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Gen eratio n of "o.r"*3#f, 
oo#$r.u-fl ow records fo r

Galena, Whites-, Thomas-and Hunter creeks

Introduction
The Washoe County Regional Water Planning Commission contracted the Deparfinent of Water
Resources to statistically analyze the streamflow records of Galena, Whites, Thomas, and Hunter
creeks; located in the South Truckee Meadows, Reno, Nevada (Figure 1). The first three creeks are
tributaries of Steamboat Creek that flow into the Truckee River east of Sparks, Nevada and Hunter
flows into the Truckee west of Reno. The purpose was to generate relatively long term synthetic
records (April 28,1999, Agenda Item 5) so that.an average monthly flow could be estimated for future
resource plarrning. The basis. of this analysis was to use regression techniques between the individual
creeks to generate these records.

Compilation of data
Stream gauges exist for upper and lower Galena, Whites, Thomas and Hunter creeks. Data could not
be located for Evans creek. The data that exists for Brown's creek are pygmy meter measurements and
staff gauge readings during the period 1983-84. The data have been compiled into monthly averages in
units of cubic feet per second (cfs) and are.listed in Appendix 1. The data were collected from USGS,
SPPCo and Washoe County records.

Brown's creek
During the period of March '1983 through September 1987, 92 pygmy meter measluements and 8
observations were made of stream flow in Brown's creek. A slaff gauge was installed at the 5,000 feet
elevation in Pleasant Valley. Flow rates were usually less than I cfs and consequently, a stilling well
site was not located. An upstream diversion occurs whereby water diverted from Galena creek is
allowed to flow into Browns creek, then re-diverted out and channeled to Washoe Lake. Browns creek
water is also diverted as per the Orr Ditch decree. This comingling of water is neither gauged nor
regulated. Therefore, measured steamflow in Browns creek downstream of these diversions is not
representative of the watershed discharge.

Lower Galena creek
The USGS installed and operated this gauge mid-way up the alluvial fan (elev. 5,592 feet) that
emanates from the Galena Creek canyon. The gauge is a standard USGS design for a stilling well with
intake pipe (s?), calibrated to rating curves. A record exists from October 1961 through September
1994 and has since been abandoned due to lack of fuuding. The record is rated as good although an
upstream seasonal diversion exists. The drainage area above the gauge is 8.5 square miles.

The diversion above the gauge is significant (see Browns Creek above). A water right diversion is
allowed to divert a significant amount of water during the non-irrigation season. Th_ere is no accurate
record of this diversion. Additionally, groundwater influxes into and out of the creek occur seasonally
on the alluvial fan above the gauge. Consequently, this record should not be used for estimating
watershed discharge above the canyon mouth.

Upper Galena creek
ffiandoperatesthisgaugeatthemouthoftheGa1enaCrEekcanyon(e1ev.6,320
feet), at the Galena County Park. The gauge is a standard design for a stilling well with intake pipe
(s?), calibrated to rating curves. Their record exists from October 1984 to the prebent. The record is
rated as fair with daily discharge measurements rated as poor. The drainage area above the gauge is 7 .7
square miles. This gauge measures only the Galena creek portion of the upper watershed as Jones
creek tributary is not measured. 

^
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Whites creek
The Washoe County Deparhnent of Water Resources installed and operated this gauge at the mouth of
the Whites Creek canyon (elev. 5,980 feet). The gauge consists of a buried stilling well and intake
pipe, calibrated to rating curyes. The record exists from May 1982 to present. The record is rated as
fair (Washoe County). The drainage area above the gauge is approximately 8 square miles. During
April of 1983, this gauge washed out and was replaced in June 1987. During the period of non-
continuous record, weekly pygny meter measurements were made (good to fair) of the streamflow.

Thomas creek
The Washoe County Deparhnent of Waier Resourcbs installed and operated ttris gauge at the mouth <if
the Thomas Creek canyon (elev. 5,960 feet). The gauge consisted of a buried stilling well and intake
pipe, calibrated to rating curves. The record exists from May 1982 through December 1996. The
record is rated as good (Washoe County).'The drainage area above the gauge is approximately 7 square
miles. During. the floods of January t997; this gauge was washed out and to date has not been
replaced.

Hunter creek
The USGS installed and operated this gauge at the mouth of the Hunter Creek canyon (elev. 5,000.
feet), above Steamboat Ditch. The gauge is a USGS standard design for a housed stilling well.with
intake pipe (s?), calibrated to rating curves. Their record exists from October 1961 through September
1971. The period of record is not continuous. Sierra Pacific Power Co. resumed the bperations of this
gauge from October 1977 tlrough September 1993 with the period October 1985 through September
1986 incomplete. The record is rated by the USGS as good. The drainage area above the gauge is 11.5
square miles. :

bvans creek
No data for Evans creek has been located (USGS, Federal Watermaster, SPPCo).

Table 1 lists periods of records and drainage areas for these creeks.

Table I
Period of record

I
I
I
I
I
I
I
I
I
I
I

creek

Browns
Upper Galena
Lower Galena
Whites
Thomas
Hunter

years ofrecord

4 (spot msmnts)
'14

.33
t7'15

25 (w/ gaps)

drainage-area
(mi')

x3
7.7
8.5
ev8 .

x7
11.5

period

83-87
84-9:e
6t-84
82-99
82-99
6r-94

iable 2 lists the ayailable records for each creek in relation to the other creeks and shows the time
period for which there is no record for any of the creeks, water years 1972-1977.
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1962' t963
1964
1965
1966
1967
1968
t969
r970
t97r

.1972
r973

' 1974
t97s
t976
r977
1978
1979
1980
1981
1982
1983
1984
1985
1986
t987
1988
1989
1990
1991. t992
t993
1994
1995
r996' 
1997
1998

Table 2' Comparison of recorded data

Water Year lrunter creek Thomas creek Whites creek c"Y"llT.".r.

X
X
X

.X
X'X
X
X
x
X

x
X
X
X
X
X
x
X
X
x
X
X
X

X

X
X
X
X
X
X
X
X
X
X
X

X
X
"X
X
X
XX
XX
XX,x
XX.XX
XX
XX
XX
XX
.X X

X
X
x

I
I
I
I
I

Xi$#ftfttlrr,uir,, hydrographs for creeks based upon their measured record. No attempt was made
to estimate missing data. Table 3 lists the average monthly flows for each creek.



I
t
I
I
t
t
I
I
I
I
I
I
I
I
I
I
I
I
I

Table 3
Average monthly flow based upon measured record (cfs)

Lower Upper
Galena Galena . Whites Thomas Hunter. .October 6.9 7.3 4.7 2.7 5.7

November 3.7 7.4 . 4.6 3.4 ' 5.9' December 2.5 6.6 4.9 ' 3.8 6.0
January 2.2 6.6 5.1 3.1 6.2
Februaiy 2.3 7.0 4.8 3.7' 6.5
March 2.9 8.5 5.7 5.1 6.6
April 6.8 13.9 7.0 5.8 9.0' May 18.s 22.0 r2.8 8.3, 20.1
June 27.0 25.2 19.2 8.1 23.8
July 16.2 15.9 12.4 '4.4 12.7
August 9.0 8.8 6.9 2.6 7.0
September 7.0 7.0 5.1 2.4 5.7

Average 8.8 ll.4 7.8 ' 4.4 '9.6

Coefficient of variance
Table 4 shows the mean, standard deviation and coefficient of variance for each creek. The coefficient
of variance (standard deviation divided by the mean) is graphed in Figure 2. This indicates that
Thomas has the greatest deviation within a normal year and Hunter has the least. Therefore Hunter
creek is probably the better creek to use as a predictor in regression analysis.

Regression analysis
Appendix 3 contains various regression analyses for the creeks. The record with the least amount of
estimation and the longest record determined the predictor creek ($. There was po analysis made for
outliers. Table 5 lists the creeks tested and their correlation coefficients (Galena is Upper Galena).

" Table 5
Regression coefficients

XYR
Galena Whites 0.90
Galena Thomas 0.83
Galena Hunter 0.89
Hunter .Thomas 0.92
Hunter Whites 0.92
Thomas Whites 0.84

R2
0.82
0.69
0.80
0.8s
0.84
0.7t

Observations
r68
147

93
122
t22
1-al/o

il!ll:ttt"tt"!T"11#J(fii::i1;""""*are) were used to generate long rerm records for each watershed.
It was assumed that the data follow a normal distribution as per the hydrographs. The hydrographs are
quite similar between these creeks. Hunter creek was used to generate a record for Upper Galena
(1962-1984), Thomas (1962-1982) and Whites (1962-1982, 1984-1987), exclusive of yeus t972-
1977.IJpper Galena was used to generate records for Hunter (1986, 1994-1998) and Thomas (1997-
1998). Table 6 lists the regression equations used.
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Predictor

Table 6
Regression equations

Creek Eouation

No data for any of the creeks exist for the water years 1972-1977. These yeils are important to
include in the analysis since 1976 and 1977 were extreme drought periods. Two long term creek
records, Daggett and Blackwood creeks, were analyzed for their'correlation to Hunter creek. Their
regression coefficients were 0.44 and 0.69, respectively and were considered too low. A unit
hydrograph approach was then applied.

Blackwood creek has a 38-year continuous record of streamflow, has an east facing drainage (1I.2 miz
area) and does not have any diversions above the USGS gauge. The annual streamflow record of
Blackwood was compared to the subject creeks. Table 7 lists the correlation coefficients of this
comparison indicatinf that the annual record of Blackwood could be applied to the unit hydrograph of
each creek to generate monthly flows for the 1972.1977 record.

Table 7
Annual flow correlation to Blackwood Creek

Upper Galena Whites Thomas . Hunter

Hunter
Hunter
Hunter
Galena
Galena

0.82

Galena -0.25 + 1.38 X
Whites 1.65 + 0.55 X
Thomas 1.25 + 0.31 X
Thomas 0.97 + 0.26X
Hunter I.37 + 0.58 X

0.78 0.79 0.82

Figure 3 shows the dimensionless unit hydrograph for Hunter creek. A dimensionless unit hydrograph
is the monthly percentage of the long-term average total annual flow. The Blackwood record was
applied in the following manner. The Blackwood creek flows for water years 1.972-1977 were
compared to its average annual flow to determine the percentage of flow above or below this average;
0.81, 0.92, 1.36, 0.98, 0.42 and 0.23, respectively. These percentages were then assumed to represent
the percentage of averagq annual flow for Hunter creek as well. The percentages were multiplied to
the unit hydrograph and monthly flows were generated for Hunter creek. This approach was also
applied to the creeks Upper Galen4 Whites and'Thomas. A final average monthly flow was then
generated for these creeks as listed in Table 8. Table 8 represents a 38-year record of both synthetic
and measured data. The annual average flow compares quite well with the measured annual averages
in Table 3. The synthetic records for each creek are listed in Appendix 4.

Conclusion
None of the creeks investigated has a complete record from 1962 onward. In order to generate the
longest possible record for each creek two techniques were required, linear regression and the
application of a dimensionless unit hydrograph. Regression between two adjacent watersheds is the
better technique because of their geographic location and that the watershed sizes were comparable.
The use of a unit hydrogaph is not as detailed, but in this case can be considered reliable due to the
shong correlation (ff) bEtrveen tl"re subject creeks and Blackwood creek, ranging from 0.78 and 0.82.

Table 9 compares the synthetic record to the measured record (Table 3) for the average monthly flows.
A visual inspection shows that the respective flows are quite similar. The synthetic record tends to
over-predict the average monthly flow of Galenaby I2Yo,under-predicts Whites by llVo, under-
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Table 9
Comparison between synthetic and mdasured average monthly flow (cfs)

Galena Whites Thomas. Ilunter

predicts Thomas by 1.5% and under-predicts Hunter by 7%. These errors occur primarily during the
spring run-off period. \

No attempt was made to estimate.flows for Browni and Evans creeks as little record exists for Browns
and no record could be found for Evans. There does not appear to be any precipitation records for these
draindges as well. Interestingly, the drainage areas for Thomas, Whites, Galena, Hunter and Evans are
similar, yet the flow rates are dissimilar. This is probably due to different watershed orientations and
areas above certain elevations. It is doubtful that techniques available today would be able to generate
estimates for Evans within reasonable errors. Therefore, future work should focus on constructing a
staff gage at Browns and Elans and taking spot measurements. Within a couple of years, a correlation
should be possible with the other creeks. This would represeirt a fairly inexpbnsive program ($5,000
per year per creek).

Table 8
Svnthetic streamllow mon cfs

GaIena Whites Ihomas 'Hunter
October ' 7.4 4.4 2.8 5.5

November 7.6 4.4 3.1 5.7
December 7.4 4.6 3.4 5.7
Januarv 5.U 4.1 7.7
['ebruarv. E.U 4.8 3.5 5.9
March 8.6 5.2 4.1 6.2
April 13.1 6.6 5.0 8.3
Mav 26.6 12.6 7.9 17.7
June 31.8 t6.2 8.4 21.4
Julv 18.0 t0.4 4.8 12.0

Ausust 9.5 6.1 2.9 6.6
September 7.6 4.8 2.6 5.3
Average 12.8 l.l 4.4 9.0

srmthetic medsured svnthetic measured svnthetic measured svnthetic measured

October 7.4 t..) 4.4 4.7 2.8 2.7 5.5 5.7

November 7.6 7.4 4.4 4.6 3.1 3.4 ).1 5.9

December 7.4 6.6 4.6 4:9 3.4 3.8 J.t 6.0

January 7.7 6.6 5.0 5.1 4.1 3.1 7.7 6.2

February 8.0 7.0 4.8 4.8 3.5 3.7 5.9 6.s

Marcb 8.6 8.s 5.2 5.7 4.1 5.1 6.2 6.6

April 13.1 t3.9 6.6 7.0 5.0 5.8 8.3 9.0

May 26.6 22.0 12.6 12.8 7.9 8.3 17.7 20.1

June 31.8 25.2 16.2 19.2 8.4 8.1 21.4 23.8

July 18.0 15.9 10.4 t2.4 4.8 4.4 12.0 r2.7"
Auqust 9.5 8.8 6.1 6.9 2.9 2.6 '6.6 7.0

September 7.6 7.1 4.8 5.1 2.6 2.4 5.3 J.t
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PART TWO
Streamflow Frequency Analysis

Introduction
The_p_urpose of -part two is to estimate the low-flow frequency durations of Galena, Whites, Thomas
and Hunter creeks. The low-flow analysis is important in deiermining minimum instretim-flow rates
for environmental purposes and is alio import-ant to getermine thJ size .of an anticipated water
treatment n-Jg1-th1t may divert y{er from these creeks for municipal supply. Statistically significant
data sets of daily flows are needed to accomplish this. As shown iir f*iti i fptage 4) inc6mpiete data
sets exlst and, except for Hunter_Creek, these records mostly reflect years of-eit[er.iecord snow-pack
run-off or record drought. For these creeks it is reasonable io generate a 38-year record of daily flow
using synthetically generated data and the actual data for each creek.

There are various ways to accomplish this. The easiest is to use the Blackwood Creek record (38 vears
og a?ily floys- measured). and linear.regre_ss^io1 to generate synthetic records. However, as diagrimed
in Figure 4 the correlation coefficient (Rt) Uet'ween Blaclavood and Galena creeks is O.SO"and is
unacceptable.. .Using a unithydroqaph method was also unacceptable because it over-predicted low
flows. This is illustrated in_Figure 5 whereby a synthetic data set is compared to the actuil data set. A
final method made use of "dimehsionless specific daity flows", buf segregated by month. F6r
example, Figure 6 compares.the results of synthetically derived and actuat diily-flows for the month of
Aug-ust.for Galenapleek, displayed-as a fiequency exceedance c-urve.' Each-monthly comparison of
synthetic and actual data is acceptable such that this method was used to generate daily flows for the
missing periods of record spanning 1961 to 1998 for each creek. ThJmethod of generating the
synthetic data is described below.

Generation of synthetic records
In a spreadsheei, the actual data for Galena Crebk (1984-1998). was segregated by specific days
(spreadsheg! ro_ws as specific days of the year and columns for the differ-eniyears). Dimensionless
specific daily flows were calculated whereby _the daily c{s was divided by its monthly total cfs (daily
cfs/monthly_total cfs). -This method_was used for eaCh day of the record 6475 entri-es), for eximp6
there were fifteen oi these entries for Oct 1. These fift6en entries for iach day of ihe y* *.tt
averaged resulting in an "averaged dimensiolless specific daily flow per month"-and segregated for
each month. Using the dimensionless. specific daily value aira *re synthetically derivid-monttrty
ayeragg, as documented in partone of this report, a daily synthetic flow was generat-ed. Figures 7 and 3
qhgJv lhe comparison of actual records to lfus syntheiic method for generiting an annial record of
daily-flow-s. -The method.closely_approximates-the actual record, bu-t there aie gaps between each
month-such that an unrealistic hydrograph results. However, it is not the purposJdf tnis method to
generate hydrographs, rather realistic daily flows for minimum and ma><imum fiow duration frequency
curves.

4s a check,5,079 daily flows for Galena Creek were generated and compared to the actual record.
The actual daily.ilow was subhacted from the synthetic daily flow to generate a residual for each
month. This residual was then averaged over a month and a-standard dlviation of the residual was
hade. The average residual was -0.00707 cfs and the residual standard deviation was 3.933 cfst. Foi
the.period of-record forGalena Cr9ek, theaver_age flow is 11.4 cf,s. By dividing this average into the
residual standard deviation (3.9.33111.4: 0.345) and subtracting from i.0, you &n explain [ow much
of the.synthetic datais determined by the actual data, in this cise 65%. fhis value iin't particularly
great, but it was considered good enough to continue because other methods gave poorer reiults (recali

I The month of January 1997 'was omitted because of the large skew it placed on the data due to a 50-year flood 'event 
and

that the gauge was washed out.
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that a correlation coefficient of 0.50 was calculated by a linear regression of Blackwood Creek to
Galena Creek using daily flows). Frequency exceedance curves were generated for each month of the
actual and synthetic records. Graphs were made of both plots for comparison and are included in the
appendix. The monthly curves were essentially the same, especially at low flows, which is of most
interest. -This gives conldence in using the synthetic model to generate daily streamflow. Combining
this synthetic data with t4e actual data gives a 38-year record and was used io generate maximum and
minimum flow duration frequencies.

Results

!h9 appendix contains the minirhum and maximum flow frequency duration curves for the creeks
Ga]ena, Whites, Thomas and Hunter. The data for the curves were generated using a DOS computer'
loftware-groryam "${i9t1cal Analysis of Time Series Data" (STATS) developed by the US Army
9o.pt of Engireers (USACE,1996). A portion of the detailed results fbr the dita geirerated is found
in the aggeldix^Qq each creek. You willnote that each frequency curve is plottedin log-probability
qape-r with the_0-.01 *d 0.95 confidence intervals plotted as well. Exponential curve fits w-ere plotteil
for the data. Minimum flow frequelcy curver ffs,plotted with mean flow for duration vs. iercent
chance non-exceedance whereas the maximum' flow curves are plotted vS. percent chance
exceedance. For each creek an annual minimum and maximum flow frequency curve was also
generated. _These graphs are used to estimate probabilities of the range of flows. Maximum and
minimum flow freql9l9y dur?tion curves were generated for 3-day, 7--day, l5-day,'30-day, 60-day,
90-!ay,720-day anA t83:4ay durati.ons- These griphs are used to deiermin6-expectations of maximum
and minimum flows over the.prescribed time durations.

Galena Creek
Figures 9 and 10 show the annual minimum and maximum flow frequency curves for Galena Creek.
Using_the 2_0 percent chance non-exceedance for the minimum flows dnd the 80 percent chance
exceedance for the ma:rimum flows, a range of flows from 3.5 cfs to 18 cfs is estimatea. Using 10 and
90 percent values, respectively, a range of 3 cfs to 13 cfs is estimated. Low-flow and hi-gh-flow
legugngy curves foq 3-day, 7-day,15-day, 30-day, 60-day, 90-day, I2}-day and 183-day durations are
included in the appendix for Galena, Whites and"Thomas creeks. As an example on the use of these
curves, fig*. 11 would estimate that there is a 90 percent chance that on any three-day interval the
lowest flow would be 3 cfs and that there is a 60 percent chance that the flow *ould not be less than 4 '

cfs. Table 10 shows the 10, 20 and 40 percent chance of non-exceedance, low flows for the durations
listed above.

Table 10
Results from low-flow frequency duration analysis (cfs)

low flow duration 107o non-exceedance 20olo non-exceedance 40olo non-exceedance
3-day 3.0 3.7 4.0
7-dav 3.0 3.8 5.0

15-dav .3.0 3.9 5.0
30-dav 3.t 4.0 ).)
60-dav 3.2 4.1 5.6
90-day aa

J.J 4.3 6.0
120-dav ":3.4 4.4 6.0
183-dav 3.E 4.6 6.1

This Table may be difficult to conceptualize because you will notice that as the time duration
increases, so does the flow. Another way to read this frequency duration table (see second column
107o non-exceedance) is to understand that over any 

l-duy 
period, l0% of the flow will be less than

,t9
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or equal to 3-0 cfs and90% of the flows_will be gr_eater tlran 3.0 cfs. Over a 183-day period, 10% of
the flows will be less than or eqrial to 3.8 cfs and 90% of the flows will be sreater Uiair s.S ifs. you
can also think of these flow occrrrences as probabilities and 10% non-exceedance is the same as 90Yo
exceedance

Table 11 lists the 90, 80 and 60 percent chance of exceedance, high flows for the durations listed 
/'

above. Again, looking at the second column, over a 3-day period 10% of the flows will be less than or
eqy-al to 12 cfs and90% of the flows will exceed 12 cfs. Over a period of 183-days,90Yo of the flows
will be greater than 7.0 cfs and 10% of the flows will be less thanbr equal to 7.0 cib.'

I

Table 11
Results from high-flow frequency duration analysis (cfs)

Tltesg charts_and graph! are also estimating,.to a large degreg the probabilities of the range of high and
low flows. For examplq over a 30-day period during late summ-er (Table 10) there is agO% chance
that the flows for Galena Creek will be 3.1 cfs or greater. Over a 30-day period during the spring run-
off (Table 1 1) there is a 90Yo chance that the flows will be at least 11 cfs or an 80%o chance thellows
will be at least 15 cfs. From the above tables the overall steamflow rates can be surmised as, for
example (see Table 10, second column), there is a90% probability that the low flows for Galena will
be at least 3 to 4 cfs. There is also a 90% probability that the high flows will be greater than 7 to 12
cfs. . However, it is more accurate to consider the tables as the percentage of flows ihat will or will not
exceed certain flow rates.

Whites. Thomas and Hunter Creeks
Tables 12 through 17 are the same tables as 10 and 11, but for Whites, Thomas and Hunter Creeks,
respectively

Table 12
Results from low-flow frequency duration analysis, Whites Creek (cfs)

high flow duration 90oZ exceedance 80oZ exceedance 607o exceedance

3-day 12 20 24'l-dav' t2 t7 23
15-dav 1 1.5 I7 2l
30-day 1.0 15 2A
60-dav 10.s t4 20
90-day 10 T2 t7

L20-dav 9 12 15
183-dav I 9 13

Low flow duration 10%o non-exceedance 207o non-exceedance 40Vo non-exceedance
J-dav t.2 t.7 2.6
7-dav t.2 1.8 ?1

l5-dav 1.3, 1.9 2.9
3O-day 1.3 2.0 3.0
60-day 1.4 2.2 '3.3

9O-dav 1.6 2.4 3.5
120-dav 1.8 2.6 3.8
183-dav 2.3 3.1 4.3

I
T

I
I
I
I
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duration an Whites Creek (cfs
hieh flow duration 907o exceedance 80%o exceedance 60%o exceedance

3-day 7.5 10.3 15.4
7-dav 7.1 9.9 15.0

15-day 6.8 9.4 t4.2
30-dav 6.3 8.9 13.4
60-dav 5.8 8.0 12.0

-90-day 5.3 7.2 t0.7
120-dav 4.9 6.6 9.s
183-dav 4.3 5.7 8.0

I
I
I
I
I
I
I
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I
I
I
I
I
I
I
I
I
I
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Results from
Table 13

Table 16

11

Table 14
Results liom low-flow frequency duration analvsis. Thomas creek (cfs

low flow duration '10%o non-exceedance 20o/o non-exceedance 40%o non-exceedance
3-dav 0.6 0.9 1.3
7-dav - 0.6 0.9 1.4

15-dav 0.7 1.0 1.5
30-dav 0.7 1.0 t.6

60-dav 0.8 r.2 1.8
9O-day 0.9 1.3 1.9

120-dav 1.0 t.4 2.2
183-dav r.4 1.9 2.7

Table 15
Results from hieh-flow frequencv duration Thr rmas Creek (cfs

hieh flow durhtion 90%o exceedance 807o exceedance 60%o exceedance
3-day 5.0 6.6 9.6
7-dav 4.6 6.2 9.2

15-dav 4.2 5.7 8.5
3O-day 3.9 5.2 7.7
6O-dav 3.6 4.7 6.8
90-day 3.3 4.4 6,2

120-dav 3.1 4.0 5.6
183-dav 2.7 3.5 4.8

Results li om low-flow frequency duration a Ilunter Creek (cfs
low flow duration 10%o non-exceedance 20o/o non-exceedance 40Plo non-eiceedance

3-day 1.3 2.0 3.1
7-dav r.4 2,7 'J.2

15-dav r.4 2.2 3.4
30-day t.6 2.3 3.5
60-dav 1.7 2.6 3.9
9O-dav I.9 2.8 4.2

120-dav 2.1 3.1 4.6
I 83-dav 2.8 3.9 t.3



I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
t
l:
I

. Table 17
Results from high-flow frequency duration analysis, Hunter Creek (cfs)

hieh flow duration 90%o exceedance 807o exceedance 60%o exceedance
3-day 9.7 13.9 22.1
7-dav 9.5 13.7 2r.6

l5-dav 9.1 13.1 20.6
30-dav 8.4 12.2 19.1
60-day 7.5 I U.J 16.5
90-d 6.8 9.5 14.3

I20-dav 6.2 8.5 12.6
183-day 5.5 7.3 10.4

Tablg 18 compares the 70%o non-exceedance of high and low flows for all the creeks over 30-day
durations. These durations would represent conservative estimates of the arurual creek fluctuations
characteristic of high snowmelt runoff and late summer base flows.

Table 18
30-day duration, 70Yo non-exceedance of minimum and maximum flow (cfs)

30-day duration
70oh non-exceedance

of minimum flow

30-day duration
70o/o non-exceedance

of maximum flow
Galena Creek ) 37
Whites Creek 2.5 22
Thomas Creek 1.3 t2.9
Hunter Creek 3.0 32.9

PART TITREE
. , Public Water Supply and Minimim fnstream Flow :

Creek diversions for public water supply
Washoe County's Comprehensive Regional Water Plan (7995-2015) discusses the water supply
alternative.of constructing a surface water treatment plant in the South Truckee Meadows (page 9:10).
The surface water would originate from various sources such as Galena Creek, Thomas Creek, Whites
Creek and the Truckee River. The report also estimates that the South Truckee Meadows will require
7,800 af of potable water supply by the year 2015 to support a population of 26,000 (see pages 4-2 arrd
4-4). Four different surface water diversion scenarios are presented herein where diversions are made
from both Galena and Whites creeks (scenario 1 and 2) and from Galena, Whites and Thomas creeks
(scenario 3 and 4). Average monthly flows estimated in part one of this report are used to estimate
what diversion rates of 40% and 60% would be for each creek. The annual 7800 af demand is

'segregated to monthly demands as estimated from a previous report (Kennedy/Jenks Consultants,
1991). Scenarios I and 2 represent diversions of 40Yo and 60%o, respectively, from both Galena and
Whites creeks to meet the monthly demands. This is illushated in Figure 12.The Figure indicates that
the 40% diversion rate (scenario 1) is irot enough to meet demands other than during the months of
May and June. The 60% diversion (scenario 2) meets demandd November through July. Figure 13
illustrates the effects if 40% and 60% diversions include Thomas Creek. The 40%o diversion rate will
meet the demand curve November through June. With the addition of Thomas creek, the 60%
diversion rate does not do much better foi the months July, August and September in meeting the
demand curve (compare Figures 12 and 13). However, excess supply is available in all these scenarios

12
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that could be banked yia artificial groundwater recharge and later pumped during excessive demand
peiiods. Another more passive approach would be to use surface water for winter and spring demands
supplemented by groundwaterduring low flow periods.

Minimum flow duration frequency curves can be used to determine the percentage of daily creek flows
meeting treatment plant demands. For example, a 4-MGD plant would require 6.2 cfs. Table 19 lists
low-flow frequency durations at different exceedance percentages for the combined flows of Galena
and Whites creeks. This table indicates that the 6.2 cfs requirement will be met 80% of the time over a
60-day period. It indicates that 70To of the flows will meet that demand over any period of time.
Table 20 includes Thomas creek in the analysis and indicates that at lealt 80% of the flows will meet
the 6.2 cfs requirement over any period. 

m _ r , < nTable 19
Low-flow frequency duration exceedance, Galena and Whites Creeks (cfs)

low flow duration 80o/o of flows exceed 70Yo offlows exceed 60% offlows exceed
3-dav 5.4 6.0 6.6
7-dav .5.6 6.6 7.7

15-dav 5.8 6.9 7.9
30-dav 6.0 7.2 8.5
6O-dav 6.3 7.6 8.9
90-clav 6.7 8.1 9.5

120-dav 7-O 8.4 9.8
183-dav 7.7 9.0 10.4

Table 20
Low-flow frequency duration exceedance, Galena, Whites and Thomas Creeks (cfs)

low flow duration 807o offlows exceed 70%o of flows exceed 60%o offlows exceed
3-day 6.3 7.t 7.9
7-dav 6.5 7.8 9.1

l5-dav 6.8 8.1 9.4
30-dav 7.0 8.6 10.1
60-day 7.5 9.1 10.7
90-day 8.0 9.7 TT,4

120-dav 8.4 10.2 a 12.0
183-dav 9.0 11.3 13.1

Figwe 14 graphs the 40% and.606/o diversions from Galena, Whites and Thomas against a monthly
, demand given an annual demand of 7,800 af. It also plots 4-MGD and 6-MGD plant diversioir

requirements. This Figure indicates that the 40Yo diversion rate will meet the 4-MGD requirement
during all periods of an average streamflow year. Figure 14 illustrates that the 6-MGD plant
requirement can be met during the period April through July for the'40% diversion and March through
August for the 60% diversion. Figure 14 is used to estimate an annual capacity of 5,580 af of potable

, supply given a 6-MGD plant versus a 4,480 af supply from a 4-MGD plant. The subtraction shows
that a 6-MGD plant could supply an additional 1,100 af over six months that satisfies l4Yo of the
annual demand (7,800 aD as compared to a 4-MGD plant. It would also serve as plant redundancy for
O&M considerations.

Table 21 lists 40% and,60% diversion rates and total creek flows in order to meet 4-MGD and 6-MGD
requirements. ,For example, diverting 40Yo of creek flow to meet.a 4-MGD plant demand (6.2 cfs)

13I
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Relating Table 21to a low flow frequency analysis that combines Galena, Whites and Thomas creeks
is shown in Table 22. This Table is for.flow occurring during the lowest flow period, i.e. fall and
winter months. For a 4-MGD plant requirement of 6.2ifs, a 4-0% diversion rate (total creek flow of
1_5_.1g$) could be expected to meet this demand at least 40Yo of the time over a 90-day interval. For a
p-MGp plant requirement of 10.3 cfs, a 60Yo diversion rate could be expected to meet the demand a
least 60% of the time over a 60-day period.

Table22

requires that the creeks diverted must be flowing at 15.5 cfs. This is also the creeks flow rate for a
60% diversion to meet a 6-MGD plant demand (9.3 cfs). .

Table 21
FIow ts on creeks cfs

treatment plant size and
flow requirement

total creek flow for
40%o diversion

total creek flow for
607o diveision

4-MGD 6.2 cfs) 15.5 10.3
6-MGD 9.3 cfs) 23.2 15.5

Low-flow fi duratio n exceedance lbr Whites and Thomas creeks (cfs
low flow duration 607o offlows exceed 507o offlows exceed 40%o offlows exceed

3-day 7.9 10.7 72.3
7-dav 9.1 1 1.1 12.5

15-dav 9.4 11.6 12.6
30-dav l0.l 12.3 t3.4
60-dav 10.7 12.9 14.2
90-dav tr.4 t3.4 15.0

120-dav 12.0 13.9 16.1
183-dav 13.1 15.9 17.9

Montana Method
Donald _L*y Tgnnant, working for ttie U.S. Fish and Wildlife Service in Billings, Montana
lPP{rlptly derived the Montana Method to determine minimum insheam flow requirements'kest of
the. Mississippi". This minimum flow would protect aquatic life and provide sufficient flow to
maintain existing riparian vegetation and, consequently, 

-wildlife 
(Tennant, unk). The minimum

instream flow is quickly calculated by knowing the average annual flow in unitd of cubic feet per
second (units are not confirmed in the Tennant reference). Table 23 indicates the minimum flow fate
to be left in the stream in order to maintain the desired "subjective" results.

Table 23
Montana Method minimum instream flows

narrative description
of flows

Recommended base flow regimens as a percentage of the
Average annual flow

Oct.-Mar. Apr.-Sept.
Flushine 200% of avg. flow 200Yo ofavs. tlow
Optrmum Ranee 60-100% 60-100%
Outstandine 40% 6tJYo
Excellent 30% s0%
Goocl 20% 40%
Fair or Degradine rc% 30%
Poor or Minimum rc% l0Yo

T4
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Using Galena Creek as an eiample, its average annual flow is 9,260 af that translates to 12.8 cfs. This
12.8 cfs is the average annual fl9w as determined from part one of this report. If it is required to
maintain a "good" ftr9am flow, then 20% of the average annual flow (12.8 cfs), or 2.56 cfs rirould be
kept in the stream during the months of October through March. Flowi above fliat base level could be ,

used, in this case, for p.g!li-c w_ater supply. During the months of April through September, 40%o of the
aver?ge.-annual flow-(12.8-cfs) would be kept in the stream. Additionally,'hushingt'flows are
requiredto maintain the health of the stream. Ii is therefore recommended thaf during at lEast a l4.-day
period.of the spring runoff, 200% of the average annual flow be kept in the stream 125.6 cfs).

fig-ure 15- illustrates the Montana Method by plotting the average monthly flows or "natural"
fV$ograp4 of Galena Creek versus "outstanding'i "eicdllent" and '!ood" minimum inshedm flows
including the "flushing" flows. -This Figure, illustrates that th9 natural iciw pattern is closely copied by
the minimum instream flow and illustrates.how much diversion is volumehically availabte. nilure t6
illustrates these same flow_patterng fo1 GaJena,, Whites and Thomas creeks icimbined. Fifrre 17
shows the natural flow of Galena Creek reduced 50%o to mimic an extreme drought conditioi lt is
seen that an extreme drought condition may not produce flows sufficient for diverslons over and above
the "excellent" instre_am flow requirement especially during August and September. Further, the200o/o
of-average annual "flushing" florvs would not be met regidleis of diversions though flushing would
still occur.

Table 24 lists the instream flow rates for each creek under the three different flow iegimes. Flow rates
g? 9r wilter (October flqgugh \darch), sunmer (April through September) aud flu-shing (two weeks
in May or June) periods. These flow rates would rdmain constant thioughoui their respect'ivb periods.

Table 25 lists the a19rag9 annual water heatment plant diversions, in acre-feet per year, for each creek
_g_ivgn tlre _"outstand_qg'1, "excellent" and ''goodt' base flow regimen.(including- "flushing" flows).
Under the Montana Method and diverting Galena, Whites and Th-omas creeks, 7,450 af, 10,070 af and
LI,749 af could be used for public water supply at the "outstanding", "excellent" and "good" flow
regimens, respectively.

Table24
Instream flow rates (cfs)

outstanding excellent good
flushine winter summer winter summer winter summer

Galena 2s.6 5.1 7.7 3.8 6.4 2.6 5.1
Whites 14.2 2.8 4.3 2.1 3.6 r.4 '2.6

I'homas 8.8 1.8 2.6 1.3 2.2 0.9 1.8

Table 25
Expected diversions allowed under the Montana Method

avg. annual flow outstandins excellent good
aflyr cfs aflvt cfs aflvr cfs allyr cfs

Galena 9.260 12.8 3.919 5.4 5.214 7.2 6.083 8.4
Whites 5.140 7.1 2.r76 3.0 3.002 4.2 3,503 4.8
Thomas 3.1,75 4.4 r.344 1.9 1.854 2.6 2.1,62 3.0

Total t7.57s 24.3 7.439 10.3 10.070 14.0 11.749 16.2

15
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Conclusions
Several methods were used to generate synthetic, daily average, discharge values for the Galena,
Whites, Thomas and Hunter creeks. The best results were obtained by generating monthly
dimensionless specific daily values and the synthetic monthly aVerages. From this synthetic anil
measure data, high and low flow frequency duration curyes were generated. In Table 18 the data are
used to estimate a conservative, arurual range of high and low flows for each creek. The
synthetic/actual record provides a good basis for determining volumetric flow rates with respect to
minimum instream flows and diversions for public water supply. Depending upon anticipated
institutional decisions, minimum flows ire suffiiient to satisff b'&h instredrn novis aird public ivater
supply demands.

Published literature about the Montana Method is not apparent and so this report cannot determine the
successful application of the Montana Method or if it is appropriate for instream flow management in
the South Truckee Meadows. If this method is applied and depending upon the flow regime
implemented, diversions for public water supply range from 7,400.acre-feet per year (Outstanding
Regime) to 11,750 acre-feet pei year (Good Regime). Water left in creeks as minimum inshbam flow
rates .would amount to 10,150 acre-feet per year (Outstanding Regime) to 6,800 acre-feet per year
(Good Regime). These estimates are based upon an average year of streamflow.

Treatment plant capacity is in the range of 4- to 6-MGD on an annual basis given diversioirs of 40 to
60 percent, respectively. A 4-MGD plant requires a flow rate of 6.2 cfs. If a 40% diversion is
implemented on all three creeks (mininium total creek flow of 15.5 cfs), it is estimated that 60% of the
daily flows may not meet this demand during a low-flow, 90-day interval (Tables 27 and 22). At a
60% diversion rate (minimum total creek flow of 10.3 cfs) it is estimated that 40Yo of the daily flows
may not meet this demand during a low-flow, 30-day interval. Consequently, a 4-MGD plant should
anticipate short periods of flow rates below plant capacity grven these diversion constraints.

For a 6-MGD plant requirement of 10.3 cfs, a6}%odiversion rate is necessary and could be expected to
meet the demand at least 60% of the time during a low-flow, 60-day period. During the spring run-off
(April through July) there does not appear to be any problem meeting treatment plant flow
requirements during normal years of streamflow. There is additional supply for groundwater recharge
practices, both injection and, infiltration, on a 4 to 6-MGD scale from April through July.
Conservatively, this could amount to 1,500 to 2,200 acre-feet annually.

Future work
Concurrent to this body of work, ECO-LOGIC has been contracted to publish an updated water and
wastewater facility plan for the South Truckee Meadows. In their work, projections for water demand
will be revisited. Altematives will be proposed for water supply as well as instream flow necessities.
If alternatives require a surface water heahnent plant, capacities will be outlined. Minimum instream
flow recommendations will also be made that will impose constraints on water treatment facilities. It
is also anticipated that the available surface water supply for municipal needs will be identified. Until
these objectives are reached, no further work will continue on the timing and quantity of surface water
generated from the Galena, Whites, Thomas and Hunter watersheds.
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