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test data indicated the pumping rate was too high for the aquifer yield
capability and a Tower rate of 500 gpm was selected for the second test.
The data generated by the 30-hour test is contained in Tables 1 and 2,
Pages 10 and 11. The data for well No. 2 (pumped well) is plotted on
Plate IV, Page 12. '



TABLE 1
WELL NO. 2 - PUMPED WELL
. 30-HOUR TEST ﬂédj
Well size--12-inch ‘\\ \E\
~\
Pump setting--240 feet ?\S{V
Static water surface--31 feet
Pumping rate--500 gpm
tl ws2 ’ t " t ws
0.0 31.00 240 115.60 1,810 98.85
0.5 69.64 300 118.02 1,812 97.60
1.0 71.40 360 120.52 1,814 - 96.40
1.5 72.56 420 122.71 1,817 95.01
2.0 74.12 480 124.78 1,820 93.92
2.5 76.25 600 129.20 1,825 92.32
3.0 77.50 720 132.25 1,830 90.92
3.5 78.60 840 135.00 1,840 88. 30
4.0 79.10 960 138.65 1,850 86.50
4.5 79.30 1,080 141.41 1,860 84.82
5.0 79.80 1,200 143.42 1,875 81.95
6.0 80.95 1,320 145.46 1,890 80.75
7.0 81.83 1,440 147.20 1,905 79.35
8.0 82.73 1,560 149.07 1,920 77.85
10.0 83.28 1,680 150.77 1,950 ¢ 75.70
12.0 85.97 1,800 152.33// 1,980 73.65
14.0 86.79 PUMP OFF 2,010 -
17.0 87.43 1,800.5 108.13 2,040 70.73
20.0 88.72 1,801 102.44 2,100 68.30
25.0 91.50 1,801.5 104.30 2,160 66.45
30.0 92.94 1,802 106.21
40.0 95.38 1,802.5 106.12 2,915 54.45
50.0 97.28 1,803 105.74 3,240 51.80
60.0 98.83 1,803.5 105.80
75.0 100.88 1,804 104.34 4,800 44,78
90.0 102.54 1,804.5 103.65
120.0 , 105.72 1,805 103.20
150.0 109.34 1,806 101.98
180.0 111.37 1,807 101.80
210.0 114,27 1,808 101.17

1t - time since pumping started in minutes

2ws - depth to water surface in feet

-10-



TABLE 2

WELL NO. 1 - OBSERVATION WELL

30-HOUR TES

T

Well size--12-inch
Distance to pumped well--105 feet

Static water surface--33.73 feet

t! ws? t ws t ws
0 33.73 605 82.90 1,845 89.65
25 47.56 725 86.15 1,865 86.73
43 50.42 845 89.10 1,895 83.41
. 53 52.17 965 92.00 1,925 80.97
77 55.95 1,085 94.75 1,955 79.05
92 57.34 1,205 97.11 1,985 77.15
122 60.27 1,325 99.25 2,045 74.31
152 62.83 1,445 101.25 2,105 72.00
182 65.07 1,565 103.14 2,165 70.12
215 67.37 1,685 104.93
243 69.40 1,795 106.46 2,920 58.30
303 71.90 PUMP OFF 3,240 55.57
368 74 .80 1,815 97.22
425 76.87 1,835 92.21 4,805 48.31

1t - time since pumping started in minutes
2ws - depth to water surface in feet

-11-
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SECTION 5
PUMPINGVDATA ANALYSIS

The data from Tables 1 and 2 was analyzed to establish groundwater char-
acteristics and aquifer yield. The analysis of the test pumping data was

complicated by the fact that the aquifer response to pumping did not con-

form to generally accepted groundwater analysis teéhniques. The reason
for this unconformity is not totally understood, nor is it computationally
defineable with the data that could be developed from the pump test (it

is noted that the complexity and resulting cost of a test to ascertain in
detail the groundwater response to pumping is significantly beyond the

scope of work for the project).

WATERESOURCE has preliminarily theorized that the aquifer response to pump-

ing could be related to overpumping the well, i.e., pump capacity is greater

than yield of aquifer penetrated by the we]]possime encountering of

groundwater barrjers by the cone of influence of the pumped well, j.e., the

-

area of the aquifer influenced by pumping intersects a barrier which pre-
vents the expansion of the area of influence, thereby reducing water avail-

able to the well from storage.

The previous notwithstanding, it is emphasized that methods exist with
which the principal groundwater aquifer coefficients can be estimated
within a sufficient degree of accuracy to allow interpretations of aquifer

pumping response, i.e., yield and relateable pumping Tevel. Several methods

-13- .



for evaluation of this data were analyzed. The results of these analyses
yield approximate values for the groundwater coefficients of transmissibility
(T) and storage (S). The coefficient of transmissibility (T) indicates the
rate at which an aquifer will transmit water under a certain pressure release
and has units of gallons/day/foot, whereas the coefficient of storage (S)
characterizes the ability of the aquifer to release water from storage as

the head (pressure) in the aquifer declines and is a dimensionless number.

From these analyses, the estimated value of transmissibility (T) is approxi-

mately /3,000 gpm/day/foot, Jand the(coefficient of storage jis approximately

sing these approximate values, the specific capacity of the well

at a pumping rate of 500 gpm is 1.2 gpm/foot drawdown. In other words, for
every foot of water surface drawdown at a pumping rate of 500 gpm, 1.2
gallons per minute can be pumped. With the present pump setting at 240
feet, with a nonpumping water Tevel at 31 feet, and allowing for five feet
of water over the top of the pump bowls, the available drawdown is 240 -31
-5 = 204 feet. The estimated maximum allowable pump rate is approximately
(1.2 gpm/ft.)(204 ft.) = 245 gpm. To increase the maximum allowable pumping
rate,-the pump could be lowered, thereby increasing the allowable draw-
down. Since it is not recommended to set the pump in or below the per-
forated casing, the maximum depth of pump setting is 360 feet (see Plate I,
Well Construction Diagram, Page 4). Again, considering the nonpumping
water surface elevation and minimum pump submergence, the available draw-

down is 360 -31 -5 = 324 feet, .and the recommended maximum well production

is (324)(1.2) = 390 gpm.

Before lowering the pump, its capability must be reviewed. The pump head

-14-



(or diséharge pressure) is based on the total dynamic head (TDH)

required to 1ift the water to the place of use. The friction loss plus

the elevation difference from the pump to the irrigation storage pond,
based on replacement and realignment of a portion of the existing pipe-
line (see Plate V, Site Plan, Page 16), is approximately 271.5 feet.

This energy (pressure) requirement when added to the drawdown in the

well during pumping is the TDH required. At the present setting, the

TDH 1is 204 + 271.5 = 475.5 feet and the theoretical pumﬁ capacity is 555
gpm (from Plate I1I, Page 8, 475.5 + 12 stages is approximately 40 feet

of TDH per stage) much greater than the allowable aquifer yield of 245 gpm.
Lowering the pump to 360 feét, the TDH is 324 + 271.5 = 595.5 feet and the
flow rate is 200 gpm (from Plate III, Page 8, 595.5 + 12 stages is approxi-
mately 50 feet of TDH per stage), less than the existing well's recommended
maximum yield of 390 gpm. Plotting the two curves on the same flow rate vs.
drawdown graph, an optimum setting and flow rate (for the existing pumping
equipment) of 330 feet and 350 gpm is attained (see Plate VI, Well Yield,

Page 17).

In summary, therefore, the existing pumping equipment can optimally pump
from well No. 2 approximately 350 gpm without overpumping the aquifer.
The estimated maximum recommended pumping rate for this well and aquifer

is 390 gpm.

-15-
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CATIONS AND ANIONS
(me/1)

CLASS.

SECTION 6

WATER QUALITY

Although not outlined in the scope of work, analyses of the quality of
water as varies with pumping time were performed. Since the water is

utilized for turf management, the analyses were performed with emphasis

on the water's suitability as a source for irrigation. The results are | /L.
3SMD’L= Ww @
as follows: Me [L=waq | 2
e - o232l = Iwmgll
TIME > pM 6PM 10PM  2AM  6AM  10AM  2PM 4 PM
SAMPLED o
pH 8.25 8.50 8.30 8.35 8.25 8.40 8.40 8.50
.Ca, Mg 1.15 1.20 1.55 0.35 0.45 0.65 0.50 0.50
Sodium 4.95 4.85 4.75 4.85 4.65 4.65 4.55 4,55
Carbonate 1.60 2.40 1.80 1.60 2.00 1.80 2.00 1.20
Bicarbonate 4.80 3.10 4.50 4.10 3.70 4.00 3.70 4.10
Chloride 0.19 0.16 0.16 0.11 0.14 0.14 0.14 0.14
Sulfate 0.00 0.39 0.00 0.00 0.00 0.00 0.00 0.00
SAR 6.50 6.30 5.40 11.60 9.80 8.20 9.10 9.10
pHc!l 7.66 7.71 7.54 7.04 8.11 7.90 8.10 8.10.
I c2-S1  C2-S1  (2-S1 C1-S1 €£2-52 Cc2-S2 C2-S2 C2-S2
112 5.30 4.40 4.75 5.35 5.20 5.20 5.20 4.80
1113 22.00 21.00 20.00 54.00 25.00 21.00 24.00 24.00

1- pH level at which water is calcium carbonate saturated.

2_ RSC - Residual Sodium Carbonate
3_ EEESP - Expected Equilibrium Exchangeable Sodium Percentage. A soil

irrigated with this water is expected to have an Exchangeable Sodium
Percentage of this value.
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For the key to the classifications, see "Interpretation of Irrigation
Waters for Salinity and Sodium Hazards" in the Appendix. The water quality
is generally alkaline in nature. Without moderate amounts of leaching
(applied water in excess of the turf evapotranspiration needs), a salt
toxicity and sodium hazard are expected to stres§ and may even kill the
golf course grasses. The golf course soils are assumed to be fine tex-
tured, i.e., silts and clays, and have a high catibn-exchange—capacity.
Therefore, gypsum could be added to the turf to reduce injury as a

result of sodium accumulation in plant tissues. Additional water appli-
cations would be desirable to effect salt leaching. Instituting winter
irrigation, if the water is available, in conjunction with natural pre-
cipitation, may enhance salt leaching (the flushing of salt through the
turf root zone to keep salinity concentrations beneath those toxic to

the plant). Without deve]opﬁént of substantial additional quantities of
water for growing season irrigation, other special practices for salinity

control should be investigated.

For more information on the interpretation of the test results, or on
special salinity control practices, contact the Soil and Water Testing
Laboratory in the Plant, Soil, and Water Science Department of the

College of Agriculture at the University of Nevada-Reno.
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SECTION 7
- RECOMMENDATIONS

It is WATERESOURCE's understanding that 500 gpm is needed to properly main-

tain the golf course. As was discussed in the Pumping Data Analysis

section, a maximum of approximately 390 gpm is available in the well.

WATERESOURCE envisions three possible alternatives available to the County:

1. Lower existing pump.
2. Drill a new well.

3. Construct a storage reservoir, i.e., pond.

A1l three alternatives will require accurate measurement of well discharge
for determining the discharge rate of Well No. 2 and thereby to ascertain
how much of the permitted water right is available (or required) to be trans-
ferred to another point of diversion, should this aiternative be pursued.

For this reason, the 6-inch meter currently installed in the well field dis-
charge main should be removed for an accuracy check, repair, and/or replace-
ment immediately. It is imperative that the County followup with the DWR

to assure that the water rights certificates for these sources are issued.

The first alternative of lowering the existing pump would involve pulling
the pump for visual inspection and repair, if needed; purchasing 80 feet
of pipe column, 0il tube, and shafting; and reinstalling the pump to a
depth of 320 feet. This would cost approximately $3,600 in 1980 dollars

for additional piping plus whatever Tabor and materials might be needed for

-20-
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¢ -

repair of the bowl assembly. At this depth, the pump will deliver approxi--
mately 350 gpm. The additional 150 gpm needed for golf course irrigation

would have to be developed through other alternatives.

A variation of this alternative would be to purchase a new bowl assembly

that would be capable of delivering the maximum a]]owabTe well yield of

approximately 390 gpm from a depth of 360 feet. The additional expense

for this woﬁ1d be approximately $5,000 for the bowl assembly, and $5,500

fo} pipe column and shafting, plus the labor to remove the existing pump

and install the new pump. A properly sized bowl assembly would not require

additional horsepower, thereby utilizing the existing motor. The additional

110 gpm required would again need to be developed through other alternatives.
£ Yo G \er Bono\\s Lowesies

The second alternative involves drij}jﬂﬁ/; new well. This well should be

located approximately 4,000 to 6,000 feet north of the wells No. 1 and

No. 2 sites. Based on depths of other wells in that vicinity, a 1,000

foot well is anticipated. The well capacity should be such that, together

with the existing pump, 500 gpm can be delivered. The cost of such a well

would be between $35,000 and $50,000, depending on the size selected. An

additional $10,000 to $15,000 would be needed for pumping equipment, plus

cost of a transmission line, righf—of—way, land acquisition, etc. This

alternative also requires a change of point of diversion of a portion of

the water rights from the DWR. Such a change may be difficult to obtain

considering the close proximity of the Silverlake Water Distribution Company

wells. Although this alternative appears costly and problematic, WATER§SOURCE

recommends serious consideration of this alternative as .a possible long-term

solution.
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The third alternative contemplates the construction of a storage pond
(reservoir) capable of holding and releasing enough water that, when

mixed with the well water, a 500 gpm delivery rate to the golf course
irrigation system can be maintained. Assuming a maximum pumping capability
of the existing pumping equ{pment for well No. 2 of 350 gpm and an jrri-
gation season of 150 days, the reservoir would have to be sized to store

in the order of 110 A.F. This could be an ll-acre pond with an average
depth of ten feet. It appears to WATERESOURCE that sufficient land area

in or around the golf course is not available for this use.

Other concerns regarding a storage reservoir are the design and water trans-
miss{on requirements. A storage reservoir located in a significant natural
drainage area could come under the requirements of the "Laws and Regulations
Pertaining to Dams" of the State of Nevada. In this situation, extensive
hydrology studies, spillway designs, and other significant design cost con-
siderations are required. In addition, the construction costs would also be
significant since extensive dam structure and spillway would be required to
pass maximum hydrological precipitation flood flows. Once the reservoir is
constructed, the water must be delivered to the irrigation reservoir. If
the storage reservoir is located above the irrigation pond, gravity feed is
possible. However, a larger pump is required in the well to fill the
storage reservoir during the off season. A storage reservoir below the
irrigation pond does not require a larger pump to fill it, but does require
a second pump to transfer the water. In either case, more equipment is

needed and power costs jncrease due to year around pumping.
0f the three alternatives, the first is obviously the least expensive and
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should be implemented as soon as practical. The second and third alterna-
tives are solutions for obtaining the additional 100 to 150 gpm required
for golf course irrigation purposes. Obviously, an engineering economic
analysis between the latter two alternatives should be performed before

a decision is made. This analysis shouid include not only quantity con-
siderations, as was done in these récomnendations, but also quality
aspects of the Water. It is obvious that any long-term solution will

be complicated, involved, and costly.
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APPENDTIX

September 20, 1979 letter to Washoe County regarding scope of work.
January 21,- 1980 letter to DWR regarding Proof of Beneficial Use.

Interpretat{on of Irrigation Water for Salinity and Sodium Hazard.
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consuliting enqlneers, iNc. GEORGE W. BALL. JR., P.E.

28 VINE STREET e  RENO, NEVADA 83503 e  322-9443 JAMES E. ARDEN, P.E.

September 20, 1979

FILE COPY it 7527

Mr. Floyd Vice, P.E., Director

Washoe County Public Works Department
1205 Mil1l Street

Reno, NV 89502

Subject: Stead Golf Course--Well Investigation
Dear Floyd:

In accordance with our letter of August 2, 1979, and the County's recent
verbal approval to proceed with a portion of the scope of work defined in
the August 2, 1979 letter, this letter sets forth WATERESOURCE's under-
standing of our work tasks, engineering costs, and a preliminary time
schedule. ’

The scope of work, as understood by WATERESOURCE, involves the preliminary
investigation of the existing principal water well for the Stead golf course;
retain a contractor to pull the existing pump, install a suitable test pump-
ing unit and perform a comprehensive pump test, remove the test pump and re-
install the existing well pumping unit at the conclusion of the test pumping;
analyze the test pump data; and submit a brief letter report to the County
outlining the results of the test along with a recommendation for a pumping
unit and related pump performance specification. It is noted that the secur-
ing of the necessary pump contractor to pull the existing pump and install a
test pump. and perform and supervise the pump testing, pump reinstallation,
etc., will be coordinated by WATERESOURCE through this contract with Washoe
County.

The estimated maximum engineering and pump contractor cost to be incurred

in this project is approximately $7,500. However, it is noted that the

pump contractor's cost associated with the project are preliminary at this
time due to the unknown conditions which could be encountered in pulling the
existing pump. Should conditions become apparent which will adversely affect
this estimated cost, WATERESOURCE will notify the County of the circumstances
involved. WATERESOURCE would,propose to accomplish this work on a time and
expense basis in accordance with the attached fee schedule.

Due to the fact that this project cannot proceed until golf course irrigation
ceases, it is proposed to initiate the work on this project around the middle
of November. It is anticipated that the work would be completed and a brief

4
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Mr. Floyd Vice, P.E., Director
Page 2
September 20, 1979

letter report submitted to the County in January, 1980. We realize that
the time required to accomplish this work does not dictate this extended
time schedule; however, the coordination and scheduling of pump removal
and the pump testing operation could involve time delays that cannot be
totally anticipated. Therefore, we have provided what we believe to be
a conservative margin for this time estimate. We will coordinate our
efforts not only with your office but also with Gene Sullivan, Director
of Parks and Recreation.

Receipt of written authorization to proceed in accordance with this letter
and our August 2, 1979 letter will be sufficient to constitute an engineer-
ing contract with WATERESOURCE. Should you have any questions concerning
this letter, please do not hesitate to call.

Sincerely,

WATERESOURCE CONSULTING ENGINEERS, INC.

e N o T )
et D I -{.;‘ e ol .

‘a;orge w.'éall, Jr., P.E.
President

GWB/dmo

Enclosure

c: Gene Sullivan
George Fugi
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53 consuiting engineers, inc.
ol
5P/

28 VINE STREET e  RENO, NEVADA Y9533 e  322-9443

FILE GOPY

Office of the State Engineer

Division of Water Resources

201 South Fall Street

Carson City, NV 89701

Subject: Applications No. 25884 and No. 25884

Gentlemen:

golf course pumping records:

METER READING

the permit allocation of 4.00 A.F./acre.

GEORGE W. BALL, JR., P.E.

JAMES E. ARDEN, P.E.

January 21, 1980
File 7927

——

On May 22, 1975, the Proofs of Beneficial Use concerning the above-
referenced permits were filed. It was stated after question 10 that
the meter on the eight-inch 1ine was destroyed by vandalism and the
record of pumping would be sent by letter after the meter was repaired.

The following is a record of water use developed by WATERESOURCE from

DATE RECORDED (x 100 gal.) REMARKS
04/02/79 843957 Start pumping season
04/10/79 876471
05/02/79 958373 ,
05/30/79 130676
06/14/79 218633
06/18/79 258680
07/05/79 383958
07/11/79 424006
07/24/79 490617
08/10/79 629538
10/29/79 937118 End pumping season

The total amount pumped during the 1979 irrigation season year was
109,316,100 gallons or 335.5 acre feet. The water was applied to
85 acres for a total annual duty of 3.95 A.F./acre which is within



Office of the State Engineer -2~ January 21, 1980

This amount is for the waters of both permits as they are comingled up-
stream of the meter. We assume this is sufficient to allow you to com-

plete action on the Proofs of Beneficial Use and issue certificates for
these rights.

If you have any questions regarding these measurements, please contact
us.

Sincerely,

WATERESOURCE CONSULTING ENGINEEBS, INC.

e . ? eI . N J
- {d. po I/‘-)' /C_)ﬂ C’l’ S ! .

George W. Bai], Jr., P.E. f)

State Water Rights Surveyor No. 409 °

GWB/dmo

c: Floyd Vice

Gene Sullivan
George Fujii



‘INTERPRETATION OF IRRIGATION WATERS FOR
SALINITY AND SODIUM HAZARDS

CLASSIFICATION I

Low-Salinity Water (Cl) can be used for irrigation with most crops on most soils with little 1ikelihood
that soil ealinity will develop. Some leaching is required, but this occurs under normal irrigation
practices except in soils of extremely low permeability.

Medium-Salinity Water (C2) can be used if a moderate amount of leaching occurs. Plants with moderate
salt tolerance can be grown in most cases without special practices for salinity control.

High-Salinity Water (C3) cannot be used on soils with restricted drainage. Even with adequate drainage,
special management for salinity control may be required and plants with good salt tolerance should be
selected.

Very High-Salinity Water (C4) is not suitable for irrigation under ordinary conditions, but may be used
occasionally under very special circumstances. The soils must be permeable, drainage must be adequate,
irrigation water must be applied in excess to provide considerable leaching, and very salt-tolerant crops
should be selected.

Sodium

The claassification of irrigation waters with respect to SAR is based primarily on the effect of ex~
changeable sodium on the physical condition of the soil. Sodium-sensitive plants may, however, suffer
injury as a result of sodium accumulation in plant tissues when exchangeable sodium values are lower than
those effective in causing deterioration of the physical condition of the soil. ’

Low-Sodium Water (S1) can be used for irrigation on almost all soils with little danger of the development
of harmful levels of exchangeable sodium. However, sodium-sensitive crops such as stone-fruit trees and
avocados may accumulate injurious concentrations of sodium. *

Mediun-Sodium Water (S2) will present an appreciable sodium hazard in fine-textured soils having h:lgli
cation-exchange-capacity, especially under low-leaching conditions, unless gypsum 1is present in the soil.
This water may be used on coarse-textured or organic soils with good permeability.

Bigh-Sodium Water (S3) may produce harmful levels of exchangeable sodium in most soils and will require
special soil management-——good drainage, high leaching, and organic matter additioms. Gypsiferous soils
may not develop harmful levels of exchangeable sodium from such waters. Chemical szmendwents may be re-
qQuired for replacement of exchangeable sodium, except that amendments may not be feasible with waters of
very high salinity.

Very High-Sodium Water (S4) is generally unsatisfactory for irrigation purposes except at low and perhaps
wmedium salinity, where the solution of calcium from the soil or use of gypsum or other amendments may make
the use of these waters feasible.

1

Sometimes the irrigation water may dissolve sufficieant calcium from calcareous soils to decrease the
sodiun hazard appreciably, and this should be taken into account in the use of C1-S3 and C1-S4 waters.
For calcareous soils with high pH values or for non-calcareous soils, the sodium status of wvaters in
classes C1-S3, C1-S4 and C2-S4 may be improved by the addition of gypsum to the water. Similarly, it may
be beneficial to add gypsum to the soil periodically whén C2-S3 and C3-S2 waters.are used.

CLASSIFICATION II* - Residual Sodium Carbonate

(Used only for waters containing more carbonate + bicarbonate than calcium + magnesiom)
0 - 1.25 Probably safe

1.25 - 2.50 Marginal
over 2.50 Not suitable for irrigation

CLASSIFICATION II1* - Expected Equilibrium Exchangeable Sodium Percentage h

(Used only for water containing more carbonate + bicarbonate than calcium + magnesium)

0 - 10 Usually safe for use om all soils

11 - 18 Marginal (especially on fine-textured soils)

19 or more—Adverse soil physical coonditions expected. If used, amendments probably will be required
(see discussion on Sodium under Classification I above).

*If interpretations by Classifications I, Il and III differ, it is recommended that you be guided by
Classification III.



