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NORMAL YEAR CORRELATION

The proportion of precipitation in each part of the
water balance is affected by antecedent moisture conditions,
plant requirements (seasonal variation) and available water
capacity as well as precipitation event size. For this
reason, when attempting to predict the affect of greater
annual precipitation, increasing the event size will have a
different affectlthah increasing the number of events. An
initial amount of precipitation in each event is utilized in
storage on the watershed (initial abstraction). Increasing
the amount of precipitation in each event generally results
in greater infiltration and, after soil storage capacity is
exceeded, greater runoff. Increasing the number of events
will generally result in less runoff because of the initial
abstraction and higher infiltration. L e el e

The SWRRB model utilizeé'a statistics file which
includes statistics such as the probability of a wet day

occurring after a wet day. With a statistics file compiled

from several years of record, the SWRRB model can predict
the effects of differing annual amounts which may include
additional events. Without this record, to predict the
effects of different annual precipitation, it is necessary
to increase (or decrease) each event size.

The data utilized in this study was collected during

the fourth year of drought in the region. According to Reno
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precipitation records, this year was approximately 70 % of
normal. Utilizing Reno’s statistics file and increasing each
event size (1.5 X) (Table 15) results in a 1.3 X increase in
AET, a 2.6 X increase in streamflow and a 1.3 X increase in
ground—watér recharge. This creates a discharge of 180 acre
ft for Black Canyon, a flow into Spanish Flat reservoir of
700 acre ft and an increased spring flow into lower Dry
Valley of 430 acre ft (167 acre ft during the study year).
The total water available for collection would be
approximately 1300 acre ft. Because a greater annual
precipitation would generally mean a greater number of
events and not just greater amounts in each event, these

predictions are representative of the highest potential.

Table 12  NORMAL YEAR:ESTIMATES (USING THE SWWRB MODEL) ~ ~7°

(acre ft)
PRECIP AET STRM FLW GRND WTR
SWRRB Current Year 12704 9548 1120 -~ 823
SWRRB Normal Year 19056 12804 2882 1047
multiplier - (1.5) (1.3) (2.6) (1.3)
Actual Current Year 13652 12964 191 497
Estimated Normal Year 20000 17000 500 " 650
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DISCUSSION AND RECOMMENDATIONS

FIELD INSTRUMENTATION

The collection of field data from remote watersheds is
limited significantly by éccessibility. In an attempt to
avoid this problem an automated weather station with
telemetry capabilities was installed on the site. In-spite
of this advanced technology, the equipment was subject to
failure for several reasons and calibration of instruments
was not simple. The problems with the Alert system installed
at the site was eventually analyzed as being battery
recharge failure due to incompatibility with the solar
panel. This resulted in the monthly replacement of
batteries, after a significant amount of data was
unavailable. Because most strip-.chart instruments.are
currently available with 30 day clocks, the telemetry system
is not justified until the difficulties can be worked out.
The difficulties with strip chart instruments typically
involve the ink trace. The old style fountain pen type pen
arms yielded better results than the cartridge pens,
although this may be directly related to ink/cartridge type.
Two complete weather stations or duplicate instruments would
minimize loés of data and ensure continuous calibration.

The ratio of precipitation catch between the High

Elevation gage and the 2 ft PVC gage at BC-9 where both
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types of gages were located, ranged from 0.76 to 4.5 for
concurrent sampling periods. This large degree of difference
is attributed to the effects of wind. The 2 ft PVC gage was
surrounded by sagebrush of similar height which acted as a
wind screen While the 8 ft tall High Elevation gage (with a
standard louvered wind screen) was exposed to more wind
thereby reducing the catch. Although not practiced in the
United States, the United Nations, in Methods for Water
Balance Computations suggests an additional 10-15 % for rain
and 40-60 % for snow be applied to precipitation gages for
correction of catch estimates (Sokolov and Chapman, 1974).
No evidence is available suggesting any particular type of
gage is more accurate; however, Handman (1989) (personal

communication) indicated her experience with the high

elevation gages was that they. tended to underestimate true . .-_. .

preéipitation. The greater catch of the 2 ft PVC gage is
likely to be the more accurate in this case.

Good success was observed utiliéing the H and HS flumes
to measure streamflow. These flumes, designed for small
waﬁersheds, can be obtained in many sizes. A continuous
recording device such as the battefy operated Steven’s
recorder is recommended for more accurate flow measurements.
It was noted that during the period utilizing continuous
recording devices the estimates made on point measurements

were 10 % different than the integrated average. The major
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factor responsible for this error was the diurnal
fluctuation of the water levels during periods of high
evapotranspiration. Although a stilling well can easily be
constructed and attached to the flume, obtaining flumes with
pre—built stiliing wells will reduce construction time and
potential problems. Because stream volume can Qary depending
on ground-water contribution, two or more flumes per stream
may be appropriate. Flumes should be sized according to‘the
stream channel size. During the summer when construction of
flumes takes place the stream volume may appear to be low,
however the stream channel size indicates its potential
volume during peak runoff.

Streamflow, which occurs year round in Black Canyon and
much of Dry Valley, results in part from springs. If the
spring water adding to stream flow resulted.from.
infiltration during a period of significantly different
precipitation than the year of study a large error would be
introduced in the water balance. An isotope analysis was
conducted on the spring water of the study site in an effort
to determine it’s relative age. Because the results of that
study were inconclusive, it was necessary to assume that
either the spring flow was a result of infiltration during
the concurrent year or that the flow is constant from year
to year; Conducting an isotope analysié on spring water in

other studies may produce better results.If it is known that
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the spring water is from a year of higher or lower
precipitation,this can be considered in the balance for the
watershed.

Between the months of April and September the average
water loss (after precipitation) in the evaporation pans on
site was 1.6 inches per week. The result of allowing too |
much water loss is increased evaporation. Increased wind
turbulence, wall shadow and increased water temperature can
Fesult in up to 15% error if the water level drqps between 3
and 4 inches below the rim (Doorenbos and Pruitt, 1975). To
maintain this level requires refilling the pans as often as
once a week iﬁ some cases. Accurate measurements from
locations where at least bi-weekly visits cannot be made can
be conducted by means of an automated refilling mechanism.
The simplest_of'these mechanisﬁs would. be .a float valve .such
as is found in the common toilet tank. A more accurate
method would be a pair of water level sensor switches such
as found with submersible water well pumps that can be
hooked up to a pump, with a volumetric flow meter.

The estimation of soil water content is the component
of the'water balance formula which has the highest potential
for error. Soil water sampling could reduce error in future
studies. Undisturbed soil samples collected quarterly can be
analyzed for water content. Saﬁples from 1 ft and 3 ft depﬁh

should be collected after spring thaw, in late-April before
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plant consumption begins, in mid-June at peak crop demand,
and in late October after plant usage is completed.

Ground-water recharge was an important portion of two
of the sub-basin water balances conducted. For watersheds
where groﬁnd—water recharge to a shallow aquifer is
expected, temporary hand augured piezometers can be
installed. The identification of gradients (which may_change
seasonally) near perennial streams may indicate the

magnitude of ground-water contribution and recharge.

' REFERENCE EVAPOTRANSPIRATION EQUATION SELECTION

The Class A Pan method, due to the difficulty of
maintaining fhe pan water content in remote basins, and the
difficulty selecting a pan coefficient, is not the most
practical. The FAO modifiedvRadiation method, which.produced
the mean value of all the methods utilized in this study,
requires measured values of temperature and sunshine or
radiation and estimated values of relative humidity and
wind. The use of a pyrheliometer with a 30 day clock
produced reasonable results. Potential error with this
method occurs during the curve integratioﬁ process. Days
with sporadic cloudiness may be more difficult to gquantify
on the Eharts.with smaller time scales. For watérsheds where
a significaht portion of the site has one topographic aspect

affecting total radiation, the Radiation method can be
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adjusted with methods described by Mohler (1979).

CALCULATION OF AET

The results of the calculations of AET for the
different sub—basihs indicates no transpiration or
evaporation occurred during the months of January, February
or December. This is due to the fact that the mean
temperature of the month was below freezing. During daytime
hours temperatures in the Western Great Basin are high
enough to warrant some evaporation. During cooling periods
theoretically condensation may occur. Regardless of the high
and low AET is calculated by mean teﬁperature.

In order_to determine the accuracy of this method for
the Western Great Basin, an'integration of hygrothermograph
strip chart curves could.be conducted.and compared to the
normal mean-estimation method of maximum plus minimum

divided by two.

MODEL USAGE

The ERHYM-II model which was intended for use on field
sized areas is easy to use. The ERHYM-II model is
appropriately used for prediction of variation in the water
balance caused by crop management changes. The prediction of
the effects on the water balance;caused by such things as

climatic changes is less certain.
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The SWRRB model has & large number of input parameter
requirements including a teble of climatic statistics
derived from long term records (see Appendix C). Adjustments
of the statistics files dramatically influence all the
output parameters ihcluding the precipitation whether
measured or simulated. Significant effects on the results
were seen with the adjustment of the precipitation and curve
number. Such adjustment does not produce proportional
changes in other terms of the water balance. Because of the
detailed input requirements for the SWRRB model it needs to
be calibrated on a well documented watershed with several
years of record. On a well documented watershed prediction

of the effects of managerial or climatic changes on the

proportions of the water balance may be quite accurate. -~ -— -~ - =

However the use of the model for prediction of hydrologic
properties on un—géged watersheds.is subject to familiarity
with the model, and the capability of estimating the site
characteristics. Because the estimation of runoff curve
numbers is difficult and the surﬁace water yield prediction
with the SWRRB model is sensitive to thé curve number, water
yvield prediction from ungaged watersheds is also difficult

with the SWRRB model.
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LAND MANAGEMENT AND WATER YIELb IMPROVEMENT

There is prevalent information in the literature
regarding the effects of various land management practices
on water yield. Much of this information involves plant
species manipulation énd grazing management.

Plant species manipulations in many studies indicate
significant water yield increases. Studies of this nature
however cannot be extrapolated due to variations in
watershed éize, annual precipitation, soil types, plant
species and other variables. Vegetation manipulation in
areas with less tﬁan 20 inches of annual precipitation,
regardless of vegetation type, have little potential of
water yield increase (Branson et al. 198i). Studies for

increasing water yield in Arizona by vegetation manipulation -

(Ffolliot and Thorud,. 1975) concluded that increasing .- T,

recoverable water supplies by vegetation manipulation cannot
be justified for the desert shrub vegetation zone because of
the apparent éssociation of water yield with high rainfall
intensity.

Management of grazing activities on‘sagebrush
watersheds has been subject to much attention. The
detrimental effécts (to the watershed) from improper grazing
techniques, both overgrazing and poor seasonal rotation, are
most significaht on infiltration rates and forage plant

species depletion (Blackburn et al. 1981). The correction of
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this mismanagement in the majority of watersheds will have
an inverse effect on surface water yield by increasing
infiltration rates and plant transpiration rates, thereby
decreasing runoff. The streamflow of the Upper Dry Valley
drainage basin is due predominantly to spring flow. Although
increased infiltration will predominantly increase
evapotranspiration it will also increase spring flow and
therefore water yield.

Transmission and storage losses greatly affect the
amount of water available for collection. At the upper end
of lower dry valley the springs produce a substantial amount
of water that goes to ground-water recharge and
evapotranspiration as it flows through the relatively flaﬁ
lower dry valley sub-basin. Black canyon, which-is a gaining
stream up to the end of the canyon, loses a significant
amount in transmission to the Milk Ranch Reservoir. If
tfansmission losses could have been avoided, during the
year gf study, these sources together would account for
approximately 250 acre ft. The Spanish”Flat reservoir, with
an average surface area of 113 acres, lost approximately 400
acre ft of water to evaporation and ground-water recharge
between March 21 and September 28. If the transmission and
storage losses on-site could be avoided, over 500 acre ft
more water would have been available for collection during

the study year. During a normal water year, considering the
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larger surface area of the Spanish Flat reservoir, potential
loss through transmission and storage would be over 1000
acre ft.

The Dry Valley Basin is severely overgrazed. Continued
grazing during additional drought years will heavily impact
the available forage. This will reduce future use of the
area for grazing, reduce soil protection (increasing
erosion) and reduce infiltration (decreasing water yield).
The direct elimination of the plants (by continued grazing)
as well as loss of rooting soil and nutrients through
erosion will increase the watershed recovery time. Immediate
correction of current grazing practices is critical to
preserving the utility of the watershed. In order to obtain
the water yield predicted for a normal year, the watershed

itself will also need to_.be.restored to normal. -

SUMMARY

WATER BALANCE METHODS
Data Collection
The installation of two sets of climatological
instruments including pyhrheliometers, hygrothermographs,
min max thermometers and a sling psychrometer would

alleviate the potential for data loss due to instrument
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failure.
An adequate precipitation gage network can be easily
constructed of PVC pipe. The location and number of gages
should reflect the accessibility of the watershed. At least

one reliable recording gage is required to obtain daily

-precipitation records.

One or more continuous recording streamflow gages such
as an H flume with a stilling well and a Steven'’s Recorder
should be placed on all perennial streams within the
watershed. The continuous flow recording will allow more
accurate curve number calculation and reduce error in the
estimation of annual streamflow. Two gages on a stream will
allow ground-water recharge or discharge estimation.
Additional measurément of ground-water recharge or'diséharge -
at the stream may be determined by installing piezometers
alohg the stream bank.

Water Balance Eguation

The use of the Radiation method is recommended for ETo
determination for remote watersheds'within the Northwestern
Great Basin. In conjunction with the Thornthwaite soil
moisture balance method, AET can be estimated by the
Radiation ETo method.

Ground-water recharge may be a significant portion of a
rangeland water balance. By subtraction of the estimated AET

and measured stream flow from the measured precipitation an
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estimate of ground-water recharge can be made, if an
independent measurement is not available.

Better water balance results are obtained by sub-
dividing a basin into smaller more homogeneous sub-basins.
The sub-basin divisions should consider topography, soils,
plant communitiesxand precipitation.

Use Of Models

The ERHYM-II model and the SWRRB model will provide
rough estimations of water yield from un-gaged watersheds.
The ERHYM-II model is most appropriately used on small
homogeneous areas for prediction of the relative affects (on
the water balance) of agricultural or crop related

management practices. The SWRRB model which can be used on

‘any size watershed with up to 10 sub-basins (using the

version published . in 1990) may.prove useful in predicting
the affects (oﬁ the water balance) of éeveral potential
changes to the watershed. These predictions would be most
accurate on well gaged watersheds with several years of

record. from which to derive climatic statistics.

WATER BALANCE FOR DRY VALLEY DRAINAGE BASIN

Within the Dry Valley Basin, a discharge of 70 acre ft
was recorded for Black Canyon. The springs at the head of
lower Dry Valley prodﬁced 167 acre ft. Approximately 270

acre ft of runoff collected in the Spanish Flat reservoir,
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although after losses to ground-water recharge and
evaporation 52 acre ft remained in storage. The stream flow
leaving Dry Valley was 139 acre ft.

The components of the annual water balance for the
Black Canyon watershed, for‘the year September 1989 to
September 1990, are: precipitation - 12.77 inches; AET -
11.80 inches; streamflow -~ 0.31 inches and ground-water
recharge - 0.66 inches. This is equivalent to: precipitation
~ 2880 acre ft; AET - 2660 acre ft; streamflow - 70 acre ft;
and ground—water recharge - 150 acre ft.

The components of the annual water balance for the
entire Dry Valley Basin are: precipitation - 11.68 inches;
AET - 11.1 inches; streamflow - 0.16 inches; and ground-
water recharge - 0.42 inches. This is equivalent to:
precipitation - 13,700 acre ft;.AET - 13,000 acre ft;
streamflow - 200 acre ft; and ground-water recharge - 500

acre ft.

NORMAL ANNUAL WATER YIELD

During a normal precipitation year the yield of each of
the sub-basins would be approximately 2.6 times greater. The
streamflow from Black Canyon would be 180 acre ft. The
potential harvest from Spanish Flat Reservoir would increase
to 700 acre ft. The spring'flow at the head of lower Dry

Valley would be 430 acre ft and the streamflow from lower
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Dry Valley would be 350 acre ft. In order to obtain the
maximum utilization from the watershed, it needs to be
restored to pre-grazing conditions and water losses due to
transmission and storage can be avoided. With good

management an average annual water yield of up to 1500 acre

ft can be expected.
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SIERRA ENVIRONMENTAL MON/ITORIN 4 S Eat
GENERAL MINERAL ANALYS!S REPORT (== fé%
ATEDF REPORT|| JOB NUMBER
— ‘ . WS [DAr [ 77, -
CLIENT: Washoe County - Dept of Public Works ;
“Utility Division P. O, Box 11130 04 - 07 - 87 WAS - 314
Reno, NV 89520 '
SAMPLE . IDENTIFICATION DATA
IDENTIFICATION NUMBER: Winnemucca Ranch
SAMPLE COLLECTION DATE: 3-20-87 NG
SAMPLE COLLECTION TIME: W /
SAMPLE COLLECTED BY: Washoe County ~ D, Dragan
SAMPLING LOCAT/ON : Winnemucca Spring
: Winnemucca Ranch
Washoe County, NV
PARAMETER VALUE | CRITERIA PARAMETER VALUE | cRITERIA
BICARBONSTE mq 1 | 86 — MANGANESE — mq'[1 0.05 0.0 ,
ATE -
kALY ma/! p — wirrare vo, ™9/ 2,4 45,
CALCIUM mef1 | 24 — PH 7.6 | 65 — 485,
cmioroE  meft | 8 | 400, ||soowm mg/l | 11 —
ARSENIC mgs1 | <0-003 0.05 SULFATE myft | <3 500
TOTAL DISSOLVED .
FLUORIDE m/! 0.1. *¥, SOLIDS - mq/1 | 132 1000 ,
TOTAL —
IRON mf// / | £0.02 0.6, inmoness  mafl | 8
MAGNESIUM — mq[ ! 6.1 150,  ||potassium mg/l| 3.0

Py

OTHER WATER QUALITY ANALYS!S REQUESTED

Color, Co/Pt (. U.

£5

#¥% CRITERIA DEPENOENT ON LOCAL ANNUAL AVERAGE MAXIMUM DAILY TEMPERATURES

. U.S. ENVIRONMENTAL PROTECTION AGENCY FRIMARY DRINKING WATER STANDARDS.
2 STATE OF NEVADA DIVISION OF HEALTH SECONDARY ORINKING WATER STANDARDS.




