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{a) Objectives
To re-evaluate probable maximum fiood estimates based on a more

comprehensive climatological study and mpdeling prbcedure.

Approach

The approach would entaii re-assessing precipitation maximums,
temperature gradients and temperature max€mums based on a thorough
study of the meteorological characteristics of the Susitna River
Basin. .Applicable storm maximization techniques will be used to
develop a'probable maximum precipitation storm tor both spring and

summar seasons.

Paralleling the climatological study will be a further calibration
of the SSARR model. The intent of this calibration is to devé?cp

a reasonable watershed model based on procedures that follow
generally accepted mathematical modeling technique. The calibration

will start with assuming that the basin's wia%eam}g@;:ai_ avd hydesioqical

= T

e

parameters used in the Corps of Fngineers (COE) PWMF estimates are
the most representative. These parameters may be adjusted as

analysis proceeds.

When the set of watekshed parameters that give the most reliable
estimation of spring and summer floods are deterwined, a verifitation
Study will be conducted using this data set. Several floods will be

used that are indepéndent of the floous used in the calibration study.




The verification of the SSARR model will determine the accuracy that

can reasonably be expected from the model.

Estimates of the probable maximum flood at critical locations along
the Susitna River for both Spring and summer wilt be determined
using climatological data developed and the most reliable set of

basin parameters.

Discussion

The motivation for this addendum stems from the results of the
assessment of the COE 1975 studies. The assessment determined the
sensitivity of the PMF estimates to changes in critical meteorological

and basin parameters. The magnitude of the changes are given in

Table 1 and are discussed completely in Subtask 3.05 (ii) - Probable

Maximum Flood Closeout Report.

‘The meteorological Hata used in the COE estima%es were developed by
they‘Nationai Weather Service (NWS) in a preliminary study which give
a general range of criteria within which it was believed values from
a move comprehensive'study would fall. In their conclusions to the
study, the NWS noted... "Tiﬁe hasn't allowed checks, evaluation,

and comparison of the several types of data summarized here." The
NWS naturally recommended further study. This is borne out by the

increases to the PMF peak found in the sensitivity analysis.

The operation of Watana Reservoir for power generation will have an
effect on storage attenuation of the spring and summer peaks.

- Consequently, it is not a clear cut case of developing a maximum




storm as a smaller f?sod entering a full reservoir may require larger

spillway féci??ties than a larger flood entering a depleted reservoir.

The operaticn of Watana Reservoir will result in the Towest reservoir

levels occurring in April or May eachAyear« Therefofe, there is

substantial storage available to attenuate the spring flood peak. uﬂwkgdﬁwyg :

On the average, it would appear that apprcximately 2.3, 2.3 and 1.6’ “£“5““”“2 ;o
T ——— ,

million acre-feet of storage is available in April, May and June

réspec%ive]y. These values afe for Watana with full suppTy level bf

2,200 feet and 800 MW installed capagity. In August, September and

October, no significani storaqé is available. A pre11m3nary estimate

of the spring PMF uglume is about 4. 5 million acre-feet. Con equently,

appron1mate1y 36 percent of the spring flood volume could be stored

e

- ,
{without reservoir surcharging. B{;mj;gggg:ﬁk surcharge is allowed,

Lthen about 50 percent of the spring tlood volume czn be stored. The

‘ef Tect of the btoraqe is to attenuate the flood peak s1gn171cant}y

For the summer PMF, reservoir 1evp1<m%{e c]ose to maximum so no
significant flood storage is 1;22?;. The case for flood storage in
- spring is strong as the reservoir can only be fulil, assuming normal
power operation, after snowmé?t runoff. Therefore it may be only
applicable to design spillway criteria based on summer f]oods:and

full reservoir conditions.

Tme a\ac«e gu..e_‘:‘»HomS will be addrecsed u the pRoposed

Shd{es .

Schedule: . - , )

T Tue sludy will Require opprovweBly Boo wan-heues of efteet. “The
lolest posdibole c{ﬂ.fa o Shart fhe sludy s Ageil b 1981 . Thia date 1s do eus Suee
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-1 = INTRODUCTION

The cobjective of the work conducted under Subtask 3.5 (ii) "Probable Maximum

Flood Determination” was to determine if the probable maximum flood (PMF)

peaks evaluated by the U.S. Army Cqys of Engineers (COE) (1) are suff1c1ent]y X
accurate for use in the feaszb1]1ty study and FERC Ticense application. |

2 - SUMMARY

The method used by the COE in evaluating the PMF involved the applicaticn of a
calibrated river basin computer model which simulates stream flow in response to |
| spec1f1ed‘;npwt'temperature and precipitation inputs. This study included a X
detailed review of the model used, the calibration procedures adopted, the
calibration results achieved and a range ofvaddgx&anal sensitivity runs using

the SSARR model and the COE data. The sensitivity runs involved making

systematic p!aas1b1e changes to the snowpack, temperature and precipitation

input data in order to see what exfect,th”ae iave on the flood peak.

The results of the se stud1es 1nd1cate§ the 1ollow1ng

- the calibration procedure used by the OJE was not rigorous and does not
allow a rea’1st1c assessment of the modelling accuracy to be made;

the timing of the key input. pa"ameters that is, temperature and precipitation
used by the COE does not reasonab1y ensure that the flood peak is a probable
maximums |

the magn1tude of the probable maximum prec1p1tat1on and temperature sequances | ;j(n

were based on a preliminary study made by Eg?' who themse]ves suggest more X
detailed work (Appendix A). Nw €3 | | |

Indications are that the peak flow associated with the PMF event could be
considerably higher than that estimated by the CCE.% It is therefore recommended
~That the PMF S¥uydFes<bé vadoné prior to comp?et1mn Qf the current feasibility
studies. The motivation foﬁ\§h1s recommendation is reinforced by the fact that
the project is large, 1nvo1vxng large capital outlays and very important to the
future deve]opment of Alaska. xq&&Mﬁﬁ” A, ?
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I! \\\ *Th1s is of part1cu]ar importance to spillwayg design as the r1ﬁk of fa11ure
associated with a given design discharge may be substantially higher if the
\ desxgn discharge is exceeded. |




3 - SCOPE OF WORK

3.1 - PrObab]erMaximum Flood Evaluation

The probable maximum fiood {(PMF) is generally considered as a flood resulting
from the worst possible combination of a number of maximum credible |
meteorological parameters and antecedent basin conditions. Although no annual
probability of occurrence can be accurately_attached to this PMF event, it is
generally accepted to be in the 105 to 10 ; range. ‘

: o e T :
The first step in the estimation ofithe PMF is to determwne critical meteoro!og1ca1
conditions such as maximum snowpack.kxemperature sequence, and the maximum |
probable precipitation (PMP). The timing of these maximum events are usually X
assumed to occur so that the resultant peak is miiimized. However, in many X
~cases, a judgement is made as to the reasonableness of the occurrence, of such a
combination of events. The response of the watershed to the -Probable Maximum
éxnyrec1p1tat10n (PMP), with antecedent conditions suitably primed to give severe

flooding, can either be determined using computer mathematical models or by

use of unit hydrographs and rainfall-runoff relationships.

Usually, a computer simulation model of the basin is preferred over the unit
hydrograph ar rainfall-runoff methods. The advantage of this method over
conventional methods Ties in the ability of the computer model to test

hypotheses of fhnoff which involve complex interactions of hydrologic elements ,kf
- and in the§re1at1y§gcase in which a non-homogeneous basin can be sub-divided

into smaller homogeneciis hydrologic units. Consequently, the selection of the

‘SSARR (Stream Flow Synthesis and Reservoir Reg@lation) computer model by the

COE to estimate streamflow is believed appropriate for the Susitna Basin.
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4 - REVIEW ®F CSE PMF EVALUATI®N

The review of the work conducted by the COE included an asSessment of the input
data used and the SSARR Model calibration procedure and results. These two
aspects are discussed below. |

4.1 - Data Input to the SSARR Model
(a) Basin Characteristics

The SSARR computer model obtains the best estimates of streamflow when the
basin is divided into relatively homogeneous sub-basins. Flows from these
sub-basins are combined and routed downstream to derive the flow at
specified zullection points. A schematic showing the sub-basins used by
the COE for the Susiina Basin above Gold Creek gaging station is giveﬁﬂ (?

in Figure 4.1 Gt
has o L folieved Tv. X
Each sub-basin ig ascribed physical characteristics that arefbe?ievedf -

representative of that sub-basin. The sub-basin characteristies—awre”

. defined in the computer model by tables. These tables, converted to
Tigures to present a clearer picture; are given in Figures 4.2 to 4.8.
The majority of the parameters, describing the physical characteristics
are determined by assuming Tikely values and relationships for each of |
the sub-basins. The assumed values are a function of the sub=basins £~
‘hydroiogical characteristics such as soi] types, slopes and aspect.

. to ,

The assumed values are then "fine tuned® of obtainky streamflow estimates
. that are within acceptable 1imits of observed values. This is the usual
fn&@ép~*'way to calibrate the model when only sparse data on hydrological parameters
fe are avaiiable. This is further discussSed in Section 4.2 (Calibration
Studies). Generally, the basin parameters determined for the bazin are

acceptable at this stage. ! ;t

E
EAN <9

Several discrepancies, common to both summer and spring PHF ?ile;*exist%.
These are: | - i

(a) For Maclaren Glacier a table, Number 4006 is specified for monthly ** ™
evapotranspiration index. No Table 4006 is~diven-so a zero *
evapotranspiration index wouid have been assumed. However, it is
unlikely that this error would significantly affect peak values.
but would probab1y<séﬁiﬁﬁsi§?affect the accuracy of any Tong term
streamflow simulations or would he important if antecedent soil
moisture conditions fluctuate significantly. It is helieved that
this table should be Ts%le 4009 which would make Maclaren Glacier
similar to Susitna Glacier. |

it Weahoa ' _
A base flow #mttiation index of 0.03 inches/day has been assigned
to Maclaren Glacier. We believe this should be 0.30 inches/day.

Fa . ‘ . i}f Pt
(i, i d g
T e Eha b WAl AL z},&, e 7

@

f







4.2 - Calibration and Verification Studies

The results of calibration and verification studies are provided to indicate
- in an objective fashion as possible, the level of accuracy that can be expected
From the use of the Model. It should be empfijsized that the degree of
‘acceptance of any modei is ultimateiy judgemental in nature, and should be
continuously reviewed and updated as new information and data are obtained.

Before proceeding further, it will be instructive to review the objectives of
model calibration and verification. Model calibration and verification are
‘separate but related activities, both of which shculd be performed in the
process of the models’ development and app11cat10n In the process of model
calibration a data set is selected which is assumed to be representative of

the type of problems to which the model will be applied. The model is then run
with this data set and its coefficients are adjusted to provide the best
agreement between estimates and observed values. Often several data sets are
applied and a compromise set of coefficients obtained.

When the model copefficients are determined from the calibration exercise, the

model should be run with onz or more data sets which are 1ndependent of the X
“onesusedfor calibration. In no circumstance should the model’s coefficients

be adjusted when using the subsequent data set and the accuracy achieved by the
model constitutes the measure of the modei's verification or accuracy.
ﬁm¢w$ %FC :

In the review of the COE studies, it has.been.determined-thad np verification
of the model was undertaken; only calibration runs were made. Consequently,
the accuracy of the modelling appﬁ%gch adopted has not been tested. Af
The COE selected spring floods in *964 and 1972, and summer floods in 1967 and

1971 as representative of floods on the Susitna River and its tributaries

upstream of the GoldCreek gage. Calibration was performed at four gaging stations; b 4
three on the Susitna River and the fourth on the Maciaren River. The results of
these calibration runs are given in Tables 4.1 to 4.4. Flow values for the

Gold Creek gage sho gin the table on page A-31 of the COE, Interim

Feasibility Report/a appear to be im error as they do not agree with the

computer output values. Tables 4.2 to 4.4 also showg the return period for the X
observed floods at the four gaging stations. The observed and modeled

hydrographs are given in Figures 4.8 to 4.14,

The results of the calibration study indicate that snowmelt flood peaks are
consistently underestimated for floods at the Gold Creek gage; 6.3% and 14%

for 1964 and 1972 floods respectively. However, snowmelt floods peaks at the
next upstream gage (Cantwell) are consistently over-estimated by 4.1% and

0.5% for 1964 and 1972 respectively. No conclusive pattern exists for Denali

and Maclaren Gages. Rainfall flood peak estimation for 1971 is 4.6% Tess .
than the observed value at Gold Creek gage and is 22.2% greater than the observed
value at the Cantwell gage. Al1 estimates and observed values are given in
Tables 4.2 to 4.5 for the four locations.

e




The coefficients used in each calibration run are in many respects different.

K§§% For PMF estimation the data sets developed through the calibration of the G

» ' 1972 flood has been used for both.the spring and summer floods. Consequently,{fﬁi

{vlthe data sets developed for floods in 1964, 1967 and 1971 can only be assumed JN
o be rot representative of the basin. As the data sets are different for thelum
two spring and summer calibration vuns no verification of the data used for thi.
PMF estimates has been made and the accuracy of the model has not been assesscil

L

.3 - Summary

The COE followed the usual procedure for calibrating a computer model of
physical processes. However, no verification runs using independent data A
were made to determine the acceptability of the coefficients determined from
the calibration activitiy. Consequently, no degree of accuracy in modelling
the basin can be qéigggg?based on the available calibration study. :

0/ ~' m«ﬁ;hé *
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5 gﬁg%ETQONAExSENSITIVITY ANALYStS
5.1 - Intreduction

m,Th& obgecaave of this part of the study was to obtain an 1nd1cat1on of the
sansitivity of the model fo changes in critical parameters. The sensitivity
of the SSARE model 49 variations in soil moisture Yndex or any of the other
aﬁygxgaf gargmeters 53 small when compared to the model‘s sensitivity to
thanges fm Snowpack volumes, temperature sequences, and the volume and
%éstrxbatma@,ﬁf the PHP storm. Consequently, no changes to the physical

pavameters were made at this stage and sensitivity studies were only made to

study variations in Flood peaks due to cnowpach, temperature and
precipitation changés,

Accepting that no verification of the model has been undewtaken, it has been

- assumed thet the model wx??*re~sonahiy reflect tﬁe basin's response to
" ORMF 1&3@% q”mdntxang”




5,2 - Base Case | - o B M&W&M

The data files for the spring and summer PMF estimate was obtained from the

COE and loaded: onto the computer system. As a first check, the spring PMF

‘was. run again to obtain the same hydrograph as that obtained by the COE -
in 1975, This indicated that the SSARR program and that data file wepre.-~m— nln
unchanged. The COE estimate was used as the base casefwhich sach sensitivity

run was compared. The base run hydrograph for peak flow periods is given in

Figure 5.1 R i

The spring PMF base run iis distinguisghd by two distinct peaks, one due to
snowmelt on June 11 andia precipitation -snowmelt maximum on June 16. The
decline in discharge between the two peaks is due primarily to a temperature

drop during the PMP storm. The temperature sequence used by the COE is given ,
in Figure 5.2. The temperature sequencyduring the PMP and for the X
four preceeding days was obtained by the COE from the National Weather Service
(now NOAA). The temperature and PMP sffrm are given in a memo from the '

NWS to COE and is attached in Appendix B. The temperature seguence used by the

COE was divided into the following four periods:  jp, .. 1, .A.

- May 1 to May 28 - This pericd was given by actual 1971 records at Summit ﬁ!gmﬁ4ﬁi
Station - o T - ‘
May 29 to June 10 - This period was synthesized by the COE to obtain the
maximum flood peak. For this period, the COE tried three temperature
sequences as shown on Figure 5.2. The peak discharge was chtained with the
third and Towest temperature used.

June 1Tlfa June 16 - This period follows the recommended temperature as
computed from values given by the NWS, Appendix A. ' :

- June 17 to July 30 - Records for Summit in 1971 applied.

Precipitation in the base run consists of two storms, oéacentered on May 31 and
represents the 1:100 year storm and the other the PMP storm centered on June 15.
The intensity of the two storms are given in Tables 5.1 and 5.2. Snowpack
was obtained by estimating maximum water equivalents and gross smoothing to
obtain a contour map of water equivalents throughout the basin, Figure 5.3.

Basin parameters used during the base run have been given in Section 4.1 and are
duplicated for the sensitivity runs described below. . '
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5,# - Sensitivity Baﬂs

' Three main groups of sensitivity runs were performed to‘determ1né the effect on

the flood peak dus to Tike changes in temperature, snowpack and precivitation
input data. These are discussed below.

(a) Temperature Senswt1v1ty

The COE may have over-estimated the temperatures in May resultxng in too
much runoff prior to the critical snowmelt period in June. In some cases,
notably in the Tower reaches of the basin, snow cover has been depleted

to as much as 60% of the available area. In the base run, approximately
1270 sq. miles or 20% of the basin is snow free before the critical
snowmelt period. Although it is recommended.that some melting should
occur prior to PMP storms, to ripen the snowpack and saturate soil
moisture, it is believed that a cooler May could resuit in a higher flood
peak. Temperature records at Summit indicate a normal monthly temperature
for May of 37.49F, Consequently, a temperature of 320F has been assumed as
representative of a cool May. Coldest mean May temperature on record at
Summit station is 29.1°F. The sharp rise in temperature necessary to
produce substantial snowmelt has been further de@llyed in June to attempt X
a juxtgposition of maximum runoff from snowmelt and precipitation. The
temperature sequence assumed is given in Figure 5.4.

The assumed temperature sequence produced a peak inflow to Watana
reservoir of 243,000 cfs as compared to 233,000 cfs or the base rui.
This represents a 4.3% increase in peak inflow. The hydrcgraph is
given in Figure 5.5. The above resultd indicates that spring PMF
estimates are relatively insensitive to temperatures during May.

The sensitivity of peak discharge to temperature gradients immediately
before severe storms is believed to be important. The results of the COE
runs in obtaining the critical temperature sequence immediately before the
PMP storm did not take into account the temperature gradient: only the
timing of the temperature rise. The three temperature sequences assumed
are essentially parallel as shown in Figure 5.2. The effect§ of a sharp
temperature rise“3re mainly in producing very large amounts of snowmelt

in short periods of time. This effectively saturates soil moisture
capacity very quickly resulting in quick runoff and large streamfiow rises.
The temperature gradient is consequently of the more influencial parameters
in the estimation of peak spring floods. The temperature gradient is also
one cf the_main parameters that should be maximized w3 '

~¥ﬁw, ﬁwpii,»,, isd based on what are reasonable for the basxn
gnwwﬁ

The COE haﬁig temperature rise of approx1mate1y 4.3%F/day over a six
day period.”™ Records at Talkeetna Airport and Summit Station indicate |
that temperature gradients of this order are typical for May and June and
therefore cannot be assumed to be representative of extreme events.




The determination cf the maximum observed temperature rise i May or June

is beyond the scope of work under this task. However, it appev s from a

O very cursory apprai Fﬂ of available data that a temperature grad.ent of
about twice that assumed by the COE may be close to a maximum. Consequently,

: a sensitivity run.with a temperature gradient of 8.50F/day has been
| )performed In addition, the temperatures during the PMP storm have been
“w“ ! nwncreased by 99F to produce a maximum temperature of 669F instead of 57°F.
gThxs is be11eved to be not unreasonable based on records avaxlab1e at
( Fm# « Summit andxgﬁher statxons.

e The above changes to temperatures produced an inflow peak of 302,000 cfs

‘jff an increase of 29.6%, Figure 5.5. Obviously, the temperature qrad1ent
prior to the PMP storm and temperatures during the s are very ’
important parameters in determining PMF discharges. Thé temperatures
selected, although higher than assumed by the COE, are not unreasonable.
However, it should be noted that the temperatures were only selected to
determine the sensitivity of peak discharges to such changes and do not
necessarily represent the sequence that should be used.

(b) Initial Snowpack Sensitivity

The derivation of snowpack quantities for each sub-basin of the study area
has been based on records from stations outside the area and on judgement.
The available data was only available for Tower elevations. The method
used to obtain snowpack amounts was to accumulate the maximum recorded
snowfall for the months of November through April. This produced snowpack
amounts at various points surrounding the basin. Using available

regional mean precipitation distributions, the COE developed a minimum
water equivalent contour map for the basin, Figure 5.3. This was further

averaged to g1vgﬁ snowpack water equivalents for each sub-basin as shown
in Table 5.3.

The additional years of records obtained from the snow course stations,
subseguent to the COE studies and the data obtained from the additional
stations established during 1980 do not indicate that any significant

heavy snow accumulations have occurred. Conseguently, no cenclusive

. statements as to the accuracy of the assumed snowpackwater equivalents

used by the COE can be made. In a¥l the spring PMF gstimates, the COE .
has not assumed any precipitation during May. Therefore, it can—only-be 1-
assumed that May precipitation is also included in initial snowpack amounts.

The sensitivity of the peak d1scharge to initial snowpack water equivalents

v has.-been determined by increasing the initial snowpack by 50%. This analysis
was in fact performed by the COE in 1975 and was not repeatediy by‘AAI. The
peak inflow to Watana was found to increase to 254,000 cfs, a 9.0% increase,
Figure 5.1. The result indicates that the PMF peaks are fairly insensitive
to changas in initial snowpack water equivalents.




(c) Precipitation Sensitivity
?w.&-@é&j . .
The PMP estimates conducted for the COE by the NWS involved only a
summer rainfall event. The NWS recommended that 70% of the summer PMP
& ..o beused as the PMP storm for spring PMF estimates. No basis for this
LT VAT T dacision. to use 70% PMP s given in either NWS or COE documents and
N 1t woutd-be-diffieuit to defend this number. A separate study of spring
" 'storms would have been more appropriate. 5 7

mffﬁéf{ ]

&

To determine sensitivity to changes in quantity of/precipitation falling
on the basin, it was decided to assume that ;be.fgiI39MPOCCured~in June,
but remains centered on June 15. To observe only the effect of the
precipitation change it was decided to assume antecedent conditions equal
to these in the base run except for 50% more initial snowpack water

equivaient. Temperature sequences were unchanged.

The result of this run is a substantial increase in peak inflow to

Watana to 342,000 cfs, a 46.8% increase Figure 5.5. Obviously, it

may not be correct that the recommendad PMP. storm occurs in June, but

the result of this run clearly indicates that precipitation amounts are

by far the most important parameters in PMF estimation. - It is therefore
essential to ensure that a well defined PMP -torm be used for flood v
& @g&aﬁz ._purposes. |
(eshimahan ) an

As a concluding run, it was decided to obtain,estimate with the case X
of futT PMP storm with the 8.59F/day temperatlire rise to a maximum of

66°F. This run clearly indicates that the PMP, estimate can change
substantially when what can be regarded as plausible changes to a

range of input parameters are made. The peak inflow to Watana obtained

from this combination was 430,000 cfs, an increéase of 85%. Outfiow

from Watana Reservoir obtained from the above sensitivity runs are shown

on Figure 5.6. :
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5.4 - Summary

The sensitivity runs indicate that the estimates of peak inflow to Watana
Reservoir and discharges at ary: otherglocationﬁare particularly sensitive to
variations 1in snowpack-water—equivatents, temperature gradient and temperature
maximums, and precipitation volumes and intensity. Sensitivity to changes
in sub-basin parameters are small relative to the sensitivity of the basin to
the three main input parameters given above. Table 5.4 summarizes each
sensitivity run and gives the percent change from the COE estimate for inflow
into Watana Reservoir. Percent changes o inflow for Devil Canyon Reservoir

- are summarized in Table 5.5
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6 ~ CONCLUSIONS AND RECOMMENDATIONS

6.1 - Conclesions e,
E - g b i(‘ e A . 'f"'

The basis of any model of physical processes is the ability ta_accurately. ..’ q.on v

simulate the processes with different input conditions. -The model must

therafore be calibrated to within acceptable Vimits by the selection of the | iﬁ& ,

best combination of parameters, coefficients and relationships that make \\éiﬂﬁ’s 3

up the medel. The calibration of the SSARR model by the COE has produced . || & ég,

inconclusive and indefensible results. The acceptance of the parameters ' :

in the S5ARR model” is therefore not fully justifiable. The acceptance of :

the model is further_tompounded By the lack of any verification Fufis. _Therefore,

we conclude that the procedures of.calibration should be reveated and Several

verification runs be made to prove the acceptability of model parameters

and the accuracy 1imits that can be applied to PMF estimates.

The estimate of flood flows is particularly sensitive t6 precipitation. The

estimate of the PMP storm was derived by analyses performed by the National -
Weather Service in early 1975. . No comment can- be made on the validity of&akxaxdggﬁ
‘these precipitation analyses™@s 6 back-up computations are-availab¥e or aven
which-form.of 5¢ﬁ§ﬁ‘maximization procqg§he was used. Due to the sensitivity X
of the PMF estimate to precipitation, Turther anaiyses to develop both a spring
PMP and a summer PMP is required. These analyses should be performed under & 1€ et d st
established guidelines and wjth«gafZTWh procedures. #‘;,gd‘awy&ﬁﬁ%fﬁhf"ﬁf"'”

i ¥ :

L

R s ‘“S{‘
in, conjunction with precipitation maximization, studies should be conducted io
determine reasonable temperature sequeénces. The sequences determined shouid
define antecedent temperatures (cool period foilowed by a gharp temperature
rise) and temperature during storm periods. It is particularly important to . <
redefine maximum dew point temperatures. Mo Aed il Ao aﬁﬁ%ggﬁﬁﬁigf L Pt Lt
el *ﬁ-&wﬁ ' | — B : | & Lo ) . Q gg 0 fen £ Fontieas

The present snow course data should be utilized in determining areal distributions
- of snowfail, particularly the distribution with_respect to elevation. Unfortunately,

the first year records (1980-1981) are indicatidg a below normal snowfall, so
it is unlikely that a better definition cf maximum snowpack water equivalents
- can be determined. fﬂ £ d. 7

‘ AP tad b, Y .

Records collected within the basin should now be utilized to reconstitute
discharges for¢T981/ The reconstitution with more representative temperature
and precipitation data may lead to a more accurate model of the physical PP
characteristics of the basin and will prabably reguce-thewerror-in-estimathiy
peak flows at the various collection points. 5/@wsm@ﬂ@n & :

. &g ;" :i;g_"?. S.'éz;'x':-“;‘ﬁ &




6.2 ~ Recommendations

It is recommended that a more comprehensive PMF study be undertaken as soon as

] possible so that the results can be incorporated in the ongoing engineering
g feasibility studies. | ‘
This more comprehensive study should include the following:
- recalibration of the SSARR computer model using the data collected within
the basin since the COE study;
- verify the acceptability of the model and define Timits of accuracy by
applying independent input d?Ea not used in calibration studies:
| Aant bt : -
Ny - redefinition of thgzéaximum precipitation during spring and summer periods; .-
ff - the maximum 1ikely dew point temperatures and temperature gradients plus
; temperatures during severe storm events should be redefined;
5 - the appropriate timing of the precipitation and temperature events should be
. reassessed and used in conjuction to re-evaluate the PMF. ~
] pYSSELe ) X
. o L o inf g 7 fan il Rt
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John T. Riedel
Chief, Hydrometeorolegicai Branch

Tentative Lstimates of Prcbahle Maximum Precipitatinn (P"l?) and Snowmelt
‘Criteria for "cmr Susit‘fza Rivew Bra.i:nages

o8

Iotroduction !

The Office of Chief of Enginee"s, Corps of Engineers requaested PMP zand

snowmelt criteria for the subject drainages in a memorandum to th@
Hydrometeorological Branch, :dae:ed December 12, 1¢74. The Alasks District
régu&st:ed the study .be. completed by February 1, 1975: however, a more

- realistie date for ;:ompleéing a study in which we have' confidence is

| June 1, 1975. Because of the meed to scom begin hy’d:c;lagic studies
“basad on metearologicai criteri;, ‘the Branch has ‘ccncantraced on i:hé.
problem andk has determined the generzl level of criteiia. A range of FPMP

values are given in this memorandum within which we believe values from

temperatures, and dew poinrs should be checked wirh add:itzcna}. studies.
In addition, 1if we knew‘ in detail how snowmelt will be computed, we 'c:aulci' ’

give emphasis to the more importan® elemerts.

gk

PMP estimates for four drainages

-

RO R g
s N T
. _:lb,k, N, :

A range of estimates ‘of PMP for 6, 24, and 72 hours for four ~
drainages ourlined on the map accompanyingz the December 12, 1974 memorandum

ara listed in table 1. Thesa are pumbered from 1 to 4 {smallest to largest).

" i a more com'preheﬁs:lve_ study will £2l11. The ‘sequencés of snowmelt winds,



The estimates are for the months of August =3 Sept ber - the season

-

of greatest rainfall potential. Fox the sncwvmalt s2as0m, multiply the

»

estimates by 70 pereent. ; ; L

The estima!: s take into acccunt numerous coosis ’—‘-*'at" ons including several
metheds of modif yia,g PMP estimates made pze'rics:sl:? for other Alaska

dramages, and PMP estimat:es frcm the Wasters "zited States for arezs

<rith similar tevrain.




‘Teméeratures and Dew Points 'fof Snowmelt

During PI@ Storm

- 1. Dew point for PMP cent.:ed on June 5 = 56°F (assume maximum l-day PMP
in middla of '3-day storm).
-?or PMP plac;ement prior to June 15 .}u.st:ract 0.8°F for each B—r-day
zericd pricr to June 15 (e.g.o the P2 dew po:.m: for Jume 12 will be
55.2‘?). This ~0,8°F per 3~days ma'y ba ady- ied to obtain the maxizum
1—day' dew point during the PMP back to as early as May 15-' | )

. For first day of PMP storm, subtract 1i°T from criteria of 2 for 3rd

-

day of PMP storm subtract 2°F.

Add 2°F to each of the thrae daily éaw points to get daily temperatures

for the 3-day PMP period.

7

Temperatures and Dew Points Prior to 3=-Day PP Storm (Hig’n dew point casa)

Adjustment to temperatnre and dew point on .
day of maxiz=m PMP

Day prior

,t°;?m ' : | Temperatur2 (f?), Dew point {°F)
-1

0
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C. Temperatures, Dew Points Pricr to 3-day PMP
. " (High temperatuxe casa)

Adjustment of temperatura’ and dew poink on
: day of maximema PMP s

Temparature '{“‘.‘F)“ e _ Dew point (°F)
1 | | |

» +2

3kd |  w

4th |

;evatz.on A&j ustmend

5-/ 3R
For the 3 days of PMP and for the h:.w’a daw pc*nt,ﬁ\apyly a =-3°F per 1000 £e

to the tempe:atures and dew point.;. The basic criteria are considered applicable

%

te 1008 nk or 2ZSTro elevation.

For the high temperaturs criteria apply a -4°F per 1000 ft increase in

elevation.

Half-day Values

If half-day values are desired for te::g:eraturés and dew points, the

following rules s’noul& be followed: | |
i. TFor the hz.gh-temperax.ure seguence, apply an 18°F spread for

tx‘merétures and a 6°F spread for de.w point. ‘ Tor example, for a mean

dai'l"y dew paini:‘ of 50°F, the half-day valuas would be 47°F and 5'37?.

2. For the high dew point case, apo‘lv- a 12°F s;:read for te.mpérgture

and a 4"‘}? sprezad for dew point.

3




3. In no case, however, should a 1Z-kr daw point be used that exceeds
the l-day value for that date. TFor exampiz, the value not to be exceeded

‘ for J’une 13 is 56°F, for Juae 3 (four 3-day peried.s before June 15) is

l .5120 8°Fc
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- Wind Criteriz fer Snowmelt

¥

Since two sets of criteria {one emphasizing high temperature and the

other high dew peint sequenceé) zre given for snowmelt prioz ko BiP,
twe sets of wind criteria are,alsp necessary since the pre-pPMP synoptié
situatinn.favéring highktempézﬁtures diffars from the cti:ari; favoring
high dew points. The recommendeﬁ winds, tables 2 andVBQ are given‘ﬁy
elevatinn bands; 'I;’ﬁhe high dew~point case, table Z,there'éynoptic
'.c.onditians ﬂg:ii:ing' maritime influences m to PMP), the same wind.

for 4-days prior to PMP is appropriate.

All of the winds presented in tables 2 and 3 have been adjusted for
applicability over a snow surface. Although a seasonal variation in the
high dew point wind criteria is realis;ic for the present tentative

criteria, they are considered appliczble to May and June.

Snowmeltkﬁin&s During the PMP

Wind criteria for the 3-day PMP are the same for both the high

temperature and high dew poin. sequences. They are shown in table 4.




Snow Pachk 'Avai‘lable‘ for Melt

Some work was done iiv. determining the mean znd maximum October-April
pracipitation of record for the available precipitation stations.
These statlons and other data are tabulared in table 5. The drainages

and available stations are shown in figure 1.

a
-

Tzble 5 also shows the years of record available for Uctober-ipril

Preﬁi}!itati.t;n, as well as a column labeled “synthetic October-April .
predpita:ion;" This gives tlie sum of tke greatest Ocﬁcber, greatest
Kovembér , etc., to the greatest April precipitation tct'al from .the

available record. These synthetic October-ioril precipitation values

aad thé means ars plotted on figure 1.

Approximately 9 years of snow course datz ax= ;zvailabla for 14 locations
in and .su:::ounéisxg the Susitma drainage. From these records, ;:he greatest
water équivalents were plotted on 2 map. These varied frgiwéhlow. of

6 inches at Oshet¥a Lake (elevation 2530 £t) to an extreme of 94.5 inches
at Culkena Glacier, station C (elevation 6350 ft). A smooth plot of all
. maxima against elevatioﬁ gave a method °;f de'termining depths é.t other‘
elevations. Figure 2 shows resulting smootz water equivalents based on .
smoothed &levation contouts rand this relatiom.

Some additionzl guidance could be obtained Izom ﬁean armual precipitation
maps. One such map available to us is in DAL Technical Memorandum }Hié |
AR=10, "Mean Monthly and Annual Precipitation, Alaska. “" The meszn annual

of this renort covering the Susitna draimaze is shown in figure 3.
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Also on this figure is shown the mean rumcff for chree portions of
the Susitna River drainage based on the ye=zrs of record shown. ¥WHo

adjustment has been made for evapotranspﬁ:ra:ion or any other losses. This

|

indicates that the actual mean l;anmxal' pres:ipitaﬁian is probably greater
than that given by NUS AR-10.

a

Conclusion. Time hasn't allowed checks, ewaluation, and comparison of

the several tipes of daia summarized héﬁe. It appears the “"synthetic j

- 'Oc‘tober-é.pril yfecipitation" generally is. I2ss thaa the mazimum dapths
l over ‘ihe drainages based on snow course measurements. There depths, or

- E g figure 2, would be c,dnside:ed the least that éoulé.’ be available for melt
B in the spring. '
N l ‘ |
: . Purther Studies
) l ~ The variation of precipitziion with terraix featuras in Aléska is impor!:amﬁ
| but yet mostly unknown and unstudied. Mores afforz should be placed on
l “ agtté.mpts to develop mean annual or mezn scasonal precipitation maps, é.t
i . least for the region of the Susitnaz River. Some 10 years of datz at about
‘ | a dozen or 30 snow courses could be used in this attempt, as well zas
R : ; stream runoff values.
. _ ! *  Some work has been done toward estimating maximm dept‘h—area—dﬁratiqn i
R l values in the August 1967 storm; an importamt inrmt to the present
-5 estimates. Attempts should be made to carzy out = cgzmélate Parz I and .

, l Part II for th%x‘.s sﬁcrm,‘ although data are =parse =md emphasizing the use af
N streamflow és a data source. L -
. l | |



The objsctive of these two studies with regard to the Susitna drainages
is to attempt a ,‘Eet_ter: evaluatiaii of tcposraphic effects, and to nake

a better evalﬁat;ien of snow pack availa®l2 for melt.

Study of additicmal storms cotild give some imptoi:taut conclusions and

guidance on how moisture is brought up the Cook Inlet to the Talkesetna
Mountains and how these meuntains effact rhe moisture.

- L - i -

Snowmelt criteria in this quick study is linited to 7 days. Considerably

more work needs to be done to extend this To 2 longer period. Then we
would need to "e.mphaSize. ,ccmpat:ahilit':r of a large snow cover and high
temperatures. More knowm periocds of high snownmelt runoff need to be

studicd to determine the synoptic valces of the meteornlogical parameters.
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Table 1

General level of PMP estizatss for 4
Susitna River dzzimages

Avrea 12-hr PP
(sq mi) (in.)

1280
4140

5180
5810

For 24~hr PMP, multiply 72-hr value by 0.50.

For 6-hr PMP, multiply 72<hr value by G.30.

PMP. for intermediate durations may be obtained fzom a plot:ad smooth
curve through the origin and the 3 values specified.

Table 2

Snowmelt Winds preceding PMP for Susitma Basins
for high dew point sequeznce '

| Elevation Daily Wind speed™
(£t) ,. {mch)

sfc | _ | - 8
1000 |
2000

3000

4000

5000

6000

7000

8000
9000

10,000

#*For each of the 4 days preceding .the 3-éz7 T.E.
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Table 3

Snowmelt winds preceding P¥P for Susitna Basins
' for high temperature segquence

* Daily wind speed (mph)
Elevation (fr) - Davw orior to 3-davy PMP

1st 2npd  3zd 4th

. sfe | 0 1z
- 1000 | 10 - 13-
2000 11 1&
3000 12 1%
4000 13 15
5600 13 17
6000 14 18
7000 .15 20
8000 | 16 20
9000 | 16 20

-4 ii 10,000 17 2

NN N oy W
NN N D0 vyt S

i

" Table &
Winds during 3-day PMP
Wind speed (mph)

o Day of Day of 2nd Day of 3ra
Elevation (ft) ) maximum PMP highest PMP highest PMP

sfc | | 12 9 8
1000 14 10 -
2000 4 19 14 12
3000 | 29 21 18
4000 | 42 - 31 23
5000 . 56 42 36
6000 | 58 44 38
7000 | ' 62 , 46 . 40
8000 SRR 64 48 41
9000 68 | 51 a4

10,000 , 70 52 45
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Table 5 | | : -

Stations with Precipitation Recorde in and surrounding the
Susitna Drainage

Mean Number
of menths for

~ synthetic Oct.~
Apr. geason

Yrs of record for
complete Oct.-Apr,
precipitation

Maxinum
obs, Oct~
Apr. prec.

Synthetic
Oct. "’Apr .

- . Mean
YI'.- » Of QQ%.“AP!’-

Station Maximum

Elevation

Susitna Meadows
- Gulkana

Paxson

Trims Camp

Summit

Talkeatnsa

Sheep Mountain

(ft.)
750
1572
2697
2408
2401
345
2316

{in.)
17.18

6.77

8.42
23,26
14.09
21,17

11.91

precip.

PBrecip.

(ino)

70-71
56-57
4344
59~60
51~52

129-30

59-60

23,18
12.68
14,25
35,82
26,59
40,59

18.42

{in.)
13.77
4.19
7.64
15.3
7.93
12,26
4.78




Figure 1. -~Drainagc outlines and QntobermApril precipitaticn in inches,
{Upper values = synthetlc October-April precipitation;

Lower = mean October-April p:ecipitatian.)
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Figure 2,--Minimum vater equivalents of enow pack in inches (based on grons emoothing
| of waxluwum snow courss meagurements.) o .
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precipitation and stream runoff (in dnch
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