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1 - INTRODUCTION

On January 1, 1980, Acres American, Inc., received notice to
proceed with the feasibility analysis of the Susitna Hydroelectric
Project. The analysis will consider the feasibility of constructing
one or possibly two dams along the upper Susitna River. The two
primary sites being considered are the Watana and the Devil
Canyon sites.

The objective of this study is to provide design flood peak
information for the design of the project and for assessing
pre-project flood conditions in the Susitna River reaches located
downstream and upstream from the proposed Watana and Devil
Canyon dam sites. Within this context, two types of floods were
studied: the largest annual floods and the largest annuat floods
during ice conditions (October-May). Procedures were developed
to estimate the annual instantaneous peak and the October-May
instantaneous peak for selected frequencies of occurrence on
ungaged rivers within the upper Susitna River basin. Procedures
were also developed to estimate the error associated with estimates
made by the above mentioned procedures. Typical hydrographs
were developed indicating flood shape, peak, and wvolume for
selected frequencies of occurrence. Flow wvolume-duration
frequency curves were also developed for the May-July and
August-October periods on the Susitna River at Gold Creek.
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2 ~ SUMMARY

This report describes the Susitna Regional Flood Peak Frequency
Analysis conducted by R&M Consultants, Inc., for Acres American,
Inc. Acres American, under contract with the State of Alaska, is
conducting a study concerning the feasibility of developing a
hydroelectric complex on the upper Susitna River.

The results of single station flood frequency analyses are
presented for 12 stations having annual instantaneous flood peak
data, and for 11 stations having maximum October-May mean daily
flow data. Four frequency distributions were analyzed, from
which the Three Parameter Log Normal Distribution was selected.
Subsequently, the October-May maximum mean daily flows for
selected frequencies of occurrence were converted to instantaneous
peaks.

By using the index method of regionalizing the data, procedures
were developed to estimate the annual instantaneous peak and the
October-May instantaneous peak for selected frequencies of
occurrence on ungaged rivers within the upper Susitna River
basin. Procedures were also developed to estimate the error
associated with estimates made by the above mentioned procedures.
The results of this analysis are then compared to those of previous
regional analyses.

Typical hydrographs for different frequency floods were developed
for the Susitna River at Gold Creek. A flood volume-duration
analysis was also conducted for May-July flows recorded at Susitna
River at Goid Creek.

susi6/L ' 2-1






3 - FLOOD FREQUENCY ANALYSIS

The Susitna Regional Flood Frequency Analysis was conducted in
the following four steps;

a. Single station flood frequency analyses were conducted at
stations thought to be hydrologically similar to the upper
Susitna River basin.

b. The single station fiood frequency analyses were regionalized.
C An error analysis was conducted in order to estimate the

amount of error associated with filood peak estimates in
ungaged areas.

d.A The results of this analysis were compared with 2 regional
analyses which have been conducted by the U.S. Geological
Survey.

Each of these steps is explained fully in the report that follows:

3.1 - Single Station Frequency Analysis

In order to select stream gaging stations that are hydrologically
similar to the upper Susitna River basin, factors such as mean
annual runoff wvolume, climate, and geology were examined for
rivers with USGS stream gaging stations in southcentral Alaska.
Of those stations identified, only those with 10 or more years of
record and greater than 150 square miles in size were utilized.
The basins finally selected were as follows:

Susitna River at Gold Creek
Susitna River near Denali
Maciaren River near Paxson
Susitna River near Cantwell
Chulitna River near Talkeetna
Talkeetna River near Talkeetna
Montana Creek near Montana
Skwentna River near Skwentna
Caribou Creek near Sutton
Matanuska River at Palmer
Tonsina River at Tonsina
Copper River near Chitina

The last four stations are not as good as the first eight, due to
their distance from the Susitna basin and their exposure to a
maritime climate. However, these differences were not sufficient to
warrant exclusion from the analysis.
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Three types of floods were abstracted from the records: annual
instantaneous peak discharge, annual maximum mean daily
discharges, and annual maximum October-May mean daily
discharges. Both the annual instantaneous peak discharge and the
mean daily discharge data are available for each of the stations
selected, with the exception of Montana Creek. Montana Creek is

a crest gage station with only annual instantaneous peak discharge
data available.

For each station with mean dally discharge data, a ratio was
deveioped between the annual instantaneous peak discharge and
the annual maximum mean daily discharge (Table 3.1). Where an
occasional annual instantaneous peak discharge value was missing
from the station record, the ratio was used to predict the annual
instantaneous peak value.

A Fortran 1V computer program (Condie et. al., 1977) was used to
fit the Gumbel |, Log Normal, Three Parameter lLog Normal and
Log Pearson Type Ili distributions to both the annual
instantaneous flood peaks and the annual maximum OQOctober-May
mean daily discharges. The program ranks the annual flood peaks
and fits the frequency curves by the method of maximum
likelihood. When the maximum likelihood methods have no true
solution, a moments fit is used. For the Log Pearson Type |
distribution, both the maximum likelihood and the moment fits are
calculated in the program. The ranked discharges are assigned
plotting positions by the Weibull formula:

T = (N+1)/ M (3.1)
Where:
T = return period in years
N = record length in years
M = the rank

Tables 3.2 and 3.3 illustrate the degree of fit achieved by fitting
each of the distributions toc both the annual instantaneous flood
peak series and the annual maximum October-May mean daily
discharge series. From the resuits shown in Table 3.3, the Three
Parameter Log Normal Distribution provides the best fit of the
data, although the Log Normal Distribution is also acceptable. The
Three Parameter Log Normai Distribution is adopted almost
exclusively throughout this study. At two stations in the annual
maximum October-May mean daily discharge series it was not
possible to fit the Three Parameter Log Normal Distribution to the
data. At these two stations, Susitna River at Cantwell and
Skwentna River near Skwentna, the Log Normal Distribution was
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used. Pilots of the flood frequency curves for each of the stations
and flood series are exhibited in Attachments A and B.

Since the computer program only considers recurrence intervals of
1.005, 1.05, 1.25, 2, 5, 10, 20, 50, 100, 200 and 500 years, the
graphs of the annual instantaneous fiood peak frequency curves
were extrapolated to the 10,000-year recurrence interval.

The annual maximum October-May mean daily discharge frequency
curves were converted to October-May instantaneous peak
discharge frequency curves using the ratios discussed earlier.
Thus, the remainder of this study only considers the annual
instantaneous flood peak frequencies and the October-May
instantaneous flood peak frequencies.

3.2 - Regionalization of Frequency Analyses

Regionalization of the single-station frequency curves involves
developing regional relationships which can be used to calculate
design flood peaks within a "homogeneous flood region".
Theoretically, the flood response of all catchments within a
homogeneous flood region is the same. In practice, however, the
term "homogeneous" implies that the response characteristics of the
individual basins are not significantly different and that these
differences, coupled with sampling errors associated with the
discharge measurement, yield errors in the regional relationships
which are within acceptable limits. The purpose of developing the
regional relationships is to apply them to ungaged drainage basins
as well as to gaged drainage basins for which discharge records
are too short to yield accurate results.

To determine if the stations selected were homogeneous with regard
to runoff, a standard Student's "t" test of homogeneity of the
QZO/QZ =Y variables was used. For each flood series within the
region being analyzed, individual station Y,, values were computed
(Tables 3.4 and - 3.5) and were used to calculate the allowable
range in Y20 by applying the following equation:
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Where:
YZO = ratio of 20-year return flood to the mean
anoual flocod for a single station
Y = an average of the single station Y, . values
20 , p 20
for a particular flood series
tm-l = "t" statistic for m-1 degrees of freedom at
the 95 percent confidence level
520 = standard deviation of the individual stations
at the 20-year return period
m = number of stations in the region

As can be seen from Tables 3.4 and 3.5, all individual Y value
are within the limits of the 95% confidence level. Therefore, all of
the stations selected for use in the Susitna Regional Fiood
Frequency Analysis are homogeneous with respect to both annual
instantaneous peak discharges and October-May instantaneous peak
discharges.

Once it was determined that all of the stations selected for use in
the analysis were homogeneous with respect to discharge, the
index method was used to regionalize the single-station data. The
index method consists of two parts (Dalrymple, 1960). The first
involves the development of a regional dimensionless freguency
curve representing the ratio of the flood of any given frequency
to the mean annual flood. The second part requires the
development of regression equations for relating the mean annual
flood to the physiographic and climatic characteristics of the
drainage basins. By combining the mean annual flood with the
regional dimensionless frequency curve, a frequency curve for any
ungaged location within the region can be developed.

This method assumes that throughout large regions that are
considered to be homogeneous with respect to filood producing
characteristics, individual basins with widely wvarying drainage
areas will have frequency curves of equal shape and slope. Any
differences in the shape and siopes of the individual curves are
attributed to sampling error.
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To produce a regional curve from single station curves, Dalrymple
(1960) recommends that the dimensioniess frequency curves for a
homogeneous region be evaluated as the median of the individual
frequency curves within the region. Since the weighted median
has also been found to be useful in this type of analysis (Acres
American, 1977), the dimensionless discharges at the 1.005, 1.05,
1.25, 2, 5, 10, 20, 50, 100, 200 and 500-year recurrence intervais
were analyzed with regards to the mean, median and weighted
median at each recurrence interval (Tables 3.6 and 3.7). The
weighted median was determined by using the number of years of
record at a station as the weight for that station. The
dimensionless frequency curve was estimated from the median of
the 12 stations used in the analysis. The median value had a
better general fit than either the mean or the weighted median
values. The mean value at the 10,000~year return period was
abnormally high, while the weighted median values started
decreasing after the 100-year return period.

The confidence limits for each of the regional curves are based on
values computed at the 1.005, 1.05, 1.25, 2, 5, 10, 20, 50, 100,
200 and 500-year recurrence intervals from the standard deviation
of the single station curves about the regional curves, using the
following equations.

The standard deviation of single station curve values about the
regional curve is given by

m _ 2 £
sT = [ [(¥Y, - Y, )] (3.3)
1 T T
(m-1)
Where:
ST = standard deviation at T-year return period
?T = value of median dimensionless regional curve
at T-year return period
YT = value of dimensionless single station curve at
T-year return period
m = number of single station curves

The standard error of the median (or regional curve in this case)
as a proportion of the median is given by
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ST

¥ (m)*

SEMT
Where:

SEHT = relative standard error
regional curve at T-yea:

The associated 95 percent confidence limits for
are derived from the standard error and the
statistic coefficients.

A stepwise multiple linear regression computer
al., 1977) was used to relate the mean anpual
flow and the mean October-May instantaneous
physiographic and climatic characteristics of ti
The program performs a forward steppir
regression analysis and tests the '"significance"
those used in the equation and those remaini:
their "F" ratio at each step of the analysis.
of the estimate and the coefficient of determin:
for each step. The physiographic and climat
and their values for each of the stations
Table 3.8.

In arder to test the effect of a log-transform ol

HEC Multiple Linear Regression computer p
Non-transform  and log-transform regressic
conducted on the mean annual instantaneous

mean October-May instantaneous peak flow. T
results obtained by HEC's stepwise backward
results obtained in the initial analysis. The f
indicates that the log~-transform analysis di«
statistics. Consequently, the non-transform r
were selected.

Standard Er

R2 of Estimate (
Mean Annual Flood
Non-Transform 0.99%94 +1465 ~1
Log-Transform 0.9930 +2612 -2.
Oct-May Mean Flood
Non-Transform 0.9709 +3081 -3
Log-Transform 0.9141 +4425 =2
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The equations that were finally selected, including the coefficient
of determination and the standard error of the estimate, are as
follows:

Mean Annua!l Instantaneous Flood Peak

Qu = 7.06(D.A) + 46.36(L) + 697.14(G)

+ 200.15(MAP) - 49.55(MAS) - 2594 (3.5)
RZ = 0.9994
S.E.E. = 1465

Mean October-May Instantaneous Flood Peak

Qo—m = 1.56(D.A.) + 143.35(L) - 2894 (3.6)
RZ = 0.9853
S:E.E = 3081

Where:
QA = Mean Annual Instantaneocus Flood Peak, cfs.
Q-m = Mean October-May Instantaneous Flood Peak, cfs.

D.A. = Drainage Area, sg. mi.

L = Stream Length, mi.

G = Percent of Drainage Area Covered by Glaciers, %
MAP = Mean Annua! Precipitation, in.

MAS = Mean Annual Snowfall, in.

Of the five parameters selected for computing the mean annual
instantaneous flood peaks, drainage area explains over 98 percent
of the wvariation between the regional mean annual flood and those
of the individual stations. However, inciusion of the other four
basin and climatic parameters (main channel length, percent of
glacial area, mean annual precipitation, and mean annual snowfall)
significantly reduced the standard error of estimate for the mean
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annual flood peak. Since the regional mean annual flood is the
basis from which all other recurrence intervals are estimated, the
four other parameters were included.

Similar logic applies to the selection of parameters for the mean
October-May instantaneous flood peak. Drainage area and main
channel length explain over 97 percent of the variation. However,
inclusion of additional parameters did not significantly decrease the
standard error of estimate in this case, so oniy the above two
parameters were used.

3.3 - Relative Standard Error of the Estimate for the Index Method

Equation (3.3) gives the standard deviation, S, of the dimension-
less frequency curves about the regional curve. Equation (3.7) is
then used to caiculate the associated relative standard error of
estimate, SET.

S
_ T
SET = . (3.7)
YT
Where:
?T = value of median dimensionless regional

curve for the T-year return period

SEM, in Equation (3.4) represents the standard error of estimate
of -Ic-he median or regional curve. SE in Equation (3.7)
represents the standard error of the individual statign curves
about the regional curve. Note that SEMT = SE, / (m)?

In order to combine the errors SE.. associated with the appiication
of the index curve with the errors in the calculation of the mean
annual flood, Equation (3.8) is applied. An outline of the
derivation of this equation is presented in the report entitled
"Regional Flood Frequency Analysis" (Acres American, 1977).

2 2 ]
Sli‘.CT = { SET + SE2 ) (3.8)
Where:
SECT = composite relative standard error of estimate
of T-year event
SE2 = relative standard error of estimate associated

with the evaluation of the mean annual flood
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Figures 3.1 and 3.2 present dimensionless flood frequency curves
which can be used in conjunction with Equations (3.5) and (3.6)
to predict the annual instantaneous and October-May instantaneous
flood peaks at specific recurrence intervals. The figures also
present curves for computing the associated composite 95 percent
confidence limits for the estimate.

3.4 - Comparison_with Results of Previous Studies

Previous regional flood studies carried out in the Susitna River
basin and surrounding basins include:

(a) Lamke, R.D. (1979)

Multiple regression equations for different recurrence
intervals were developed for two regions of the state. Area |
consists of most areas of Alaska with a maritime ciimate,
excluding the Aleutian Islands and the Pacific Ocean side of
the Alaska Peninsula. Area |l consists of those parts of
Alaska with transitional, continental, and arctic climates,
together with the Aleutian Islands and the Pacific Ocean side
of the Alaskan Peninsula which have maritime climate. The
Susitna River basin is included in Area II.

(b) Freethey, G.W. and D.R. Scully (1980)

Multiple regression equations for different recurrence
intervals were developed using peak discharges from 50 Cook
inlet gaging stations with 10 years or more of data.

No regional flood studies in the area have used the index method.

Tabie 3.9 lists the parameters used in the regression analyses and
compares the standard errors of estimate for the 2-, 5-, 10-, 50-
and 100-year flood peaks. Values for the 100-year flood peaks
were not derived by either of the USGS studies. It is evident
from this table that the standard errors achieved in this study are
lower than those in the other studies. Fewer stations were used
in this study, but the stations were either within the transitional
climate region or were on its borders. The USGS studies used
gaging stations over much larger areas, with consequently larger
differences in climate. Attachment C presents a comparison
between the Susitna Regional Flood Peak estimates and estimates
using the two USGS methods.
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TABLE 3.1

RATIO OF INSTANTANEOUS FLLOOD PEAKS TO MAXIMUM MEAN
DAILY FLOW FOR SPECIFIC STATIONS

_ ) 1 Starfda.r‘d

Station Name Location QP/QD Deviation
Susitna River at Goid Creek 1.060 0.036
Caribou Creek near Sutton 1.617 0.365
Matanuska River at Palmer 1.221 0.168
Susitna River near Denali 1.104 0.049
Maclaren River near Paxson 1.091 0.077
Susitna River near Cantwell 1.082 0.059
Chulitna River near Talkeetna 1.044 0.032
Talkeetna River - near Talkeetna 1.219 0.102
Skwentna River near Skwentna 1.067 0.044
Tonsina River at Tonsina 1.031 0.036
Copper River near Chitina 1.043 0.061

Number in
Sample

31
22
24
19
19

13
16
18
28

23

Mean Ratio of Annual Instantaneous Flood Peak to Annual Maximum Mean

Daily Flow.

susi6/m
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TABLE 3.2
DISTRIBUTION STATISTICS FOR ANNUAL INSTANTANEOUS PEAK
me '
OCT-MAY MEAN DAILY PEAK FLOWS
oRMAL 3 PARAMETER 10G NOKVAL LOC PEARSOM TIPE TIL L% PEARSON TYPE 115
cueL 1 — = e (Hocemia) (maxloua 15kelihcod)
STATION RIVER NANE LOCAT IO [ cs =3 sum OF HEAN esL CKL sun OF MEAN colA CKiA AYC.CV. sux OF TEAN AVG.CV. SEN OF HEAN AvG.CV. SuM OF
MARER DEVIATIONS WEAVAmIOH) DEVIATIONS BEVIATION == == T DEVIATIENS DEVIATION DEVIATIONS orvzATIOn DEVIATIONS
ANNUAL INSTANTANEOUS PEAKS FLOYS QENTATEONS
7520 Susitna 2. a: Gold Cr. s | .60 2.9209  -22.90 S.16 9.0865%  2.8)62 -19.28 .23 -0.0805  2.9658% 15.00% ~12,09% 4,10 1>.39 -19.0: 3.97 15.91 -20.87 2,38
2620 Carthou Cr. nE. Sutton 21 | 0.9238 . 2274 -22.03 714 -0.0451  1.64%% -19.29%  7.07% -0.0228 ).£401% 15,538 <956 1. 16.49 -19.57 7.3 16.16 -21.98 .
28u0 Matanusks R. at Palzee 17 0.219} 3.6631 10.05 6.32 ~9.5370  3.9270 5.46 .17 ~0.0121* 3.593)% 10,59 2.004 3.53 Upper Boundary Is Too Low Upper Boundary la Tao Lew
2910 Susicos R ac. Uenall 20 | 2 4585 10.2480 -49.50 12.93 1.8453  7.0723 ~33.19% 111 0.06)3% 6,2261% 23,590 -28.16 8.39+ 35.46 -18.81 5.39% Mo Solution
2912 Maclarea R, or. Pixsen 22 | 0.9062 2.6430  -15.76 .16 0.5539  7.6682* - 8.75 6,34 -0.1915% 2.6565 25.66 8.93 3.99¢ 15.93% - a3 4.90 N Selution
2915 Saslena B ar. Conenell 1n 0.332% 3.1848 -~ 0.90% €46 -0.1474 7. 7888 1.1% 5.85¢ =0.1102%  2.26677 18.790 1.32 6.01 19.01 1.92 6.21 Upper Boundary s Tuo low
2924 Cluitena R. ar. Talkestna 18 | 2.905¢ 117449 -33.82 10,15 2.059¢  10.0178 -23.88% 30.58 0.3512% £.95094 16.05 -27.36 9.21% Lovec Boundary Ts Tuo High 12,888 ~29.93 9.45
2921 Talkeetns R, m. Talheetna 13 | 1.8140 6.6111 - 197 B.16 1.0298  4.7599 5.33  B.EO -0.0821% & 07524 30. 544 - 0.4 5.27 40.08 -1.28 5.65 32.65 - 5.41 191
7928 Hantema Ce. ar. lootana w | e.s1 6.6962%  -26.31 5.59+ S1.2169 7.5292 -25.37  11.51 0.0124* 5.9798 22.31 -25.50¢ 9.6 Upper Baundary Is Tco Law Upper Boundary is Tao low
2941 Skwentoa R. nr. Shuencna 20 1.0748 A.BL6B%  -70.2% 5.42 0.4530 4.0757 -19.07 6.23 0.0)460 4.2125 11,90* -18.27* 5.42 13,81 -18.61 5,200 12.23 ~20.29 5.53
2080 " Tonsina R, at Temsina 28 | 0.6985 3.380¢  -il.3) -3.36 0.00D5%  2.8333 - 998 3.8 -0.0817  :.8733° 12,73+ ~ 9.3 3.09¢ 12.88 - 9.%8 3.38 12.83 BVRD 1.6%
2120 Cozpes R. nr. Chitina 25 | i.6079 13832 -16.93 3.9 0.9367  3.5081 -15.77 N 0.1061% 4.8017% a.59 - 15,50 LRTL 11.98 ~15.68 LTS £330 -16.99 3.40
0CT-MAY MEAN DALY PEAK FLOWS
2920 Sastena K. @i Cold C-. 30 | 0.289% 3.8267 9.19 6.04 -0.9208  5.1200¢ 447 5.98 2.0009* 3.6135 8.7 - 3090 1820 Uppar Boundary Ts Too Low Upper Boundary Te Toe Low
E Casiboo Cc. nr. Sutton 23 | r.u8e7 4.€347 -16.686 12.90 ~0.9297  4.3442 -4, 400 .82 0.0363% 1.4587% 22.25 - 9.95 7.51 24.25 - 9.0 1.36 2¢.36 -12.39 8.23
2849 Matanuska K. at Pilmer 2% | 17691 8.7622  -16.87 6.90 -0.9550  3.6343%  -10.60¢  5.97 ~0.04:9%  3.6202 19,250 ~10.70 6.95 20.73 -10.91 6.94 20.3% -13.76 6.79%
2910 Sustina R, ar. Denall 16 | 1.3238 5.3382*  -10.57 9.09 D.3%6%  3.6353 -9.02¢ 7.30 -0.0939% 3.6839 75 B4+ -10.81 6.56% 27.98 ~10.5% 6.76 27.46 -12.5% 6.83
912 Maclacen R. or. 7axson 15 2.1811 9.276% 0.90 13.63 0.6728  4.)b61 0.51%  1C.37 ~0.1931% 3,B524* 38.51% - 6.32 $.31* 42.26 - 1.98 213 46,48 ~11.66 6.17
91 Susitnz R, nr. Canrvell 10 |-0.0092 J.7052 6.5 3.88 -0.90%1%  &.5940% 9,330 €.58 NO SOLUTION 29.00 10.07 5.5 ¥o Salutian
2924 Shulfina R. nr. Talkestns 1@ | 0.3)64 3.9480 -1.16 7.93 “£.1723  1.)067 0.39 6.28 ~0.1684 3.3051% 24,41 0.45 6.29 26.45 1.52 6.22% 18.11# 2.0¢ 1,66
7927 Talkeetas B,  of. Talkertna 15 | 0.¢15L 32464 0.02¢  11.%0 -0.2369  2.6G704 014 L0 ~0.1368% 2.6042 22.46% 0.56 1.4 22.8) 163 11.2) Upger Joundacy te Too Low
2928 Montana Cr. ar. Montana (0
29¢3 Skurentns R. nt. Shweataz 15 | -0.1794»  2.1487 -0.72 9.03 -0.4336  2.32¢44 -0.58%  3.86 KO SOLYTION 15.68 1.10 7,930 No Solution
2080 Tonslna X. at Tensfna 26 24301 12.2475 -1.320 10.02 ©.248%  3.9)87 5.01  9.98 ~0.0632% ).4135% 21,29 7.76 §.92 26.10 5.92 9.63 3.1 3.26 9.81e
1170 Copper K. ac. Chtting 21 0.2134  3.0599 -1.52% 347 -0.3625  ).0558 -5.10 3.2 -0.0281% 2.9764% 9.73 -1.6% 1.61 1.1 - 677 1.20¢ 7.96% - 9.00 .02
13 w record leagth In jears Avg.CY. = avecage coeflictent of variatfon for all racurn periods est(mated ®  pisceibstion besr fitcing s given pacaveter
s « coefficient af shewness of natural data Sum of Devfatdons = 2Q-Qu/Q) for 1.25, 2, 5, )0 and 20 yesr reiurn perfods #8 A Crest-Cage sration only
= = coelficlent of Rurtesis of natucal dats Mean Deviacion - S1Q-Q,I/5 for 1.2%, 2, 5, 10 and 20 yeac recurn pertods Upper doundary (4 too low - less than twice the nitude of the largesr fload on record.
(18 = coefticlent of shrvnnss of the nactural logs of the data cI = Cumbel | Lower boundary 1w too high - greater than the smallest flood on record.
o s coetliclent of kuctasis of the natural lags of the data X = lLog Noraal 2
CSLA = woetflclent af skevness af Che natursl logs of the transforwed data 3°LN - Three Patameter Log Sormat Theoretlcal Values
LS = coefticlent of kurtosts of the natural logs of the Eransformed data LF-¥ = Log Prarson Type 11 (mom=nta) Cusbel I Log Normal  3PLND
LP-ML = Log Pearson Type ITI fmaximux likellhoed) CS5-k. 14 €5L-0.0 C51A=0.0
CxX#5.4 oiL=3.0 LA=3.0
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Gumbel 1
Coefficient of Skew
Coefficient of Kurtosis
Sum of Deviations
Mean Deviation

Log Normal
Coefficient of Skew
Coefficient of Kurtosis
Sum of Deviations
Mean Deviation

Three Parameter Log Normal
Coefficient of Skew
Coefficient of Kurtosis
Sum of Deviations
Mean Deviation

Log Pearson Type III
(momcnts)
Sum of Deviations
Mean Deviation

Log Pearson Type TII

(maximum likelihood)
Sum of Deviations
Mean Deviation

TABLE 3.3

MEAN DISTRIBUTION STATISTICS FOR ANNUAL INSTANTANEOUS PEAK AND

OCT. - MAY MAXIMUM MEAN DAILY FLOWS

ANNUAL INSTANTANEOUS PEAKS

MEAN STANDARD COEFFICIENT CF
DEVIATION VARIATION (%)

1.22 0.83 68
5. 85% 3.34 57
-17.64 15.7¢ 90
6.235 2.89 42
0.42 0.92 219
4.85 2,29 47
-~13.59 12.61 93
6.31 2.95 43
-0.02* 0.17- 850
4.10 127 31
-13.34% 14.06- 105
5% 81 2.26 28
-14.58 11.78 ' 81
5.33 1.74 33
~18.09 7.89 44
5.09% 2,57 50

* Distribution best fitting a given parameter.

OCT.

- MAY MAXIMUM DAILY FLOWS

MEAN

0.92
5.46%
2.86
8.80

i

0.23
3.73
--1.27%
7.21

0.09*

2,41
-4.45

6.79%

-7.72
7.08

STANDARD

DEVIATION

0.91
3.20
8.43
2417

0.48
0.87
5.45
2./0

0.08
0.40
6.32
2.52

COEFFICIENT O
VARIATION (%)

99
£9
295
36

209
23
429
37

89
12
142
37

296
31

94
25
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TABLE 3.4

HOMOGENEITY TEST

ANNUAL INSTANTANEOUS PEAKS

Station

Susitna River at Gold Creek
Caribou Creek neat Sutton
Matanuska River at Palmer
Susitna River near Denali
MacLaren River near Paxson
Susitna River near Cantwell
Chulitna River near Talkeetna
Talkeetna River near Talkeetna
Montana Creek near Montana
Skwentna River near Skwentna
Tonsina River at Tonsina
Copper River near Chitina

Q0/Q2 = Yo
.83
.82
.49
.81
.02
.68
.47
.33
.96
.49
.72
.35

-

QU SR MR- TR g (S ", O pe S ¢

<!

20 = 1.748

S20 = 0.2776

Limits of 95% Confidence interval

111 = 2.38

The stations selected for use in the Susitna Regional Flood Peak

Frequency Analysis are homogenous with

respect to the annual

instantaneous peaks at the 95% confidence level.
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TABLE 3.5

HOMOGENEITY TEST
OCTOBER - MAY INSTANTANEOUS PEAKS

Station QZO/QZ = Y20

Susitna River at Gold Creek 1.57
Caribou Creek near Sutton 2.863
Matanuska River at Paimer 2.24
Susitna River near Denali 2.35
MaclLaren River near Paxson 3.32
Susitna River near Cantwell 2.33
Chulitna River near Talkeetna 1.98
Tatkeetna River near Talkeetna My A
Skwentna River near Skwentna 1.78
Tonsina River at Tonsins 2.45
Copper River near Chitina 1.50

Y20 = 2.205

520 = 0.5175

Limits of 95% Confidence Interval
0.99 - 3.41

The stations selected for use in the Susitna Regional Flood
Frequency Analysis are homogenous with respect to the October -
May instantaneous peaks at the 95% confidence level.

3-14
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TABLE 3.6

REGIONAL ANNUAL INSTANTANEOUS
DIMENSIONLESS FLOOD VALUES

Susitna Caribou Susitna MaclLaren Susitna Chulitna Talkeetna Skwentna Tonsina Copper Montana
River Creek Matanuska River River River River River River River River Creek.
Return at Gold near River at near near near near near near at near near Weighted
Period Creek  Sutton Palmer Denali Paxson Cantwell Talkeetna Talkeetna Skwentna Tonsina Chitina Montana Mean Median Median
1.005 0.50  0.45 0.45 0.81 0.79 0.49 0.76 0.62 0.66 0.53 0.76 0.17 0.58 0.52 0.58
1.050 0.58 0.55 0.57 0.83 0.81 0.59 0.80 0.66 0.72 0.61 0.81 0.34 0.66 0.64 0.76
1.25 0.75 0.73 0.77 0.88 0.86 0.76 0.88 0.77 0.84 0.77 0.89 0.63 0.79 0.77 0.86
2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
5 1.36 1.36 1.24 1.26 1.32 1.31 1.19 1.46 1,22 1.31 1.15 1.45 1.30 1.31% 1.24
10 1.60 1.59 1.38 1.51 1.63 1.50 133 1.86 1.36 1.52 1.25 1.72 1.52 1.52 1.69
20 1.83 1.82 1.49 1.81 2.02 1.68 1.47 2.33 1.49 1.72 1.35 1 1.96 1.75 1577 1.84
50 2.14 2.10 1.63 2.29 2.67 1.9 1.67 3.04 1.66 1.98 1.47 2.26 207 2.04 1.79
100 2.38 2.32 1.72 2.74 3.27 2.08 1.82 3.67 1.79 2.17 1.56 2.47 2.33 2.25 1.94
200 2.63 2.54 1.81 3.26 3.99 2.25 1.98. 4.39 1.92 2.37 1.85 2.68 2.62 2.46 2.10
500 2.96 2.83 1.92 4.07 5.15 2.47° 2.21 5.48 2.09 2.63 1.78 2.95 3.05 273 2.46

10,000 3.84 3.64 1.97 9.97 11.65 3.10 2.99 11.54 2.75 3.39 2.20 3.62 5.06. 3.51 3.06
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TABLE 3.7

REGIONAL OCTOBER - MAY INSTANTANEOUS
DIMENSIONLESS FLOOD VALUES

Susitna. Caribou Susitna Maclaren Susitna Chulitna Talkeetna Skwentna Tonsina Copper
River Creek Matanuska River River River River River River River River
Return at Gold near River at near near near near near near at near weighted
Period Creek Sutton Palmer Denali Paxson Cantwell Talkeetna® Talkeetna Skwentna Tonsina Chitina Mean Median Median
1.005 0.36 0.18 0.34 0.40 0.45 0.33 0.40 0.35 0.48 0.39 0.48 0.38 0.39 0.45
1.050 0.51 0.30 0.44 0.48 0.50 0.43 0.50 0.45 0.57 0.47 0.5% 0.48 0.48 0.48
1.25 0.74 0.57 0.66 0.67 0.65 0.65 0.70 0.67 0.75 0.66 0.78 0.68 0.67 0.75
2 1.00 1.00 " 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
5 1.28 1.67 1.51 1.53 1.76 1.54 1.42 1.47 1.34 1.6 ° 1.24  1.48  1.51 1.24
10 1.44 2.15 1.88 1.93 2.47 1.93 1.70 1.80 1.55 2.00 1.38 . 1.84 1.88 1.93
20 1.57 2.63 2.24 2.35 3.32 2.33 - 1.98 2.12 1.76 2.45 1.50 2.20 2.24 2.35
50 1.73 3.31 2.74 2.94 4.70 2.88 2.35 2.54 2.02 3.10 1.63 2.72 2.74 2.94
100 1.84 3.84 3.13 3.42 5.96 "3.3 2.63 2.87 2.22 3.64 1.73 '3.14 3.13 3.42
200 1.94 4.40 3.53 3.93 7.43 3.77 2.9 3.20 2.42 4.22 1.82 3.60 3.53 1.94

500 2.06 5.18 4.10 4.66 9.76 4.40 3.30 3.67 2.69 5.05 1.93 4.25 4.10 2.06
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TABLE 3.8

PHYSIOGRAPHIC AND CLIMATIC PARAMETERS1

Mean

Main Mean Area of : Mean Minimum

Drainage Channel Stream Basin Lakes &  Area of Area of Mean Annual Precipitation Annuat January

Station Area Slope Length Elevation Ponds Forests Glaciers Precipitation Intensity Snowfall Temperature

Name !_.ocation (sq. mi.) (ft./mi.) (mi.) (ft.) (%) (%) (%) {in.) {in.) (in.) (°F)
Susitna R. at Gold Creek 6,160 10.2 189.0 3420.0 1.0 7.0 5.0 29.0 2.0 200.0 ~4.0
Caribou Cr. nr. Sutton 289 13.6 30.0 4190.0 0.0 10.0 0.0 28.0 1.5 80.0 2.0
Matanuska R. at Palmer 2,070 79.7 77.'0 4000.0 0.0 14.0 12.0 35.0 1.5 80.0 4.0
Susitna R. nr. Denz;li 950 56.6 51.0 4510.0 1.0 1.0 25.0 60.0 2.0 400.0 -6.0
MaclLaren R. nr. Paxson " 280 133.0 23.0 4520.0 1.0 0.0 19.0 - 55.0 1.5 400.0 -6.0
Susitna R. nr. Cantwell 4,140 10.0 107.0 3560.0 2.0 5.0 7.0 32.0 1.5 200.0 | ~4.0
Chulitna R. nr. Talkeetna 2,570 23.0 87.0 3760.0 1.0 22.0 27.0 55.0 1.8 250.0 -5.0
Talkeetna R, nr. Talkeetna 2,006 35.0 90.3 3630.0 0.0 25.0 7.0 70.0 2.5 150.0 -2.0
Montana Cr. nr. Montana 164 114.0 25.0 1930.0 3.0 - 54.0 0.0 40.0 2.2 90.0 0.0
Skwentna R. nr. Skwentna 2,250 30.6 98.0 é810.0 5.0 34.0 ‘16.0 43.0 2.0 . 140.0 -5.0
Tonsina R. at Tonsina 420 71.0 46.0 3600.0 4.0 27.0 11.0 25.0 20 - 180.0 -2.0
Copper R. nr. Chitina 20,600 14.4 178.0 3620.0. 3.0 22.0 17.0 37.0 2.0 120.0 -4.0

1 Values in this table are from the report entitied "Flood Characteristics of Alaska Streams" by Lanake (1979).



TABLE 3.9

Number of Physiographic
Homogenous Hydrometric Parameters
Study Flood Region Stations Used Utilized
Present Susitna & 12 D.A., L, G,
Neighboring MAP, MAS
Stations
(a) Area || 163 D.A., MAP,
163 Le, F, T
132
26
(b) Cook Inlet 50 D.A., LP,
MAP

D.A.

MAP
MAS
LP

susib/m

o n o n

drainage area, mi2

stream length, miles

percent of basin as glaciers

mean annual precipitation, inches

mean annual snowfaill, inches

percent of area as lakes and ponds
percent of area forested

mean minimum January temperature, °F

COMPARISON OF REGRESSION EQUATIONS

Recurrence SE of
interval Estimate
{Years) (Percent)

2 +18

5 19
10 +21
50 129
100 134

2 77

5 78
10 +79
50 168

2 +56, -36

5 +51, -34
10 +52, -34
50 +61, -38
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4 - EVALUATION OF DESIGN FLOODS

Using Figures 3.7 and 3.2, annual instantaneous filood peaks and
October-May instantaneous flood peaks can be predicted with a
minimum of additional data. The figures will prove useful in
assassing flood peaks at ungauged sites within the study area.
The figures shouid not be used for basins with drainage areas
smaller that 164 square miles, the smallest basin area included in
the study. Use of the equations and figures for these smaller
basins may result in unrealistic values. It is recommended that
the regression equations developed by Freethey and Scully (1980)
be used for determining flood peaks in these basins. Their
analysis inciuded basins as small as one square mile, and the
equations have a smaller standard error than the regressiona
equations developed by Lamke (1979), as seen in Table 3.9.

It is necessary to have information concerning the drainage area,
the length of the main channel, the percent of the drainage area
covered by glaciers, the mean annual precipitation, and the mean
annual snowfall in order to predict the annual instantaneocus fiood
peaks on drainage basins in the upper Susitna River region. it is
also necessary to have information on drainage area and stream
length to predict October-May instantaneous flood peaks in the
upper Susitna region. When compiling this information, it is
important that the information come from the same source, or at
least represent the same precision, as the data used in the
regression analyses.

Thus, the drainage area should be computed from U.S. Geological
Survey topographic maps in the horizontal plane. Main channel
slope is taken as the average slope between points 10% and 85% of
the distance along the main stream from the lowest point of
interest to the basin divide. The percent of glacial area is the
total drainage area shown as glaciers on the topographic maps
divided by the basin drainage area, as measured by the grid-
sampling method or planimeters. The mean annual precipitation
and mean annuai snowfall are determined from isohyetal maps
(NWS, 1972 or Lamke, 1979) using the grid sampling method. An
example of the use of the figures for determining instantaneous
flood peaks is given below.

Suppose it is desired to obtain the annual instantaneous flood peak
with a 50-year recurrence interval on an ungaged basin in the
upper Susitna River basin. The following drainage basin
characteristics were determined.

Area of Drainage Basin = 164 sq. mi.

Stream Length = 25.0 miles

Percent Area of Glaciers = 0 percent

Mean Annual Precipitation = 40 inches
Mean Annual Snowfall = 80 inches

susib/o 4-1



Using Equation (3.5), the mean annual instantaneous flood peak is
determined to be 3269 cfs. Using Figure 3.1, the ratio of the
50-year peak to the mean annual peak is 2.04. Thus, the fifty
year peak is

2.04 (3,269 cfs)

Q
0 _ 6,670 ¢cfs

Qs

The confidence limits on this estimate could be found in the same
manner by selecting the appropriate ratio from Figure 3.1. Thus
the upper and lower 95% confidence interval are:

0o

Upper 95% Confidence interval
Q = 3.11 x 3268 = 10,170 cfs

Lower 95% Confidence Interval
Q = 1.01 x 3269 = 3,300 cfs
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5 - EVALUATION OF TYPICAL FLOOD HYDROGRAPHS FOR
SUSITNA RIVER AT GOLD CREEK

For the gaging station on the Susitna River at Gold Creek, typical
flood hydrographs were developed from several measured
hydrographs. The temporal distribution of annual maximum flood
peaks was first determined, and is presented in Figure 5.1. The
figure illustrates that the greatest frequency of floods (55%)
occurs in June and the second highest frequency of floods (26%)
occurs in August.

The five largest peak hydrographs were selected for two periods:
May-July (rain-and-snowmelt floods), and August-October (rainfall
fioods). These were made dimensiontess by dividing the flows by
the peak daily mean discharge, centered about the peak with
15 days and plotted on the same graph. The mean hydrograph is
the arithmetic average of the five floods selected for each period.
The five dimensionless hydrographs and the corresponding mean
curve for each time period are depicted in Figures 5.2 and 5.3.
These figures illustrate that the mean curves are typical of the
general shape of the snowmelt and rainfall hydrographs, but that
there is considerable variation from year to year.

The seasonal discharge frequency curves depicted in Figure 5.4
were derived by assuming that aill floods from May through July
are rain and snowmeit floods and that ail floods from August
through October are rainfall floods with high-altitude snowmelt.
The seasonal daily peak discharges for each period are tabulated
in Table 5.1, The corresponding published annual instantaneous
peaks are listed in the respective seasonal period. The average
ratios between instantaneous peaks (Q,) and daily peaks (QD) for
the snowmelt and rainfall floods were calculated by averagihg all
the ratios (Q,/Q.) for corresponding instantaneous and daily
peaks. The calcUlated ratios (Q,/Q.) are 1.063 for snowmelt
events and 1.052 for rainfall events.” The missing instantaneous
peaks were then computed by multiplying the daily peak by the
appropriate (QL/Q ) ratio. Using the three parameter log-normal
frequency distrlbu%on and the instantaneous peaks from Table 5.1,
the frequency curves for the May-July and August-October periods
were computed. The annual instantaneous peak frequency curve is
included on Figure 5.4 for comparison.

Fifty peak hydrographs were separated into the May-July and

August-October periods and plotted. The base flows were
estimated using standard technigques and subtracted from the
hydrographs. The wvolume of each flood was estimated by

pitanimetering the resuiting hydrograph and tabutated in Table 5.2,
together with the corresponding instantaneous peak. The flood
volume frequency analysis for each period was conducted using the
three parameter log-normal frequency distribution. The
corresponding frequency curves with the 95% confidence levels are
illustrated in Figures 5.5 and 5.6.
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A power curve regression analysis was used to determine the
correilation between the instantaneous peaks and the corresponding
volumes. The correlation proved to be significant, with correlation
coefficients of 0.794 and 0.825 for the May-July period and
August-October period, respectively. The statistics are tabulated
in Table 5.2 and illustrated graphically on Figures 5.7 and 5.8.
As the correlation is acceptable, it allows for the development of
the typical 100-, 500-, and 10,000-year flood hydrographs
illustrated in Figures 5.9 and 5.10. These typical flood hydro-
graphs were produced by using the general shape of the mean
dimensionless hydrographs in Figures 5.2 and 5.3, and extrapo-
lating the peaks and wvolumes for the 500- and 10,000-year fioods
from Figures 5.4, 5.5, and 5.6. The volumes beneath the flood
hydrographs are those determined in the frequency analysis.

The typical hydrographs discussed here are qualitative indicators
of flood hydrograph shapes. They should not be used for
rigorous analytical calculations, but are intended to supplement
them.
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TABLE 5.1
DETERMINATION OF DAILY INSTANTANEOUS PEAK RATIO
SUSITNA RIVER AT GOLD CREEK

May - July August - October
(Snowmelt Floods) (Rainfall Floods)

instant- s Instant-

Daily aneous Daily aneous .

Peaks Peaks Ratio Peaks Peaks Ratio

Year (cfs) (cfs) QI/QD (cfs) (cfs) QI/QD
49 - - - 35,000 [38,700]
50 34,000 (37,300) 1.097 27,600 [23,000]
51 35,800 (37,400) 1.044 31,800 [33,500]
52 43,300 (44,700) 1.032 41,900 [44,100]
53 37,700 (38,400) . 1.065 28,100 {29,600]

54 30,100 [32,000] 41,000 (42,400) 1.034

55 39,000 [41,500] 56,900 (58,100) 1.021
56 51,500 (51,700) 1.004 31,000 [32,600]
57 40,600 (42,200) 1.039 26,600 [28,000]

58 28,000 [29,800] 47,800 (49,600) 1.038

59 39,600 {42,100] 59,700 (62,300) 1.044

60 39,300 (41,800] 40,100 (41,900) 1.045
61 54,000 (59,300) 1.098 26,000 [27,400]
62 79,700 (80,600) 1.011 31,000 [32,600]
63 49,000 (53,800) 1.098 35,000 [36,800]
64 85,900 (80,700) 1.056 21,600 [22,800]
65 39,900 (43,600) 1.093 33,600 [35,400]

66 58,400 (63,600) 1.089 33,500 [35,200] .

67 50,000 [53,150] 76,000 (80,200) 1.055
68 39,700 (41,800) 1.053 21,800 [22,900]
69 26,500 (28,400) 1.072 16,800 [17,700]

70 30,800 [32,740] 31,600 (33,400) 1.057

71 66,300 [70,500] 77,700 (87,400) 1.125
72 70,700 (82,600) 1.168 26,400 {27,800}
73 52,800 (54,100) 1.025 30,500 [32,100]
74 33,600 (37,200) 1.107 22,300 [23,500]
75 44,000 (47,300) 1.075 - 24,800 [26,100]
76 33,300 (35,700) 1.072 32,000 [33,700]
77 52,600 (54,300) 1.032 26,200 {27,600]
78 24,300 (25,000) 1.029 20,800 {21,900]
79 39,300 (41,300) 1.051 28,400 [29,900]
80 49,700 (52,000) 1.046 31,100 [32,800]

QI/QD=X=1 .063 Ql/QD=X=1 .052
S.D.=.034 §.0.=.032
N=23 N=8

Notes: ( ) Published instantaneous peaks

[ 1 Instantaneous peaks computed by ratio.
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TABLE 5.2
TABULATION AND STATISTICS OF INSTANTANEOUS PEAKS
VERSUS PEAK VOLUMES
SUSITNA RIVER AT GOLD CREEK

May - July August - October
(Snowmelt Floods) (Rainfall Floods)
Instantaneous Peak Instantaneous Peak
Peak, Q Volume, V Peak, Q Volume, V
Year P 3 9 P 3 9
(cfs) (ft~ x 107) (cfs) (ft° x 10%)
50 37,300 10.6 239,000 8.2
51 37,400 23.0 33,500 16.4
52 44,700 . 69.9 44,100 12.9
53 38,400 33.6 29,600 8.4
54 32,000 8.7 42,400 ND
55 41,500 38.0 58,100 19.0
56 51,700 33.8 32,600 ND
57 42,200 27.0 28,000 6.1
58 29,800 ND 49,600 19.0
59 42,100 28.4 62,300 37.6
60 ' 41,800 18.4 41,900 10.3
61 58, 300 30.8 27,400 ND
62 80,600 63.7 32,600 ND
63 53,800 26.7 36,800 5.7
64 90,700 83.4 22,800 6.5
65 43,600 35.6 35,400 17 . F
66 63,600 30.8 35,200 12.5
67 53,150 19.9 80,200 30.3
68 41,800 32.2 22,900 UPH
69 28,400 11.8 17,700 3.9
70 32,740 16.1 33,400 o ol
71 70,500 50.1 87,400 27.5
72 82,600 82.8 27,800 UPH
73 54,100 36.8 32,100 14.9
74 37,200 23.9 23,500 9.3
75 47,300 28.0 26,100 UPH
76 35,700 18.8 33,700 11.5
77 54,300 45.9 27,600 =
78 25,000 12.9 21,900 UPH
79 41,300 12.6 29,900 UPH
80 52,000 NA 31,100 NA
STATISTICS
Mean 48,441 32.9 x 109 40,090 13.7 X 109
Standard Deviation 16,104 20.1 x 10° 18,214 9.0 x 10°
1.50 1.33
Regression Equation Vv = 2820 Qp V = 8840 Qp
Correlation Coefficient r=0.7%4 r = 0.825

Sample Size n =29 n =21

Notes: ND = No data
UPH = Undefined peak hydrograph
NA = Not available
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DISCHARGE AS FRACTION OF PEAK

DAYS TO PEAK DAYS AFTER PEAK

SUSITNA RIVER AT GOLD CREEK

LEGEND
Date Peak Discharge
(cfs)

eeeoovoee e  Mean Curve

June 23,1961 54,000
——-——-  June 15,1962 79,900
—————————— June 7, 1964 85,900
————— June 6, 1966 58,400
—==—-=~  Juna 17, 1972 70,700

Prepared by: Prepared for

‘ :’I_lrre,ﬂ |\V/|*’ DIMENSIONLESS HYDROGRAPHS

REM CONSULTANTS, INC. MAY - JULY NN S Aﬂﬂ[s
5-6 -




= = v= = == = gy = Oy 0N tm e 65 om e e = Ew e



DISCHARGE AS FRACTION OF PEAK

DAYS TO PEAK DAYS AFTER PEAK

SUSITNA RIVER AT GOLD CREEK

LEGEND
Date Peak Discharge
(cts)

eeveoe o Mean Curve

—— Aug 26,1955 56,900

—_——-  Aug 3,1958 47,800

——e-——-~  Aug 24,1959 59,700

_________ Aug 15,1967 76,000

————— Aug 10, 1971 77,700
Prepared by: Prepared fo

D]}W |\ /|"—‘ DIMENSIONLESS HYDROGRAPHS

R&EM CONSULTANTS, INC. AUG - OCT FIGURE 5.3
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6 ~ FLOOD VOLUME-DURATION FREQUENCY ANALYSIS

To assist in designing temporary diversion structures and
determining reserveoir filling sequences, a flood wvolume-duration
frequency analysis was conducted for May-July flows of the
Susitna River at Gold Creek. Table 6.1 is a computer tabulation
of May through July volume durations computed by the U.S.
Geological Survey. The mean discharge for the 3-, 7-, 15- and
30-day durations were utilized with the three parameter log-normal
frequency distribution to compute the wvolume-duration frequency
curves illustrated on Figure 6.1.
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SUSITNA RIVER AT GOLD CREEK
HIGHEST MEAN DISCHARGE (CFS) OF CONSECUTIVE DAYS FROM MAY THROUGH JULY
VOLUME DURATIONS COMPUTED BY U.S. GEOLOGICAL SURVEY

-9

YEAR 1 3 7 15 30
1950 34000.,0 23 32100.0 24 27000.0 78 2450040 28 22700.0
1951 35R00.0 22 32100.0 25 29800.0 24 2520040 27 22700.0
1952 43300.0 13 42300.0 12 39500.0 11 170000 9 3300040
19513 37700.0 21 37200.0 18 35500.,0 17 31000.0 19 27400.0
1954 30100.0 28 29500.0 28 28800.0 25 26900.0 24 25700.0
1955 39000.0 20 38700.0 16 36600.0 1A 3550040 17 33A00.0
1956 51500.0 9 49900.0 8 46800.,0 7 4030060 4 34500.0
1957 40600.,0 14 39900.0 l4 3R400.,0 13 35500.0 13 32300.0
1954 32400.0 26 32100.0 26 28000.0 26 28000.0 22 PSAN0.O
1959 39600.0 18 37200.0 19 30700,0 2?7 27300.0 23 26200,0
1960 40000.,0 15 36100.0 20 37900.0 19 26100.0 25 23100.0
1961 54000.0 6 52000.0 7 42700.,0 9 I6RN0.0 10 30R00.0
1962 79900.0 2 75200.0 2 64700.0 7?7 S3200.0 2 43300.0
19673 49000.0 11 46300.0 9 42900.0 A8 3972000 7 34900,0
1964 R5900.0 1 81900.0 1 75000.0 1 63500.0 1 50700.0
1965 39900.0 16 37400.0 17 34100.0 18 31300.0 18 30500.0
1966 58400.0 5 56600.0 S 49200.0 . 4 39800.0 S 33000.0
1967 50000.,0 10 46300,0 10 3890040 17 3I7500.0 16 29900, 0
196A 39700.0 17 38900.0 15 38100.0 14 365000 11 324000
1969 26500.0 29 24400.0 29 20500.,0 30 17700.0 30 16700.0
1970 30800.0 27 30100.0 27 27100.0 27 25700.0 26 2380040
1971 66300.0 & 59000.0 4 48300.0 & 3R200.0 B8 3540040
1972 70700.0 3 65600.0 3 . 53500.0; 3 398N0.0 6 37300.0
1973 52800.0 7 45300.0 11 40900.0 10 34600.0 14 28600.0
1974 33600.0 24 33200.0 272 3240040 21 293000 20 2320040
1975 44000.0 12 42200.0 13 37100.0 15 33300.0 15 32300.0
1976 33300.0 25 32100.0 23 29R00.0 23 2860040 21 24500.0
1977 52600.0 8 52200.0 6 48300.0 6 4150040 3 38000.0
1978 . 24300.0 30 23800.0 30 23100.0 P9 2260040 29 21700.0
1979 39300.0 19 34800.0 21 12600.0 20 3170040 17 2910040
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