447.0 452.0 481.0 404.0 327.0 •22 UI 262.0 229.0 184.0 153.0 122.0 107.0 100.0 94.0 69.0 60.0
23 UI 53·.0 30.0 29.0 31 .0 16.0 16.0 15.0 15.0 14.0 14.0

• 24 UI 7.0 7.0 7.0 7.0 6.0 1 .0 0.0 •
25 KK COM31&2

• 26 HC 2 •I Of 1
27 KK ROUTE

• 28 RK 8785 .025 0.030 TRAP 50 1 •
29 KK SU83

• 30 SA .521 •31 LS 0 88
32 UI 0.0 45.0 127.0 279.0 437.0 492.0 518.0 414.0 330.0 258.0

• 33 UI 215.0 166.0 130.0 114.0 105.0 86.0 65.0 56.0 32.0 31.0 •34 UI 27.0 17.0 16.0 10.0 15.0 12.0 8.0 7.0 7.0 7.0
35 UI 0.0 0.0

• •36 I(K COM9(1&2) & 3
37 HC 2 g• •38 KK ROUTE
39 RK 5020 .0149 0.30 TRAP 50 1

• 40 SU84 •KK
41 SA .517

• 42 LS 0 80 •43 UI 0.0 226.0 719.0 1221.0 1033.0 491.0 181.0 93.0 26.0 13.0
44 UI 0.0

• •
--,---~._-



•
•
• LINE

• 45
46
47•
48
49• 50
51
52• 53
54
55• 56
57
58• 59
60
61•

•
•
•
•
•
•
•
•
•
•
•
•

---~---

HEC-1 INPUT

I D• • • • • • .1. • • • • • .2. • • • • • .3. • • • • • .4. • • • • • .5. • • • • • .6. • • • • • .7. • • • • • .8. • • • • • .9. • • • • .10

KK CO~'B(1&2&3) &, 4
HC 2
KO 3 2

KKGUAD_DAM
KO 3 2
RS 1 STOR 0
SV 0 4.65 12.8 25.8 43.0 63.6 87.8 115 147 184
SV 226 275 328 388 454 526 564
SE 1250 1252 1254 1256 1258 1260 1262 1264 1266 126
SE 1270 1272 1274 1276 1278 1280 1281
SQ 0 14 1 5 16 17 18 18 1 B 19 322
SQ 1139 2369 3960 5870 8020 10420
SE 1259 1260 1262 1264 1266 1268 1270 1272 1274 1275
SE 1276 1277 1278 1279 1280 1281
SS 1274 0 0 0
ST 1281 2910 3.05 1 .5
IZ

PAGE 2

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•



-----------

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION• •

• •

•

•

•

•

•

•

•

•

•

•

•

•

•
•

- - -- ---~ -+- --------------- - -- -- -

SU84

SCHEMATIC DIAGRAM OF STQEAM NETWORK

SU81
•

COMS ••••••••••••

SU93

CO~8 ••••••••••••

COMS ••••••••••••

•

sua2

v
V

ROUTE

V
V

ROUTE

(V) ROUTING (---» DIVE~SION OR PUMP FLOW

(.) CONNECTOR «---) RETURN OF DIVERTED OR PUMPED FLOW

V
V

GUAD_DAM

7

3

45

27

29

25

36

48

40

18

NO.

INPUT
LINE

• •

• •

•

• •

•

• •

•
•

•

•

•

•

•
•

•
•

•
•

• •
• •



*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

*****************************************

*****************************************
* ** FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* FEBRUARY 1981 *
* REVISED 31 JAN 85 *

•
•

•
•

•

•

•
•

•
•

•

•

•

•
•

•

•

•
•

•
•

•

***************************************
* ** U.S. ARMY CORPS OF ENGINEERS *
* THE HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *

* (916) 440-3285 OR (FTS) 448-3285 *
* *
***************************************

.08 HOURS
12.42 HOURS

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALE

PRINT CONTROL
PLOT CONTKOL
HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE
STARTING TIME
NUM8ER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME

*

*

SQUARE MILES
INCHES
FEET
CUSIC FEET PER SECOND
ACRE-FEET
ACRES
DEGREES FAHRENHEIT

5
30JUN88

1200
150

1JUL88
0025

DATA

VAR.IABLES
5
2

o.

VARIABLES
5
o

o.

TIME13:25: 0 *

SU81 *

COMPUTATION INTERVAL
TOTAL TIME BASE

OUTPUT CONTROL
IPRNT
IPLOT
QSCo,L

GUADALUPE DAM WATERSHED ANALYSIS
FCDMC JUNE 30, 1988
GLEN VORTHERMS
RAI~FALL: CENNTENI~L WASH SEPT. 1, 1984 STORM

OUTPUT CONTROL
IPRNT
IPLOT
QSCAL

HYDROGR.4PH TIM
NMIN

rDATE
ITIME

NQ
NDDATE
NDTIME

**************
* *
*
* *
**************

ENGLISH UNITS
DRAINAGE AqEA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOW
STOR~GE VOLUME
SURFACE AREA
TEMPERATURE

IT

6 10

8 KO

7 KK

** RUN DATE 8/10/1988

*

•

•

•

•
•

•

•

•

•

•

•

•

•

•

•

•
•

•

•

•
•

•



• •
• •STATION SUB1

• (0) OUTFLOW •o. 100. 200. 300. 400. 500. 600. o. o. o. O. O. o.

• (L) PRECIP, (X) EXCESS •.0 .0 .0 .0 .0 .0 .0 .0 .0 • 3 • 2 .1 .0
DAHRMN PER

• 301200 10---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------. •301205 20 · · · · · · · · · · LLLLLLLLLLLLLLL.
301210 30 · · · · · · · · · · LLLLLlLlLLLLllL.

• 301215 40 · · • · · · · · · · LlLLllLlllLlLXX. •301220 50 · · · · • · · · · · LLLlLLLLLLLXXXX.
301225 60 • · · • · · • · • · LLlLLLLLLXXXXXX.

• 301230 7.0 · · · · • · · · · · LLLLLlLlXXXXXXX. •301235 8. 0 · · · · · · • · · · lLllLLLXXXXXXXX.
301240 9. 0 · · · · · · · · · • lLlllLXXXXXXXXX.

• 301245 10. 0 · · · · • · · · · · LlLLLXXXXXXXXXX. •301250 11 • · · · .0. · · · · · · · · · · · · · · · · · · · · · · · · · • · · . · · · · · · · · · · · · · · • · .LLlLXXXXXXXXXXX.
301255 12. · 0 · · · · · · · · · lLlLXXXXXXXXXXX.

• 301300 13. · 0 · · · · · · · · · lLLLXXXXXXXXXXX. •301305 14. · o • · • · · • • • LLLLlXXXXXXXXXXXXXXXXXX.
301310 15. · 0 · · · · · · · llLlXXXXXXXXXXXXXXXXXXX.

• 301315 16. · · 0 · · · · · · · llLlXXXXXXXXXXXXXXXXXXX. •301320 17. · · 0 · · · · · · · lLlXXXXXXXXXXXXXXXXXXXX.
301325 18. • · 0 · · · · · · lLlXXXXXXXXXXXXXXXXXXXX.

• 301330 19. · · • 0 · · · · · · lllXXXXXXXXXXXXXXXXXXXX. •301335 20. · · · o • · · · · · llXXXXXXXXXXXXXXXXXXXXX.
301340 21 • · · · · · · · · · · · · · · · · · · · .0. · · · · · · · · · · · · · · · · · · · · · · · · · .LLXXXXXXXXXXXXXXXXXXXXX.

• 301345 22. · · · • 0 • · · · • LlXXXXXXXXXXXXXXXXXXXXX. •301350 23. • · · · 0 • · · · · llXXXXXXXXXXXXXXXXXXXXX.
301355 24. · · · · o • · · · · LlXXXXXXXXXXXXXXXXXXXXX.

• 301400 25. · · · · 0 · · · · lXXXXXXXXXXXXXXXXXXXXXX. •301405 26. · · · · .0 · · · • · lXXXXXXXXXXXXXX.
301410 27. · · · · • a · · · · · LXXXXXXXXXXXXXX.• 301415 28. · · · · • 0 · · · · · XXXXXXXXXXXXXXX. •301420 29. · · · · • 0 • • • • • XXXXXXXXXXXXXXX.
301425 30. · · · · 0 · · · · · XXXXXXXXXXXXXXX.

• 301430 31 • · • · · · · · · · · · · · · · · · · · · · · .0. · · • · · · · · · · · · · · · . · · · · • · · · . · .XXXXXXXXXXXXXXX. •301435 32. · · · • 0 · · · · · · XXXXXXXXXXXXXXX.
301440 33. · · · · 0 · · · · · · XXXXXXXXXXXXXXX.• 301445 34. · · · · 0 · · · · · • xxxxxxxxxxxxxxx. •301450 35. · · · • 0 · · • · · · XXXXXXXXXXXXXXX.
301455 36. · · · • 0 · · · · · · XXXXXXXXXXXXXXX.• 301500 37. · · • • 0 · · · · · • XXXXXXXXXXXXXXX. •301505 38. · · · .0 • • • • • • · xx.
301510 39. · · · 0 · · · · · • · xx.

• 301515 40. · · · o. · · · · · · • xx. •301520 41- · · · · · · · · · · · · · · · · .0. · · · · · · · · · · . . . · · · · • · • · · · · · · · · • • · · · . . • · • • • xx.
301525 42. • · .0 · · · · · • · · xx.

• 301530 43. · · 0 · · · · · · · · • xx. •301535 44. · .0 · · · · · · • · · xx.
301540 45. · o • · · · · · · • · • xx.

• 301545 46. • 0 · · · · · · · • · • xx. •301550 47. · 0 · · · · · · · · • • xx.
301555 48. • a · · • · · · · · · · xx.

• 301600 49. .0 · · · · · · · · · · xx. •301605 50. 0 · · • · · · · · · • •
301610 51 • · · • a • · · · · · · · • · · · · · · · · · • · · · · · · . . · · · · · · · • • · . · · · · • · · · · . • . · . • . . •• 301615 52. o • · · · · · · · · • · · •301620 53. 0 · · · · · · · · · · · •



301625 54. 0 · · · · · • • · · • •• 301630 55. 0 · · · · · • • · · • • · •301635 56. 0 · · · · · · · · · •

• •301640 57. 0 · · · · · · · · · • •• 301645 58. 0 · · · · • · · · • · · · •301650 59. 0 · · · · •
301655 60.0

• 301700 61 .0. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • · · · · · · · · · · · · · · · · · • · · · · · · •301705 62.0
301710 63.0 - · · · · · · · · •• 301715 640 · · · · · · · · · · · · •301720 650 · · · · · · · · · • • •
301725 660

• 301730 670 · · · · · · · · · · · • •301735 680 · · · · · · · · · · ·301740 690 · · · · · · • •• 301745 700 · · · · · · · · · · · · •301750 710 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · • · • · · · · • · · · • •
301755 720

• 301800 730 · · · · • · · • · • · · •301805 740 · · · · · · · · • •
301810 750

• 301815 760 · • · · · · · · · • • · •301820 770 · · · · • • · · · · • •
301825 780 · · · · · · · · · •• 301830 790 · · · · · · · · · · · · •301835 800 · · · · · · · · · •
301840 810 · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · • · · · · · · · · · • • · · •• 301845 820 · · · · · · · · · · · · •301850 830
301855 840

• 301900 850 · · · · · · · · · • • · •301905 860
301910 870

• 301915 880 · · · · · • · · · · · · •301920 890
301925 900 - · · · · · · · · · •• 301930 910 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · • · · · • · · · · · · • · · · · · · · · •301935 920 • · • • • • • • •
301940 930

• 301945 940 · · · · · · · · · · · · •301950 950 · · · · · · · · · · •
301955 960 · · · · · • • • · · •• 302000 970 · · · · · · · · · • • · •302005 980 · · · · · · · · · • · •
302010 990 · · · · · · · · • •• 302015 1000 · · · • · · · · · • • · •302020 1010 · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · • · • • • · • · • • · • · · •
302025 1020 · · · · · · • •• 302030 1030 · · · · · · · · • • · • •302035 1040 · · · · · · • · •
302040 1050 · • · · · · · · · · •• 302045 1060 · · · • · · · · • · · · •302050 1070
302055 1080 · • · · · · · · • • •• 302100 1090 • · · · · · • · · • · · •302105 1100 · · · · · · • • · · •
302110 1110 · · · · · · · · · · · · • · · · · · · · · · · • · · • · · · · · · · · · • · · · · · · · • · · • · • · · · • · · · · •• 302115 1120 · · · · · · · • • • · • •302120 1130
302125 1140

• 302130 1150 · · · · · · · · · · · • •302135 1160 · · · · · · · · - - • ·-- ----- _.- - - - -- -



302155

• 302200
302205
302210

• 302215
302220
302225

• 302230
302235
302240

• 302245
302250
302255

• 302300
302305
302310

• 302315
302320
302325

• 302330
302335
302340

• 302345
302350
302355

• 10000
10005
10010

• 10015
10020
10025

•
•
•
•
•
•
•
•
•
•

1500---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.

•

•

•

•

•

•

•

•
•

•

•

•

•

•
•

•

•

•

•

•

•

•

•

•

•

•

·

• •

•

•

•

•

•

·
•

•

•
•

•
•

•

•

1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490

1180
1190

302145
302150•

•



*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

HYDROGR~PH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

HYDROGRAPH AT STATION

•

•

•
•

•
•

•

•

•
•

•

•

•

•

•

•

•

•
•
•

•

•
***

12.42-HR
508.

5.001
521 •

***

***

CO~

MAXIMUM AVERAGE FLOW
24-HR 72-HR

508. 508.
5.001 5.001

521. 521.

1.95 SQ MI

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALE

***

6-HR
1038.
4.935

515.

VARIABLES
3
2

o.

(1&2&3) & 4
*

CUMULATIVE AREA =

(CFS)
(INCHES)

(AC-FT)

***

COMB *

OUTPUT CONTROL
IPRNT
IPLOT
QSCAL

TIME
(HR)
2.50

* *
**************

**************
*
*

***

46 HC

45 KK

47 KO

PEAK FLOW
(CFS)

2604.

•

•

•

•
•

•

•
•
•

•

•

•

•
•

•

•
•

•

•
•
•
•



-----

• •
• •

STATION COMB

• (0) OUTfLOW •
O. 400. 800. 1200. 1600. 2000. 2400. 2800. O. O. O. O. O.

• DAHRMN PER •301200 10---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.
301205 20

• 301210 30 · · · · · · · · · • · • •301215 40
301220 50

• 301225 60 · · · · · · · · · · · · •301230 70 · · · · · · · · · · •
301235 8.0

• 301240 9. 0 · · · · · · · · · · · · •301245 10. 0
301250 11 • · 0

• 301255 1 2 • 0 · · · · · · · · · · · · •301300 13.
301305 14. 0

• 301310 1 5 • 0 · · · · · · · · · · · · •301315 16. C
301320 17. · C

• 301325 18. · 0 · · · · · · · · · · · •301330 19. • · 0
301335 20. · · 0

• 301340 21- · · · · · · · · · · · · · · · .0. · · · · · · · · · · · · · · · · · · · · • • · · · · • · · · · · · · · · · · · · · • · •301345 22. · · · 0
301350 23. · · · · 0 · · · · •• 301355 24. · · • · 0 · · · · · · · •301400 25. · · • · · 0 · · · · • · •
301405 26. · · · · · o. · · • •• 301410 27. · · · · · · 0 · · · · · · •301415 28. · · · · · · 0 · • · · •
301420 29. • · · · • · 0 · · · · · •• 301425 30. • • · · · · 0 · · · · · · •301430 31- · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · • .0. • • • • • • • • · • • • • • • • • • • • • • • • • • •
301435 32. · · · · · · 0

• 301440 33. · • · · · · 0 · · · • • · •301445 34. · · · · · · 0
301450 35. • · " · · · 0 · · • · · •• 301455 36. · · · · · .0 · · · • · · •301500 37. · · · · · 0 · · · • · •
301505 38. · · · · · 0 · · • • · •• 301510 39. · · · · · 0 · · • · • • · •301515 40. · · · · · 0 · · · · • · •
301520 41- · · · • · • · · · " · · · · · · · • · · • · · · .0. · · · · · • · · · · · · • · · · • · · · • · • · · · · • • · · · · •• 301525 42. · · · · 0 · · · · · · · · •301530 43. · · · · 0 · · · · · · • •
301535 44. · · · .0 • · · · · · · •• 301540 45. · · · 0 · • · · · · · · • •301545 46. · · · 0 · · · · · · • •
301550 47. · · · 0

• 301555 48. · · 0 · · · · • · · · · •301600 49. · · 0 · · · · · · • • • •
301605 50. · · 0 • · · · · • · • • •• 301610 51- · · · • · · · · · · 0 · · · · · • · · · • · · · · · · • · • · · · · · · • · • · · • · · · · • · · • • · · • · · • • · · •301615 52. · 0 · · · · · · · · · •
301620 53. · 0

• 301625 54. • 0 · · · · • • · • · · · •301630 55. · 0
•.- = - .



301635 56. · 0 · · · •• 301640 57. · 0 • · · · · · · • · · • •301645 58. .0 · · · · · •

• •301650 59. 0 · · · · · · · · · · •• 301655 60. o. · · · · · · · · · · · •301700 61 • · · · 0 · · · · · · · · · • · · · · · · · · · · · · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
301705 62. 0 · · · • · · · · •• 301710 63. 0 · · · · · · · · · · · · •301715 64. 0 · · · · · · · •
301720 65. 0 · · · · · · · • • •• 301725 66. 0 · · · · · · · · · · · · •301730 67. 0
301735 68. 0 · · · · · · · · · · • •• 301740 69. 0 · · · · · · · • · · • · •301745 70. 0 · · · · · · · · · •
301750 71 • .0. · · · · · · · · · · · · · · · · · · · · · · · • · • · · · · · · · · · · · • · · · · • · · · · · · · · · · •• 301755 72. 0 · · · · · · · · · · · · •301800 73. 0 •
301805 74. 0

• 301810 75. 0 · · · · · · · · · · · · •301815 76. 0
301820 77. 0

• 301825 78. 0 · · · · • · · · · • · · •301830 79. 0 · · · · · · · · · •
301835 80.0

• 301840 81 .0. · · • · • · · · · · · · · • · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · •301845 82.0 · · · · · · · · • · •
301850 83.0

• 301855 84.0 · · · · · · · · • · · · •301900 85.0 · · · · · · · • •
301905 86.0

• 301910 87.0 · · · · • · • · · · • · •301915 88.0
301920 89.0

• 301925 90.0 · · · · · · · · · • · · •301930 91 .0. · · · · · · · · · · · · · · · · · · · • · · · • · · · · · · · · · · · · · • · · · • · · · • · · • · · · · · •
301935 92.0

• 301940 93.0 · · · · · · · · · • · · •301945 94.0 · · · · · · · · • • • •
301950 95.0

• 301955 96.0 · · · · · • · · · · · · •302000 970 · · · · · · · · · •
302005 980 · · · · · · · · · · • •• 302010 990 · · · · · · · · • · • · •302015 1000 · · · · · · · • • · •
302020 1010 · · · · · · · · · · · · · · • · · · · · · · • · · · · · · · • · · • · · · · · • • · • · · · · · · · · • · · · · · • · •• 302025 1020 • · · · · · · · · · · · •302030 1030 · · · · · · · • · •
302035 1040 · • · · ·• 302040 1050 · · · · · · · · · • • • •302045 1060 · · · · · · · · · ·302050 1070 •• 302055 1080 · • · · · · · • • · • · •302100 10QO · · · · · · · · · · · •
302105 1100 · · · · · · · · · •• 302110 1110 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · • • • · · • • • · • • • · • · · · · • • • • • · · · •302115 1120 · · · · · · · · · · · •
302120 1130 · · · · · · · •• 302125 1140 · · · · · · · · • · • · •302130 1150 · · · · · · • • · •
302135 1160 · · · · · · · • · •• 302140 1170 · · · · · · · · · · · · •302145 1180 · · · · · · · · · •----,-,-
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1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490

302 T,'0-1191)
302155 1200
302200 1210

302205

• 302210
302215
302220

• 302225
302230
302235

• 302240
302245
302250

• 302255
302300
302305

• 302310
302315
302320

• 302325
302330
302335

• 302340
302345
302350

• 302355
10000
10005

• 10010
10015
10020

• 10025

•
•
•
•
•
•
•
•
•
•

•
•



de .. r= £' a me. G S 2 S • 7 e· y:' .« 13 S ' ~- ? sed

.. *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

•

•

•

•
•

•

•

•

•

•
•

•

•

•

•

•

•

•

•

•
•
•

•

147.00
17.00

1266.00

115.00
16.00

1264.00

87.80
15.00

1262.00

87.8 115.0 147.0 184.0
564.0

1262.00 1264.00 1266.00 1268.00
1281.00

18. 18. 19. 322.

1270.00 1272.00 1274.00 1275.00

63.60
14.00

1260.00

53.30
.00

1259.00

43.00
.00

1258.00

25.80
.00

1256.00

12.80
.00

1254.00

PRINT CONTROL
PLOT CONTROL
HYDROGR~PH PLOT SCALE

NUMBER OF SUB~EACHES

TYPE OF INITIAL CONDITION
INITIAL CONDITION

WORKING RAND 0 COEFFICIENT

1
STaR
.0
.00

4.65
.00

1252.00

VARIABLES
3
2

o.

*

.00

.00
1250.00

STORAGE .0 4.6 12.8 25.8 43.0 63.6
226.0 275.0 328.0 388.0 454.0 526.0

ELEVATICN 1250.00 1252.00 1254.00 1256.00 1258.00 1260.00
1270.00 1272.00 1274.00 1276.00 1278.00 1280.00

DISCHARGE o. 14. 1 5. 1 6. 17. 18.
1139. 2369. 3960. 5870. 8020. 10420.

ELEVATION 1259.00 1260.00 1262.00 1264.00 1266.00 1268.00
1276.00 1277.00 1278.00 1279.00 1280.00 1281.00

SPILLW~Y

CREL 1274.00 SPILlwAY CREST ELEVATION
SPWID .00 SPIllWAY WIDTH

COQl". .00 WEIR COE~FICIENT

EXPW 1. 50 EXPONENT OF HEAD

TOP OF DAM
TOPEL 1281.00 ELEVATION AT TOP OF DA

DAT"WID 2910.00 DAM WIDTH
COQD 3.05 WEIR COEFFICIENT
EXPD 1 .50 EXPONENT OF HEAD

***

CO~PUT~D STORAGE-OUTFLOW-ELEVATION DATA

(INCLUDING FLOW OVER DAM)

OUTPUT CONTRCl
IPRNT
IPLJT
QSCAL

STORAGE ROUTING
NSTPS

lTYP
RSVRIC

X

HYDROGRAPH ROUTING DATA

**************
*

**************
* ** GUAD_DAM *

STORAGE
OUTFLOW

ELEVATION

55 SQ

57 SE

53 SE

59 55

51 SV

50 RS

60 ST

48 KK

49 KO

•
•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•
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•

•

•

•

•

•

•
•

•

•

•

•

•

•

•

•

•

•

•

•

•
8020.00
1280.00

5870.00
1279.00

3960.00
1278.00

2369.00
1277.00

1139.00
1276.00

*********

Co

18.00
1270.00

18.00
1268.00

***

564.00
10420.00

1281.00

STORAGE
OUTFLOI~

ELEVATION

S
OUTFLOW

ELEVATION

***

HYDROGRAPH AT STATION GUAD DAM

PEAK OUTFLOW IS 1167. AT TIME 3.92 HOURS

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 12.42-HR
1167. 3.92 (CFS) 379. 191 • 191. 191-

<INCHES) 1.803 1 .879 1 .879 1.879
(AC-FT) 188. 196. 196. 196.

PEAK STORAGE TIME MAXIMUM AVEoAGE STORAGE
(AC-FT) (HR) 6-HR 24-HR 72-HR 12.42-HR

389. 3.92 353. 278. 278. 278.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) 6-HR 24-HR 72-HR 12.42-HR

1276.02 3.92 1274.83 1270.56 1270.56 1270.56

CUMULATIVE AREA = 1.95 SQ 1"11

•

•
•
•

•

•

•
•

•

•
•

•

•

•

•
•

•

•
•

•

•
•



----------

• •
• •

STATION GUAD_DAM

• (n INFLOW, (0 ) OUTFLOW •
O. 400. 800. 1200. 1600. 2000. 2400. 2800. O. O. O. o. O.

• (S) STORAGE •O. O. O. O. O. O. O. 100. 200. 300. 400. o. O.
DAHRMN PER

• 301200 1r---------.---------.---------.---------.---------.---------s---------.---------.---------.---------.---------.---------. •301205 21 · · · • · s
301210 31 · · · · · S •• 301215 41 · · · · · S · · · · • · •301220 51 · · · · · S
301225 61 · · · · · S

• 301230 71 · · · · · S • · · • · · •301235 80! · · · · · S
301240 90 1 · · · · · S · • · · •• 301245 100 I · · · · · S · · • · · · •301250 110 • 1 · · · · · • · · · · · · · · · · · · · · · · · · · · · S • · · · · · • · • · · · · · •
301255 120 I · · · · · S

• 301300 130 I · · · · · S · · · · · · •301305 140 1 · · · · · • S
301310 150 1 · · · · · • S• 301315 160 1 · · · · • S · · · · · · •301320 170 · I · · · · • S · · · · • •
301325 180 · I · · · · · S • • • •• 301330 190 · · I · · · · S · · · • · · •301335 200 · · I · · · · S
301340 210 • · · · · · · · · · · · · · · • I • · · · · · · · · · · · · · · S · · · • · · · · · · · · · · · · · · · · · · · · •• 301345 220 · · · I · · · S · · • · • • •301350 230 · · · · I • · S
301355 240 · · · · I · S

• 301400 250 · · · · · I · s. · · · · · •301405 260 · · • · · I. S
301410 270 · · · · · · I · S

• 301415 280 · · · · · · I · S · · · · · •301420 290 · · / · • • • I • S • • • • •
301425 300 · · · · · · 1 · S

• 301430 310 • · · • · · • · · · · • • · · · · · · · · · · · · · · · · · · • I • · · · · · • S • • · · • · · · • • · · · · · · · · . . · •301435 320 · · · · · · 1 · • S · •
301440 330 • · · · · · I · · S · • •• 301445 340 · · · · · · 1 · · S • · • · •301450 350 · · · · · · I · · S · · •
301455 360 · · · · · • 1 · · S · · · •• 301500 370 · · · · · I · · S• · · • •301505 380 · · · · · I · · .5
301510 390 · · · · · I • · · · S · • •
301515 40. 0 · · · · · I · · · • S • · · •301520 41- . · .0. · · · · · · · · · · · · · · · · · · · · • I • · · • · · • · · · · • · · · • • · • · · .S. · · • · · · • · · • . •
301525 42. • 0 • · · I · · · · · S

• 301530 43. • O. · · I · · · · • S · • • •301535 44. · · 0 · • I · · · · · S
301540 45. · · 0 · I · · • · · · 5 · •• 301545 46. • · o • I • · · • · · s. • · •301550 47. O. T s.• · .. · • · · · · •
301555 48. · · 01 · · · · · · s. • •• 301600 49. · · I O. · · · · · · S. · · •301605 50. · · I o • · · · · · • 5. •
301610 51- . · · · · · · · • · I • .0. · · · • · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · • S • •• 301615 52. · I 0 · · · · · · · S · • • •301620 53. · I · 0 · · · • · · · S · •-----------



TOio-Z-, 54. -.-----r---.---O · · · · · · · s •• 301630 55. · I · 0 · · · • · · • S · · · •301635 56. · 1 .0 · · · · · · · S

• •301640 57. · I O. · · · · · · · S• 301645 58. ,
• 1 0 • · · · · • · • S · • · •301650 59. I 0 · · · · · · · • S • •

301655 60. I- 0 · · · · · · · · S• 301700 61 • . · · 1 · · 0 · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • S. · · · · · · · · · · · •301705 62. 1 · 0 · · · · · · • · S •
301710 63. I · 0 · · · · · · · · S• 301715 64. 1 .0 · · · · · · · · S · · · •301720 65. I 0 · · · · · · · · S
301725 66. I o. · · · · · · • · S

• 301730 67. I O. · · · · · · · · S · · · •301735 68. I 0 · · · · · · · · · S
301740 69. I 0 · · · · · · • · • S • •• 301745 70. I 0 · · · • · · · · • S · · · •301750 71 • • I • • 0. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • · · · • • S • •
301755 72. I 0 · · · · · · · · • S · •• 301800 73. I 0 · · · · · · · • · S · · · •301805 74. I 0 · · · · · · · · · S • •
301810 75. I 0 · · · · · · · · · S · • ·• 301815 76. 1 0 · · · · · · · · · S · · · •301820 77. I 0 · · · · • · · · · S · · •
301825 78. I 0 · · · · · · · • · S

• 301830 79. I 0 · · · · · · · · · S · · · •301835 80.1 0 · · · · · · · · · S
301840 81 • I • • 0. · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · • · · S • · • · • · •• 301845 82.1 0 • · · · · · · · · S · · · •301850 83.1 0 · · · · • · · · · S
301855 84.1 0 · · • · · · · · · S• 301900 85.1 0 · · · · · · · · · S · · · •301905 86. I 0 · · · · · · · · · S
301910 87.1 0 · · · · · · · · · S • · •• 301915 88.1 0 · · · · · · · · · S · · · •301920 89.1 0 · · · · • · · • • S
301925 90.1 0 · · · · · · · · • S• 301930 91.1.0. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • • · • · S · · • · · · · • • · · · • •301935 92.1 0 · · · · · · · · · S • • ·301940 93.10 · · · · · · · · · S

• 301945 94.10 · · · · · · · · · S · · • •301950 95.10 · · · · · · · · · S · · •
301955 96.10 • · · · · · · · · S · • •• 302000 971 0 · · · · · · · · · S · · • •302005 981 0 · · · · · · · · · S
302010 991 0 · · · · · · · • · S •• 302015 1001 0 · · • · · · • • · S · · · •302020 1011 0 • · • · · · · · · · · · · · · · · · · · • · · · · · · • · · · · · • • · · · · · · · · · • S •
302025 1021 0 · · · · · · · · • S
302030 10310 · · · · · · · • · S · • · •302035 10410 • • · · · • · · · S • •
302040 10510 • · · · · · · · · S• 302045 10610 · • · · · · · · · S · · · •302050 10710 · · · · · · · · · S · • •
302055 10810 · • · • · · • • · S · •• ~02100 10910 · · · · · · · · • S · · · •302105 11010 • · • · · · · · · S
302110 11110. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · • · • S • · · • • • • · · • · • •• 302115 11210 · · • · · · · · · S · · · •302120 11310 · · · · · · · · · S
302125 11410 · · · · · · · · · S• 302130 11 5 10 · · · · · · · · · S · · · •302135 11610 · · · · · · · · · S



1501---------.---------.---------.---------.---------.---------.---------.---------.---------.--S------.---------.---------.

302155

• 302200
302205
302210

• 30221 5
302220
302225

• 302230
302235
302240

• 302245
302250
302255

• 302300
302305
302310

• 302315
302320
302325

• 302330
302335
302340

• 302345
302350
302355

• 10000
10005
10010

• 10015
10020
10025

•
•
•
•
•
•
•
•
•
•

12010
12110. . . . · . . . . · . . . . · •
12210
12310
12410
1251
1261
1271
1281
1291
1301
1311
1321 •
1331
1341 · · · . •
1351
1361
1371
1381
1391
1401 · · •
141 I
1421
1431
1441
1451
1461
1471
1481
1491

•
•

•

•

•

•

•

•

•
•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•
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•

•

•

•
•

•

s
s

s
• S •

S
S
S
S
S
S
S
S
S

• S •
S
S
S
S
S
S
S

• S
S

• S •
S
S
S
S
S
S
S
S

•

•

•

•

---------------------- - - ----
•

------------ --------------------------2T7+U-ITTI~
302145 11810
302150 11910•

•
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RUNOFF SUMMARY
FLOW I~ CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD
OPERATION STATION FLOW PEAK 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT SUB1 526. 2.25 195. 94. 94.

HYDROGRAPH AT SU82 820. 2.33 322. 156. 156.

2 COMBINED AT COMB 1340. 2.25 517. 250. 250.

ROUTED TO ROUTE 1332. 2.42 516. 250. 250.

HYDROGRAPH AT SUB3 776. 2.25 294. 142. 142.

2 COMBINED AT COMS 2103. 2.33 809. 392. 392.

ROUTED TO ROUTE 2057. 2.58 799. 391- 391.

HYDROGRAPH AT SU84 749. 2.08 243. 117. 117.

2 COMBINED AT COMB 2604. 2.50 1038. 508. 508.

ROUTED TO GUAD_DAM 1167. 3.92 379. 191 • 191 •

BASIN
AREA

.35

.57

.92

.92

.52

1.44

1.44

.52

1. 95

1.95

MAXIMUM
STAGE

1276.02

TIME OF
MAX STAGE

3.92

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•



SUMMA~Y OF DAM OVERTOPPI~G/8REACH ANALYSIS FOR STATION GUAD_DAM

• •

****
• *LIST FILE EMPTY, WILL NOT BE PRINTED

****

•
•
•

•

•

•
•

•

•

•

•

•

•

•

•

•

•

•

•
-- - --

13:25:12

13:25:12

10-AUG-88

10-AUG-38

INITIAL VALUE SPILLWAY CREST TOP OF DAM
1250.00 1274.00 1281.00

STORAGE o. 328. 5
OUTFLOW o. 19. 10420.

MAXIMUM l\1AXIMUM MAXIMUM MAXIMUM DURATION TIME OF TIME OF
RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

W.S.ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

1276.02 • 00 389 • 1167. .00 3.92 .00

PLAN 1 •••••••••••••••

RATIO
F

P"'lF

1 • OC

*** NOR"'lAl ~ND OF HEC-1 ***
STOP
)

)

END OF FILE
AOS/VS ell TERMINATING

PROCESS 78 TERMINATED
ELAPSED TIME 0:00:20
(OTHER JOBS, SAME USERNAME:

NUMBER OF CONSOLE J08S, 1
NUM8eR OF BATCH JOBS, 0)

USER 'HYD.DJP' LOGGED OFF

•
•

•

•

•
•

•

•
•

•
•

•

•

•
•

•
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HYDRffiRAPH COMBINl1\jG AND ROUTING

HYDROLCX}IC ENGINEERING CEN'l'ER
/ COMPUTER PRffiRAM 23-J2-I232

1. ORIGIN OF PROORAM

This program was prepared in the Hydrologic Engineering Center,
Corps of Engineers, 650 Capitol Mall, Sacramento, California,
principally by Leo R. Beard. Up-to-date information anci copies
o~ source statement cards for various types of computers can be
obtained from the Center upon request by Government and cooperating
organizations.

2. PURPOSE OF PRffiRAM

a. This program written in Fortran II will route hydrographs
through river channels, given routing coefficients,and thrOUgh
reservoirs, given a table of fixed storaf,e-outflow relation, for
a river basin of any size and complexity to accomplish anyone of
the following:

(1) Given reservoir hold-outs and observed hydrographs
downstream, compute unregulated fl~ws

(2) Given observed or unregulated flows, compute local
inf'lows

. (3) Given hydrographs for all sub-areas (and local flows
at combining points, if. arty), compute routed and combined hydrographs •

. ·b. The program is also practical for single routings. Specified
ratios of input hydrographs can be routed, and any combination of
uniform and coefficient channel losses can be used.

c. Choices of methOds for each routing are:

(1) Puls method for reservoir routings, where outflow is
a function of storage only.

(2) Successive Puls method for channel routing, which is
similar to that used in Columbia River Basin studies Program
24-J3-HOOl.

(3) Puls-lag method for c~annel routing, which uses storage
outflow table, and lag of an exact multiple of routing interval.

(4) Musld.ngum method for channel routing with K, X and
number of identical reaches given.

".
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(5) Tatum me thcxl for channel routing with number of

steps designated as NTA1~.

(6) Straddle-stnr;ger method for channel routing.

d. Routing through reservoirs with downstream control and
intermediate uncontrolled runoff is not possible with this program
as written.

e. A listing of the source program and test input and output
data are given at the end of this report.

3. DESCRIFTIOI{ OF E~UIFNENT

a. This program vas prepared for use on the IBM 1620 computer
with 40,000 digit, variable word length memory, card input and output,
and is usable in the GE 225 and RCA 301 computers having comparable
memory.

b. Source decks for these and other types of computers are
available in the Hydrologic Engineering Center.

4. MErHODS OF COMPUTATION

a. Procedures for routing are described in EM 1ll0-2-l408,
"Routing of 1<'loOOs Through River Channels", in ES-l71 Technical
Bulletin No. 22 (~mltiple Storage), and in Handbook of Applied
HydrOlogy, by Ven Te Chow. These are briefly described as follows:

(1) Puls: Outflow is a function of storage and tte refore
·of storage indication (S+Q/2), which is determined from equation 1 •

.(l)

(2) Muskin~: Outflow is a function of prism and wedge'
storage, whic h are functions of inflow and o'utflow, determined as
follows:

'.

02 = (Cl - Ck)Il + C2 (I2+01 )

C1 = 2{Lt)/(2K(1-X)+~t)

. C2 = (,\t-2KX)/(2K(l-X)+.t)

2

(2)

(4)
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(3) Tatum: Instantaneous flows a routing interval
apart are averaged ·to obtain new instantaneous flow at end of
1n"Lerva]. 'l'hi" procedure iG repeated unti.l the number of steps
(Nl'A'PI"1) Limes the rouLin£l, interval 1s equal La twice the travel
Vlme for the reach. The routing interval can be longer (an
exact multiple) than the inflow interval, to cause greater
storage effect.

(4) straddle-stagger: Successive inflows numbering
NSTRL (at least 2) are averaged and the average is lagged LAG
intervals beyond middle of range over which flows were averaged.
In order to have outflows on correct timing, 1/2 time interval is
added by program to specified value of LAG if straddle (NSTRL)
is an· even n~T1ber. Thus, Tatum routing can be effected (but
less efficiently) by specifying NRCHS (number of reaches) instead
of ~~ATM as number of .Tatum steps and 2 for NSTRL and zero for
LAG.

b. Hydrographs can be routed and combined downstream at any
interval that is an exact multiple of the input interval. All
hydrographs must be read and Inust begin at the same time, but mey
be tabulated at different intervals·that are exact multinles of
each other. All routings (except Tatum) where it is not-necessary
can be repeated any number of times} using previous outflow for
new inflow} without intermediate print-out. Hydrograph output
from program 23-J2-L228, Unit Hydrograph and Hydrograph Computation,
can be used directly for input to this program. All routing proce
dure~ include the asswnption that flow bas been uniform prior to the
beginning of each hydrograpb at tbe flow rate of its first ordinate.

5. INPUT

a. Input for bydrograph reading and routing and combining
operations are summarized at the end of the text. All data are
entered consecutively on eacb card, using 8 col~ns (digits)
including decimal} if used) per v~riable and 10 variables per
card, unless fewer variables are called for, except column 1 of
each card is reserved for identification of the card series (A-F)
and not read by the computer. Thus, the first field on each card
is limited to 7 columns.

b. Each hydrograph (C, D) to be routed (local inflow is not
routed) must be followed by routing cards (E, F). Whenever a hydro
graph card contains a non-negative value or routing card contains a
positive value for NHGT (which calls for a combining operation) the
operation nrust be followed by the routing cards, unless it is the
last operation for the run (positive value for FIN). If the hydro
graph specification card contains a negative value of rlliGT, the
operation must be followed by another set of hydrograph cards.
Accordingly, NHGT should be left blank except as follows:

3
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(1) NRGT should be the number of hydrographs to be combined
immediate~ following the operation in which it is located.

(2) NRGT should be -1 if one hydrograph operation is to be
followed by another without an intermediate routing operation.

c. Hydrographs are stored automatically in the lowest available
canputer locations, and the highest locations used for hydrograph
storage are released as soon as hydrographs are combined at a combining
point. Hydrograrhs combined are those in the highest computer locations,
so once a p~drograph above any combining point is read, all remaining
hydrographs above that combining point must be read before any others,
so that they will be in the highest computer locations. Local inflow
or observed flow, if any, should be read last, since it calls for a
combining operation. Since only a limited number of hydrographs can
be retained in memory at anyone time, the first hydrograph read above
any combining point ,should be one of those having the most combining
points to pass through in order to reach the final combining point of
the system, so that hydrographs are not stored before they are needed.
All routings to the same combining point must have the same outflow
interval, but local inflow can have a shorter tabulation interval (exact
fraction)., Ordinates are normally in cfs at end of each interval (1TQ1).
However, average values in efs can be entered if a positive value of
lQAVG is given.

d. All values of 1'IQI '(C3 ) 1TQJ{ (El) and 1TQO (E2) should for
purposes of 3tandardization be 5, 15 or 30 minutes or 1, 2, 6, 12 or
24 hours eA~re6sed in minutes. No routing or outflow interval (1TQO
or ITQR) can be shorter than the longest upstream hydrograph interval
(ITQI) or upstream outflow interval (ITQO).

e. LNGTH is length of flooo. in hours and cannot exceed KQ (see
Fortran listing) times shortest interval used for any 1TQI, 1TQR or
ImO.

f.' At the end of each run (complete basin routing for one flooo.)
data for the next run will be accepted.

6. OUTPUT

a.lnput (inclUding hydrograph tabulations, if IPNCH is positive)

b. Routed hydrograph in cfs at end of each reach

c. Comoined hydrograph (or derived local flow) in cfs at each
combi,ning point

d. Reservoir inflow and outflow in cfs and storage in acre-feet.

4

, • r
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7. OPERATING INSTRUCTIO~S

Standard Fortran II operating instructions. No sense switches
used.

8. DEFINITION OF~

Terms used in this program are defined at the end of the text.

9•. EWU'LE

An example of each of the 3 basic program applications is given
as Exhibits 1, 2 and 3.

10. PROPOSED FUTURE DEVELOP'.MENT

a. It is anticipated that additions to this program will be
made from time to time. Alternative methods of routing and inclusion
of remote downstream controls on reservoir releases are contemplated.

b. It is requested that any user of this program who finds an
inadequacy or desirable addi~ion or modification notify the Hydrologic
Engineering Center.

5
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Tatum1 0-._- .. _.

3 0-- -
. Storage-lag

TEST DATA SEQUENCE
23-J2-L232

_\_.. --'--~-Jt---4_. Mus__ki---=:nguJn=--- 5 .

Straddle-stagger Local 7,
6 o------=-------~-

Ii _

Type of
Input

Inflow
location

LOCI

Outflow
location

LOCO

Combine
1.lYdrographs

NHGT

End of
run
FIN

CC«PUTlliG UNREGUIATED FLOWS ROUTInE

Three output title cards
Basin data card

Holdouts (C,D)
Routing (E)
Hydrograph (C~ )

4
4
5

5
.2 1

Ccro:uTDlG LOCAL FLOWS ROUTINE

Three output title cards
. Basin data card

.!

Hydrograph
Routing
HYdrograph
Routing

. Hydrograph

(C,D)
(E)
(C,D)
(E)
(C,D)

4
4
6
6
5

. 5 .

5
1

. HYDRCGRAPH COMBINING ROUTINE

Three output title cards
Basin data card

Hydrograph (C ,D) 1
Routing (E) 1 2
Hydrograph (C,D) 3
Routing (E ,F) 3 2
Routing (E ,F) 2 4
Routing (E) 4 5
Hydrograph (C,D) 6
Routing (E) 6 5
Hydrograph (C,D) 5

2

3 1

EXHIBIT 1

·,· .
!·I
f t

!
!-
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.Ct,-,-) !.~) .. ' .

Obe? \\EO))

1103
429

2

18C9

1038
714'

4

1617

351 448 544
U.92 ._ 12 4 6. __ .1307
2190 2493 2686
1234 968 702

_."..._.~ 4 36 ..__.._::.4 ~ 8._ .__-:'!CJ ~ _.
-641 -629 -641

... _.__ ..".. __ ._"..- ... _-----_._-------- .__ ..__ .

....... ?02 ..... _ .2_05 ...._....__ ?09 ._.~ 1.~ __ ._._...
260 270 280 291
422 449 482 516

"..._.....7 1 7 . .?_~'±_.__._7~_6 7 ~5.. _ .__ ... _... _
750 744' 738 732
678 670 662 654

584 648 86'3
1868 1478 1096

40 1.9 9
3 4

3 1
807 983 1317671

"--- ..... , ......

541
. 2398'

85

531)

457
2'332

121
5

11. ~

1;>033
1 ;> 4

5
76

OJ
. -

-1

.. f")

$// t PL ,t.'" /A/ PI/","- .... ''v, \0. ,

'" _ .A :.. ~. __•..:~:_.. . ~ .. _.: __ _ TEST. NO. 1.: .. .
A' HYnROGRAPH COMR IN I NG . AND ROUT I NG PROGRAM' f~ ,q .. - -- .
A - . COMPUT I NG UNREGULA TED FLOWS ROUT INE. li~

_ '" _ ..:=.S._.• -'-_--= ..L_ __ 66 5 .__ . _ 17 _.. Q5 129.0 __.__. .. _. __ __.._ _ . _ ._ _.•_ _
-c : 4 66 60
-D 36 73 218

._.. ._.. .::9 _.617 Q.99 .,_ 726. . _11 ~+.:. _~ 22 _.. 26.f3 _J 065
-r') 1367 1404 1428 1500 1585 1718 1924
-~ 2735 2638 2493 2311 2069 2287 1537
-r') 4u8 2,0 ,6 -1,3 -254 -339 -411-_.._----- _ -~- ----~_ _._.. ~.- ~.- -._.-" _._,- - ~ '-~._~~ _.. .._ ,- ..__ -.-
-D -520 -557 -~9, -60S . -605 -629 -629
-0 ~629 -629 -629 -617 -617 -605

"._."",._ -E._ .6.q._~_.. 12() ...·......_ .l ...._. .... ~...... _ ......_......'._ .. __....
-E 3.2.2 .
-C 5 33 120 5/ 1
~D' 76 124 343 535 671 807 983 1317 1617 1809

._--f)'~'95 2'300-'-':'-' '280 '2"--"-'3'5 66----·3·8..2·2'---3·5·73.. --··-3-463···....-..3-2"3·9-·---·2-89·7-- --. 2'496 .. '" .'
-r') 1970 146~ 11?9 869 631 463 369 318 290 264

..._ _A) 2.13 211_ __ _t9 8 _ _.._._._ _ _ _ _ ..__.. _._. __ . .._ __ .._ __ _ .
A TEST NO. 2

.A HYDROGRAPH COMBINING AND ROUTING PROGRAM
A COMPUTING LOCAL INFLOWS ROUTINE------g--·-----"-l---·-·'6-"6-·---------S-.. ·-..--··---i-i-----, .. ··-6-5-:---· .. ·1--20·0---·------------------·-..··----·-- ...-...
( 4 66 60

__________ Q .....19 2... __. _ 44 .186 ' 60 .. _ 200 200
~ . 218 224 2,0 2,7 244 252
o 304 321 339 358 377 399

___Q__22)_._. _.,) ?q_.... ... 6) 8_...... . ._q.4$........_... .. , 674 ...... ~9.8

o 761 764 764 763 759 755
o 725 718 710 702 694 686

..".. . D 64 5 6 3 7 6 29 ... 6 21 ..... _ 6 13 6 0 5
E 60 120 5 .

rn F.: ,.2 .7.
. >~.__..!'. ._.Q._. . ~I') __ ..1:'0

:c t') 8 C)O ?62
r'), 1166 1348 1722'
D 222 109 104
E 120 120 1
E
C
n

~ .-.
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2496
'264

... 2a97
290

.3239
318

570 637 625
. _._.1.044.. :.... ·.104.5 '" _ .1026

2~27 2061 1756
. 413 292 192

192 _._66 43
o 0

3463
369

58C
... J 00 1

2316
'518
148

1

3573
463

.. 3-822 .
631

. 3566
869

2802
1 1 ;" C)

1C) Po

f\J

.n ...-39..95 ._.. ~... 2300
t9 n 1970 1461)
~ D 233 211...._= .._._.A~_~ .__._._ _ IES:r._.NO. 3 _'" . ..:" .
ro A HYDROGRAPH COMBINING AND ROUTING PROGRAM
~ A HYDROGRAPH COMBINING ROUTINE

.... ~. ... . . 66 _ 5 17 65 1 200
C .. 1 . 60 60 .90 1
n 76 53 83 ~67 489 599

.. ~__ • ..!)._. __5.2_Q...•.. _....617._.... ~ .691. .845 ... 9.55.... 974
. n 1033 10B7 123J 1360 1~32 1836

D 1515 1348 1207 1004 807 651
..... 0.__ .__.1.24.... _.....~6 61 . .56_.. 109 163

D 8 18 12 8 5 3
E 60 60 2 3

O' •• f:__ _ 2..q .. _ _•. J 0 _ _ .

\"1i 3 ." ~

760

1103
429

2

-1

9000

5

1
863 1038

10~6.. ._._.7J4...._._..
9 4

-.. _-_. - ..._..... .- ..._-_....-..._-- ._. -_.-. "'~--"--- _.. - --- .

3
584 648

186B . ... )478
40 19

457 541
2332 ..... 2"398 '.

121 85

1000
4

120
262

17' 2.
104

2000
1

1
.. 5·6-c50·_·~2 0 0---600'0---""3 00-"'--70-60--4 s'o

1 5

o
60

30
c;o

.1148
109

o
60

_._-._-_._._-_ ..-_._--_._., _._-.' -._- -..- -. _ .?- ._ _ '" - - - -.-_ ,. -- -._-._ ---_ - .

E

N

C 3 60 AO
n 76 53 83 267 489 599 580 570 637 625
D 598 617 691 845· .. 955 974 1001· 1044 1045 1026

- .------..i). --1033- --io8 7"-- ." i 23 0 .... '-13 60----·-·i"5 3 2 ~ ..-... i 836"--'2"316 .'2""427 .- -·2061--·- "'i 756

D 1515 1348 1207 1004 807 651 518 413 292 192
D ..l.?~.. ~.q.__.~._.pJ. ._ ..?~ _ __ ~_q? .._. ~6..3.. _. J~~ .J02. 9.6 ~3 __ . _.__ ,
D 8 18 12 8 5 3 1 0 0
E 60 60 2 2 1 2-1
E
F
E

F 5000
E 60 120

.__------,__=-f='__ 3 •.?_.. _ 2. _._._.. ... _ _._ _._ .
( 6 30 120
n 8 so 262 457 541 584 648 863 1038 1103 .

_____ !.> 116Q. .. 1348 J 72 2.__.. ?11.2 Z..2_~?._ _1.?_6$ _._.1~ 7~ __ lO_?Q_~_ ....2}_~ ~22. __.~. . .
n 222 109 104 121. 85 4019 9 4 2
E 120 120 1 5 3 4

_____.F.__ . .... _. __.....
C 5
D 8

................ n .llf>6 ..
n 222
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TEST NO. 1
HYDROGRAPH COMBINING AND ROUTING PROGRAM

..... , .. CO~PU.:r I NG _UNREGULATED FLOWS ROLIT I N~ .

,

LOCI NQI
... ._ 4:.__ 66 ..

IUNRG
..... _.. _..._ ..... _ .1.

LOCAL
o

LNGTH IMNTH IDAY
66 ~. 17

ITQI RTIO' IQAVG
flO .... 0 ~.OQ 0

IYR
65

IPNCH
o

ITIME
. 1200

NHGT
o

RATIO
0.00

FIN
o•..... __ .._... .. "" .__ ..... _...

FLOW AT 4 MULTIPLIED BY 1.000'
O. o. O. O. 36. 73. 218. 351.

.---.-...- ··-61·i"~·----690.··· ... 726. ·774.··· 859.-' 968." '1065. 1162.
1367. 1404. 1428. 1500. 1585. 171~. 1924. 2190.

______-=27 }?~__I~ ?8 .•..._1.4.~.3.~_.._?:.?11 •. _._..?96 9 !. ?2 8 7. •.......J 5 37 •.__ ...1234.
448. 230. . 36. -133. -254.' -339. -411. -436.

-520. -557. --593. -605. -605. -629. -629. -641.
~~ 29~__..::~6 29 •.. _._.:::6.2 9 •..__-=~J.}• .. ~6 17. -605.

448. 544 •.... "i 246·~·--·· 1"307 .': - ..... - ....
2493. 2686.

__ ..9.6.8_·_.__3.94. .
-448. -496.
-629. -641.

~ ITQR ITQO NRC~S LOCO NTATM LAG NSTRL NPULS STORA RES
60 120 1 5 0 .0 0 0 O. O.

·--------A-M-SKK '-X-'-QL'6s S--'-COLOS----NHGf···-·---F·"(N····--·- .... - ...-.-.---.-.. .-------.--.----
3.200 .200 0.0 0.000 0 o.

HYDROGRAPH 4 ROUTED TO
O. O. 8. 80.

.. __... J 208 ,-_.1 ~ 19.•.. __ . 14~}..~. .L6).9 ~ ....
1024. 540. 140. -141.
-626. -628. -622.

-._.- --_.. ' __ ._. ,- .. _........ ._ - - .. _. _.. _ -.. ~ .. '" .._ .

5 NO. FLOWS= 33 INTERVAL= 120 MINUTES
252. 430. 580. 706. 873. 1053.

20?J •...__ .2A()4 ~._ .....~.249 7 •.... .2 3.1 ~ •.. _._.?O'2..1.f__.1..~.~_Q L_ .. ~ ..... _ ..

-304. -414. -502. -557. -596. -616. .

NHGT'- ""F i N-"---""-' _.. _.... .. -
2 1.

LOCI NQI ITQI
5 ,3 120

rr.: --- .-. X-···· -_. -- _- - - _.'
tt. FLOW AT 5 MULTIPLIED
_ 76. 124. 34'1.
~ 199') •.. 2300. 2802.
>-{ 1970. 1465. 1129.

233. 211. 198 •.
"",'

UNR~GlJLATl=n FLO\>I

RTIO . IQAVG
0.00 0

BY 1.000
5,5. 671.

3566. 3822.
869. 631.

IPNCH
o

1307.
3573.

463.

983.
3463.

369.

1317.
3239.

318.

1617.
2897.
. 290.

1809.
2496.

264.
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2862.
4052.
.~3_5 2!.

2490.
4988.
:-:.309.~

?02~.

5553.
.•.,:,"2?9_.

1563.
5960.
-133.

1237.
5'977.

48.

.I NTR V.L__ ..
61,. 92,.

5205. 5843.
727! .. ~?6.!

J20-MfN
31)1.

4239.
2005 ~__.. J]_99 .! ..

-424.-417.

AT 5.._ ._NQ: 3;
76. 124.

3203. ,619.
. ._. Z9.9~_~ ..

-393.

[T]

x
:r:-to--f

;Cr.)

+-....

-.---_ ..

'"-----_._._---------

-------_._--_._---_. _._------- ......_.._-'..... ---------_.~ ._.... .:.._----- ._--_._.. ~ .•..- .. .,- - .. -



,

TEST NO.2.,.
HYDROGRAPH COMBINING AND ROUTING PROGRAM

COMPUTING LOCAL INFLOWS ROUTINE

IUNRG
o

LOCI
4

LorAL
1

NOI
66

LNGTH
66

ITOI
60

......... " ..... '-" . - "
..

IMNTH IDAY IYR ITIME
5 17 65. 1200

RTIO IOAVG IPNCH NHGT
0.00 a 0 0

RATIO
0.00

FIN
O.

FLOW AT 4 ~ULTIPLIED BY 1.000·
192. 44.. 186. 60. 200~ 200. 202. 205. 209. 213.
218. 224. 230. 237. 244. 252. 260. 270. 280. 291.

-.----- ._.. 304~"---' 321.''''-'' '3390 '358~"" ..·377 ...···· 399.···· 422. "·'449.4·82~·-""'516.

5 52 • 586 • 6 18 • . 648. 674. 698. 717. '734. 746. 755 •
.'.: .7§J.! 764.__._J'~.4 ~__._!63! }..5 ~.~.._. ...7 5 5 ...__.__.75 a~...._..__. 744. .__I?8~ ]) 2, ..

725. 718. 710. 702. 694. 686. 678. 670. 662. 654.
645. 637. 629. 621. 613.' 605.

. .' ~ .

RES·
O.

STORA
O.

NPULS
o

---- IT6"R--I T·QO---·NRCHS·· .. ···-:-LOC'CS---· ·r.fTATM" ..--.- .. L"AG---'N'ST'R'L
60 120 1 5 . 6 a a

W . AM ~~K ...._~_.9_h9_S S ._~_Cq~Q.s..:_' ~H.~ T. :..._ ..f ~ N. _. .__.. _..
3.200 .• 200 0.0 0.000 a o.

_.. __. .I:t~O'ROGRt<-P_H ._~.RO\.)TED TO 5 NO. FLOWS= ..3.3 INTERVAL= 12.0 MINVI~_S.

198. 161. 147. 176. 193. 205. 216. 229. 243.260.
280. '307. 339. 377. 424. 483. 547. 609. 662. 704.
1.3 4 _.__7.5 0 •..__.J5 6. •.__..J 54.• _.~ _] 47'-. __ .1.37 __.__ .1.2.4 1.100 _._. fJ 95 •..__6_19.•.·.. " ..__.__
663. 647. 630.

. .. ..10<:.1 ..._ NO 1
6 30

ITOI
120

..FT,] 0
0.00·

'I.O~VG ....I.PNCH.
o 0

NHGT
o

FIN _, ,._ ., .._
O.

___~ ...£LO.W .. A1._ _. p __ ._~·'!.UJ•• I I P L U:P. BY ~ .1!.QP.9 _ . ._ .__ ._.._ .__ '.".__.. __. .
~ 8. . 50. 262. 457. 541. 584.' 648. ·863. 1038. 1103.
- 1166. 1348. 1722. 2332. 2398. 1868. 1478. 1096. 714. 429 •

. ~ .._.._.. 222 109 )04. l·;n ~?" 40 _ 19~ 9 L __ 4~ _ _ .. 2.
-i

0.)

ITOR
120

A~'C.I."I(

rTOO
120

X

NRCHS
1

() I l) (;, "

LOCO
. 5

COL~S

NTATM
o

NHGT

LAG
3.

FIN

NSTRL
4

NPULS
o

·STORA
O.

RES
O.



....

120 MINUTES
5:;1.! .....~59_.

2019. 1710 •
66. 38 •

33 INTERVAL=
. '3 27 _•. _.. _... 46 1 ..
1950. 2080.

104. 87.

o.c

TO 5 NO. FLOWS=
. .1 8 II '._ ••.~.2 ._ 194.• :
1163. 1334. 1642.
368. 216. 139.

0.0000.00.0.000.• 000
tr1

~ HYDROGRAPH 6 ROUTE~
_.. "to .-.------.----. e-t. .. ---~ ~ _.._-._ .. 8.

783. 913. 1042..-
~~ 1289. 929. 615.

. _. _. __ ... ... 18 L-.. _.... 8. . .. :h ....
J~

RTIO IQAVG
0 .. 00 _ 9..__ ..

LOCI NQI
.. _"'_' ... . 5. __ .. _._3.3.

ITQI
.12.0. ..

IPNCH NHGT FIN
.9 _ ._.~_. .__.:J ~ _ . .. "' . .. _."

19 1 ? ~. _.. __ ~ eQ9.! .
2897. 2496.

290. 264.

FLOW AT 5 . MULTIPLIED BY 1.000
., _.: .. 76~ .124!. _._ :34~! ?)?! .p7~.._.807. .983 .•.. _.1317.

1995. 2300. 2802. 3566. 3822. 3573. 3463. 3239.
1970. 1465. 1129. 869. 631. 463. 369. 318.

___----"4.2.2~._ _fJ)..~.._ _ 1.9.8 •... _ _ _ _ __.__ , __ _._ _ _., .__.__.. _ _ __ _ " _._

LOCAL FLOW
___ ~ AT__ ._.:_5__~Q~._.. .3_~._ _12.Q:-M.lN.. I NJRVJ.._ _. "_'" _._._ _ _ __ __..__.__ _.. __ ..". .

. -130. -45. 187. 339. 395. 407. 438. 626. 815. 8S9.
931. 1080. l420. 2024. 2062. 1447. 965. 549. 215. 81 •
.':._~3. -2l..'!...!.. :-2~?_!. ._::.f5·4_._-=-~.2.f.. -4.u..!-__-46.Q_._-:!!J.9~._.___::_'! 71._. _::.~2).•

-448. -444. -436.

+'
1

. ---- ._---------------------_ - ----_._._ __._..- .._--- ._ -- .. --_ ----.. _._ _ _--_ _---- .._--- -..- ~ ~ __.. - _..~-_ ---_.- -..- - -~.. _. _.- " .

_._-----_._.-_.__._._----

•• _ _ ••• _ .. #_••• #. __••••• ~ _ _ •• _ ••• __ _ •••• _. _ __ _ ••• _ ••• # _ _ •• ~ •••••• _._••• _ __ ····.M _.__. ..__ .. _ ~ .••....

•...... r_· ··.. · ._ ....•.__.. - .. _ # ._••_ ••• _- -'-'-- -'••• ,

I. -.'-



"

.... :rEST. NO. 3
HYDROGRAPH COMBINING AND ROUT.ING PROGRAM

HYDROGRAPH COMBINING ROUT.INE
-_...- .._ .._-_.__ ..._._. -_._-- ..-- - ._. . ..- . ._.... - ..... _...._. , .... ... - p' - •• - .- - ........ .. ' ._.. '~-' ._......

IUNRG LOCAL LNGTH IMNTH IDAY IYR ITIME RATIO
0 0 66 5 17 65 120q 0.00

--. ----.--- -'LOCI _.... _ .. . i" TO f .. -. ....". '." . __ .. ' -_...
NOI RTIO IOAVG IPNCH NHGT FIN

1 60. 60 .90 0 1 0 O.
76. 53. .. _. ". a 3•........__ ..267. 489. 599. 580. 570~ 63}. _... __ . ~25~.. _---_ .. _ .. -._--_. '-' . .....- . -.... - ._...

598. 617. 691. 845. 955. 974. 1001. 1044. 1045. lC26.
103~. 1087. 1230. 1360. 1532. 1836. 2316. 2427. 2061. 1756.

___._________ .. _. _. .1 ? .1._~ •..___1.?~8 • 1207. 1004. 807. 651. 518. 413. _.. _~.9 2 •.. ___.1 ~ 2... .. ... ~ -.-_..- ..- "--' .. , -- .
124. 86. 6h 56. 109. 163. 148. 102. 66. 43.

8. 18. 12. 8 •. 5. 3. 1 • o. o. c.

0'

----- - ._-----_ --_.._ -._..-..---- _ _--_. ----_ _-_._-_._---_._----_ _--- __ .. ----_._-_ .._--_. -- -.._. --_ - .
FLOW AT 1 MULTIPLIED BY .900

68. 47. 74. 240. 440; 539. 522. 513. 573. 562.
538. 555. 621. 760. 859. 876. 900. 939~ 940. 923.

-----------9-29-~---978-·. 11 07. ~----T2 i4·~---- i 3 78·~ -.- i 65 2~··---208-4 ~--- ·2 i 84~· '-i 854 ~ '--i 58-c: .
1'6~. 121~. 1086. 901. 726. 585. 466. 371. 262. 172.

111 • 7.7..! 5.~ .__5.q.! . ~.!3~ .._:__) ~6~ J 3} ~ .. _.2J •. .?~.~ .)_8 ! ..__... 00 _._

7. 16. 10. 7. 4. 2. O. o. c. c.

________. I..Tg~ .I.T00 __ . __ ~~CHS_. !,.Q,<:O ._. ~T ATM
60 60 1 2. 3

A~5KK X OLO~S COLaS NHGT
_______..::o~_ QOQ_.__ 9!_OQO ..20_.!()._.._~J_Q.9.____ 0

!.J~G . :..NST.RL _~_.N PUL S ~Jq~.~ .R.E S
o 0 0 o. o.

FIN
o.

FIN
o.

NHGT
o

IPNCH
o

FLOWS= 66 INTERVAL= 60 MINUTES
280. 398. 447. 456. 47C.
697.-· .-. -7 5 4 ~... - '-'=-'84 ~-.-_.- :'8 07~--'-----821.

1170. 1377. 1643. 1817. 1757.
720. 578. 460. 360. 268.

54 ..... ---85.------·97~·-·---·81~·---··-52.

o. o. O. o. o.
o•o.

o.

IOAVG
o

NO.
143.
607.

1033.
871 •

37.

2

RT IO'
0.00

TO
58.

525.
927.

1013.
44.
o.
c.

ITQ!
60

ROUTED
37.

484.
854.

1 1 5 1 •
71.
o.
o.

Nor
60

1
41.

480.
823.

1329·.
116.

~ .
0.

LOCI
3 ..

-

""

trl.--- x--
:r:-to

. -
-J

HYDROGRAPH
- .__._._---- -_.._-- ~,.

483.
821.

1. ~4.0 •__ ._.
183.

26.
o.



.
-...rt] .... _ ...- .... FLOW AT ...•.3..MULTIPLIED BY... 1.•.000 . "" .. '_'"

X 76. 53. 83. 267. 489.' 599.
:I: 598. 617. 691. 845. 955. 974... _... ro __-:~ ....1 0.3.3 ~ 19..8. 7..,- __ ....1 230 • ._J 36 0.9.-_: .. 1.5. 32 L ..... .1 8.36 '.
_ 1~15. . 1348. 1207. 1004. 807. 651.
-I 124. 86. 61. 56. 109. 163 •.
~ __..__ 8 •._ '__ 18.. ..12. __ 8 •..... _5.. 3.

580.
1001.
23.16 .•
518.
148.

.1.

570.
1044.
2427.

413.
102.

O.

,

. 637. 625.
1045. 1026 •
2061 •....... J 756.

292. 192.
66. 43.

Q ,._ 0 •.

ITQR :.. ITOO NRCHS LOCO NTATM LAG. NSTRL NPULS STORA
._ .•. .• 6Q._::~' ~.6Q _ 2._ .._ .. .2 Q _.. __ .. 1 _.. __ Q _._ 2..: _ =l~.._._ ..

AMSKK X OLOSS COLOS NHGT FIN
0.000 n.ooo 0.0 0.000 2 o•

.... ..__. ._STOR-OUTFLO'tl.TABLE _ .
o. o. 2000. 10000.

RES
0 .•

en

___.__._~YJ!..8Q9.R A£tl..__ :~._.:3.. .. ~.OU:r~.P. .. JQ __._._.._._2.__.~O_!._.fJ".OW:S.~ ..J~6 .... IN TEgy fl,L,.'::._ ... 99 ..t:11NVTE s ..,
PER INFLOW OUTFLOW STOR l

\,
HynROGRAPH 3 ROUTED TO' 2 NO~ FLows= 66 INTERVAL= 60 MINUTES

76. 76. 76. 75. 73. I 78. 104. . 157. 227. 300.
______3.6 5..L__!t2.2!.. ._~7.l·.t.. _.__....:..5...Q_8_L ~2.~.~.!. ._ _~_2 72. ,-_ . .9..l.~.!.__ 9.] 3.'-.__.._. .7 ~ .3..!. . _ .. ] 9.1! .

844. 890.· 927. 956. 987. 1028. 1086. 1167. 1286. 1447.
1618. 1745. 1803. 1797. 1742. 1654. 1540. 1405. 1260. 1110.
2~ ~ _. .....!3.2_.2_!'!__ 688 _ 56 4. 455 •....... 362 •. 288.•._. __ . 2 3.~ ~ _ 2a1 •. __ 1!30.
161. 143. 122. 101. 82. 66. 52. 40. 31. 23.

17. 12. '9. 6. 4. 3.
--_.~-----,._._- _~-_._------_..- -.. _._-----------_ _--_.._..__. ------~--_ _.~ _ ---

COM8INED HYDROGRAPH
AT 2 NO= 66 60-MIN INTRVL

__. ._JJ9!.. .Jl7. __..11.3!._.. ..l.33_
H

• __.2l 7•. _. ·.~59 ......__ .~.?9..2 ....._. 6o.4!.....__..~.~4~ }70.!_... __ .. _..._
848. 903. 955. 1033. 1146. 1269. f372. 1457. 1541. 1613.

1665.. 1713. 1781. 1884. 2021. 2199. 2463. 2811. 3103. 3205. .
3.l513--'--_-.-3.Q~P.'l ...2.9.5 5.t .~_.._...281 O_'H _._-.?.6J.4 .• ,._.. _.2.?.7 4H•._.. _.2l J. B!._._.l.e.6.6 L .... _..,J 62.9....... _1J.I8.•._. ._ ..._.... _
1147. 938. 759. 609. 492. 417, 373. ·332. 282. 232.

188. 149. 122. 101. 82. 66. 52. 40. 31. 23 •
. _17 . .12 •. ._ 9 •.__ __ .. H6 •.. _. .4 •. __.__ ,__ 3 •.. ._ .__ . __ _ .. _-._ _ .- ----- ..

ITQR !TQO NRCHS LOCO NTATM LAG NSTRL NPULS .. STORA RES
.... _________.__..~..Q.___. __.... QO _.._..... " . 1 ..-" . ,.4 ....'. __ ._.0. Q .__ 0_...()o ...._.... 9....... _.' 5 __ ... _:J..!_,,,_,,,__..~3. ~___. _........ o' .

AMSKK X QLOSS CQLOS NHGT FIN

.:-'



,

5000. 200.
.... ~~. -'''.-'- . -- .- ..-_ .. ~.__..... ~-_ ..._. __._- --- .. -_.-

. _.. __ 0 • 000 _ . o. 000 .
STOR-OUTFLOW TA9L~

5000. O.
... .. . . 9_0.9 9_._ _.. _[ QQ.

0.0 0.00.0 .1 o•.

6000. 300. 7000. 450 •

HYDROGRAPH 2 ROUTED TO 4 NO. FLOWS= 66 INTERVAL= 60 MINUTES

_ .. "'_' __ " ._ •• ~ ••._. _ ..••. _._ ~. ._._. . ._•• __• ....J-_.~ __ •

=J

"'"

PER INFLOW OUTFLOW STOR
1 119. 110. ~OOO.

__ .. . .2__ . 1.1e~ 12 6~ .......5 COO !._ _. _ .._. _..__ .. _ __ "" __..__ .•. .. __ . _ .•.•..•. _

'3 11~. 104. 5000.
4 123.. 14/. 5000.

0 __ •••• _ ._._ __5 __ 1750 200.. 50.00~_ _ _.__ .
6 288. 200.. 5008.
7 431. 202.. 5027.

~ --!>I8 55.3 .__ .._ ..__ 2 0 5. .. 5056 _._..__._._.. ._ _ ,_.,_ .. ,._.__ ". .,._ .,.. _.__._.~. ., _.._ _
9644. 209. 5092.

10 727. 21~. 513 4 •
_____ . -1.1 __ .._809 ..218 e __.__ 518:: • __ _._._ ..

12 876. 223.- 5238.
13 929. 229. 5296.
14 ·994. 235. 5359.------!1°-5:::.-.--1090-.--- 2'4 2~--'-'--'54 2..9·:·---·-------··-··----·-·----------·---· .-- --'- - .
16 1207. 250. 5508.

_.__ .-' .__... 17 .. _. 1320 L ...... __ 2') q. ..... 5') 96.
18 1414. 269. ~691.

19 1499. 279. ~7q3.

_________. 20_.. __ .. .157_7 ....._. .28.2t. ...59Q() ~ .....__ . '_"_ .._.......
. 21 1639. 301.· 6011.

22 1689. 318. 6125 •
.2J__ 17 47. 336 _ _6242. . __ __ .
24 1833. 354. 6365.

rr: 25 19~2. 174. 6496 •
. X.--------.-- 2J,__ .211 Q~. __.. ,9'). 6639 •.. _ __ _. _ __ _ __ __ ._._._ _.. . "
X 77 13?1. 419. ~7q8.

OJ 28 2637. 446. 698('.
_ 29 2957. 478. 7186.
-I ".- - -.--- - 30·--· 315 4~ -5 1 2 • 740 6 ~.- - .. - .

31 3181. 546. 7625.
32. 3112. ~79. 78;6._...-----.... ... ~ " ." ,r



,

m ;5 ?712. 66,. 8~9~.

X 36 2494. 689. 8543.
~ 37 2246. 708. 8671 •..-.-.-.-..of.------------.- __ - ..- ._ -~ _. ..' _. __.._-_ _- - .. _.- - '---'-.~ _~

OJ • '38 1992. 725. 8777.' .
~ 39 1743. 738. 8861.
.. _. .._ .40. _. 1499. 748. 8923 •...._ _ .:.

(.t,) 4 1 1 26 2 • 7 5 l+ • 8 q 6 6 •
42 1042. 7~8. 8990.

_____.4 L_ 8 4 8 __._1. 5 9 __ ~ 8 99 ~ _ __.__ , __ ." _.. _ __ .._ .
44 684. 758. 8992.
45 551. 756. 8975 •

......_ . __~ __.46._. ..455 •.._ 752 _ 89';>0... _ _ ..
47 395. 747. 89i1.
48 353. 742. 8888.

__~ 4.9 .3 Q7 _ 7;. 7 -' ' "" .s.p 5.3 ! _ _ -- 7 :...._ _ .•~ _ _ _._.__._.__._~ .__._~__ _ •• .. "" .. ,

~o 2S7. 710. R813.
~1 ?10. 7?4. 8770 •

.5.L-..16.8.•. .717 •. _ 8725 •.....__ _ .:.. __ .:._ _ :.....__ _.__ .
53 135. 709. 8677.
5 4 1 12 • 7 0 2 • 8 628 • \ .-
55 92. 694. 8579.

----r'OO"'t"l·------~~---... ... ....--._-_... .. ...-----.•----------------.---------------.----.-- ...
56 74. 686. 8527.
57 59. ~78. 8476.
5.a_ ~.6.!..... 670 _ 8424 , .
59 35. 662. 8371.
60 27. 65~. 8319.

, . j;.L .20 .!._....9 if 6..! ..__. __._8.2.67 .!.. .__. .. .. _......_. ... ,, ._..__

62 15. 63S. 8215.
63 10. 630. 8163.

_._ .__ .:.. .__.._. .._. .64..__ _7 • 622 • . 8 112 •.
6~ S. 614. 80n2.
66 3. 606. SOlI.

IrOR
60

.... .._ .. __ . AMSKK. _
3.200

Iroo NRCHS
120 1

X ... ..aLO 5S
• 200 0.0

.LOCO NTATM LAG NSTRL NPULS STORA RES
I) 0 0 0 .·0 o. o.

COLaS NHGT .. FIN ... .. _. _.._..-.." ..._.- -._-- ._--_.-. -

0.000 0 o•

_.. _..~_.. ~YDROG.RAP._H ,A .ROU,TED. .. ro __ .5 NQ, F.LOWS:: '.3.3 1NJERVAL.= .. 1.20 ..MJNUlES
109. 110. 144. 175.192. 205. 216. 22S. 243. 259.

..... -----_ __------_ _..



,

279. 305. . . ?37 •. 375 • .....422. ..... 480 •
726. 744. 751. 750. 745. 735.
664. 647. 632.

. - - -- -_ .._- ... - ,. - - ._... . ._.. ... . . . . . . - .., - .•. - ".- " ._. - _._...... , ........

LOCI NOI ITOI RTIO IOAVG rPNCH
6 30 120 0.00. O. 0

.5.42.
723.

-
NHGT

o

602.
710.

FIN
. o.

6~,:!-.•.
695.

696.
679.

FLOW AT 6 MULTIPLIED BY 1.000
8. 5Q. 262. 457. 541.

_. .__. JJQ./;>..! . 1..348. .J7.22. ])3.2. _._f..}9i3.'
'222.. 109. 104. 121. 85.

584. 648.
18 6.8 !" .. _ .1478..

40. 19.

863. 10~8. 1103.
19.96 ._._..~ ...7J..Lt!. 4_?9! __ " ..

9. 4. 2 •

... . ._J!..9..R._. _UOO ~RCHS ._ .. _~O(.O_ .. }'!.T.ATM ....... ~.t'_<3 ....N~_TRL __'}·WU.L.S .__ .STQf3..6_._. ...._~E.S_.__ .. ..__....
120 120 1 ~ 0 3 4 0 O. O.

AMSKK X OLOSS COLaS NHGT FIN
________~O:....!!.. Q90 _.Q. 't.9.99 Q.•.o__Q.!Q_Q.Q._._.__ (). Q..,_ . _ __. . . .•_ __

CD ..

HYDROGRAPH 6 ROUTED TO 5 NO. FLOWS= 33 INTERVAL= 120 MINUTES
__________.. _ ~ •__ __ _ 8 !'.. B . __.1.~ __ _. B.2. . 19~ , .. __..'.327 •. _ 46.1. _ ..5._?.7 '.._ 6.5.9 !. .._._. _ .

783. 913. 1042. 1163. 1334. 1642~ 1950. 2080. 2019. 1710.
1289. 929. 615. 368. 216. 139. 104. 87. 66. 38.

J.8. ~.L .2.'t. _..,._" "._.,__._.",__,,. . ._. __ _ __ __. ._~ ._._ _. _..__. ._.

Locr Nor rTor
__ ~__.__._-'-_ .. 2._.. 30 .120

RTIO
'() •.00

rQAVG
o

IPNCH
Q

NHGT
3

FIN
1.

FLOW AT 5 MULTIPLIED BY 1.000
____________ ..8,-_._.._.50 .. _.._~ _26 2.• .~.5.7~._ __ 541 ~ __ 5.$.4.t _ p.~.S.. . :8.63 •..__l.Q.~!3., ~t02.,-_ __ _

1166. 1348. 1722. 2,32. 2398. 1868. 1478. 1096. 714.429.
272. 109. 104. 121. 85. 40. 19.' 9. 4. 2.

.J83~' .._.. __40~1 •
3387. 2835.

765. 720.

. ..1552.
3778.

806.

._~ 8) ! .... _.11 9 2.•
3990. 3970.

914. 847.

COMBINED HYDROGRAPH
AT 5 NO= 33 120-MrN INTRVL

..___. J-..2? .'. __.. ~ 6 8! _.4 1 4. 6 '5 .1' • .. ~ 15..
2228. 2566. 3101. 3870. 4155.
2237. 1782. 1470. ~ 1240. 1046.

_____....68.2 • ._. 956..... _ .. 6}5 •. ... ......... . ....

rn
.__.X.. __ ....

:r::-OJ-'- ~ "-'

w



AMSKK
Cl
C2
COEF
CQLOS

DISCff(K)
FIN
I
IX
IDAY
IMNTH
IPNCH
IQAVG
ITIME
ITQ.I
ITQO(L)'
ITQR
IUNRG
IYR
J
JX
K
KHYD
KQ
KSTR
L
lAG
LNGTH
LOCAL

/ .

LOCI
LOCO
M
MI
MX
NHGT

Nor
NPULS

NQI
NQIl
NQOl
NQC*!X

. ~

DEFINITIONS - 23-J2-L232 ..

- Muskingum K
- Routing coefficient

Routing coefficient
Channel 10SB coefficient

- Channel loss as ratio of flow remaining after uni.form loss
(QLOSS) is subtracted
OUtflow in storage-outflow table

- Indicator ends run where positive
Temporary index
Temporary index
Day of flood beginning
Month number of flood beginning

- Indicator to punch input hydrograph when pOsitive
Indicator that inflows are average for period when positive

- Time on 24-hour scale at start of first flood period
- Inflow interval in minutes

Outflow interval in minutes
- Routing. interval in minutes
- Indicator to compute unregulated flows when positive
- Year of flood beginning
w Temporary index
- Temporary index
- Temporary index
- Dimension limit, number of hydrographs
- Dimension limit, number of flows
- Dimension limit, storage-discharge table
- Hydrograph number in computer

Lag (translation) time of hydrograph as a multiple of ITQI
- Duration in hours of desired outflow tabulations
- Indicator for routing to compute local flow from observed

flows when positive
- Identification number of inflow location
- Identification number of'outflow location
- Flow index
- Temporary index .
- Temporary index
- Indicator calling for hydrograph combining, number of hydro-

graphs to be ccmbined
Ratio of outflow to inflow interval
Indicator calling for PuIs (storage-lag) routing, number of
points to be read on storage-outflow table

- Number of inflows to be read
- NQI-l
- Temporary variable
- Number of outflows

EXHIBIT 4
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. ,

NRCHS
/ NRI

NSTRL

UTAi'M
Q(M,L)
QLOSS
QO
RATIO
RTIO

RESQ
RSTRL
STND
SToRA
STR(K)

S'l'RPL
STRMN
TR
X

..
. '.

Number of identical routings to be repeated
Ratio of routing to inflow interval

_ Number of successive flows to be averaged in straddle-stagger
routing

- Number of steps in Tatum routing
- Flow in cfs
- Uniform loss in cfs
- Initial outflow in Puls routing
_ Ratio by which all hydrographs are multiplied before routing
- Ratio by whien ~r.dividual hydrographs are multiplied before

routing
- Indicator for ~eservoir routing

Reciprocal of M3TRL
Storage indication (storage + ~ outflow)

- Storage in thousand ac-ft.
_ Storage and subsequently storage indication in table of STR

versus outflow
- NSTRL

Minimum storage in reservoir routing
- Routing interval in hours
- Muskingum X

.. :'

".
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IDAYIMNTHLNGTHLOCALIUNRG

"'::'~_:''''::'./!::[ t.. ~~(",:cr~.// / /Ci'//I/(3

HYDROGRAPH COM8INING AND ROUTING PROGRAM 23-J2-L232
~ - -' -HYDROLOGIC ENGINEERING CENTER JULY 1966

LI8RARY SU8R NOT USED
DIMENSION Q(150,S),STRC20),DISCHC20),I.TQO(S)
KQ=150'
KHYD=5-
KSTR=20

1 FORMAT (lX,I7,9I8)
2 FORMAT C1X,F7.0,9F8.0)
3 FORMAT(10F8.0).

100 PRINT 105
105 FORMAT C1H1>

*05074
C
C
C

C THREE TITLE .CARDS
READ 110,(Q(191),1:1,120l
PRINT 110,(QCI,lJ,I:1,120,

110 FORMAT (lX,A1,9A2,15A2,15AZ)
.... ._... .,. .. READ 14 0 tI UN RG, L0 CAL, LNG THtI MNTH', IDAY, I YR, I TIME~ RAT 1'0

IFCLNGTHJl15,115,120.
112 PRINT 113
113 FORMAT (19H DIMENSION EXCEEDED)
115 STOP
120 PRINT 130
130 FORMAT(/64H

IE RATIO)
PRINT 195, IUNRG,LOCAL,LNGTH,IMNTH,1DAY,IYR,lTIME,RATIO

140 FORMAT (IX,I7,6I8,3F8.0).
IF(RATIO)144,144,146

144 RATIO = 1.
'·-"--146 L ~ O·

150 L = L + 1
IF(L-KHYD)180,180,160

160 PRINT 170
170 FORMAT(28H TOO MANY HYDROGRAPHSSTORED)

STOP

rn
X
:r:
OJ...
-;

c.n

c
180
182

185

/

READ HYDROGRAPH
READ 182, LOCI'NQI,ITQI,RTIO,IQAVG,IPNCH,NHGT,~tN
FORMAT(lX,I7'218,F8.0'318,F~.0\
IF (KQ-LNGTH*60/ITQ1) 112,le5,185
NQOMX=LNGTH*60/ITQI
PR It-lT 190

116



,

130

NHG

NSTLAG

IPNCH

NTATM

IQAVG

LOCO

RTIO

't\

1 TQI .

NRCHS

NtH

ITOO

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

lTQR

t.OCl

.--- 240
4 250

260
270

........... 280

m
><

-1

en

.... -.,:. -- ._ .c. ...
360
361

''T1

~7V rO"M .... T"Qq.n

IT FIN)
PRINT 196,LOCI,NOI,ITOI,RTIO,IQAVG,IPNCH,NHGT,FIN

195 FORMAT(7I8,F8.2)i'
196 FORMAT(318,F8.2,3IS,F8.01

IFlNQI-NQOMXI 220,220,200
200 PRINT 210
210 FORMATl25H TOO MANY FLOWS FOR LNGTH)

STOP
220 DO 230 I = NQI,NOOMX
230 QlI,l)=O.

I~READ 2, (QlM,~),M=~,NQI)

TFlIPNCH) 250,250,240
PR I NT 2, ( Q l M, II ,M" 1 , N0"1 )
IF(RATIO *RTIO) 260,260,290
IFlRTIO) ~70,270,30Q

IF(RATIO )330,330,280
RTI.O=RATIO
GO TO·300

290 RTIO=RTIO*RATIO
--,... ._....__..'300 DO 310M =1, NO I ... _..

310 QlM,L):::QrM,LI*RTlO
~ PRINT 320,LOCI,RTIO

..._.....:._ ...·_._.. _..320 FORMAT(/BH FLOW ATt6,15H._.MUtTIPLIED BY F8.• 3) ..
. PRINT-2,(QlM,L),M=l,NQI)' .
. 330 IF CNHGT) 340,360,350

_. __... .._.340.. I TOO l L) ::: .ITO I _.. .. ._ ... _.... _ ......
GO TO 150

350 I TOR=O .
...... ._.. ... . ... . RES::: 0 •

ITQOlL)=ITOOlL-1)
IFlITQI-ITOOCL» 1080,1180,420

.... ROUTINGDATA.. .
READ 361,ITQR,ITQOlL),NRCHS,LOCO,NTATM,lAG,NSTRL,NPULS,STORA,RES
FORMATCIX,I7,718,2F8.0) .
IF (NRCHS) 36~,364,366

364 NRCHS=r
366 READ 367,AMSKK,X,QLOSS,CQLOS,NHGT,FlN
367 FORMATI1X,F7.0,3FS.O,IS,FS.0)

PRINT 370
:370 FORMAT I/SOH
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r.J

470

. 440

360

162

157

160

169 .

171

175

176

172

.. '

NHGT . FIN)
.....

137
-'.' . , .... . '. ". '. ........ 138..

152

,

: ..~

EXTRA INFLOWS

IF lNPUlS) 50o,500,679
NOIl==NQI-l I

IFlIQAVGl 5~O,530.510

[)O 5?O I=1tNOTl

ROUTING

DISCARD
IF CITQR -. ITQOlL}} 400,400,410
IF (ITQR - I TOI) 420,480,466
IF lITQOCL) - ITQI} 420,480,44.0.
PRINT 430
.FORMATC19H INTERVAL TOO SHORT)
STOP·
NOI·., NQr/NOI
NRL'" NRI/NOI
DO 450 M' = I,NOt
MI = M * NOI
Q (M '.U :: Q CMI ,l >7:.
NO luI'
ITQt~ITQOlU

GO TO 480,
NQ'I I: NQ liN RI
DO 470 M = I,NOl
Mr '" M' *' NR r
Q(M,L) :: OCMI,l)
NO I .. NO I /NR I
ITQI=ITQR
NR I '" 1
NQOMX=tNGTH*60/ITQI'
NO II = NQ I + 1
DO 490 I = NQll,NQOMX
QlI,U == O•
TR '" ITO I
TR :I TR/60.•

1Rl NPUl5' STORA RES)
PRINT 361, ITOR,ITOOCl),NRCHS,lOCO,NTATM,lAG.NSTRl,NPUlS,STORA.RES
PRINT 380
FORMAT C48H AMSKK X OlQSS COlOS
PRINT 390,AMSKK,X,oLoss,COlOS,NHGT,FIN
FORMATC2F8.3,F8.1,F8.3,I8,F8.0)
NRI :: ITQRIITQl
NOl :: ITQOCl)/IT~1

510

500

490

460

c

460

c

400
410
420
430

390

CJl

. rr.
><:r:
-..
OJ--J

___._._... _450
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OCM-I,L)·PREV OUTFLOWTEMP=PREVIOUS INFLOW

STRADDLE-STRAGGER ROUTING

520 QCI,Lla(Q(I,L)+QCI+I,L')*.5
Q[N,Q I , L ):=Q [NQ I , L)*.5 .

530 IF CAMSKK} 540,540,58P
>540 IF CNSTRL) 550,550,600
550 IF CNTATM) 56°'560,1 049
560 PRINT 570 .
570 FORMAT C21H NO ROUTING PERFORMED)

GO TO 1170
MUSKINGUM ROUTING

580 Cl : 2.*Tk/(2.*AMSKK~(1.-X) + TR)
(2 = (TR-~*AMSKK*X)/C2,,"AMSKK*Cl.-X)+TR)

DO 590-K=I,NRC~S '
TEMP'-= Q(I,L)
TMP=CURRENT INFLOW
DO 590 M=2,NQOMX
TMP = Q(M,l-) ,
Q(M'L) = (CI-C2)~TEMP + C2*Q(M,L)+QCM~1,L}*(1.~CI)

590 TEMP :: TM!?
GO TO 107'Q..

c

c

c

.-..-

en

tTl
X:r:-OJ---i

c
..._...__ . ._.600.. STRDL eNS TRL

RSTRL "I 1./ST~DL

DO 660 K=I,NRCHS
DO 660 M=l,NQOM~.

IX ::I END OF STAGGER
IX=NQOMX-M+l

_ ..... . _,.C. __ ._.. _ .,.I=ST ART OF STR-ADDLE
J = IX - NSTRL/2-LAG
JX I: END OF STRADDLE

..... __ JX = J+NSTRL-l
TMP "" 1.

. IFCJ) 610,610,620
._. .. ... C. ._. TMP IS NO OF TIME-S fIRST fLOW OF FLOOD IS AVERAGED . IN AT BEGINNING

610 TMP "" -J+2 .
J :: 1

620 IFCJX-l) 63D,630,640
630 Q(IX,L):r:Q(l,l)

GO TO 660
640 TEMP: TMP*QCJ,L)

J = J + 1
DO 650 I =J , J X.



"

650 TEMP = TEMP + QCI.L~

QCIX,L) = TEMP*RSTRL
660 CONTINUE

GO TO 1070 _

...... -- .....~_._-.- ._--. _._--_._- .. -~

STOR)

c STORAGE-LAG ~OVTING
670 READ 2,CSTRCI),DISCH(IJ,I=1,NPULS)

PR IN T 680, .
680 FORMAT(19H STOR-OUTFLOW TABLE)

PRINT 682,(STR(I),DISCHCI),I=1,NPULS)
682 FORMATC4CF10.0,F8.0l)

STR~N:-l. . ~

IFCSTRC1'-STR(2»- 700,690,70<1
690 STRMN=STRC14

._.C. COMPUTE STORAGE INDICATION IN .CFS~TR UNITS _ _. __ ..
700 DO 710 I:::1,NPUL-S-..:J-n." e;,c
710 STRIIl=STRCIl*12.1/TR+DISCHCI1*.5

00 z: 0 I 1 , l I _
_... 'PRINT 1160,lOCI,LOCO,NOOMX,ITQO<"L)

IFIRESI722,7Z2,7t5
715.PRINT 720 .
720 FORMATC/32H PER INFLOW OUTFLOW
722 DO 1030 J=1,NRCHS·

IFIJ-l1725,725,730
725 IFIIOAVGI 73-0,730,750
730 DO 740 I=2,NQI

K ~ NOI-I+2 .
740 OCK;L)=IQIK,L)+QCK-liLi)*.5 ."
750 IF CRES) 758,758,754
754 IF (STORA) 758,756,756
756 STND = STORA*lZ.1/TR+QO*0.5

GO TO 840 .
7 5 8 1F (Q0 - 0 I SCHC1) I 760 , 7"90 , 790
760 IFCSTRMN) 776i790,790.
7 70 PRI NT 7 8-0-
780 FORMAT ( 3IH OPERATING BEyOND RANGE OF DATA)
790 DO 800 I=2,NPULS

IFIQ()-()I$CHCI» 810,810,800
800 CONTINUE""
810 IF (DISOiCI) - DISCH(I-l» 830,320,83'0
820 STND ::: STH( I-I)'

r;"I T() f\ I, ()

m
><:z:-CD- .
-I

(n

( OJ
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X
c:

101

. "

m

tv.-
-l
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830 STND··· CSTRCI'*CQO-~ISCHCr~l)' + STRCr-l'*CDISCHCI)-QO»/CDISCK
lC I )'-Dl S(H cr -1) " .

840 NQOl = NQOMX-LAG
DO '990 M=l,NQo'1
TMP=Q(M,Ll /
IFCM-ll 850,850,860

850 STND=STNp+Q(I~L'-QO

GO TO 870
860 STND = STNb+Q(M'L)-QCM-l~L)

870 IFCSTND-STRCll)' 880,910,910
880 IFCSTRMN) 890,900,900
890 PRINT 780
900 I = 2

GO TO 950 , ,
910 IFCSTND-STRCNPULS» 930,930,920
920 PRINT 780 .

I=NPULS
GO TO 950

930 DO 940 IX=2,NPU~S

I IE IX.,
. ...__._ .... _ .JFCSTND:-STfU I,') 95-0,950,940 . ,. .

940 CONTINUE
950 IFCSTRCI1-STRC'I-l')954,954,957
954 QCM,L0 = DISCHCI-I'

GO TO 958 . / _
957 QCM,L)= CDISCHCI'*JSTND-STR(I-l"+DISCHCI-l'*CSTRCI)-STNO»/CS

lTRC I )-STRC I-I»
958 IF{QCM,L» 960,970,970
960 QCM,U = 0.0
970 IFCRES) 990,990,980 .
980 STOR=CSTND-QCM,L)*.5)*TRtf2.1+.5'

TO\P=H1P
..._. __ 985 FORMAT CI8,2F8.0,FIO.0)

PRINT 985,M,TMP,Q(M,Ll,STOR
990 CONTINUE

IFCLAGl 1030,1030,1000
1000 DO 1010 I~I,NQ01

M :: NQOMX-I+l
MX II: M-LAG

1010 QCM,Lr :: Q(MX"ll
DO 1020 Mc 2,LAG
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1020 QCM,L) s Q(l,L)
OO=Q(t,Ll

1030 CONTINUE
GO TO 1070

...~ ,

206

187

192

197

185

180
181

183

NO. FLOWS-I4.12H

INF.LOW

/\/)O

ROUTED TOI6,13H

TATUM ROUTING

, PUNCH ROUTED HYDROGRAPH
IFCRES) 1150.1150.1170' ,
PRINT I1jO.LOCI,LOCO,NOOMX.ITQO(L)
PRINT 2.(OCJ,L),J=1.NQOMX'

1160 FOR~AT(/I1H HYDROGRAPHI6,12H
1 INTERVAL=I4.8H MINUTES)

J COMBINING
IFCNHGT-1) 150.1360.1180

CHECK COMBINING INTERVAL
K = L· - NHGT + 2
DO 1210 I=K.~

IF(ITQO(I)-ITQ0{~-ll) 1190,1210.1190

C
1170

C
1180

NOll"" NOOMX-l
DO 1060 K • 1,NTATM
DO 1060 M = NRI~NQIl

J = NQOMX - M + NRI
I = J - NRI

1060,Q(J,L) R (Q(J.L) + ~CI,L» * .5
C DISCARD ExtRA OUTFLOWS'

1070

C
1040
1050

m
X
::r-tr1-
~

en

IQAVG:zO 0 {' {

IF (ITQO(L)-ITQRl 1100;1100,1080
1080 NOI=ITQO(LI/ITQI ./

NOOMX. = NOO~X/N01

DO 1090 M ~ 1.NOOMX
MI =,M * NOt

1090 O(M.~l 2 Q(MI.L)
C ITOR IS ZERO FOR LOCAL

'" -"-,, "o__ "'~__'_' "'I F' (I TORo
) 1180'. 11 SO', 110:0 V

C~OSSES)
... _o-:~ .. 1100 ..1Fo( OLOSS,+COLOS) 1110.1140,1112,.5

1110 COEP = 1. - COLOS.
DO 1130 I = 1.NOOMX
o( I', L) = (0 ( I ,L) -Q-LOSS) * CO,EF
IF(O(I.L)} lL20.1130,1130

1120 OCI.L) = O•
.. 0' _ , __'. 113 0 CON TIN UE

C
1140
1150



,

'C PUNCH COMBINED HYDROGRAPH
PRINT 1350,LOCO,NQOMX,ITQO<L)

_~._1350 FORMAT(3H ATI5,5H NO=I4.16,11H-MIN INTRVL)
PRINT 3,CQ(M,IX),M=I,NOOMX)

1360 ITQI = ITOO(L) .
Nor = NOOM~

LOCI = LOCO.
IF (FIN) 360,360,100
END

214

209
210

219
2212

'}.O SXll'vJ>'. f II f I I I 1. I I(dMB NED HYDROGRAPH)
1. NQ.OMX .

co

PRINT 1200
FOR~AT(/28H UNEQUAL COMBINING INTERVALS)
GO TO 100
CONTINUE'
K = K -1 .
J = L-l,-
PRINT OUT Q(M.IX~ IX=l FOR LOCA( AND UNREG, K FOR COMBINED·
lX=L . f

IF(IUNR~~1240,1240,1220
1220 PRINT 1230
1230 FORMAT(/17H UNREGULATED FLOW)

GO TO 1290 L

1240 IF(LOCAL) 1270.1270.1250
1250 PRINT 1260
1260 FORMAT(/llH LOCAL FLOW)

GO TO 129,0
1270 I X=K-'

J = l
PR IN T 12'80

1280 FORMAT(/ZOH
_ __ ._.__..1290. DO 1340 M =

QA :2 O.
DO 1300 I::K,J

.1300 QA -= QA. + 'OeM"I)
Q(M.K) :: QA
IF(IUNRG~~1320'1320.1310

_. _. .. '" .. __ .1 3 1 0 Q-(M, Ll =Q( M'L )+QA. ~.. ..,
GO TO'1340

1320 IF(LO~AL) 1340,1~40,1330

. .. . ._.... ..1330 Q( M, K) = Q(M• L)
Q(M.L1 = Q(M,L) - QA

1340 CONTINUE
... L =. K _

.~ 1190."
X 12.00..
:..........

~. 1210."--
-i

.:.
:' I

C

t

_.
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/. INPUT DATA 23-J2-L232

A. 3 Cards - Output title cards

B. Basin data card - (No decimal points for first 7 items)

, on 2400 time
"
""

""
"

"
"

1. IUNRG - Positive if job is for computing unregulated flows,
leave blank. normally
Positive if job is for computing local flows, leave

.blank normally
Duration of flood output desired, hours, cannot exceed
240 times shortest inflow interval without dimension
change.
Month when flood started, if h1storical
Day " II " II "

Year "
Time "
scale
Ratio by which all input hydrographs will be multiplied
(in addition.to any value of RTIO, item C3) before
routing. Assumes 1.0 if left blank.

2. LOCAL -

3. LNGTH

4. D.fUTH -
5. IDAY
6. IYR -
7. ITIME -

8. RATIO

C*.HYdrograph specification card (No decimal points for items 1, 2,
and 4-7)

L . LOCI
2. NQI

FIN

3.
4.

5.

6.
7.

8.

Inflow location number (any positive integer)
- ~umber of inflow values, carmot exceed LNGTH*( 6o) JITQ;J.

(B3, c4)
ITQ.I - Inflow interval in minutes
RTIO - Ratio by which individual hydrograph will be multiplied

(in addition to any value of RATIO, item B8) before
routing

IQAVG - Positive if inflows are average for period, otherwise
inflows must be inst,antaneous at end of period

IPNCH - Positive if input hydrograph is to be printed
NHGT - Number of hydrographs to be combined (or used to ccm-

pute unregulated or local flows if i tern Bl or B2 is
positive). Leave blank (or zero) if this hydrograph
is to be routed before combining. Use -1 if another
hydrograph is to be read before routing or combining.

- Use 1 if this is last input for job, otherwise leave
blank

'*These hydrograph cards (C and D) to be follm.,ed by next set of hydro
graph cards (C and D) if NHGT on the current hydrograph cards is
negative, other,nse by next set of routing cards (E and F).

EXHIBIT 6
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I· 3. NRCHS

4. LOCL
5. NTATM

6. LAG

7. NSTRL

/

) )

D*. Hydrograph cards - Flows or reservoir holdouts in cfs at end of
period unless IQAVG, item C5 is positive, in which
case these are average flows or holdouts for period,
enough cards to contain NQI flo~, item C2, 10 per
card.

FJ#. Two data cards for each routing (No decimal points for items 1-8
and 15)

1. ITQR - Routing interval (At) in minutes (can equal or be an
exact multiple of inflow interval)

2. ITQO - Outflow interval in minutes, must be same for all
routings to same combining location, can equal or be
a~ exact multiple of inflow interval. t~st equal or
exceed ITQR for straddle-stagger and Puls-lag routings.

- Number of successive reaches to be routed with identi
cal routing specification without intermediate print
out (one for Tatum method and 1 or more for any other
method)
Outflow location number
Number of routing steps for. Tatum method -<zero if.
Tatum method is' not used).
Lag (stagger) as number of routing intervals (ITQR,
item El) for reach
Number of routing (ITQR) values (straddle) to be
averaged (zero if straddle-stagger method not used),
must be 2 or greater but cannot exceed 2* LAG + 2.

8. NPULS - Number of points to be read for outflow-vs-storage
table (cards F) for modified Puls routing (zero if
storage-lag method or reservoir routing not used).
Limited to 20 points (4 cards) unless dimension changed.

·9. STORA - Starting storage in acre-feet for reservoir routing, -1
if starting storage to be determined from tables (cards F)
based on starting inflow, as in channel routings.

10. RES - Positive value indicates reservoir routing (by modified
Puls method)

11.. AM3KK - K coefficient for Muskingum routing (zero if Muskingum
method not used)

*These hydrograph cards (C and D) to be followed by next set of hydro
graph cards (C and D) if NHGT on the current hydrograph cards is
negative, otherwise by next set of routing cards (E and F).

#These routing cards (E and F) to be followed by next set of routing
cards (E and F) if NHGT on the current routing cards is positive,
otherwise by next set of hydrograph cards (C and D).

~
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12. X - X coefficient for Muskingum routing
13. QLOSS - Constant loss in cfs
14. CQLOS - Loss as ratio of remaining outflow
15. NHGT - Number of hydrographs to be combined immediately

after this routing operation (zero if other hydro
graph to be read before routing or combining, one
if routed hydrograph is to be immediately routed
further)

16. FIN - Use 1 if this is last input for run, otherwise leave
blank.

PH.. Remaining routing cards - Storage and outflow alternately up to
20 values each (1 to 4 cards), omit if NPULS is zero or negative
(E8) •.

STR, DISCH - Storage in acre-feet and corresponding outflow
in cfs. In case of reservoir routing, minimum
storage can be set by making first two items of
STR equal, the first DISCH equal to zero and the
second DISCH equal to the desired value for that
storage.

#These routing cards (E and F) to be followed by next set of routing
cards (E and F) if NHGT on the current routing cards is positive,
otherwise by next set of hydrograph cards (C and D)

Note: A combining operation can be performed only one time at a
station, therefore all required routings to a station must
be performed before combining.

I

I .

1 .... _ .~.
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