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FLoob CONTROL DISTRICT of Maricopa County
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COMMENTS ON "'GROUND WATER RECHARGE PHOENIX URBAN STUDY
February 1977"

Paragraph 1.05.c recommends studies to determine the effect of recharge

on subsidence. I think this recommendation should be supported, both

for reasons of possible impact on flood control structures and because

of the need for water conservation. Linsley, Kohler and Paulhus in
Hydrology for Engineers (page 145) state that "... there is no evidence
that the ground levels in regions of pronounced subsidence will be
recovered if the aquifers are repressurized.'" Although this statement

is made in a discussion of artesian aquifers, it is likely that subsidence

is accompanied by a permanent loss in aquifer capacity.

The discussion in Paragraphs 2.07a and 3.05a leads to a preliminary
determination that recharge basins are most suitable for the Salt River
and New River and Phoenix City Streams projects. I think that the gravel
pits which have thus far been considered a liability from the standpoint
of aesthetics (Rio Salado) and erosion (bridges) might become a windfall
from the standpoint of recharge. In the Handbook of Applied Hydrology
(page 13-45), Chow says "Abandoned gravel pits ... are useful situations.
«+. Sides of pits should be steep enough so that silt settles to the
bottom, leaving the sides relatively free for infiltration.'" Consideration
might be given to acquisition of river bottom land by the appropriate
agency. This land could be leased for the mining operation with the
understanding that it would be used for recharge as needed, or it could
be traded for land which has already been mined.

A cursory examination of aerial photographs taken in 1976 and 1977 indicates
that there are about 1,000 acres of excavated areas in the Salt River
between the Baseline Highway and 35th Avenue. This compares favorably with
the Corps estimated area requirement for recharge of 2,000 cfs or 850,000
acre feet/year to allow joint use storage in the Orme Dam flood control
pool (paragraph 3.04). That is, it compares with the abilities of the
systems shown in Plates 3, 4 and 5.




Examination of aerial photography from 1976 shows about 50 acres of
excavations in the Agua Fria River below the New River confluence and
another 125 or so just above Glendale Avenue. Considering the recent
growth in the areas west and northwest of Phoenix, it is certainly
reasonable to expect these excavations to increase in the immediate
future.

Use of abandoned gravel pits for recharge is probably more dependent
upon flood control measures than use of basins. If uncontrolled flood
water entered the pits with a high sediment load, they would probably
fill with sediment and lose all effectiveness for recharge after such a
flood. However, with the proper management of flood waters, I think
they should be considered for recharge.

It should be noted that part of the recharge areas shown on Plates 3,
4 and 5 are located on the Salt River Indian Reservation. While
realizing that this is a technical report, I think that consideration
should be given to consultation with the Tribal Council, along with
other legal considerations discussed in Paragraph 1.04c.
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Mr. Jack Leavitt
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As we discussed in our phone conversation yesterday, I am enclosing
the recent report entitled "Ground Water Recharge Phoenix Urban Study,
February 1977". The report is preliminary and there is still quite a
bit of work that needs tbe done. Unfortunately, our funding for this
fiscal year does not allow us to continue work on this, however, we
are hopeful that we will be able to resume this portion of our study
in fiscal year 78.

If I can provide additional information please advise.

Sincerely,
g///
1 Encl <  H. W. WORTHINGTON
as Study Manager
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GROUND WATER RECHARGE

PHOENIX URBAN STUDY

I - GENERAL INFORMATION
1.0l PURPOSE. The purpose of this study is to develop a conceptual plan to
conserve floodwaters for beneficial use in the Phoenix area., This study is
in support of the Phoenix Urban Study‘overall water management plan., The
generel intent is to plan for conservation of excess floodwater by recharging

the ground water basin.

1.02 SCOPE, This study concentrates on conservation of runoff frem two
vatersheds: the Salt River watershed (see section III and pl. 1) and that
collective group of watersheds analyzed under the name of "New River and Phoenix
City Streams" (see section IV and pl. 2). Pertinent technical concepts
fundamental to ground water recharge are discussed in chapter 2. This report

is directed at providing conceptual ideas from which preliminary plan formulation
decisions can be made. More detailed studies are needed to make final

decisions concerning ground water recharge.

1.03 ASSUMPTIONS. This study addresses future conditions in the Phoenix
area. Various water resource projects now in the planning and design stages
are assumed in place for this study. Structures assumed to‘be in place
include Orme Dam, New River Dam, Cave Buttes Dam, and Adobe Dam, Descriptions

and locations of these structures are included in following paragrapvhs.




Sufficient data was not available, therefore, estimates were made (see section II)

on the infiltration and percolation characteristics of soils in the study area

end on aquifer storage capacity.

1.04 CONCLUSIORS.

Be Salt River Basin, Significant quantities of natural surface
vaters are available for ground water recharge from the Salt River basin,.
Ground water reserves in the reach from Granite Reef Dam to Tempe are severely
depleted. Fortunately, soil conditions in this reach are conducive to recharge
and sufficient riverbed land exists, upon which infiltration basins may be
located, Dependent upon water rights and existing recharge from the Salt
River Project's "additional water", anywhere from an average of 68,000 to
260,000 acre-feet of water could be conserved annually by a ground water
recharge system. Potential also exists to store Central Arizona Project
vater and Salt River Project water underground in this area., Downstream of
Tempe, the ground water table gradually rises until it becomes a problem at
Buckeyé, Intensive recharge is undesirable downstream of the Salt and Gila
Rivers confluence., Currently, pumping is taking place near Buckeye to keep

the ground water level below the root zone of crops.

b. New River and Phoenix City Streams. Runoff on Cave Creek
below the proposed Cave Buttes Dam will be intercepted.at the Arizona Canal
end put to beneficial use. Therefore, supplemental recharge facilities appear
unwarran};ed° Relatively small and sporadic quantities of runoff are expected

on New River and Skunk Creek. Infiltration characteristics near these streams




ere generally poor. Infiltration basins along these streams would have to be
located on the overbanks because the channels are too narrow. Infiltration
basins would probably recharge less than 1,000 acre-feet per year of natural
runoff into the ground water basin. Although infiltration rates are low,

the storage available in the ground water basin could accommodate significant

quantities of Central Arizona Project water and Salt River Project water.

c. Arizona Vater Law. Current water law in Arizona is not
attractive for large scale ground-water recharge. Primarily based on the
common law rvle, each land owner also owns the water percolating through
the ﬁnderlying soiis (reference 19). Howevér, ground water does ﬁot legally
include vater flowing in underground streams with defined beds and banks
. which are subject to the prior appropriation doctrine of surface waters.
Under current laws, surface waters recharged into the ground would become
the property of the owner of the overlying land and could not be controlled
by the agency responsible for the recharge operation. Until new legislation
is inacted the use of aquifers as water storage reservoirs may not be a practical

means of water conservation.

1.05 RECOMMENDATIONS.

8. Salt River Basin, Based on this study;‘infiltration basins
in conjunction with upstream storage are recommended for the:Salt River,
Ground water recharge in the reach between Granite Reef Dam and Tempe is
viable because this recach has good infiltration characteristics, adequate surface

vater availability, and sufficient riverbed area to locate facilities., The




‘ potential for silt control in the Granite Reef Dam pool plus the potential
gtorage space in the depleted ground water basin makes this reach a desirable
location for ground water recharge. Several conceptual rechérge plans are
shown on plates 3 through 5. More intense studies, however, are needed to
make final decisions on numerous technicel factors discussed in this report.
Test-infiltration basins are recommended to better define infiltration
characteristics and ground water flow patterns. Operation of the proposed
infiltration basins by a local agency is recommended; possibly by the

agency that will operate Orme Dam.

b. New River and Phoenix City Streams. Ground water recharge
facilities on New River and Skunk Creek, solely for natural runoff, are not
recommended because the quantities of runoff available for recharge ere small
and sporadic in occurrence. If imported waters from the Granite Reef Aqueduct,
the Arizona Cenal and the Arizona Canal Diversion Channel supplemented by
natural runoff, were used for recharge, facilities may be feasible. Plate 6

shows a potential location for three alternative infiltration basin plans.

(N Although not further addressed in this report, a ground-water
recharge operation may mitigate subsidence problems in the Phoenix area.

Studies pursuing the impact of ground water recharge on subsidence are recommended.




II - TECHNICAL ASPECTS OF GROUND WATER RECHARGE

2.01 INFILTRATION. Linsley, Kohler, and Paulhus in reference 1 define
infiltration as "the movement of water through the soil surface into the
goil." Infiltration is “distinguished from percolation which is the movement
of water through the s0il." While studying artificial recharge, Tyley in

reference 2 has further stated:

"The major problem associated with evaluation of a recharge
site or e method of recharge is the determination of probable
long-term infiltration rates. Such retes are critical for determining
the method of recharge, the size of the recharge site, and the

techniques of operaticn and maintenance.

Many factors affect infiltration rates, but most are difficult
to analyze separately., The composition of surface soils and the
geohydrologic conditions discussed above are inmportant factors
aeffecting infiltration rates. The quality of the rechérge water and
the proccdufes used in the construction, operation, and maintenance
of a recharge project can also affect the long-term infiltration
fates: These latter factors can generally be controlled to maintain

favorable rates."

This section of the report discusses the factors affecting ground-water
recharge ,in general, some of the available information on recharge in the study

. ~ area, and the basis for technical assumptions and estimates used in this study.




2,02 INFILTRATION RATE VERSUS TIME PATTERNS.

8 Infiltration rates are known to vary significantly with time.
Several infiltration rate-time patterns, defined by researchers, are discussed
in the following paragraphs. Muckel in reference 3, presented the typical
infiltretion functions shown on plate T. This S-shaped infiltration rate
curve for undisturbed soils is indeed well recognized and is presented in
hydrology books written by Butler (ref. 4), Todd (ref. 5), and Chow (ref. 0).
Actually, infiltration patterns are highly sensitive to local conditions
and may not follow Muckel's typical curve at all. However, in the absence of data
for a particular site, it appears best to éssume Muckel's curve is representative.
Muckel quoted Christiansen who described the phenomenon controlling the S--shaped
infiltration rate curve for undisturbed soils as follows:

"a., The initial decrease in permeability or infiltration
rate is believed to be caused by dispersion and swelling of the
soil particles. This is much more pronounced in some soils than

others.,

b. The increase in permeability following the initial
decrease accompanies the elimination of entrapped air from the
soil. This air is slowly dissolved in the water passing through

the soil. <

C. The gradual deccrease in permeability that follows is due
/

primerily to biological activity in the soil."




b. Muckel's infiltration rate curve for disturbed soils is also
shown on plate T. This curve exhibits a continuous decrease in infiltration
rates until a lower limit is reached. The infiltration rate for disturbed soil
(such as plowed farmland) is primarily controlled by surface conditions,
vhere a sealing layer of fine particles from the disturbed soil forms. If the
source of infiltrated water is heavily laden with suspended solids, an
jnfiltration pattern similar to that for disturbed soils will result for any
soil. In practice, the effects of the .suspended solids is probably the

most important factor controlling management of infiltration basins.

c. 'Tyley (ref. 2) conducted artificial recharge studies in the
Coachellea Valley of southern California. Infiltration tests conducted by
Tyley showed infiltration rates to immediately increase with time to a peak
and then drop off (see pl. 8). Tyley essentially explained the difference
between his observations and Muckel's typical S-shaped curve as follows: "In
many soils, the infiltration rate initially decreases due to dispersion and
swelling of soil particles. Figure 8 (pl. 8) shows that this decrease in
infiltration rate did not occur in the first test. This was probably due
to & very low content of silt- and clay-size particles." The predominant

s0ils wvere coarse sand and fine gravel,

d. Bouwer (refs. T, 8, and 9) has conducted extensive studies on
ground water recharge for the Flushing Meadows project in Phoenix. This
project is located on the north bank of the Salt River near its confluence

with the Gila River, Bouwer's work has yielded the infiltration rate curve

shown on plate 9, This curve follows the pattern of Muckel's curve for




disturbed soils. Bouwer has indicated that "The decrease in infiltration
rate during inundation was essentially linear with time and caused by soil
clogging. This clogging occurred mainly at the surface . . . Rice has shown
that the surface clogging is principally a physical process, caused by the
accumulation of suspended solids forming & thin layer with high hydraulic

impedance,"
2.03 PERCOLATION TO GROUND WATER.,

a., As previously mentioned, Linsley, Kohler, and Paulhus
(ref. 1) have defined percolation as the "movement of water through the
s0il," Because this study is concerned with ground water recharge, the
percolation of surface waters to the ground water table rather than just
' surface infiltration is significant., The Arizona Water Commission (ref. 10)
defines ground water as "that water occupying all the voids within a volume

of rock. The word rock is used by hydrologists to mean both hard, consolidated

formations such as limestone, sandstone, or granitej; and loose, unconsolidated
sediments such as sand and gravel." They also defined aquifers as "layers
of rocks which contain ground water and zallow its movement in appreciable

quentities."

b, Before effective percolation can be achieved, the hydroscopic
water requirements for the soils near the surface must be satisfied. The
drier soils near the surface are the primary barrier to reaching a deep ground
wvater tgble in a homogeneous soil. Evapotranspiration losses commonly dry the

soils near the surface (in the zone of aeration). When small quantities of




water are intermittently infiltraﬁed, they are normally adsorbed in the zone
of aeration. Adsorbed water, also known as hydroscopic water, is bonded to
the soil by strong surface tension forces and is, therefore, not subject to
gravity flow. Once the surface soils (in the zone of aeration) are saturated,
wvater will percolate more freely into less restrictive deeper soils, that are
commonly wetter (in the capillary zone). Linsley, Kohler, and Paulhus (ref. 1)
have stated: "At the termination of rain, gravity water remaining in the soil
continues to move downward and, at the same time, is taken up in capillary
pore spaces. Usually the infiltrated water is distributed within the upper

few feet of soil with little or no contribption to ground water unless the

s0il is highly permeable or the zone of aeration very thin."

Ce As water percolates freely to the ground water, a bulge or
mound in the water teble will form below the location of surface infiltration.
In reference 11, Bouwer made the following comments concerning stable-mound

conditions.,

"The stable-mound condition can develop if there is some
form of 'escape' for the water below the water table. This can be
in the form of percolation through semi-permeable layers on which
ground-water mounds are established, or in the form of a 'control!
level of the water table above which the water level cannot rise.
Such a control level may be the result of pumped wells-.in the
vicinity of the recharge area, drainage into other basins, 'spilling'
of/ground wvater over the edge of discontinuous impermeable layers

or lenses that support perched mounds, or, if the water table




(

comes close enough to the field surface,'evapotranspiration or
direct outfloﬁ. For a constant recharge rate, the water table under
those conditions will rise until the total rate of drainage or
escape below the water table equals the total recharge rate.

The information that may be desired regarding equilibrium
mound positions can be reducecd to bne or both of the following

questions:

1. VWhat is the equilibrium recharge rate at a given maximum

height of the center of the mound?
2 Vhat is the equilibrium position of the mound for a

certain recharge rate?"

Several years later (ref. 7), Bouwer cormented: "The design of a system of
recharge area or other collection facilities should be based on avoidance of
high water-table mounds beneath the recharge area so that the water does not

"backup' to the soil surface with resulting reduction in infiltration rates."

2.04 EFFECT OF SURFACE WATER DEPTH AND DISTANCE TO WATER TABLE ON

PERCOLATION,

8. Percolation in a homogeneous soil layer is generally defined

by Darcy's Law:

10




WVHERE

O
1

steady state discharge
K = coefficient of permeability in the direction of flow,

at a given temperature

s
1

is the area perpendicular to the direction of flow

=
i

hydreulic energy head

=
n

length of the flow path -

b. Darcy's equation mey be reviewed to make general conclusions
concerning the effect of depth of sufface water on percolation during steady
state conditions. Discharge varies directly with the energy head "H,”
Butler, in reference 4, has indicated that in a fairly homogenous soil vhere

. the ground water is deep, large increases in the surface depth will result
in small increases in percolation. For a simplified example with vertical
percolation only; if the ground water table is 300 feet deep and the surface
water depth is increased from 1 foot to 10 feet (a 1,000 percent increase),
"H" changes Trom 301 feet to 310 feet (a 3 percent increase). Discharge
woﬁld similaerly increase only 3 percent. If the least permeable soil layer
is near the surface, as in a silted recharge basin or if the ground water
mound rises close to the surface, "H" may 5e significantly larger than "L."
Under these conditions, increases in surface depth will be followed by
significant increases in percolation. Actually for stratified soils (as exist

in the study area), the percolation process is considerably more complex.,

5




c. Muckel (ref. 12) has found shallow depths of .2 to .3 foot to
infiltrate more water than 1 to 2 feet depths can. "This may have been
caused by differences in sunlight reaching the soil, temperéture, or other
unmeasured factors., These tests showed that certein plants will thrive with
the shallow depths of water, whereas they will not survive under greater depths."
In practice, it is doubtful that a large series of basins could economically be

constructed to maintain .2 to .3 foot depths.
2.05 DRYING RECHARGE BASINS,

8. Infiltration rates versus time curves presented by Muckel,
Tyley, and Bouwer (pls. 5, 6, and T) all indicated that given enough time
(at most 2 months), infiltration rates decrease to very low values. Higher
rates are almost always restored by simply allowing the recharge basins to dry.
Muckel (ref. 12) observed thet 1 month of drying following 2 months of
infiltration produced good results for his tests. Bouwer (ref. 8) found:
“$hat maximum long-term infiltration or hydrauvlic loading is obtained with
flooding periods in the range of 20 to 30 days and drying periods of about
10 days in the surmer snd 20 days in the winter" (see pl. 7). The Los Angeles
County Flood Control District operates an extensive system of recharge basins.
In reference 13, they have stated: "At our spreading grounds with shallow
basins where we can alternate wetting and drying the basins, we are able to
maintain our infiltration capacities. However, after prolonged continuous
wetting at these spreading grounds, the rates gradually deteriorate." They
usually .keep their basins wet for 15 to 25 days wiéh drying periods of 10 to

20 days.

12




b. On the extreme, the Orange County water District of Southern
Californis will keep their basins wet for up to T or 8 months between April
and November and for about 1 month during the rest of the year. Sedimentation
controls their durations of infiltration. During the warmer, drier months,
they infiltrate relatively sediment-free imported water, but during the
wvinter months, they frequently incounter sediment-laden storm runoff. It
appecars to be universal that sedimentation éventually reduces infiltration 1o
the extent that drying has little effect and that only mechanical removal of

the sediment layer will restore initial infiltration rates.

Ce. The ratis of wet time to dry time is pertinent in determining
the acreage of recharge ~ins needed to infiltrate a constant flow. Based
on the cases cited abo: recharge basins for this study were assumed to

require drying for one~third of their operational time.
2,06 EFFECT OF WATER QUALITY ON INFILTRATION,

a. In reference 3, Muckel states that it is common knowledge that
hard water is more conducive to rapid infiltration than soft. Ordinarily,
water analyzing below 30 ppm of calcium and magnesium is considered soft,

from 30 to 60 ppm fairly hard, and above 60 ppm hard. He further stated:

"Sodium igs another element known to affect the movement of
water into or through a soil. Its importance lies not so much in the
gquantity present, but in its relation to the elements calcium and

/

magnesium, The sodium percentage, calculated by dividing the quantity

13



of sodium by the sum of the quantities of calcium, magnesium, sodium,
and potassium (21l in equivalents per million), is the usual way to
classify the quality of water for irrigation with respect to the
sodium effect on the soil. A water of high sodium percentage tends to
deflocculate the collpidal soil particles and, consequently, hinders
the movement of water. As is the case with hardness, no inflexible
distinction can be drawn between a good and s poor quality of water.
Generally, water in which the sodium percentage is above 65 percent

is considered to be of poor quality, between 50 percent and 65 percent
the quality is questionable, and below 50 percent it is satisfactory

both for irrigation and for spreading."

b. The US Geological Survey (USGS) operates the water quality

monitoring stations, "Salt River below Stewart Mountain Dam" and "Verde

River below Bartlett Dam," Using 11 years of record (1964 to 1974) from
these stations, the average hardness and sodium percentage for their combined
flow vwere computed. Hardness was 58 ppm and the sodium percentage was 45
percent. Based on Muckel's statements, the quality of watér appears to be
satisfactory for infiltration. TFor the same 11 years, a sodium percentage of
40 percent and a hardness of 119 ppm was computed from data for the USGS
water quality station "Colorado River below Parker Dam," This station is a
good indicator of the potential quality of water imported to Orme Dam by
the CAP. According to Muckel's standards, the quality.of the imported water
is even superior to Salt River water for infiltration. Thus, mixing of CAP
water with Salt River water at Orme would be beneficial for infiltration in

7
terms of water quality. No water quality data is available for runoff from
Skunk Creek or New River,

1k




2.07 METHODS OF ARTIFICIAL RECHARGE.

8.

Tyley, in reference 2, made a comparison of different methods

of recharge. Tyley's comparison (slightly modified to meet conditions of this

study) is presented below.

Method

Injection or
Ranney-type
collector

vells

Deep pits

or shafts

Contour

Turrovs

METHODS OF ARTIFICIAL RECHARGE

Advantages

o evaporation; not
susceptible tc wind;
floods will not harm
installation; ease of

monitoring.

High infiltration rates;
minimal siltetion and
élogging; possibility of
multipurpose installation;

low relstive evaporation.
Inexpensive; efficient use

of available land; small

power costs.

15

Disadvantages

Very high initial costsj
possibility of high maintenance
costs; recharge water-ireatment

costs very high.

Higher cost than ponds or
basins; rehabilitation more
difficult; susceptible to wind-

induced wave erosion.

Continual operation and maintenance
problems; relatively high
evaporation; possibility of being

destroyed by flooding.



Flooding of Least expensive; efficient Very difficult operation and

natural use of available land; maintenance; highest evaporation;
stream small power costs. possibility of being destroyed
channels by flooding; difficult to monitor

infiltration rates; low

infiltration rates.

Ponds or Relatively easy to . Susceptible to wind-induced wave
basins construct; efficient use erosion; diversion structure
of available land; small could be costly; somewhat
pover costs; easy to unprotected from vandalism; floods
rehabilitate; high would harm project in riverbed:
infiltration rates. vector control may dictate

operation of system.

b. The predominant method of recharge in.southern California is
by the use of infiltration basins. This is primarily because of their superior
efficiency in operation and maintenance costs. For this study, only infiltration
baéins were considered for conceptual schemes. INumerous other factors discussed
in paragraph 3.05a would also need to be considered to select a final method

of recharge.
2.08 ESTIMATED INFILTRATION RATES ON THE SALT RIVER. .

, B By reading the previous paragraphs, one can conclude that

infiltration rates are highly variable and depend on local conditions. Todd,

16



in reference 5, lists "representative spreading basin recharge rates" varying
from 0.1 to 9.6 feet per day for various locations in the United States. Until
actual infiltration tests are made in the areas of interest, the best that can
be done is to estimate a long-term rate. Various geologic conditions discussed
in Appendix 2 of this report have led to the estimate of 5 feet per day for
the Salt River bed between Tempe and Granite Reef Dam., Plate 1 in Appendix 2
shows that the depth to ground water is decﬁ (over 300 feet) in this reach.
Because of this great depth, it is less likely that a ground water mound will
"backup" and impede surface infiltration unless perched water is experienced.
Soil particles are coarse and, again, because of the great depth to ground
vater, it appears that depths of surface water will have little impact on
infiltration rates. Facilities to minimize sediment deposition are considered
necessary, although it is recognized that eventually troublesome sediment
sccumulations will occur and mechanical removal will be required, It seems
best to assume that the infiltration rate versus time pattern will react
similar to Muckel's typical S-shaped curve for undisturbed soils (pl. T).

After the initial decline there will be a temporary increase in infiltration

rates and then the eventual decline as time continues.

b. In conjunction with the Phoenix Urban Studies the Hydrologic
Engineeriﬁé Center (HEC) of the Corps of Engineers has conducted studies to
estimate the influence of infiltration on the progression of a flood hydrograph
on the Salt River below Granite Reef Dam. Historic flood events were modeled
using the St. Venant equations to describe unsteady flow conditions of flood
hydrogrgph progression downstream. A decay function was used to describe

infiltration. This function inherently produces en infiltration curve similar
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to that observed by Bouwer. The final report for this study is presented in

Appendix 3. If Muckel's S-shaped curve is considered to describe long-term
infiltration, the results of the HEC study might be considered to, at best,
describe the first few days of the S-shaped curve. However, the subsequent
increase in the S-shaped curve will probably predominate the average long-term
infiltration rate in a well managed infiltration basin. The Hydrologic
Engineering Center study yielded an average infiltration rate of 2.6 ft/day

as a b-day average. The geological review in Appendix 2 suggests higher
long-term rates and so does luckel's S-shaped curve. Therefore, the average

rate of 5 feet per day was considered acceptable,
2.09 ESTIMATED INFILTRATION RATES ON IEW RIVER AND PHOENIX CITY STREAMS.

8. In comparison to the Salt River bed, little geologic and
hydrologic information is available for the Skunk Creek-New River area.
USGS streamflow records on the Ague Fria River and its tributaries provide
insight on infiltration rates in the study area. Plate 10 identifies the
Jocation of stream gaeges used in this study. Significant historical flood
voiumes on llew River, Skunk Creek, and Agua Fria are presented in table 1.
In this table, inflow to the lower New River is represented by the sum of
discharges recorded at USGS stream gages, No. 5138.35 and 5138.6. Outflow from
the reach is represented by gage No. 5139.T7. Gage No. 5139.1 indicates flow
conditions in the middle of the reach. During some of the recorded floods,
New River also received inflow from the Arizona Canal (middle of the study
reach). The floods of 1967 and 1970 exhibited relatively large infiltration

/

lonses in the lower reaches of the New River (betuee Skunk Creek and the Apgua
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Frie River) and Agua Fria River (between the New River and Salt River). The
flood records for 1970, 1971, and 1972 indicate that local inflow (the

exact quantity unknown) occurs between the gages. Thus, total inflow to the
reach is undefined for the recorded events. Because of inadequate definition
of overflow areas and uncertainty in local inflow, computation of infiltration

rotes from this data is not possible.

b. A long-term infiltration rate of at least 1 foot per day is
suggested in Appendix 2 for fine-grained river deposits, which are indicative
of the Skunk Creek-New River area. Referepce 14 presents an analysis used to
estimate channel infiltration from the Sebtember 3-T, 1970 flood on Cave Creek.
This analysis yielded an estimated average infiltration rate of 2.5 feet per

A

's per wetted acre). Because no other information wvas available,

Hy

day (1.25 ¢

this rate was used for the New River and Phoenix City Streams study area.
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IITI - SALT RIVER

3.01 DESCRIPTION OF THE SALT RIVER WATERSHED. The Salt River provides a
significant contribution to the water supply of the Phoenix area. While the
river passes directly through Phoenix, most of the runoff is from higher
elevations in the upper watershed, located to the east and northeast of Phoenix,
The watershed is shown on plate 1. The najor tributary to the Salt River is

the Verde River. The drainage area is about 12,900 square miles at the Salt-Verde
confluence (about 20 miles east of Phoenix), with roughly equal area from each
river. The Salt River continues to the west of Phoenix to its mouth at the

Gila River. Here, the drainage area incrcéses another 800 square miles, however,
annual runoff from this desert area is negligible. Through this desert area
(salt River Vally, which includes metropolitan Phoenix), the Salt River bed
extends about 42 miles from the Verde River to the CGila River. The primary
source of runoff is the watershed above the Salt-Verde confluence., ZIlevations
range from 1,300 feet at the Salt-Verde confluence to over 12,000 feet in the

San Francisco Peaks. Much of the basin is mountainous and above 6,000 feet.

The character of the land changes from dry desert in the lower elevations to pine
forests in the ﬁighcr elevations. Winter snows cover much of the upper basin and

result in a significant part of the annual flows on the Salt and Verde Rivers.,
3.02 EXISTING WATER SUPPLY SYSTIMS.

8o About one-third of the Phoenix area water supply comes from
surface vaters of the Salt River. The predominant water supply system, conserving

these waters for the Phoenix area, is the Salt River Project (SRP). The SRP's
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six dams total about 2 million acre-feet of conservation storage. Foﬁr of the
dans are located on the Salt River and two are located on the Verde River (see

pl. 11). Conservation releases from these dams flow down the natural riverbed

to Granite Reef Diversion Dam, located about 3-1/2 miles downstreaﬁ of the
Salt-Verde confluence (see pl. 11). At Granite Reef Dam, consefvation flows are
diverted into the Arizona.Canal on the north and the Southern Canal on the south.
These two major canals feed the water distribution system for the Phoenix area.
The combined capacity of these two canals is about 3,700 cfs. Salt River discharg
exceeding this diversion capacity will flow over the ungated crest of Granite

Reef Dam and on downstrean.

b. About two-thirds of the Salt River Valley water supply is pumped
from the ground water basin. Loceal municipalities, private individuals, weter
companies, and the SRP all pump water from the underlying aquifer. The SRP alone
uses more than 200 wells to supply its canal system. According to the Arizona
Water Commission (ref. 10), the Salt River Valley is an example of coordinated
use of surface and ground water to maintain a relatively constaent total supply;
Despite the use of surface wvaters, pumpage has excceded the safe yield and the
aquifer is depleted more each year. Between 1964 and 1969, the ground water table
has declined an average of 1.8 feet per year (ref. 10). Table 2 presents the
annual volume of ground water pumpage in the Salt River Valley as estimated by
the Arizona Water Commission (ref. 10). Plate 1 of Appendix 2 presents a 1972
ground water profile along the Salt River and exhibits depths exceeding 300 feet

to the ground water table between Tempe and the Granite Reef Dam.
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¢. The City of Phoenix diverts water from the Verde River under

agreement with SRP, This water is treated and piped to Phoenix for municipal

and industrial distribution.

d. Operational criteria for the SRP are highly complex. Operational
decisions are based on available storage, water demands, power availability
and demands, ground water availability, and flood forecasting. Most runoff from
the Salt River watershed is impounded by SRP reservoirs. Reservoir releases are

diverted into the Arizona and Southern Canals at Granite Reef Dam. Therefore,

the Salt River bed, below Granite Reef Dam, is usually dry.

€. Occasional large flows will exceed the impoundment capscity of
the Salt River Project reservoirs. Whenever large spillway flovs are enticipated,
the SRP delivers "additional water" to its users in an attempt to draw the reservoi
down and put as much water as possible into beneficial use. The SRP (reference 18)
has stated, "We refer to excess water deliveries as 'additional water' when
such excess water can be delivered to qualified users within the capacity of
the canal system without discharging water to the Salt River channel." The
guount of "additional water" delivered is limited by the combined capacity
(3,700 cfs) for diversions into the Arizona and Southern Canals at Granite Reef
Dam. Regular monthly demands (excluding "aaditional water") for diversions at
Granite Reef Dam were estimated by the Corps of Engineers (COE) from USGS records
for the years 1959 to 1973. Months with spillway flows at SRP reservoirs wvere
deleted from the computations so that excess "additional water'" would not be
included. The intent was to isolate "additional water" as an independent value,

The SRP (reference 18) also estimated normal delivery demands., SRP described
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their estimate as follows. '"In order to determine how much of that water

exceeded the normal delivery demands, the three years immediately preceding
1973 were selected as indicative of representative normal releases for comparison
purposes.”" The estimates by the Corps of Engineers and the SRP are fairly

comparable and both listed in table 3.

: Examinaticn of USGS flow records indicate that even during times
of excessive floods, it is doubtful that the "additional water condition" would
stimvlate capacity use of the canals. For example, during the calendar year of
1973, heavy runoff filled the SRP reservoirs and resulted in the "additional
water condition." During April 1973, flow above Granite Reef Dam averaged
about 12,000 c¢fs and the SRP diverted about 2,600 cfs (reference 18), leaving
an average unused canel capacity of about 1,100 cfs. During May 1973, flow
above Granite Reef Dam averaged about 6,700 cfs and the SRP diverted about
3,200 cfs (reference 18), leaving an average unused canal capacity of about
500 cfs. These examples point out that even though sufficient water was
available, capacity canal diversions (3,700 cfs) were not made. During
April and May the SRP (reference 18) estimated the average "additional water"

to be about l,3OO cfs and 1,800 cfs respectively.

g. "Additional water" is commonly used to leach salts from
agricultural land. "Additional water" is usually available for only sporadic
and short durations. Its effect on ground water recharge is uncertain. In
accordance with the discussions in paragraphs 2.02 and 2.03, significant
qnanti?ies of "additional water" may be adsorbed as hydroscopic water in the

zone of aeration and not recharge the ground water basin. This is likely
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in areas where the depth to ground water is large. However on the contrary,

because of intensive year-round irrigation, the soil's affinity for hydroscopic
wveter may be satisfied resulting in considerable ground watér recharge from

the infiltrated "additional water." During long periods of excessive flow,

such as 1973, some "additional water" would undoubtedly recharge the ground

vwater basin. Considerable data collection is necessary to determine how much
"additional water" actually recharges the ground water basin., The SRP (reference
18) has stated, "some water percolates beneath the root zone with every irrigation
end maintains hydroscopic water levels within the soil profile. As a result of
these areas leaching irrigations of excess, waters are subject to percolation and

ground water recharge."

h. VWhen local floods in the Phoenix Valley ere anticipated to fill
the distribution canals, water at Granite Reef Dam or in the canals is diverted
into the Salt River to prevent overtopping of these canals., These diversions
usually infiltrate in the Salt River bed. However, because the infiltrated
vaters are relatively smell in volume, they add little recharge to the ground

wvater basin.

3.03 PROPOSED ORME DAM. The US Bureau of Reclamation (USBR) is currently
developing the Central Arizona Project (CAP) - a major water conveyance system
for delivering Arizona's share of Colorado River water to central and southern
Arizona, Alternative damsites are being studied to locate ; terminal storage
facility for CAP water in the Phoenix area. The damsite under most serious
consideration is for Orme Dam, Just below the confluence of the Salt and Verde

Rivers (see pl. 11). The Corps of Engineers has studied the flood control
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aspect of this proposed structure for the USER. Storage allocations for Orme Dam

are shown on plate 12. The conservation pool will include the first 410,000

ecre-feet of the reservoir. The next 950,000 acre-feet will be allocated to the

flood control,
3,04 JOINT USE STORAGE OF ORME DAM FLOOD CONTROL POOL,

a. As discussed in reference 15, the Corps of Engineers suggested a
seasonal joint use plan for the first 850,000 acre-feet of the flood control
pool. Between 1 May and 1 October, 850,000 acre-feet would be available for
conservation and the remaining 100,000 acre-~feet would be reserved for flood
control. Between 1 December and 1 March, the full 950,000 acre-feet would
be reserved for flood control. During the transition periods of 1 October
to 1 December and 1 March to 1 May the storage allocations would vary linearly

with time. This seasonal plan is described in plate 13.

be Little runoff is expected during the summer months after 1 May.
Therefore as design criterion, a meximum of 850,000 acre-feet of water must
be evacuated froﬁ the joint use pool between 1 May and 1 December according to
plan. This would require a steady release of about 2,000 cfs for the T-month
period. Ajinfiltration basin system located below Orme Dam would consequently
need a capacity of about 2,000 cfs to assure conservation of the 850,000
ascre-feet of Joint use storage. The water could be percolaied into the ground

water basin and extracted as needed.

:,’
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¢. In the future, accurate flood-forecasting systems may be developed
that will permit additional conservation use of the flood control pool. TFinal
design studies may also show that modifications to the structure, such as flash
boards on the spillvey, will permit additional conservation storage. A
possibility also exists that another flood control or terminal storage plan
nay be developed that will eliminate rme Dam and change the conservation

concept presented in this report completely.
3.05 DESIGN OF CONCEPTUAL RECHARGE BASINS.

Be Several conceptual schemes of infiltration basin layouts were
developed for this study. Final plans would require considerably more detailed
studies., Considerations would have to be given to ltopography, the final flood
control and conservation plan for the Salt River, localized infiltration rates,
percolation rates, transmissibility rates, percolation paths, sediment transport,
soils design of berms, design of hydraulic structures, water quality, vector
control, economics, geologic studies, environmental studies, evaporation,
land acquisitions, legal questions, institutional problems, etc. Implementation
of & test basin program in the area of concern would greatly help to quantify

many of the unknowns encountered in this study.

b. In Section II of this repoft, an average long-term infiltration
rate of 5 feet per day and a drying time of one-third of the operating time
vere estimated as appropriste., Using these values and the maximum release of
2,000 cfs discussed in the preceding peragraphs, the area of infiltration basins

needed was estimated to be 1,200 acres.
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C. In the study area, the Salt River bed has a slope of about
1 foot in 610 feet. Basin length is controlled by thé riverbed slope and
maximum depth of ponding (see pls. 3, 4, and 5). All basins were designed
with a minimum depth of 1/2 foot at the shallow end, Maximum depths at the
deep end vere linmited to 5 feet, because greater depths would probably require
much more substantial berms than could efficiently be constructed. Greater
depths are also associated with longer basin lengths, which are undesirable.
Infiltration basins with large fetch lengths may develop troublesome wind waves,
VWaves will threaten the stability of berms and may also transport unwanted
sediments from the berms to the basin floors. Borrowing animals have proven

to be a continuous threat to the structural integrity.of berms at Los Angeles

County Flood Control District infiltration basins meking high berms undesirabdle,
d. Various schemes are presented on plates 3, 4, and 5, For these

schemes, infiltration basins were located on the riverbed material, as defined

on USGS 1:24,000 scale topogrephic maps. All of the schemes presented are

wvell upstream of the Rio Salado Plan, which proposes a park-like development

of the Salt River bed. Even if additional acreage becomes needed for infiltration,

there would be no need for encroachment into the Rio Salado area. It is possible

that esthetically pleasing infiltration basins could be designed as part of the

Rio Salado Plan, especially if imported water was also used for recharge.

€. Consideration was given to provide a floodflow channel for each
plan., The development of the hydraulic capacity of the flocodflow channel will
be dependent on final flood control design considerations and is currently

unknown. Most likely the infiltration basins will be washed away by large floods
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and will have to be rebuilt. Such'considerations lead to the concept that berms
should be made as inexpensively as possible, probably of uncompacted riverbed

material pushed up by heavy equipment.

f. Delivery of water to the infiltration basins can be achieved in
several ways. Plates 3, 4, and 5 each present separate delivery systems.

Trensporting the least amount of silts possible into the infiltration basins is

of prime interest.

ge In general, water released from Orme Dam will flow down the
natural riverbed to the small pool behind Cranite Reef Dam. At Granite Reef
ara the water will have the opportunity to clarify. From this point, ihree

schemes have been presented on plates 3, 4, and 5.
H 3

h. The plate 3 plan calls for releasing water from Granite Reef
Dam into the natural riverbed. Collection berms will be used to channel the flow
into the infiltration basins. Flow will undoubtedly pick up silts in
this plan, Silt-control basins will be required at the recharge facility.
Chemical floculents may be introduced in the silt-control basins to precipitate
suspended solids. The Granite Reef Aqueduct will siphon under the Salt River
Just downstream of the Granite Reef Dam., It is unlikely that prolonged low

flows will influence the operation of this siphon.

i, The plate 4 plan calls for enlarging about 2 miles of the
Southern Canal end constructing about 5 miles of a new canal, Both canals would
be lLined and convey relatively silt-frec water from Granite Reef Dam to the

infiltration basins,
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Je The plate 5 plan calls for constructing 8 miles of unlined channel.
The design would call for low velocities to restrict the transport of sediments.

Sediment-control basins may or may not be required.
3.06 USE OF REGULATED FLOW IN THE NATURAL RIVERBED FOR INFILTRATION.

8. The natural riverbed from CGranite Reef Dam to the Tempe Bridge
may also be used for infiltration. With sustained low flow this normally dry
riverbed would undoubtedly change. A confined and meandering low-flow channel
would form. The size and shape of such a channel was estimated from & river
cross section taken by the USGS at their "Salt River Below Stewart Mountain Dam"
stream gage. Here, sustained flows below 2,000 cfs are common. Using
their discharge rating curve, a discharge versus wetted area relationship was
established and used in conjunction with the infiltration rates discussed in
the following paragraph to estimate the river's infiltration capacity. Actually
geologic conditions of the riverbed change as it approaches Tempe, and a low
flow channel section will change accordingly (probably differently than estimated).
However because no additional informetion is available the USGS-~Salt River channel

section was used as a best estimate to describe the reach to Tempe.

be Flows in the natural riverbed below Granite Reef Dam will
transport sediments downstream., Because of infiltration, controlled discharges
will decrease eventually to zero at some downstream location. Thus, sediments
eroded from the upper part of the reach will be deposited in the lower part of
the reach cousing progressively greater sealing of the riverbed. Infiltration

rates may be expected to vary accordingly. Dividing the reach into quarters,
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the following infiltration rates were assumed; 5 ft/day, 4 ft/day, 3 ft/day, end
2 ft/day (from upstream to downstream). An infiltration capacity of about 400
¢fs for the natural riverbed, from Granite Reef Dam to Tempe Bridge was computed.
Assuming one-third of the time is needed for drying the bed, an average capacity
of sbout 250 cfs exists. If the use of the natural riverbed is incorporated

into any of the plans presented on plates 3, 4, and 5, a reduction of abc

150 scres to the infiltration basins may be expected. Use of the natural
riverbed only, would not provide sufficient infiltration to recharge the

gvailable surface waters.
3,07 WATER AVAILABLE FOR RECHARGE.

8. listoric monthly discharges were analyzed under future Yproject”
conditions to estimate the average annual amount of water that could be
conserved in infiltration basins. The computer program '"HEC-5C, Simulation
of Flood Control and Conservetion Systems" was employed to model and future
conservation system. USGS flow records were used to establish historic average
monthly flows into the SRP reservoirs. Monthly demands for SRP watler were
estimated from average flows (by COR) in the Arizona and Southern Canals (see

para. 3.0Te and table 3).

b. Monthly flows from August 1888 to September 19Tk were routed
through the existing SRP reservoirs based on estimated monthly demands to
establish outflows from the SRP system., The computed monthly outflows from the
SRP vere coribined with estimated CAP deliveries (see table 3) to derive inflows

to the proposed Orme Dam, CAP demands plus SRP demands (see teble 3) were
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combined to estimate total conservetion demends from Orme Dem ("additional water'

was not included).

¢. Using the 86 years of record combined with SRP and proposed
CAP water budgets, HEC-5C was used to determine how much water would be
 available fér recharge., The seasonal joint use storage plan for Orme Dam was
used (see pl. 12). Based on the above conditions, two separate sets of storage
routings vere performed for Orme Dam - one vwhere water for recharge (2,000 cfs
maximun) vas given priority and one where diversions up to the capacity of the
Arizona end Southern Cenals (maximum "addit?onal vater" plus normal demands -
3,700 cfs) was given priority. This dual analysis was performed because the role
of “additional water" in establishing water rights is uncertain at this time, For
both routings no water for recharge and no "additional water" were withdrawn from
the conservation pool (below 410,000 acre-feet). The conservation pool was used
solely to meet regular SRP and CAP demands. Vater for recharge and "additional
water" were released from Orme Dam only vhen the pool exceeded 410,000 acre-feet.
For the analysis, giving reéhargc priérity an average of 355 cfs or 260,000
acre~-feet per year was available for infiltration and 79 cfs or 58,000 acre-feet
per'year wvas available as "additional water." Giving "additional water" priority,
an average of 350 cfs or 256,000 acre-feet per year vas avaeilable as “aedditional
wvater" and 93 cfs or 68,000 acre-feet per year was available for infiltration.
[t is anticipated that amount of water available for recharge will be somevhere
between (but currently undefined) the two values discussed above and will be

based upon legal decisions,

4
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d. The analysis revealed that neither the water for infiltration nor
"additional water" can be relied on for regular use. Within the 86 years of
record, & l6-year period occurred in which no water was available for either
infiltration or as "additional water. Recharge of the ground water basin during
high runoff years would help reduce the burden of such long droughts on the
Phoenix comrmnity. A potential also exists for using the recharge basins to
infiltrate regular CAP or SRP water thus reducing surface storage requirements

at Orme Dam and upstream reservoirs.

3.08 EVAPORATICH., If the infiltration ba;ins wvere operated at full
capacity (2,000 cfs all year), about 4,600 acre-feet per year of water will
evaporate (based on the rate of 68.76 inches per year at the SRP reservoirs).
Because the basins will operate at an average annual flow of about 355 cfs,
the ratio of 355/2000, about one-fifth, was used to estimate the true
evaporation to be about 900 acre~feet per year. Slightly more should be
expected if the natural riverbed is used for infiltration. Actually, wvater
in the infiltration basins is expected to evaporate at a higher rete than
water in the SRP reservoirs, because the basins are shallow and will heat

up considerably more. Regardless, evaporation off the infiltration basins
would be slight compared to the amount of water infiltrated. Of more concern

is the control of vegetation in the recharge area. Heavy growth near the

infiltration basins could result in large evepotranspiration losses.
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IV - NEW RIVER AND PHOENIX CITY STREAMS

;.01 PROPOSED STRUCTURES. VWatershed boundaries for the New River and Phoenix
City Streams are shown on plate 2. The Corps of Engineers has proposed a
comprehensive flood control system for northern Phoenix. This system includes

& series cf dems and channels that are shown on plate 10 and are described in
detail in reference 14. The proposed dams, New River Dam, Adobe Dam, and Cave
Buttes Dam, are currently planned for flood control only and not for water
4conservation. This section presents pertinent runoff data and explores the
p;ssibility of installing infiltration basins and using the dams tc conserve water

The channels located immediately below the dams will be left in their natural

state. The maximum design outilow (for flood contrel) from Cave DButtes Dam
will flov dowvn the natural reach of Cave Creck to the location where flow can
be diverted into either the Arizona Canal or the Arizona Canal Diversion
Channel (see pl. 10). Because the SRP will divert most Cave Creek flow into
the Arizona Canal for conservation use, little behefit would be derived from

edditional recharge facilities for this water.
},02 EXISTING STRUCTURES.

8. The Paradise Valley detention basins are located in the drainage
basin just east of Cave Creek (see pl. 10). These structures were designed
by the US Bureau of Reclamation to retain probable maximum flood volumes
and protect the proposed Granite Reef Aqueduct from flooding. Controlled
releases of flood water from these basins will be used to supplement flow in the

Cranite Reef Aqueduct (Central Arizona Project).
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b. Dreamy Draw Dam was constructed by the Crops of Engineers in

1973. This ungated structure controls runoff from a drainage area of 1.3
square miles. Runoff from this small desert basin would be negligible in terms

of water conservation.

-

4,03 BASIN CHARACTERISTICS. The adjacent New River, Skunk Creek, and Cave
Creek basins are located to the north of Phoenix and are shown on plate 2. All
of these streams generallly flow southward from £he rugged New River Mountains
vhere snow falls almost every winter. However, most snowmelt infiltrates
before reaching the proposed damsites. FElevations range from about 5,000 feet
to about 1,400 feet, where the proposed dams are to be located. The lower
elevations are fairly flat valley land with regular alluviel slopes and are
generally desert in character. The drainage arcas above the proposed dams are
164 square miles above New River Dam, 75.6 square miles above Adobe Dam (on
Skunk Creek), and 195 square miles above Cave Buttes Dam (on Cave Creek).
These basins are sparsely populated and future development is éxpected to be
minimal, therefore, increased impervious cover with associated increases in
runoff are not expected. IEstimated annual runoff at each damsite is presented

in table b,

L,04 IMPACT OF PROPOSED DAMS ON INFILTRATION. Flood detention achieved

by the proposed dams will reduce peak discharges and correspondingly increase
the duration of flows on the downstream channels. The effect is to increase
the quantity of water infiltrated in downstream channels. Whether the increase

in infiltration will result in an increase in ground water recharge is uncertain.
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The depth to ground water is about 300 feet (reference 10) in this

region. Because streamflow is sporadic (based on USGS records), the underlying
so0il's affinity for hydroscopic water may not normally be satisfied (see

paras. 2.02 and 2.03). The great depth to ground water makes the hydroscopic
water requirement appear large. Therefore, most infiltrated water might be
adsorbed near the surfece rather than recharge the ground water basin. IHowvever,
extensive egriculturel irrigation may keep the underlying soils vetter and,
therefore, satisfy this requirement. Additional information would be desirable
to determine if increased infiltration will increase ground water recharge or
be absored near the surface and enhance vegetation. The answer to this
question will be useful in establishing whether concentrated infiltration in a
basin or widespread infiltration in the natural channel reaches is desirable

as an overall plan. DIstimated infiliration capacities for bank-full flow in

the downstream channel are given in table 5.
4,05 INFILTRATION BASINS.

8. If infiltration basins are to be located in the study area, the
confluence of Heﬁ'Piver and Skunk Creek may be the most desirable location.
Runoff from 315 square miles converges at this location under existing conditions.
However, mést of the runoffs occur during short times of flooding - a condition
that mskes use of runoff for recharge difficult. The proposed New River and
Adobe Dams will "spread out" flood hydrographs while reducing peak flows,
consequently making floodwater more prone to control and recharge. Xxcess

vaters im the Arizona Canal could also be used for recharge at this site,




Vhen the "additional water" situation occurs on the Salt River, some of this

vater could be directed through the Arizona Canal to the recharge facilities,
In & similar manner, if excess water is available in the Granite Reef Aqueduct,
it could be released into New River and directed to the rechargcfbasins.

Such recharge of imported water for later use is, in fact, common place in
southern California. Updn completion of the Arizona Canal diversion channel,
additional runoff from about 290 square miles will be diverted to the site in
interest. This additional area includes the proposed Cave Buttes Dam basin.

As mentioned in paragraph L.01, the SRP will have the option of diverting
outflow from Cave Buttes Dam into the Arizona Canal or the Arizona Canal
Diversion Channel. If this flow is not needed for immediate use, it could be

directed to the recharge facilities for underground storage.

b. Because of the minimal awmount of data available for this area
it is very difficult to estimate the design capacity of recharge basins
and quantity of water that could be conserved by such facilities. TFor
this study, it is assumed that imported water will not be regularly available
for recharge (although this may be the only strong reason to provide recharge
facilities in thé area). Review of USGS records indicates a recharge facility
with a capacity of about 200 cfs would conserve most low flows. ILven after
construction of the proposed dams, the majority of runoff will be from floods
with short durations and peeck discharges greatly exceeding 200 cfs. Recharge
of the higher flows would still not be possible. It aﬁpears safe to say that
this recharge basin would conserve less than 1,000 acre-feet of water per year

on the average (based on review of USGS flow records).
1
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Ce Using the infiltration rate of 2.5 feet per day (discussed
in para. 2.09), an area of 160 acres would be needed to infiltrate 200 cfs.
Drying time was not considered because of the typically short durations of
runoff in the area. An additional 20 ascres was allowed for silt control. The
general slope of the area is 1 foot vertical in about 200 feet horizontal.
Using & maximum depth of 5 feet and minimum of 1/2 foot for each basin, three
conceptual plens for infiltration basins vere developed and are shown on
plate 6. Detailed planning and design studies would need to consider many

of the items discussed in peragraph 3.05.

d. The oversll effect of these infiltration basins will be to
conserve relotively small cuentities of water, less than 1,000 acre~feet
annuzally, when compared to the communities average demand of over 2-1/2 million
acre-feet annually. Furthermore, the effect of the proposed dams alone will
be to increase infiltration. This in itself reduces the need for infiltration
basins. Thus, infiltration basins, solely for natural runoff, are probably

not warranted for this area. Such basins may be highly valuable to recharge

imported water.
}; .06 MODIFICATIONS TO THE PROPOSED RESERVOIR.

8. ModiTications to the proposed reservoirs may permit temporery
jimpoundment of small floods. The water could be released at low rates to the
jnfiltration basins discussed in the previous paragraphs. ZIach of the proposed
dems have part of their reservoir volume allocated to sediment storage. The

intent is that at the end of a 100-year period, the volume of sedimentls
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eccumulated in the reservoir will not restrict the dam's ability to control
the design flood. With modifications to the proposed sturctures, part of the
sediment-storage volume of the reservoir could be used to impound and conserve
floodflows to be released later for ground water recharge. As sediment
sccunulates in the reservoir, the amount of storage available to impound
conservation water will diminish. The modification would essentislly consist
of raising t£e ungated flood control outlet to a reservoir storage level that
is less than the sediment storage allowance. A small gated conduit connected
to a small outlet tower in the reservoir will then allow regulation of
impounded waters. Plate 14 illustrates this plan.

o 18 This modification plan is probably infezsible because of high

costs are presumed to be associated with it. In addition to a second outlet works

3

. the embankment and foundation of the proposed dams may need significant structural

alterations to accommodate longer impoundment times. Also, by raising the
flood control outlet, the reservoirs trap efficiency may be significantly
increased, resulting in a need for a larger design sediment allowance and a

higher dam. laintenance costs would also be expected to increase,
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TABLE 1
(Runoff volumes in scre-feet)

~

‘ Date of Runoff
USGS Stream

jaze Number®¥ Watercourse 12/19-20/67 9/5-€/70 8/3/71 T/17/72 - T/21-22/Th 8/20/T0

5138.35 New River 12,890 5,810 370 80 0 0

5135.6 Skunk Creek _1,k493 2,548 202 207 45 138
Subtotal 14,383 8,358 652 287 Ls 138

139.1%¢ New River 14,297 ®3,00L No record

5139.7T Agua Fria 12,969 T,983 w712 ¥375 0 0

Gain or Losg*## ~1,41k ) -1,071% +60 +88 -L45 -138

% Includes unknown quantity of inflow from Arizona Canzl to New River,
See plate 10 for stream gage locations.

% Reach from gage numbers 5138.35 and 5138.6 (subtotel) to 5139.7.
+ Difference beiween gage Fos. 5139.1 end 5139.7. :

tt Located in middle of study reach.

NOTE: Gein or loss indicates local inflow or infiltration, respectively.




Annual
Year Pumpage

(1,000 ac-ft)
Prior to
1915 57
1915 15
1916 15
1917 15
1918 40
1919 60
1920 95
1921 100
1922 200
1923 400
1024 500
1925 500
1926 500
1927 500
1928 500
1929 600
1930 650
1931 600
1932 300
1933 572
293k 711
1935 554
1936 684
1937 665
1938 905
1939 738
1940 oh3
10k Lhh
1042 1,004
1943 1,10k
1944 1,017
1945, 1,143
NOTE: Data from Reference 10,

TABLE 2

Estimated Annual Ground VWater Pumpage
in the Salt River Valley

Lo

Year

19L6
1947
1948
1949
1950

1951
1952
1953
1954

1955

1956
1957
1958
1959
1960

1961
1962
1963
1964
1965

1966
1967
1968
1969
1970

1971
1972
1973

Annual
Pumpage
(1,000 ac-ft)

1,406
1,670

W

DO
L I

O N WwWWw
oNoNoNoN®)

1,291
Total 68,272



Average Monthly Salt River Project and
Central Arizona Project Discharges

Average
Salt
River
Project
Demand
Estimated
Month by COE®
(efs)
January 301
February 543
March 1,498
April 1,399
May 1,388
June 1,820
July 1,943
August 1,40k
September 1,35k
October 505
llovenber 295
December 383

Avereage
Salt
River
Project
Demand
Estinated
by SHP**

(efs)

157
645
1,124
1,278
1,363
1,62k
1,846
1,304
1,26k
615
461
510

TABLE 3

Average
Central
Arizona
Project
Demand *¥#

(efs)

2L

88

66
370
L35
13155
1,282
014
1,090
5 i
88

2L

Average
Estimated
Conservation
Releases From "Additional Project Inflos

Orme Damf to Orme Damitii

(cfs)

325
631
1,564
1,769

1,823

2,975
3,225
2,408
2,46
682
383
Lot

Maximum

Water"t1

(efs)

3,399
3,157
2,202
2,301

Average
Central
Arizona

(efs)

1,292
964
Loo
320
132

= i < B =

¥ Canal releases at Granite Reef Dam, based on USGS flow records, 1959 to
1973, excluding "free water."
#% (Cansl releases at Granite Reef Dam, estimated as 3-year average, 1970 to
1972, by SRP (reference 18).

### Releases from Orme Dam, based on reference 17.

1t Sum of Average Salt River Project Demands and Average Central Arizona

Project Demands.

it Based on difference between Average Salt River Project Demands estimated by
COE and combined capacity (3,700 cfs) of Arizona and Southern Canals.

{11 Based on reference 17.

COE Corps of Engineers
SRP  Salt River Project

by



TABLE 4

Estimated Average Annual Flow at Damsites

(Based on 1967-Th4 period)

Location Drainage Area
‘ (sq mi)

New River Dam 164

Adobe Dam 90

Cave Buttes Dam 191

Estimated
Average Annual Flow
(ac-ft)

4. 200
1,600
4,900

NOTE: Average annual flow for "Cave Creek at Phoenix" (at Peoria Ave.),
D. A. = 252 sq. mi,, for period 1958-Tk is 2,300 acre-feet.

k2



TABLE 5

Estimated Channel Infiltration Capacity

Infiltration Capacity¥

(ac-ft/day)

Reach Low=Flow Channel
New River from Skunk Creek

confluence to damsite 260
Skunk Creek from lew River

confluence to damsite 170

' New River from Agua Fria
confluence to Skunk Creek
confluence 200

¥ Based on bank-full flow.

L3

Total-Natural Channel

420

L0

Loo
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i . Even though detailed refinements in the state of the ‘m:t of i.n-
filtration analysis are being made all ‘the time there still exists

é s a need for knowledge of basi; hydrolégic paramecters before re;hargn

can be computed for an area. These parameters include; transmissibility
and storage coefficient of the aquifer, description of the ground water
basin and long term infiltration rates. “The infiltration raLe of
the'spreading grounds must be high enough to accept the anticipated

rate of recharge. The storage capacity of the ground water basin must

be adequate to accommodate the anticipated volume of recharge. The

transmiscibility of the water bearing material must be sufficient to

transmit the water away from the recharge site to the arca of extraction.”

(Schaefer and Warner, 1975)

The traﬁsmissibility and storage coefficient fof the Salt River area
have been computed and have becn used in an analég analysis of ground
Qaécr depletion in Central Arizona (Anderson, 1968). East of Tcﬁpe
ﬁuttc the transmissibility along thc'prescnt course of the Salt River
varies from 100,000 to 200,000+ gal/day/ft. An area of high transmissibility,
200,60&*, trends s?uth from the river paésing ncarby Mcsé, Cilbért
and Chandler before swinging to the west where it joins with a zone
of ﬁigh transmissibility under the Gila River. This zoéc of bigh trans=-
missibility ié'éscimatcg for the upper 1,000 to 1,200 fcet of the aquifer

1in

snd pfobably delinestes the ancicnt course of the Salt River. West

.

of Phoenix the arca of highest transmissibility is coincident with
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the present course of the Gila River. Transmissibilities for the remainder
of the study area range from 10,000 to 200,000+ gal/day/ft. An average
storage coefficient of 197% was used in Anderson's analog analysis for
Central Arizona and can be assumed to be a conservative value for the
study area especially in the coarse river gravel deposits. Vertical
and lateral permeabilities of the sand and gravel materials in the
Salt River bed have also been measured (Bouwer, 1970). Generally speqking
the average permeability in the anisotropic alluvium is approximately
360 ft/day in the horizontal direction and 20 ft/day in the vertical
direction. Individual gravel layers are 40 times more permeable than
sand layers.

Basins in central and southern Arizona are interconnected by thick
accumulations of alluvium, Most hydrologic basins therefore do not
have definite physiographic limits and their boundries are arbitrarily
chosen. The study areais located in the Salt River Valley which is
no exception to the general rule. The Salt River Valley is hydrologically
connected with the Lower Santa Cruz Basin to the southeast and the Gila
Bend Basin to the southwest. The Central Highlands Geomorphic Province
serves as the headwaters for the valley‘and defines the basin boundary
on the north and northeast.

Prior to 1923, the hydrologic system in central Arizona was con-
sidered to be in equilibrium (Anderson, 1968). With little exception
the water table had the same general form as the surface‘of the ground,
but with a lower gradient (Meizner and Ellis, 1915). In the Phoenix
water moved obliquely to the west parallel to the surface

28 |

W - il
&rea, grouna

drainages. Since 1923 the ground water has been extensively exploited
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to the point where water levels have declined as much as 360 feet -
in 40 years. '"The large withdrawl from the ground water reservoir
has changed the regional flow pattern from a relatively uniform
undisturbed state to a series of individual systems, each one located
at a relative center of pumping.'" (Anderson, 196°%)

Although physiographically separate ground water basins do not

xist in the study area,the effect of ground water mining has so altered
the reservoir that a division in the basin occurs at Tempe. In 1972
east of Tempe along the Salt River the gradient sloped eastward, in-
fluenced by deep cones of depression such as those located at Scottsdale
and Mesa. West of Tempe the gradient is to the west. The direction

of flow is complex, however, being severly affected by areas of ex-
tensive pumping such as the one west of Litchifield Park.

The alluvium in the Salt River Valley variec in thickness from
zero neay bedrock exposures to 2,000 feet near the center of the basins.
The valley fill has all sizes of particles ranging from impervious
silt and clay to very permeable gravel and boulder beds. '"The material
ig in lenticular layers or beds that apparently are not widely dist-
ributed horizontally" (Stulik and Twenter, 1964). Some exception to
this gencralxrule is along the present course and ancient courses\of
the Salt River which are characterized by coarse, permeable alluvium
Even sé, because the river has shifted its course from side to side
in the valley, any vertical section in the alluvium can show a gfeat
degree of heterogeneity in material size and permeability.

Lee in his paper, The Underground Water of the Salt River Valley

(pp.,128-131), gives a superb description of the character of the

alluvium in the Phoenix and Mesa areas. In general, the course,
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permeable gravel, cobbles and boulders exist at the heads of the

broad alluvial fans adjacent to the crystalline bedrock outcrops and
along the present and ancient courses of the major streams especially
the Salt River, The largest part of the basin is filled with fine
grainéd sediments and evaporites characteristic of a typical inter-
‘montzne basin (Stulik and Twenter, 1964). The uniform slope of the
regional water table at equilibrium indicates that there is some
communication between the water bearing formations. The actual path
of this communication, however, may be complex. "If the ideal section
given in figure 3 represents actual conditions, water from the river
would pass laterally six times partly écross the valley before reaching
the lowest gravels'" (Lee, 1905).

Since the downward percolation of water is at least partially
delayed by clay, silt, caliche or evaporite layers, semi~perched
conditions may locally develop. East of Tempe and north of Chandler
a rather extensive perched condition is recognized. It varies in elev-
ation above the regional water table from 20 to 200 feet.

In summary, movement of ground water in the study area at the
‘present time is complex. Ground water levels and probable direction
of fiow are relatively well documented, however the situation is
complicated by the varing pumping rates,.the locally perched water
and the lenticular nature of the alluvium. Even beneath the existing
Salt River channel confining layers exist which serve to:perch water

above the regional water table (Laney, USGS Phoenix office, oral

communication). At the present time the USGS in Phoenix is preparing
7
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a hydrogeologic atlas for the East falt River Valley. The river
gravel deposits are being delineated and isopach maps will be con-
structed which will help in estimating the extent of high permeability
alluvium available for ground water storage. At the éresent time it
can be assumed that a dewatered storage basin of considerable size
characﬁerized by high vertical and lateral permeabilities exists in
the east Salt River Valley.

Long term infiltration rates for the Salt River have been com-
puted using two different methods. Heavy runoff in the spring of
1973 waslmonitered by the USACE and the USGS. Outflow from Granite
Reef Dam was compared to inflow at Painted Rock reservoir. By using
the wetted area and correcting for time lag, average infiltration rates
were obtained for the entire 107 mile length of the Salt and Gila
Rivers between the two dams. Three individual days were looked at;

31 March, 9 April and 4 May. Average percolation rates of .74, .24
and .22 f€/day were calculated for these days - 27, 36 and 61 days
after the initial release from Granite Reef.

In another study at the Flushing Meadows project near 91st Ave .,
long term infiltration rates of 1 to 4 ft/day were obtained under
closely controlled conditions in small (20x700') recharge basins (Bouwer,
The surface material in these basins is a loamy sand which is probably
the major limiting factor for the infiltration rates. Whether or
not these basins are an accurate reflection of infiltration rates

further upstream or in coarser surface material is questionable.

These long term values can be compared with short term infiltration

7
rates ranging . from 1.4 to 2.5 ft:/day obtained on the Salt River from

&)

Cranite Reef to 7th Ave. (Briggs, 1966). At the present time the data

1970




obtained during the 1973 flows down the Salt River along with data obtained
during a similar event in 1968 are being evaluated further by the

Arizona Water Commission. Before any long.tcrm infiltration rate can

be assigned to the Salt River channel with any validity the wide -var-
iation between rates measured during actual flows and experimental

tests must be resolved,

Summary and recommendations. From-the study conducted thus far

it appears that the Salt River channel, primarily east of Tempe Butte,

is a good natural recharge site located within the study area. A

report currently being prepared by the USGS will in more detail define
the available ground water storage reservoir in this area. Transmissibility
of the river deposits are sufficient to c#rry water away from recharge
areas. A more precise estimate of long term infiltration rates is still
needed however. Infiltrometer tests, test holes and small scale recharge
test basins in the river channel would be of limited value. Only by
monitioring the effects of long term controlled releases down the river
channel can useful data be obtained. Until this data becomes available
it in.reasonable to assume long term infiltration rates of at least

1 foot per day in relatively fine grained river deposits and 5 feet

per day in coarser deposits if reasonable management techniques are

employed.
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'SPECIAL PROJECTS MEMO NO. 470 | e
SUBJECT: Infiltration and Unsteady Open €hannel Flow: An Approach to
' Solving the Coupled System .

.8

: PART I _
" problem Statement and Solution Methodology

T. . References. " nipt A .
a. SPKHE Special Projects Memo No..463, dgted 23 March 1976
b.  SPLED Form 2544, dated 14 April 1976 '

é;' Users Manual for HEC generalized computer progrcm No 723-G2- L/450
“Gradua]]y Varied Unsteady Flow Profiles", June 1976

}d. Amorocho, J., et. ‘al., "Simulation of Runoff from Arid and
Semiarid Climate Watersheds," Volume I, University of California,
Davis, Vater Science and Engineering !oper #3002, June 1973.

Z. Introduction. A version of the oone“alized computer program "Gracually

g e e e,

si-Varied Unsteady Flow Profiles™ (refarrad to herein as "the gnsteady Tloq 5%
model"), which calculates:infiltration rates and incorporates the effects . .

“of infiltration on calcuiated unsteady flow profiles and discharges, has

been developed by The Hydrologic tn]1nﬁer1nd Center, This memo describes

the theoretical basis of the solution technique, application of the model

to two flood events on the Salt River near Phoenix, Arizona, and data input

“requirements and structure. Capabilities and limitations of the technique
are discussed. '

- 3. Theoretical Basis of *ha No”nﬁ

‘a. The governing equations for one-dimensional unstcady open channe1
flow (thn St. Venant equations) can be written:

(AV) - noh (1)
B, Thg-ano
. gh L, Vv, 1V, v
e 0 WMEgWITHTTAT R (2)




continuity (ea.
genzsrally applic

ﬂherg:
\ A =
v o
~taf.
B -
h o=
t =
=
R
: i
The above

Cross- sectiona] flow area P o ' TEENET T

maean cross-sectional velocity -

distance along the

channel

water surface width

water surface elevation

time

lateral 1nflow~per

unit length of chénnel

gravitational acce]eration' TP

friction slope, calculated from Man ning's equation

two equations are derived from the physwcaI principles of

(1)) and eneray conservation (eq. (2)) and are considerad
cable to one-dimensional rigid boundary open channel r]o,g.J
~ Any consistent system of units may be used. This set of partial differentiai

equations cannoc, in gﬂnerai, be soived (1HLDQY6L8Q) analvf1ca11y to obtain

. and U ar Linmat+danm AL &<

i Qiia

o«

S Venant equat*ons.

-~ DUII\-VI\J‘(J Vi R R

\ awd - [ A A
(:/ ana Spacc '\\,\- Several numeric schemes

4—

- are available, however, for calculating.approximate solutions-to th= & Py B
‘Ore such scheme, termed-an "exp]ic1t,,ccntered diff rence,

scheme” provides the basic olror1t“1 utilized by -the unsteady flow model.
Details are presented {in the users manual (Ref. c). ;

b.

term can

Note that the equations of motion that are programmed into the
unsteady flow model include a lateral inflow term, q. While this term
fs usually thought of as representing tributary infliow, it can equally
well be thought of as ‘IIJJT’

represent infiitra

ry outflow (q negative). Therefore, this
ion losses to the channel bed., Consequently,

t0 apply the unsteady flow nr del to the propagation of flood. waves through
channels that exhibit major in7iltration loss, no change in the basic
equations of motion or the algorithm for integrating those equations {s
necessary. What is required,
for q (i.e., the infiltration loss rate per unit length of channel), whicn
may depend on time, location,

&. Loss Rate Determination

ho'evCr, is a method for determining a vaiue
etc.

The rate at which water percolates through

the soil surface is usuaily ’xprcssed as discharge per unit area, i.e.,
& velocity. This velocity, f,
of several variables:

{s generally considered to be a function




b o ) - £ = f (duration of wetting, depth of flow, soil characteristics,
'.. antecedent conditions, etc.) ' ,
i : \

For the purposes of this 1nvestigaticn the 1nf11tration raue was assumed
to be of the form:

. - . . - . & ] _kt L d .‘ .'
P fufc-!'(fo-fc)e _ (. (4)

Yhere: . '
f = instantaneous infiltration rate at any distance, x
f. = ultimate, constant, infiltration rate

£ = {nfiltration rate at time zero

k = a decay coefficient ¢

t = time, reckoned from the time at which the flood wave 1n1t1a11y
reaches location x -

This 1< essentially Horten's formula and has benn cpplied to similar channel

-Yoss problems in the arid Southwest (Ref. d). As used in this study, s
f . 2nd k may vary aleng the lengih of the channel boing modeled, The Time,

™ _ ‘?,a]so varies aiong the channel due to.the finite travel time.of the ficod,

TR “wave. Note, bonever, that f 45 assum 2d to be -constant across: the ¢ross-
‘sectfon; .this is consistent with the one- -dimensional equations of motion
that are used, : i

e

5. . Interfacing Loss Rate and Unsteady Flow Calculations.

del solves finite difference approximaticns
T computations are executed at discrete,
evenly spaced, ]OLQLlOH ona the channel. These locations are termed
“nodes". The length of channel between iwo nodes {s termed a "reach".
. A reach is of length.ax. A different value of the total lateral inflow,
, may be assigned to each reach. At interior (non-bouridary) nodes

tge ?ocau inflow assigned to 'any node is that for the reach on the left

a&. The unsteady flow m
of .equations (1) and (2), The
<
ped

[ Rs] ”‘O

1
ail
ha

" plus that for the reach on the right (see Fig. I-1). The boundary calcu-
lations are more complex and deHend upon the type of boundary cowdi;ion .
specified. 4

b. Infi]trétidn is included in this schome by assoctating with cach
reach a total local inflow rate composed of two parts: (1) tributary inflow
(or cutflow) occurring within the reach, and (2) infiltration which occurs

.t




% S ! L ] REACH 5 REACH 6 ETC.”
5, QTRIB(5) ] QTRIB(6) T
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FIGURE I-1: Accounting Scheme for QTRIB and QIHFI! , Interior Nodes




- { R in the reach. The first is an input item, provided by the.user; the
- second 1s calculated from equation (4) as follows: :

’- ' T QINFIL = f‘(AX)-(B)'V , o [t o (5)
= " where B is a water surface width obtained from the unste+dy flow calculations.

These calculations, however, only yield results for nodes. It was decided
that the appropriate width to use for a given reach is that calculated at .

-the odd node located at one end of the reach. (For a discussion the
significance of odd and even nodes see Ref, c.) The net local 1 ety
outflow for a reach is then found by subtracting Q]HFTL from Q+, The
computational procedure for solving equations (1) &nd*{2) is una’ g
only the local inflow term (g) is recalculated to refiect infilt: . on.

B . c. The infiltraticn rate, f, is a function of time. The proper
" {ime to use in calculating f is time after passage of the flood vave.
At each odd node the time transpired since arrival of the flood i
accunulated and the loss rate for the two. reaches adjacent to that odd
node is calcuiated from equations (4) and (5). , i

d. The unsteady flow model requires a finite depth of water at
each ncde, i.e., there can be no "dry" nodes. Therefore, the advance
£ - of a flood wave on a dry channel can only be simulated approximately.
. Yersion 3.0 of the unsteady Tiow progrem (c) ceniains a procedure for .
~.caleculating.a minimum elevatign at each. node. below:which the calculated . . ... 7%
“water curface- elevation is not.allowed to fall.. This {5 & coptrivance ™ = 7
s-that allows some difficult problems, such as the dam break flood, to be:
analyzed more efficiently. The procedure is equivaient to adding water
to the flow and, therefore, does not correspond to the correct solution
for the given problem. Appropriate warnings are printed when this occurs
and the user must examine the rest of the solution to determine if it

{s realistic.

e. The minimum elevation concept can be utilized to identify the
arrival of the flood wave at each node and "turn on" the infiltration
calculation. Initially, a water surface profile for low flow (steady)
conditions should be determined. This profile is then specified as the

. minimum elevation for the flood hydrograph simulation. (The program

- version developed for this study allows user specification of minimum
elevations at each node.) As the flood wave progresses downstream, the
water surface elevation at each node increases above the minimum, turning
on the infiitration algorithm. 1If, at any later time, the elevation arops
to the minimum again, infiltration is turned off but the time is not
reset to zero.




( £. It was found necessary to limit the infiltration rate for water
surface elevations slightly above the minimum to that which would just
' ~ drop the water surface to the minimum in one computation cycle. The
" minimum elevation behaves essentially as a channel bed with respect to
fnfiltration. The presence of a finite depth of water does, however,
affect the rate of propagation of the flood wave. This is discussed
further in Part II - Test Application. s

6. -L{mitétions; : Al L ' Elp) i ;ﬂ

L a. Choice of loss rate parameters fng f’: and k may be extremely
difficult, particularly 1f they are alloved to vary with distance along
the channel. Choice of appropriate vaiues may also be difficult because
the relationships betiieen these parameters and soil characteristics,
antecedent conditions, etc. are not well known. Adjustment of infiltration
parameters to achieve calibration may prove tedious until adequate
experience in applying the model is obtained. ’
b. The duration of event that can be feasibly analyzed may prove
to be on the order of several days. The cost of operating the model for
-any given duration of simulation depends upon the computation interval
and the number of nodes in the model. Explicit solutions of the St.
Venant equations are consirained to computation intervais of a maximum
size by a stability criterion, which, in turn, depends on hydrauiic and
geometric parameters. Previous.applications of the unsteady flow model

{ o have utilized computation intervals ranging from one second to five
. minutes. Addition of an infiltration loss calculation did not appear
~-.hsﬁg;;§quurthqr~rgstricp;thegcqmputatign:inieryaﬂ;a-a{gncw;a;ﬁ?;;ﬁg?fs};irﬁ;;h;gu;ﬁﬁ&gt~

c. The necessity of having a finite depth of water in the channel
at all times requires the user to carefully construct a low-flow profile
before the unsteady event can be analyzed., This step can be extremely
helpful, however, in icentifying flaws in the geometric model.

7. Summary and Conclusions.

- . .- a. -The capability for calculating infiltration losses and
B simultaneously solving the hydraulics of unsteady, one-dimensional,
open channel flow has been developed. The system of equations used:
to describe the open channel flow are complete; no terms have -been
dropped.

b. The loss rate function used herein provides for an exponential
B decay of infiltration rate with time after arrival of the flood wave.
Since the basic open channel flow equations have been unaltered, the ‘use
of other loss rate functions could be explored without major re-progranming.

by J
o




c. The total infiltration rate in any reach is calculated as the

- rate per unit area times the water surface width timec the reach length.

Sfnce width 1s a function of water surface elevation, which varies with
time, che changes in bed surface area during passage of the flood hydrograph
are incorporated into the infiltration calculations.

.-d.  The program calculates and priats out the instantancous infil-
tration rate withii each reach and the cumulative volume of water infiltrated

in the entire system at any.time.

e. Additional data input requirements to operate the infiltration

algorithm are minimal, ,

£. As is shown in Part II, the first application of the model to
a system with significant infiltration losses yielded good reproduction

~of observed discharge hydrographs.

]
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-;.l' LRI e ‘"~j - ﬁest Application Al ?,

1.  Site Description. The method was applied to an 18-miie length of

the Salt River near Phoenix, Arizona (from Jointhead Dam to Granite

Reef Darm). See Fig. II-1. Cross-section data at 25 sections was
provided by the Arizona Water Commission. Also provided by the Com-

. mission were observed discharge hydrographs at Granite Reef and Joint-

head Dams for four events in 1968 and a stage-discharge relation at
the downstream boundary. : | i

2. Development of the Geometric Model. Cross-section data was transformed
{nto Tables o7 geometric elements vs eilevation at 37 evenly spaced nodes by

use of the computer program “Gecmetric Elements from Cross-Section Coordinates”.
The nodal spacing (ax) was 2637.5 ft. (approximately 0.5 miles). A Manning's

. n-value of 0.035 (from the Commission's data) was used. The geometric

elements were calculated for an elevation range of 41 feet. A large range
{s dosirable o assurc that the calculated water surface elevation is

- always within the range of the geometric elements table.

3. Development of Injtial Conditions.

- i, s @ The, simulation .of . unsteady. opan,channel floys; requires:that:s ro e
“Initial conditions (water surfacé elevaticon and discharge at time zero) -
'be specified at every node. As discussed previously, the appropriate

fnitial condition for this study is a low flow profile. The initial
condition was developed by operating the unsteady flow model. Starting
with an arbitrary water surface elevation and discharge, the model is
run with a constant inflow. Eventually, transients introduced by the
arbitrary quess at the profile are dispersed and an equilibrium st ady
ctate condition is reached. This condition is approached asymptoticaliy
and required simulation of several cays of prototype pscudo-time. The
discharge chosen for calculation of a steady flow profile was 100 cfs.

-Later results indicated that a smaller value would have provided a bettev

starting condition for the dynamic flood simulation. During this phase
of the study, infiltration was not used. A thalweg plot and low-flow

~water surface profile are shown in Fig. II-2.

b. The computation {interval was initially set at 5 seconds; this

‘was stable, 10 seconds was not. It was found that 6 secoands was usable,

and that value was used for the majority of runs. s




=57 .. 4. Application of the Model to a Flood Event.

. .y &  The first event simulated was that of 14-18 February 1968.

' Observed inflow and outflow hydrographs are shown in Fig. II-3.  The
model was operated with the observed inflow hydrograph as the left
(upstream) boundary condition and the stage-discharge relation (Fig.
11-5) as the right (downstream) boundary condition. fhe calculated
discharge as a function of time at the downstream boundary was then
compared with the observed outflow hydrograph to evaluate the model's
performance, '

.. b. Infiltration rates need not be re-calculated every computation
{interval. The rate was updated every 8 computation intervals (i.e.,
every 48 seconds) in this study. Mo investigation of the sensitivity of
resulte to variations of the frequency at which f is re-calculated was
undertaken. The purpose of this feature is to save computation time by
reducing the number of times an exponential function must be calculated.

e

s ¢. The computation intecrval of 6 seconds, developed when calculating
{nitial conditions, was also used when simulating the flood and infiltration
flows. The solution remained stable, so it appears that the inclusion of
{nfiltration flows has 1ittle impact on the basic stability criterion.

5. Caiibration and Results.

tflow hydrographs for several values of the
£
t

a. Calculated ©
met and k are shown on Fig. II-3 along .

) utfl
b infiltration parameters, fa .
. ~with observed data, Variation of infiltration parameters with distance
< sviat.oprgdlongthe ‘channel was notva empted:.-‘Also shown on=Fig: I3 fs.the "otz o
A - calgulated hydrograph for zero infiltration. A5 expected, the zero ‘
infiltration case exhibits higher discharges and smaller travel time
than observed. -The indication is that significant infiltration is
{ndeed occurring. The set of parameters that best matches the observed
data. appears to be: fp = 100 in/hr., fc = 0.2 in/hr, and k = 1.0/hr.
‘" Note that the calculated solutions tend to rise sooner (calculated wave
travels faster than observed) and have a lower initial peak than observed.
In other words; the rising 1imb is “smeared" somewhat. It is suspected
that this result is a consequence of having a finite water depth initially.
_However, the rate of rise is also affected by the rating curve used for
the downstream boundary. A single run was made with a rating curve '
displaced downward about 0.5 feet from that shown on Fig. II-5. The
behavior of the rising 1imb was substantially improved by using the
- modified rating curve (results not plotted). X Iy

D+ —e

b. The Arizona Water Cormission suggested that an infiltration
rate of 1.25 in/hr might be appropriate for the study reach. The steady
state rate indicated by this study was 0.2 in/hr. Comparison of these
two values may ba {nappropriate, however, if the 1.25 in/hr 1s interpreted

; , . | - .. ,

|




{ as being average over the event, thereby including the high initial rate.

‘ Averaging equation (4) over the period simulated yields a rate of about
1.3 in/hr with £, = 100 in/hr, fc = 0.2 in/hr, and .k = 1.0/hr. This
{nterpretation was suggested by the Los Angeles District. _

- ¢, The relative importance of the initial infiltration rate, fg,

. and the decay coefficient, k, 1is difficult to establish because their
‘respective impacts on shape and magnitude of the rising 1imb of the
hydrograph are not easily separable from that of the initial and boundary

~ conditions. Improved initial and/ow boundary.conditions should be

- developed and used to better evaluate these parameters.

d. The mocel was applied to a second event; that of 25-29 February
1968. Results are shown in Fig., 1I-4. This event appeared to have a
somewhat higher infiltration rate, ¥o = 0.3 in/hr. Again the initial
rise was somewhat smoothed. The same initial conditions were used.

: e. Tabulated below are calculated maximum water surface elevations
for zero infiltration and for the case: fy = 5 in/hr, ¥ = 0.3 in/hr, and

" k.= 0.5/hr. The values shown are for the period 25-27 ﬁebruary 1968

(event 2). It appears that, during this particular event, the action

of infiltration decreased maximum water surface elevations by something

less than 0.5 feet. ;

( : Max Elev : fax Elev
. bﬁ]g _' . . Zero Infﬂ.‘crat.io_n_. ; Ni?;h Infﬂt‘rat_ipn
708 © 1286.27: ft. MSL - - © - 1296.12-ft. MsL
15.99 ' 1276.68 ' ‘ 1276.35
13.99 1264.59 126815
11.99 125053 | ©1250.15
9.99 C1229.68 - .- 1229026
7.99 IRTEERD 193,46
6.00 1186.96 | A= 1186.62
4.00 C le2dl 1162.20
2.00 S 138,69 ' L 113852
0.0 | 1135.78 . | © 1135.54
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( " 6, Computer Costs. The simulations were run on the CDC 7600 located
at the Lawrence Berkeley Laboratory. Central processing times and
. approximate costs to HEC for some typical runs are shown below:

C. P. | Approx

. Run ;?: , Seconds| Cost Remarks
Development of geometric 1.12 | $1.47 |
model . '“ 7
Event 1, 2.67 day simulation | 33.66 9.66 § /'

.\\

Event_], 1.67 day simulation | 21.28 6.58
Event 1, 1.67 day sfmu]ation 18.93- 6.02 | No 1nfi]trat{6n calculation
Evént 2, 1.5 day simuiétion 17.39 5.67 | No infiltration calculation
Event 2, 1.5 day simulation 19.58 6.16

Event 2, 2.0 day simulation | 26.11 7.98
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, PART 11T | <
* Input Data Description R
1. General. The input requirements and data formats are identical to
those for version 3.0 of the generalized computer program "Gradually
Varied Unsteady Flow Profiles" with the additiors shown below.

‘2. Card B2 Presal Ceapet 7.7 ptional

Infiltration parameters. Insert this card 0ﬂ1y if the 1nf:itratioﬁ
option is to be used. It follows B] cards. v ! i

Field Variable .- Value o Tt Description
0 T - ~Card identification
2°° - FC 0,+ Infiltration rate that {s approached
' ~ 7 exponentially as time increases. In
- inches/hour (converted internally to
feet/second). e
3 F@ - : O,+ initial infiitration rate, inches/hour

(converted internally to feet/second).

4 - FK . B X Decay coefficient, k, in the infiltration
- . - equation, hour=! (converted internally
A to second™!).
5 JCYcLtM 2,4,8,12,etc. Number of computation intervals between
. recalculations of the infiltration rate.
If 2, then the rate is recaiculated every
time odd nodes are calculated. If not 2,
“then it should be a multiple of 4.

b. Card B3 .. Use only when card B2 is present.

\

Provides user-specified minimum water surface elevations at each node
below which the water surface is not allowed to fall. Infiltration is only
calculated if the water surface is higher than the minimum. Minimum water
surface elevations are calculated on input of geometric data (A3 cards) by
Version 3.0 as: (1). The lowest elevation in the elevation table {if the
area associated with that elevation is greater than zero; 1f not, then (2).
The elevation which is 90% of the distance between the lowest elevation with

17




A

{ non-Zero area and the next lowest elevation. The minimum elevation at
) . a node usecd by the program is the larger of that specified on B3 cards
‘ or calculated on A3 data input. So, blank B3 cards will cause the program
- to use the calculated values of minimum elevation (see Fig. I11-1).

|

- | : . %
. Field Variable Value 41 Description S
. .‘ | || . . 5 b s ) : :
0. .- - " B3 g S ] ety ‘ !
2 0 EBOR() . C T ATV Rl T /
3 | ELROT(2Y i PRI B ! ; '
S o Minimum elevations for each node )
e ' starting with upstream-most (left
4 : ELBOT(3) ) oy ncde., Sequence is the same as Bl
e ete ' _ - cards., Place eight valuss per card.
A g : © . < The number of 33 cards will equal the
. 9 . PRI number of B1 cards.

s .Poséible tab]es of geometric elements vs. elevation (A3 cards) for a node.

: Case 1 ' . Cese 2
‘<~ $ Entry # Elev Area Entry # | Elev Area
@ 1 100 e A w0 | o
T 10 g~ 101 0
3 - 102 20 3 102 5
& | 03 " 80 4 103 10
etc ) etc etc etc ' etc . etc
Calculated minimum water surface Calculated minimum water surface
elevation = 100 elevation = 101.1

Note, in each case, a higher elevation specificed on the B3 cards for this
node will override that calculated on A3 card data input. "

"FIGURE III-1: Examﬁle of Automatic Calculation of a Minimum Water Surface
Elevation. ' : ' :
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€ - Cards B4 = - - i ;f ,,ﬁ" . B 3 Optional

‘. The B4 cards nrovide the user with the option to vary infiltration
paramecrs along the study reach. ‘As infiltration computations are based
on odd node conditions only, variable nodal infiltration parameters can
be specified only at odd nodes. Hence, 1f B4 cards are used, there must
be ane for each odd node in the model. IV B4 cards are not prese.t tha

- values- specified on card B2 are used for all nodes.

tair
- etc. For an N node model, the

Field Variable .  Value , . Descriptien
| TR vB4 2 AN oS .f_f,j:Card identification ) =
2 Fe(1) oy 'Sare.dsibn Card B2 ;_,“ %._ |
-3 iri V‘Fﬁ(l) S0+ ngé asldg ba;d Bé -:.-;; :;: %?-;_
’4' FE(I) ' 0,4+  Same as on Card B2 | «

The first B4 car d contains values for node “, the second for node 3,
1

wi]]ibe (& + 1)/2 B4 cards.

’

o= =

d. Card< ¢l-E - ' Some as sta dard version of n.ogram
e. Cards E3, E4 -7 . Required 1f using iafiltration

Code zero tributary inflow for any reach. This merely tringers
the laterz! inflow comp"tﬂtior. IT there {s tributary inflow, coﬁe
- as usuval. S ‘ '
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