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Mr. James A. Kay

Senfor Engineer - Licensing

Yankee Atomic Electric Company

1671 Worcester Street w
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Dear Mr. Kay:

SUBJECT: TOPIC I1-3.A, HYDROLOGIC DESCRIPIION AND TOPIC II-3.8B,
FARTIAL), FLOODING POTENTIAL AND PROTECTION RECUIREMENTS
YANKEE ROWE)

Enclosed 1s a copy of our draft evaluation of Systematic Evaluation Program
Topics I1-3.A and 11-3.8B. You are requested to examine the facts upon
which the staff has based its evaluation and respond efther by confirming
that the facts are correct, or by identifying errors and supplying the
corrected information. We encourage you to supply any other material

that might affect the staff’s evaluation of these topics or be significant
in the integrated assessment of your facility.

Your conclusions regarding the subject topics and your seismic evaluation
of the dam shouid be considered together because of possible interrelationships
between the subjects.

Your response is requested within 30 days of receipt of this letter. If
no response is received within that time, we will assume that you have nu
conments or corrections.

In future correspondence regarding Systematic Evaluation Program topics,
please refer v, the topic numbers in your cover letter.

Sincerely,

Dennis M. Crutchfield, Chief
Operating Reactors Branch #5
Division of Licensing

Enclosure: As stated ' THIS DOCUMENT CONTAINS

B102 120190 POOR QUALITY PAGES

cc w/enclosure:
See next page
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON D C 20855

February 09, 1381

Docket No. 50-29
L505-81-02-013

Mr. James A. Kay
Senior Engineer - Licensing
Yankee Atomic Electric Company

1671 Worcester Street
Framingham, Mass. 0170

Dear Mr. Kay:

SUBJECT: TOPIC I1-3.A, HYDROLOGIC DESCRIPTION AND TOPIC Il-
(PARTIAL), FLOODING POTENTIAL AND PROTECTION REQ
(YANKEE ROWE)

EMENTS

Enclosed is a copy of our draft evaluation of Systematic Evaluation Program
Topics 11-3.A and I1-3.8. You are requested to examine the facts upon
which the staff has based its evaluatiun and respond either by confirming
that the facts are correct, or by identifying errors and supplying the
-orrected information. We encourage you to supply any other material

that might affect the sta®f's evaluation of these topics or be significant
in the integrated assessment of your facility.

Your conclusions regarding the subject topics and your seismic evaluation
c¢ the dan should be considered together because of possible interrelationships -
between *he subjects.

four responce 15 requested within 30 days of receipt of this Tetter. If
nd response is received within that time, we will assume that you have no
comments or corrections.

In future correspondence regarding Systematic Evaluation Program topics,
please refer to the topic numbers in your cover letter.

incerely,
-

Dennis M. Crutchfiel
Operating Reactors Branch #5
Division of Licensing

Enclosure: As stated

cc w/enciosure:
See next page
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Mr. James A. Kay

cc

Mr. James E. Tribble, President
Yankee Atomic Electric Comany
25 Research Drive

Westborough, Massachusetts 0158]

Greenfield Comunity College
1 College Drive
Greenfield, Massachusetts 0130]

Chatrman

Board of Selectmen
Town of Row?

Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor

One Ashburton Place

Boston, Massachusetts 02100

Director, Technical Assessment
Division

Office of Radiatior Programs
(Aw-459)

U. S. Environmental Protection
Rgency

Crystal Mall #2

Arlington, Virginia 20450

U. S. Environmental Protection
Agency

Region I Office

ATIN: EIS COOURDINATOR

JFK Federal Building

Boston, Massachusetts 02203

Resident Inspector

Yankee Rowe Nuclear Power Station
c/o U.S. NRC

Post Office Box 28

Monroe Bridge, Massachusetts 01350
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SEP DRAFT SAFETY TOPIC EVALUATION
YANKEE ROWE NUCLEAR POWER STATION

TOP1CS 11-3.A, HYDROLOGIC DESCRIPTION
T0P1C 11-3.8, (PARTIAL), FLOODING POTENTIAL AND PROTECTION REQUIREMENTS

. Introduction

ts must Se assured that the designs of safety-related structures, systems
and components have considered appropriate hycralogic conditions. Hydrolegic

considerations include the interface of the plant with the hydrosphere,

the identification of nydrologic causal mechanisms that may require

special olant d2sign or operating limitations. The scooe of these safety
topic evaluations is to assure that appropriate hydrologic factors have
neen considered and t0 assess any hydrologic considerations wnich may have
snanged since being raviewed during the initial licensing of the plant.
Should flooding potential exist, the impact of the flood on the plant will
se sxamined. 'If flooding protection is regquired, it must be assured that
the protection relisd upon is available, apgrocriate, and that provisions
nave been made to implement the reguired protection. The protection will be
raviewed to assurs tnat safety-related scructures, systems and components

are protected against flosds.

Surrent Review Criteria

The current YIRC criteria aoplicable %0 these topics are (1) Standard
Review Plans 2.1.1 through 2.4.14, 3.4.1 and 9.2.5; (2) Regulatory
27. 1.59 which includes American Yational Standards

suides 1.102, 1.127, 1.2/,

Tnstitute Standard N170-197%, and Regulatcry Guide 1.70.



2elatad Safety Topics ang Tatarficas

The Topic identifies w~ater lavels and other hydroiegic informaticn that
nay e pertinent to other review 3reas for assessment of affects on

safaty~~elated buildings and equipment. The related interface Topics

j T Ll S i (e P S L
sre: (1) [11-3.A Effects of +igh watar .ave on Structures; (2 ii-9€

- Y dal.. ran se¥_ S Soloadw M - ~ : da 43 R &4 Cin
cam Jategrity: (3) Ili-9 Se'smic .e$ sn Consicerations; (4 ¢12=3 Systenms

TY?.9 A

Jequired for Safe Shutdewn; (5) vili=2 .n jite Zmergency ower iystams <
Yiese] 3eneratars; (5) X1-3 Station Sarvize and Cooling Water Systams;

and (7) «vI Technical Spec:ficaticns.

The catageries of "In Service Inspection of wWater Control Structures” and
‘Sepuctural ang Other Consaguences of Failures of Uncerdrain Systams”
1130 require hydralogic review and irput; however, the hydrologic aspects

e e 2 .

are addressad in Topics 111-3.C and I11-3.3, respectively.

This report includes: 3 discussion of the potential flocd related problems

at wre plant site as 3 rasult of severe srecipitaticn up 3 ang including

: * . ims .ia - \ A .- » £3a%,
cne severity of the ?ropad @ Maximum 2recipitation . MP) sn the Cesrtie d

Qiver %asin; a drief sesc~iotion of the hyarelogic features of the site

ang ~elated surrounding area; 3 iescril

ticn of =ne analysis arocazdures

Jsad %o sredict the #13cd lavels at tne site; ang 3 siseussion of the

study r2sults.



Review Guidelines (cont)

As a result of the predicted possible severe flooding of the Yankae cwe
Nuelear 2lant Site, this report was axpeditad ana is thersfore Timited O
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Requlatory Guides 1.89 and 1.102 have Seen specifically identified by the
NRC's Regulatory Rlequirements Jeviaw Committae 2s neecing consigeration

¢sp backfit on sperating reactars. These juides are utilized in seternining

«netner the facility cesign comgelies wizh current criteria or some aquivalent
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This evaluation was performed under the auspices of the Systemat!
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Evaluation
1.0 INTER-AGENCY COORDINATION

The Federal Energy Regulatory Commission (FERC) has the licensing responsi=-

bility for Hydroglectric Developments. The NRC has previously met with

FERC to apprise them of our preliminary findings. Interagency coordination

15 also required between NRC and the Federal Imergency Management Agency

F

Appendix E, 10 CFR Part 80,

(FEMA) in accordanca with criteria set forth in

NUREG-0654 and tne Inter Agency Steering Committee. FEMA has also been

aporised of our preliminary findings, and both agencies will be included

43
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on distribution for the completed draft flood study and any subsequert

correspondence relating to the potential flood problem at the Yankee Rowe

site.

Jiscussion of Problam

-

10cated on the east hank »f

the fourth 3dam in 3 chain of hyars

River Basin [See Figures 3.1.1

These dams were constructed in the 1320s. The first step in the NRC's SEP

- - - - .- . -~ -~ . » -
-0 compare the sxisting plant $2 current 1censing critara for

new slants. Thus, in this study it is required to Jetermine if, the Harriman

Jam, the first upstream dam from the plant, can safaly sass 3 Probable

“aximum Flood [PMF) - the current design basis far new nuclear cower 2lants.
Since the failure of <arriman Dam zould induce :amaging flood leveis at the
piant site, 1t is also necessary to estimate the magnitude of these flgod

! A
Ievais.



This flood study shows tha® although Harriman Dam can safely pass about

13 inche. of basin rainfall, it does ot meet current licensing criteria

in that 18.9 incnes [the design basis Probadble Maximum Precipitation based

sn curvant critaria) on the Upper Deerfield River 3asin #4111 overtop and fail
Harriman and Sherman Dams and produce “1:ad levels at the plant site

that are 40 or more feet apove plant grade.

Tabulated below are several key evaluation areas that nave a significant

influence on the determination of flood lavel at the plant site,

Magnitude .f precipitation in the basin.

Distribution of precipitation within the storn (% of rainfall in

sach 6 agur period).
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3. Maanit.de ane timing of antecedent storm:

4. Reductiocn in Harriman Spillway capacity due to debris or reduced
hydraulic performance characteristics at heads greater than the

dasign value.

§. The snape and duration of dam breaches due to overtopping.
§. Efarly failyre of Sharman Dam.

The significance of these items w#il1 be discussed further in Section 4.0.

1t should also be noted that failure of the Sherman Dam, which impounds

the alant's normal and emergency water supply, could affect the plant's

safs snutdown casanility. This subject will be addressed at a later date
inder Topic 11-3.8, "Safety Related Water Supply.”

da



3.0 HYDROLOGIC OESCRIPTION

3.1

3.1,

]

Yankee Rowe Site and Facilities

Site Description

The Yankee Rowe facility is located in the town of Rowe, in Franklin
County, Massachusetts, on the east side of the Deerfield River, three-
quarters of a mile south of the Vermont-Massacnusetts border. Figure 3.1.1

shcws the site location on a general area map.

The site consists of approximately 2,000 acres straddling the Deerfield
River in the towns of Rowe and Monroe, Massachusetts. The reactor facility
is located on the eastern side of the Deerfield River next to Sherman Dam
and adjacent to the Sherman Reservoir, which serves as a source of coecling
sater for the Yankee plant's conce-through condenserand service water

cooling system,

Most of the land in the immediate vicinity of the site is heavily forested.
At the site, which is in a valley, the slevation is about 1130 feet sbove
nean sea level (feet ms1). Within a distance of cne mile, however,K the
hills on hoth sides of the site rise to above alevation 2000 feet msl.

This steep-slcpe character of the Deerfield River extends from Wiimington,
yermont, 12 miles north, to Chariemont, Massachusetts, 2 miles south=

southeast.



3,1.2 Station Description

The Yankee Nuclicar Jower Station is a single-unit pressurized water
reactor nominaily rated at 185 Mwe gross generating capacity with a rated
net capacity of 176 MWe. The containment, a steel sphere elavated 30 feet
above the ground, enclose. the entire primary system, including the steam
jenerators. The :tation has operated sinca July 1260, under Atomic

Energv Commission license number LPR-3, issued under section 104(b) of

the Atomic Energy Act of 1954 (as amended).

A once-through open cycle system with an average flow of 310 cfs is used

for condenser cooling.

There is an 82.6-acre watershed southeast of the plant that drains across
the plant site to Sherman Pond. There is a 3%94-acre watersheg Tocated
~orth and east of the main plant area. This watershed is drained by
#heeler 3rook which empties intoc Sherman Pond just nerth of the main
plant area. Flcod potential from these two drainage areas and the plant

site will be deferred to 3 later report.
Yard grade in the vicinity of the plant proper is 1127.7 feet ms) and
1116.7 feet ms) at the screenhouse. Floor slab elevation of the turbine

building is 1128.3 feet msl.

Figure 3.1.2 illustrates the general layout of the station.

(% 2




3.2 Hydrosphere = The Deerfield River Basin

3.2.1 General Description

The Deerfield River, a tributary of the Connecticut River, has a total

drainage area of 564 square miles and extends from southern Verment into

the northwestern corner of Massachusetts. The Yankee Rowe power station,

situated an the central portion of the Deerfield River Basin (Figure 3.2.1)

To mnls . - e " TAams . A/ & - 4 - A : Y .
s only affected by hydrolonic events in the 236 square mile drainage area

of the upper basin.

The upper Deerfield River Basin, in general, has fairly steep slopes and
comprises four sub-basins - Somerset, Searsburg, Harriman, and Sherman -
which are delineated in Figure 3.2.1 by the bold dotted lines. The average
Neerfiald River flow for the 6l-year record at Charlement, Massachusetts,
is 887 cubic feet per second(f). charlemont is approximately 9 miles
downstream from Sherman Uam and has a drainage area of 362 square miles.
The maximum flow at Charlemont was 56,300 cubic feet per second recorded
during the hurricane of 1338.

31.2.2 Description of Upper Deerfield River Reservoir Cevelopments

-

The Upper Oeerfield Project includes the Scmerset, Searsburg, Harriman,

and Sherman Developments.
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The Deerfield River rises in Southern Vermont and flows generally in a
south and east direction through a valley that is narrow at the heacwaters
but broader as it approaches the entrance to the Connecticut River. At
the Somerset Reservoir Jam in the upper reaches of the river, the eleva-
tion is 2134 feet ms! and at its confluence with the Connecticut River

its alevation is 120 feet msl, a drop of 20714 feet.

Somerset Reservoir

The drainage area above the cam is approximately 30 sgquare miles. The
reservoir extends upstream for approximately 5.6 miles and has a surface

area of about 1623 acres at elevation 2133.6 feet msl.

The spillway structure is located at the west end of the earth embankment.
It consists of a trapezoical concrete section divided into eight bays,
asch 24 feet wide with a crest at elevation 2133.6 feet msl, and two
10-foot wide sections with crest at elevation 2133.6 fz2et msl provided
with stop logs to elevation 2136.5 feet msl. A creosoted timber bridge
spans the spillway on concrete piers. New flashbeard stanchions were
installed in 1964 to carry three feet of flashboards. The spillway

discharges into a channel excavated in ledge. The channel is about 800

feet long, 45 feet in average width, and from 6 to 30 feat deep.

The Somerset Dam is of the semi-hydraulic fill type and is constructed on
a curved alignment. The entire upstream s.ope is protected by riprap.

The roadway at the crest is of gravel construction.
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River flow leaving Somerset Reservoir flows south through the East Branch

of the Deerfield River to the Searsbura Reservoir,

Searsburg Development

The drainage area above the development is approximately 30 square miles.

h ]

The sond extends upstream for approximately 1 mile and has a surface area

-

of about 28 acres at elevation 1754.7 feet msl.

The spillway consists of a concrete cgee weir 137 feet long with crest at
elevation 1749.7 feet ms)] and provided with pin type flashboards 5 feet
in height. A bypass channel used during construction is located at the
northerly end of the spillway, and closure in this area consisted of a

vertical concrete wall and deck.

The sarth ambankment it the northerly end of the dam is of the semi-
nyaraulic fill type, supported by a gravity concrete retaining wail. The

roadway at the crest is of gravel construction.

Jeciuse of the limited storage capacity (283 acre-feet), the failure or
non-failure of this dam will have no appreciabie effect on downstream
flood flows. Therefore, this dam and reservoir were ignored in subsegquent

flood analyses.

Figure 3.2.3 and Table 3.2.1 show some pertinent features of the dam and

resarvoir.

»
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The flow continues downstream in a south and east direction into Harriman

Resarvoir.

Harriman Development

The drainage area above :he development is approximatel 184 square
9
niles. The reservoir extends upstream for approximately 3 miles and has

a surface area of about 2050 acres at elavation 1492.7 feet msl.

The 200-foot high earth dam is of the semi-hydraulic fill type and was
raised with rolled earth fill from elevation 1511.7 feet msl to elevation
1521.2 feet ms] in 1964 to increase flocd retention capability. The
upstream slope has riprap protection to elevation 1480.7 feet ms] for
most of the length of the embankment, varying to elevation 1495.7 feet
ms] at the northerly end. The roadway at the crest is of gravel covered

«ith a2 seal coat of asphalt. The downstream siope has a grass cover.

The spillway is of the morning-glory type and is located upstream of the
southerly end of the dam. The spillway discharges through a 22.5-foot
ninimum diameter vertical shaft and 30 degree Dend into the concrete
bypass conduit that was used for diversion during censtruction. The
bypass conduit is now plugged <4ith concrete upstrear of the vertical
shaft. This conduit has a cross-sectional area eguivalent to a 22.5-foot
diameter circle. The spillway has a crest elevation of 1491.7 feet msl
and 16 egqually spaced piers that can accommocata 7 feet of flashboards.

The spillway shaft and crest were resurfaced in 1934.

10
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Figures 3.2.4 and 3.2.5 and Table 3.2.) show some pertinent features of

the dam and reservoir.

Flow leaving the Harriman Dam continues downstream in a southerly direction

into Sherman Reservoir.

Sherman Develcpment

The drainage area above the ce. :'opment is approximately 236 sguare

niles. The pend extends upstream appreximately 2.2 miles and has a

surface area of jpout 194 acres at elevation 1103.7 feet msl.

The dam is of the semi-hydraulic fill type and was raised 10 feet to
elevation 1129.7 feet ms)] with rolled earth fill in 1964 in order to
increase spillway capacity. The embankment is supported at its northerly
and by a concrete retaining wall which also was raised in 1964. The
Jpstream slope has riprap protection to elevation 1095.7 feet ms! for the
full length of the embankment. The downstream slope has grass cover over

its entire area.

The spillway structure is licated at the north end of the dam. It consists
of 3 gravity concrete ogee weir section with a crest elevation of 1103.7 feet
ms) and i3 provided with pin type flashboards 4 feet in height. There is

a spillway channel, excavated in ledge, about 360 feet long and 50 feet

wide spanned by a plate girder bridge. The spillway channel was deepened

in 1964 by the removal of 4600 cubic yards of material to increase discharae

capability by reducing backwater effect. An eroding area downstrzam of

11
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the spillway bridge or “he west side of the charnel was graded and riprapped
at the same time. A concrete bypass conduit, used during construction,
runs through the earth dam. This has a cross-sectional area of 140 square

feet and has been plugged at the upstream end with concrete.

Figures 3.2.6, 2 2.7, and 3.2.8 and Table 1.2.1 show some pertinent features

5f the dam and reservoir.

(&% ]
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Floods

3.3.1 Flood History

The flood history of the Deerfield River during this century is readily

available from records which extend back o 1911 when construction began
on the hydroelsctric facilities. These reccrds and those from the U.S.

jeological Survey gaging station at Charlemont zlaarl; document major

storm and discharge avents which are summarized in Table 3.3.1.

As shown, the most significant event was during the "1338 hurricane,”
closaly followed by the 1348-49 "New Year's Eve" storm, ana the 1927 and
1936 avents. Although undocumented, a local reference(z) states that the
‘sed of October 1363 was similar in severity tC the 1327 avent, The
r3infal] whicn accompanies tropical storms {(including aurricanes) oftan
oroduces major floods during the summer and eariy fall. Extratropical
storms and/or snow melt oroduce principal floeds during the winter and

spring months.



4.0

Maximum average depths of rainfall for selected historic storms of record

for the region are shown in Table 3.3.2. These actual storm values are
presented as an indication of what has occurred in the region histori-
cally. Also shown is the controlling storm for the northeast United
States (OR 9-23), commonly known as the Smethport, Pa. storm. This storm
occurred on the west side of the Appalachian Mountains and is generally

not transposed across the mountains.

Analysis Procedure

General

In order to determine the Probable Maximum Flood (PMF) elevation at the
Yankee Rowe Plant site, the Probable Maximum Precipitation (PMP) is
applied to individual subbasins using a unit hydrograph o define the
runoff characteristics of the subbasins. The hydrographs thus obtained
are routed through the stream channels and reservoirs to account for
attenuation due to channel and valley storage. Wnere dams are overtopped
the erosional failures and resulting outflow hydrographs are simulated Dy

synthetic methods.

The PMF is used by many federal, state and local agencies and architectural
engineering firms to predict upper limit ficod levels for planning and
design purposes. The PMF is defined as "The hypothetical flood (peak
discharge, volume and hydrograph shape) that is considered to be the most
severe reasonatly pessible, based on comprehensive hydrometeorolegical

-~

soplication of orobable maximum precipitation and other nydrolegic factors

13



favorable for maximum flood runoff ~uch as sequential sturms and sncwmelt.“(3)

The PMP is defined as “The estimated depth for a given duration, arainage

area, and time of year for which there is virtually no risk of exceedance.

The PMP for a giycn duration and drainage area approaches and approximates

the maximum which is physically possible within the Timits of comtemporary
«(3)

hydrometeorological knowledge and techniques.

On a complex river basin such as the Deerfield where multiple water

levels and sensitivity analyses are required, a computer model is used.
; . . ; 4
In this case, the HEC-1 Flood Hydrograph Package for Dam Safety .nvestﬁgat1ons( )

was used.

The basic HEC-1 Flood Hydrograph Package was developed by the U.5. Army
Corps of Engineers' Hydrologic Engineering Center for modeling basin
stream networks. This computer program is used by many federal, state
and local agencies as well as architectural and consultant 2ngineering
firms. The dam safety investigation program is a modification to the
basic program that allows the estimation of the overtopping potential of
a dam and the dcwnstream hydrologic-hydraulic consegquences resulting from

assumed structural failures of a dam.

Rainfall and Runoff

4.2.1 Pronable Maximum Precipitation

The staff considered several sources for the PMP for this study.

b

Hydrometeorslogical Report Numper 33 (H.R. #33), April

14




source most commonly used for PMP estimates east of the 105th meridian.
This report was revised and expanded and released as Hydrometeorological
Report Number 51 (H.R. #51)(8) in June 1978. H.R. #51 predicts slightly
larger rainfall values for the study area than H.R. #33. Since H.R. #5]
has not been fully reviewed by some major federal agencies such as NRC,

«e have not used precipitation estimates from H.R. #51 for the study.

The licensee, Yankee Atomic Power Company, has recently completed a Oraft
Probable Maximum Flood Analysis for the Yankee Rowe Nuclear Generating
Station.(7) This report attempts to derive a PMP for the Upper Deerfield
River Basin by transposing and maximizing several maximum regional storms
to the Deerfield Basin. The NRC staff has not accepted this analysis due
to the lack of supporting data and apparent erroneous transposed storm
~ainfall values. The staff assertion of erroneous results is based in
part on the staff's independent analysis of the westfield storm which
resulted in rainfall estimates considerably larger than the licensee's

estimates.

NRC regulations do not specifically require a PMP for the Cesign Basis
flood for nuclear power plants. Title 10, Part 50, Appendix A of the

Code of Federal Regulations states, "The design bases for these structures,
systems and components shall reflect: (1) appropriate consideraticn of

+he most severe of the natural phenomena that have Seen historically
reportad for the site and sourrounding area, with sufficient margin for

the limited accuracy, quantity, and period of time in which the historic

data have been accumulated." In order to be assured that the licensee
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is not being unduely penalized oy the use of Generalized PMP values, the

staff made an independent analysis of the August 1955 storm that was
centered at Westfield, Mass. (about 50 miles south of the Rowe site).
The maximization and transpesition of this storm to the upper Deerfield
River Basin provides a rainfall estimate that can be considered as a

lower limit value for a design basis flood.

The storm was maximized and transposed to the Qeerfield Basin using
procedures suggested in H.R. 451(5) and the manual for Estimation of
Probable Maximum Precipitaticn(]s). The transposed stcrm had an adjustment
factor of 1.17 which includes factors of 110% for moisture maximization,
39% for transposition and elevation and 120% for orographic effects. The
200 square mile, 24-hour adjusted rainfall for the storm is 16.6 inches.
Depth area-duration curves for the transposed Westfield 3torm are shown on
Figure 4.2.2. An idealized isohyetal storm pattern, with this rainfall,
«as centered on the upper Deerfield River Basin and planimetered 10 obtain
an average 236 square mile basin rainfall of 16.5 inches for 24 hours.

The resulting flood runoff would overtop Harriman dam and preduce a flood
lavel at the Yankee Rowe site of 1172.4 feet msl. It is noted that this
lower limit rainfall value by itself does not qualify as a PMP. It
fallows that a comprehensive regional PMP study would predict at Teast
16.5 inches for the 200 square mile, 24-hour value and would probably
predict 3 somewhat larger value dut less than the 18.9 inches from

H.R. #33. Since this lower limit rainfall does not alter the conclusions

of this study, it was concluded that the rainfall from H.R. #33 would be

used as the design basis rainfall for this study.



The depth area-duration curves from H.R. 433 for the upper Deerfield River

8asin are shown in Figure 4.2.1.

The distribution of rainfall in the worst 6-hour period has a significant
influence on the potential flood levels at the Yankee Rowe site. H.R. #33
suggests that 72.8% of the 236 square mile, 24-hour rainfall occurs in

the critical S-hour period. Referring to Table 3.3.2, the maximum 5-hour
salues for these historic storms range from 43 to 68 percent of the

200 square mile, 24-hcur value. This percentage ranges up to 30% for
northeast U.S. storms shown in reference (6). For a sensitivity test,

the mode] was run with 43% of the 24-hour PMP in the maximum &-hour

period. The results of this run show that Harriman Dam would still be
overtopped and the level at the Yankee Rowe site would increase by 3.0 feet.
The reason for the higher stage at the site is because the higher percentages
of rainfall in the critical 6-hour period causes Sherman Jam to overtop

and fail apout 4 hours tefore the peak outflow from Harriman Dam reaches

the Yankee Jowe site. Whereas witn the 43% distribution, Sherman Jam

does not fail until the peak outflow from Harriman Dam reaches the site.
This higher initial Sherman rese"voir leve] induces a higher peak flood
stage it the Yankee Rowe site. The rainfall distribution suggested in

H.R. #33 was selected for use in this flood study.

2.2 Rainfall Losses

Rainfall loss rates can be derived from historic storm and flood records.

The loss rates thus computed would generally be directly applicable to

17
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maximized storms such as the PMF. The licensee derived loss rates in
2eference (7) from two historic Deerfield River storms. The computed

rates were 0.03 and 0.06 inches per hour. Other verification eva1uations(7)
indicated about 0.1 inch per hour. We discussed rainfall losses with
personnel from the New England Division of the U.S. Army Corps of Engineers
«no have studied many storms in the region. They recommend a loss rate

of 0.1 inch per hour and no initial loss for a PMF study. Based on our

swn experiance and the information supplied by the lTicensee and the Corp

of Engineers, we selected a loss rate of 0.1 inch per hour and no initial
loss. The licensee used an initial less of 0.5 inch and 0.1 iach per

hour for his PMF study.(7) Since the PMF by definition optimizes and
maximizes parameters, the use of no initial loss is justifiable and
reasonable. Additionally, the losses are a small part of the total

rainfall and do not have any significant effect on subsequent flood leveis.

4.2.3 Unit Hvdrograph Coefficients

The Unit Hydrograph is "the nydrograph of surface runoff (not including
grouncdwater runoff) on a given basin, due to an effective rain falling
for a unit of time. The term 'effactive rain' means rain producing
surface runcff. The unit of time may be one day or preferably a fraction
of 2 day. It must be less than the time of concentraticn."(s) Unit
hydrographs can be derived from actual storms or Dy synthetic methods
using empirical equations. For this study, both methods were used to

derive unit nydrograph coefficients. Several synthetic methods from the



litarature were used to derive coefficients ror each of the four subbasins
discussed in Section 3.2.2. The methods used were: (1) Snyders Equation

(EM 1110.2-1405)(9), (2) Design of small Daos(lo). (3) Linsley, Kohler and
(12)

Pau1hus(1]), and (4) Standard Project Food Criteria, Southern California

Another set of coefficients were derived from a historical hydrograph
presentad in the Licensee's studies(13). Unit Hydrograph ccefficients

<ere also developed from information obtained in adiscussicns with personnel
of the New England Division of the U.S. Army Corps of Engineers wnu have
done many similar studies in the region. Ancther set of coefficients

«ere selacted based on personal observation and experiance.

Ultimately, a set of Clark Unit Hydrograph Coefficients were selected for
each subbasin based on professional judgment, personal experience, and
with due consideration of the values obtained from the ibove methods.
Sricr to the completion of this study, the licensee also furnished Snyder
Unit Hwarograph Coefficients for each subbasin. The Snycder values were
serived from actual storms and verified in other storm reconstitutions.
The following table shows a comparison of Snyder and Clark czafficients
for the NRC and licensee values:

UNIT HYDROGRAPH COEFFICIENTS

DEERFIELD RIVER BASIN
COMPARISON OF NRC AND YANKEE ATCMIC VALUES

Crainage Snyder Coeffic‘entsl/ Clark Coafficlientsl/
Subbasin NRC ‘ankee Atomic NRC Yankee Atomic
¢ o ¢ T R ¢ R
Somerset  2.42 .56  2.68 .81 &7 17 10.37 3.85
Searsburg 3.09 .57 2.98 .81 3.4 3.4 11.50 4.09
Harriman  4.09 .58 4.6 .81 44 42 16.79 5.14
Sherman 3.17 .57 3.23 .3 3.5 3.5 12.86 4.22

~/tonversions from Sayder to Clark and visa versa were Jone with the HEC=]
program (4)
19
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The scmewhai large Yankee Atomic Clark ccefficients reflect the slower
times of conceniration that the licersee obtained in the case studies.
The runoff hydrographs developed from the Yankee Atomic coefficients will
be broader and fiatter (Tower peak discharge) than the hydrographs

developed with the NRC coefficients.

Tabla 4.1 shows 2 comparison of output from sensitivity studies run with
the il-1 model. This ccmparison shows that the choice of unit hydrograph
~oefficients has little affect on resulting flood leveis. However, in

the interest of conservatism, the staff's final results and conclusions
are based on tha model runs using Snyder coefficients furnished by the
licensee. Additionally, unit hydrograph coefficients derived and verified
With actual flood events are generally more acceptable to the technical

community.

The HEC-1 mode! is used to develop runoff hydregraprs for each subbasin
from the unit nycrographs, the rainfall, and rainfail losses. These
subbasin runoff hydrographs are then in turn routed through the channels

and reservoirs in the river basin.
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Maximum Regional Rainfall

It 1s common practice, when analyzing potential flood problems, to determine

the maximum historic rainfall for the region.

Table 3.3.2 shows the maximum recorded rainfall values for storms that
nave occurred in the regicn. The Westfic1d, mass storm (No. MlA 2-22A)

is the largest storm in the region by a considerabie margin.

This storm was transposed to the Deerfield River Basin for the purpose
of determining the potential effect on Harriman Dam and the Yankee Rowe
Nuclear Plant. The transposed storm would have 2 24 hour average basin

(236 square miles) rainfall of about 13 inches.

The channel and reservoir routing with the HEC-1 model uses the mcdified
Puls method. This method of routing accounts for hydrograoh attenuation
jue to channel, valley, and reservoir storage, but {t dces not account
for the time required %o convey water from one subbasin to the next.

Above Harriman Jam %his is accounted for in the subbasin hydrographs;

20a
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hetween Harriman and Sherman Jams it is not. We estimate this time to be
about 1.5 hours between Harriman and Sherman Dams. Thus, in
terms of predicted flood levels 2t the Yankee Rowe site the peak

inflow hydrograph to Sherman Reservoir could lag the predicted arrival

-

time by less than 1.5 hours. [n meost cases analyzed, Sherman

Jam is predictad to fail pricr to the arrival of the predicted failure
nydrograph from Harriman Dam. Therefore, any delay in the arrival of the
Harriman peak flow could result in somewhat lower flood levels at the
nuclear plant site. However, any failure hydrograph from Harriman Reservair
is sufficient to cause significant flood levels at the site, regardless

of when Sherman Dam fails.

4.3.1 Reservoirs Routing

Raservoir routing was done by the Modified Puls methed. Reservoir storage
curvas were orovided by the licensee. The storage curves for Somerset,
Harriman, and Sherman Reservoirs are presented in Figures 4.3.1, 4.3.2,
and 4.3.3, respectively. The curves have been conservatively extrapolated
by the 1..2nsee above the top of dam levels using an incremental storage

.

procedure,

Reservoir outflows were of three types: (1) discharge through the normal
~eservoir spillways or outlet works, (2) discharge over non-eroded portions
of the dams, and (3) discharge through the 2roded or breached dam sections.
The spillway rating curves for Somerset, Harriman, and Sherman Reservoirs
Jere furnished by the licensee and are shown in Figures 4.3.4, 4.3.5 and

4.3.%

ra

wh

gectively.
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The staff nas some reservations with respect %o the spiliway “or Harriman
Reservoir. This spillway is the "Morning Glory" type which is designed
to operate with a small change in discharge for a large range in heads. The
spillway is located n the corner of the reservoir and very close to the
dam and soutnern bank of the reservoir. This location would be conducive
+o debris accumulation and potential blockage, especially for rare flcods
that will carry many large trees and other debris downstream. These
spillways are also noted for undesirable discharge characteristics at
reservoir levels above the design value. The Harriman spillway was
cesigned for a reservoir elevation of 1498.6 feet msi. The dam has been
~aised subsecuently, and predicted levels could be as high as elevation
1525 feet msl. When these type spillways are subjected to heads above
the design value, there is possibility of shifting control between weir,
orifice and ful! nipe (pressure flow) with the associated uncertain dis-
charge capability, slug flow, vortices, cavitation, and vibration. There
i5 another uncersainty with resoect 0 <he rather narrow discharje channe!
immediate’y downstream of the tunnel outlet. The unknown is whether the
narrow channel could submerge the outlet at higher flows, thus forcing a
hydraulic jump in the conduit and thus reducing capacity.

Juring past meetings with the licensee he has demonstrated a willingness
£0 construct Hooms or ather sonsiderations %o preclude debris from the
spillway if the additional capacity would 2nsure non-overtopping of
Harriman Dam. The spillway was model tested in 1325 prior to construction.
The mode] test dces mention some runs at higher neads and the associated
vortex farmaticn and some fluctuation in discharge. It is doubtful that

the “priceisn in *ne ~isar and darre)l wers sraperly mcdel2d and sven i€

22
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they were it is very difficult to predict, with a model, the flcw charac-
taristics for this type of spillway, for greater than design conditions.
In light of the many uncertainties with this spillway, we limited the
assumed discharge to the capacity of the riser throat as an orifice.

This is about a 23% reduction in capacity at the higher heads.

The spillway for Sherman DJam has a rather narrow discharge channel
downstream of the crest. Oownwater computations for this spillway indicate
the possibility of hydraulic jumps or turbulent flow conditions at very
nigh discharges. DOepending on the resolutions of other more cerious

problems, this issue may be investigated more thoroughly at another time.

Discharge cver the ncn-eroded dam zections is computed by the HEC-]

program using the standard weir eguation.

The breach hydrograph is computed by a weir flow equation appropriate for

the shape of breach selected.

These various possible outflows are summed by the program and used in the

reuting procedure.

4 1.2 Channel Routing

The only channel routing required in the model was from Harriman Dam to

the Sherman Reservoir. The geometric elements for the routing cross



section were obtained from a 1:62,000 topographic map. The cross section
«as used for a one step Modified Puls routing to attanuate the hydrograph

for channe] and valley storage between Harriman Dam and Sherman Reservoir.

4.3.3 Antecedant Floods

4.4

Our current criteria requires that when analyzing potantial single or
multiple dam failures during a PMF, that the PMF be preceded 3 to 5 days
by a flood aquivalent to 40% of the PMF. The purpese of this requirement
is to allow for the estimation of the loss of reservoir flcod storage
capacity by antecedant floods. For this study the antecedant flood was
routed separately. This routing indicated that all reservoirs would be
at the spillway crest elevation at the start of the PMF. Therafore, all
subsequent runs were started with the reservoirs at the spillway crast
elevation, except Searsburg, which was not considered as a reservoir as

d4iscussed in Section 3.2.2.

Erosional Dam Failures

As discussed in Section 4.1, the Modified HEC-1 program has provisions to
simulate erosional type dam failures. The program allows for user discretion
in selecting the shape and duration of the breach. Two breach shapes

rapezoidal and triangular) and three duraticns (1, 2 and 3 hours) were

Y

modeled for both Harriman and Sherman Dams in order to determine which
would be critical in terms of water level at the Yankee Rowe site. The

side slopes of both triangular and trapezoidal breaches were assumed to
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be the angle of repose (p) of the embankment material which was assumed to be

35°, The bottom width for trapezoidal sections was assumed to be the
width of the natural valley at the toe of the dam, and the lower limit of
the eroded sections was assumed to be limited to the alevation of the

natural valley at the dam site.

The results of these analyses showed that the trapezoidal shape for a
duration of one hour would be the critical assumptions for both dams.
Since the duration of the Harriman Dam breach has a significant influence
](?3)

on the depth of flocding at the Yankee Rowe site, the TVA Breach Mode

w2s used as a methoed of quantifying the duration of breach.

The Harriman inflow hydrograph for the TVA model was cbtained by routing
the PMF with the HEC-1 model and assuming infinite dam heights. Other

inputs to the model were a @ angle of 15 degrees znd a breach width of

400 feet. The section was eroded 0 elevation 1320 feet msl which i3 the
sppraximate natural valley floor elevation. The mocel results showed a

time of about one hour to breach the section.

Unfortunately, there is only a limited amount of information available on

nethodology for simulating erosional failures of earthen embankments. To

oy} = Loy ™ ‘ . oY -~ sis44 1w &

.he hest of our knowledge, the TVA model is the caiy cne avaiiasie hat

- - - 3 - - Af fa1) Th o = - IebApt TnfArnmatia
sttzmots 4o predict a rate of fatlure. ihere 1S scme historic information

svailable, but at best this cnly supports the unpredictability of this

type of dam failure. Photographic documentation of the recent Teton Oam
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failure indicates that the rapid failure of a large portion of the ambank
“k zect ccurred in w3 S 35 Al R This 3 t an
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overtopping breach, the rapid failure of a major portion of the empankment

gives a good indication of the erosional potential of reservoir storage.

Recurrence Intervals of Natural Phenomena

Recurrence intervals or orobabilities of natural shencmena rainfall or
flo0a avents) are 2ften ysed as a decision-making tool. The staff is
reluctant to attempt to associate frequencies with rare natural phenomena
due %o the large confidence intervals and the tendency %92 place more
reliance on the probability estimates than is justified by the basic data.
However, there is some frequency information available for rainfall in the

region, and it is included in the following paragraphs.

Technical Paper #40(]6), which does not include the last 24 years of racords
nor the effects of Hurricane Diane, shows a regional 24 hour-100 year

~oint rainfall for the Ceerfield River 8asin of zbout 6 inches. The
vestfield gage (about 30 miles south of the Rowe site) recorded rainfall
during Hurricane Diane; the 24 hour-100 year point rainfall for this gjage

is 12.4 inches. The Springfield gage, which is sbout 10 miles east of
westfield, has a 24 hour-100 year point rainfall of 8.5 inches. The
):icensae has provided some rainfall fregquency informaticn in ~cpendix A
Safarence 7. They show a 24 hour=100 year point rainfall for Harriman

1Y W
i

‘n of about 5.5 inches. The cther gages they selected all nave
ur=100 year point rainfalls of between 4 and 8 inches. However,
4id not select any sites in the region that have recorded severe

Kinsman Notch,

or

fieald, Mass.

L

ical rainfall events, such as Ves . ,
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Basec on consideration of the above 100-year rainfalls, it is the staff's
judament that the regional 24 hour-100 year point rainfall for the Upoer
Deerfield River Basin would be about 7 to 8 inches. NOAA Technical

Report NWS 24(]7) provides a generalized curve for converting point rain-
falls to area rainfalls. The 8-inch point rainfall is equivalent to

7.4 inches on the 236 square nile basin. This then can be compared to

the 13-inch nasin rainfall that Harriman Dam can safely pass. The oniy
quide we can sugaest for putting the 13-inch rainfall intc a frequency
serspective is that the 13-inch rainfall is approximately a reagignal

record value, and based on past experience of cther record storms and their
extrapolated fregquencies, wnich introduce significant uncertainty, the

recurrence intervals are generally in the 300 to 1000 year range.

It should also be noted that this probability information deals only with
the rainfall avent and makes no allowance for any conservatism in our
nethods of detemining the °MF, such as locating the storms critsically

ver & specific watarshed.

The percent chance of a rainfall value being exceeded in the next 20 years
-an Se determined mathematically. There is an 18% chance of the 10C-year
7.4 inch) rainfall Seing exceeded in the next 20 years. For the 300-year
and 1000-vear recurrence interval rainfall (13 inches), there is a 4% and
.ance, rassectively, of being axceeded in the next 20 years. dgain, it
is noted that “here i3 much uncertainty involved in trying to associate
frequencies with rare natural phenomena. The above aroroximate analysis
is only intended to provide "ball park"” estimates of the likelihood of

exceeding the axisting capacity of Harriman Jam in the next 20 years.
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Results

This flood study has analyzed floods for a range of rainfalls from 13.0

to 21.3 inches. The resulting flood levels at the Yankee Rowe MNuclear
plant site and other outputs are shoewn in Table 4.1. The 18.9 inches is
the 24-hour, 236 square mile PMP from H.R. #33. It is the staff's judcment
that, under current criteria, the PMF dased on this rainfall or r3infall
derived from a detailed regional study as discussed in Section 4.2.1 is

the flood that the Yankee Rowe plant should be protected against.

The flood resulting from 13 inches of rainfall on the basin is approximately
what Harriman Dam can contain without overtopping. However, the reservoir
level for 13 inches of rain would be at the top of the dam and does nct
include any allowances for coincident wind generated waves which would be
about 3 feet high for a 30 to 40 moh wing and the runud would be about

T

3 faet above the pond level. Additiorally, the upper

[ ]

5 feet of the

embankment does not have riprap for erosion protecticn,

The PMP (18.9 inches) used for the PMF would have a point rainfall of

25.6 inches which compares to a maximum Z4-hour goint rainfall on the
Harriman subbasin of 5.5 inches (Table 3.3.1) that oroduced the record
raservoir level of 1498.1 #% ms1. Regionally, a 24-nour, 20C square mile
;alue of 14.2 inches ‘Table 3.3.2) was r2corded at Westfisld, Massachusetts,
just 48 miles south of the Harriman Cam. This storm when maximized and
sransposad to the Upper Deerfield River 3asin would yield about 16.5 inches

of rainfall in 24 hours for a 200 square mile area.
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Hydrometeorological Report Number 33 is recognized by major water rescurces
engineering groups throughout the country as the source for Probadle
Maximum Precipitation for the design of large dams whose failure could
result in loss of life and major property damage. In lieu of rainfall
values based on a comprehensive regional study, the generalized astimate
from HR #33 is the value that should be usad for the Prob ble Maximum

Flaood for the Yankee River site.

Table 5.1 compares pertinent values of other fearfield River flood studies
to the NRC Flood Study. The values for the C. T. Main (1977) and Yankee
Atomic (1977) studies were taken from a report prepared by the Yankee
Atomic Electric Company, YAEC-1139(14). This report was prepared for the
Federal Power Commission (FPC) (currently knewn as the Federal Energy
Regulatory Commission - FERC) as part of their licensing requirements.
The C. T. “ain values are similar to the NRC PMF values, excapt for the
hreasch assumptions for the dams which have a significant influence on the
resulcant predicted maximum reservoir levels. Since the C. T. Main
breach assumptions were not provided, we cannot discuss .he comparisen.
The Yankae Atomic (FPC Report) values are considerably lower than curs,
ind «e attribute the difference to the unit hydrcgraphé, rainfall loss

11

rates, 3nd starting pool levels. In 3ll Cises, we consider the Yiankee

\temie s3lues 0 be nenconservative,

The values for the 1980 Yankee Atomic floed study were tiken from
refercnce (7). The significaat difference betncen these ralues and the

ot Al . - < - - - -~ -
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are in the Harrimam spil wa <273c iy (100%-licensee vs approximately

75%-NRC) (See Section 4.2.]

The values for the U.S. Army Corps of Engineers (COE) 1963 study were
taken from a letter report that is attached as Appendix A. The study

-asyltad from interagency coordination on licensing regquirw-ents in 1962

snd 1963. The COE study was for a Spillway Design Flocd (SOF) for Scmer
2y J 2

dirriman, and Sherman DJams. The SOF is equivalent to the °MF except that

the rainfall would be for the Zrainage area caontrollad by 2ach dam.
Their study also assumed infinite dam heights. The COE values indicate

that the results are very close to the NRC PMF study.

Tn addition to rainfall-induced floods, the site may also De exposad to
flood waves from a Harriman Dam failure induced by other causes such as

seismic, aiping , etc. For these type failures the staff janerally

ss:iumes fastintinaous remcval of the dam section ang modeling of the
flood wave by unsteady flow technigues. Since cnly 100-foot topographic

mapping is available for a portion of the reach and accurate cross sactions

cannot e presared, the use of the unsteady flow mcdel is not warranted.

nerafore, the staff used approximate methcds to estimate 3 water Tavel

3 1143 feat ms] at the Yankese Jowe site assuming Tnstants s failure
3f the Harpiman Jam with the sool at alevation 1483.0 f2e¢t s! and S08
3=+2ayation due %3 channel and valliey stirige.

The 13 inches af rainfall that Harriman Oam can cortain without overtopping

. - . o - . v & T < - 2ea -~ [ o - - < .~ o
s shaur an =erzant of the 18.9 fnach PMP used by NRC 3s the des’gn Jases
- B % o T3 1= =% i 2 r 4
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Current practice by designers and constructors of major dams, aspecially
where there is a potential for loss of life or major property damage, fis
to provide sufficient storage and spiliway capacity to safely pass a
Probable Maximum Flood or its equivalent. Harriman Dam is a large dam, and
there is potential for loss of 1if2 and major property damage in the
svent of a failure of the dam. [f the dam were being constructed today,
it would probably be designed %o safely pass the PMF,
. i : _ - (19)
The Federa! Guidelines for Dam Safety stata:
“¢. Flood Selection for Design (or Evaluation) - The selection
of the design flood should be based on an evaluation of the
relative risks and consequences of flooding, under both present
and future conditions. Higher risks may have to be accepted
for some existing structures because of irreconcilable conditions.
When flooding could cause significant hazards to 1ife or major
oroperty damage, the flood selected for design should have
sirtually no chance of being exceeded. If lesser hazards are

involved, a smaller flood may He selected for design. However,

317 dams should be designed %o withstand 31 relatively large flood

Nithout €iilure aven when %nere i35 apoarently no downstream
nazard under present conditions of development.”

Therefore, based on the rasults of this NRC Flood Study and on the Faderal

Guidelines for Dam Safety, Harriman Dam should orobably be considersd for

upgrading.
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Recommendations

The staff has considered possible remedial measures for the notential
flood problem at the Yankee Rowe site. The best "fix" would be either
an emergency spillway in the west abutment of the Harriman Dam or a
1iversion to divert excess flows %o an adjoining drainage basin. The
emergency soillway would have to be sfzed to pass the cifference in
runoff volume Setween oresent capacity and the volume for a Spiliway
Design Flood. The Spillway Design Flood, SOF, is that flood discharge,
-egardless of otner designation or method of computation, wnich is used
to develop the nydrolegic and hydraulic design of a spillway and dam.
Other possible remedial measures would be to rafse the existing dam

(about 15 feet) to contain the PMF or remove the dam completely.

Since Harriman Jam can safely pass a flood that is 2bout equivalent €0

1 maximum reaaonal event, wnich is a rare event [sze Sections 2.2.<

ang 4.3), it is recommended that continued operation of the Yankee owe
Plant be allowed provided that the licensee initiate a orogram of analysis,
design and installation or construction of angineered mitijation measures.
Such activitias snould Se scheduled far completicn in coerdination with
sther influential decisions affecting the olant and the dams; .e., seismic

aré

W

c*5, Sut in any avent, %5 be complated by January 1, 1334,
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CHARACTERISTICS OF UPPER
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EERFISLD RIVER DAMS

‘ -

BE b

Somerset Searsburg
Construction Completed 1913 1922
Drainage Area (square
miles) 30 30
feight (fzet) 104 50
Length (feet) 2010 475

t £Elevation
Active Storage at Spillway
Crest (Acre feet) 57345

Surface Area at Spillway
Crest (Acres) 1623

Discharge Capacity, 5 f¢t.
t (c

-4 < Yesmy ~
sver Spillway

LAY

oras s) 4950

R = "
harze Capacity, 10 ft.
54 ~ o n 2910
ar Spiliway Crast (cfs) 8930
-

Generation Capacity (4W)

1762.66

1749.66

282.5

25

&~

Harriman Sherman
1924 1926
184 2136
219.9 110
125G 310
1521.16 1129.66
1491.66 1103.66
103375 4561
2050 194
15040 5300
33520 20700
33.56 % |
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. TABLE 80

SENSITIVITY ANALYSIES

HARRIK AN SPILLWAY = 757 CApACtii HARRIMAN SPILLUAY = 100X CACACHTY
) I;(l'l\ﬁq-ui”' : —_‘-,A'A B i » .2—;"_7- i ".i.“.""."‘ g 21-7-‘-—- - M e ?"'
. - Snyder Coeflicients— Clark Coetficients™ ~ Snyder Coeffictents™® | Clark Coefficients

badex oinfall (inches) pvo | ol ws haeYwe |l arajwolws w2 o) ws [ mwal 2l wo] e | el i

FALE AN 5T BVOIR
w, Pool (elev) oo 711520 611527011524, 311525, 71 1526. 4| 152 2,90 1423 6| 1524, 8] 1525, 2] 1524, 1| 157391 1524, 9] 152%. 157 3.7 11524,5]152%.7
cab Q (1oon cfs) 1268 2.50] 2 asa] 2,547| 2,596) 2,0 2400 2 Al 2,522 7.43% 20790 2,526 2,5 2Am| 2 a6z 2,510
Pime of failuwre o o] 69.3] 68.67) 69,33) 68,0 67.33] 730 71671 €9.60] 6B.6J/) 69.67] 69.00f 6€8.0f €7, T3.67) 70,3 69,0
Vigs of G dbes) 7730 70,41 69.67] 70,33 69.0] 68.33| 74.0] /7.67] 70,67 69.6/ 70.674 70.001 69.0] 68, RARZAN AV B INE
crotien over top (wes) b e | sl v.2al v.s3] v.29] .33 2.aef 2.Wm| 0,881 b2/ V.5M 1.5 125 .2 3.A7p a.enl )89
U S RESLRVOIR !
Mie, Pond (elev) el sz A e s 2a.6] 1126, 5] 1196, 61119741 1172, 5L N4 V70 Y TE VAL 0 VA9 N Aes. 7.y g
cab ) (oo efs) 801 251 2,193 2 1a6) 2,273) 2,352] 2,068 ) 2,18Y 2,250 2,117) 2,160 2,24 2,01) 2,163) 2,23
B ot farhwe (hes) | e6.unf 66.33| 69.67] 65.67] 65.33) 73670 77 4] 66,33 66,00 65.67) 6567 65.0 o6 61| 66.0) (567,
tiwe ot gp (wes) w31l 70,620 70001 70.65] 69.33] 68.67] 7a.3uf 78071 70,000 70.0f 71.00f 79.3}} 69,33 15000 11,67 do. 1
Puration aver top (hes) 2.33) 2.4y 2761 300 2.82) 2.51| e 3.3 2.4 2.45 2.4 2.45) 2.4 2.4 2011 2.4 2.W

1/ HHEC Flyad Study Using Adopted Values

/ tensitivity Study for Comparison Purposes

i/ A3 of 20-Hour Rainfall in Horst 6-llour Period

A/ Spiliway Capacity Limited to Orifice Control in the Riser - {lev. 1414



SOMERSET RESEPVOIR
Peak Inflow (cfs)

Feak Outflow tcfs)

Max. Pool Elev. (ft msl)

Top of Dam (ft msl)

Starting Pool Elev, (ft msl)

SubPasin Rainfall (24 hr-200 S.M,)

HARR ['*AN RESERVOIR

Feal Inflow (cfs)

Peak Outflow (cfs)

Max. Mool Elev. (ft msl)

Top of Dam (ft msl)

Starting Pool (ft msl)

Sub Basin Rainfall (24 hr-200 S.M.)

SIERIAN PESERVOIR

Peask Inflow (cfs)

Peak Outflow (cfs)

Max. Foo) Elev. (ft msl)

Top of Dam (ft msl)

Starting Pool (ft msl)

Sub Basin Rainfall (24 hr-200 S.M.)

COMPARTSON OF OTHER FLOOD STUDIES TO THE NRC FLOOD STunDyY

TABLE 5.1

Corps of
NUCLEAR REGILATORY COMM, g
C.T.MAIN YANKEE POME e "’9‘"9":,
(FPC Report) (FPC Report) (1980 Reporc) | PMF Limit 1963 ~
(1977) (1977) =y
40,000 30 100 11,000 54,499 19,000 5%, 900
7,600 7.100 7" 500 1960 6600 10" 200
2143.7 2141.4 2141.9 2145.4 2142.5 21440
214658
2133.58 2133.58 2131.6 2133.6
HRE33 19.5 1.1 18.9%/ 14.0 2/ 5.0 Y
210,600 161,500 149 ,900 240,570 172,100 120,000
216,300, , 40, 700 37000 2,547,000 32,100 1. 600
1523.2 X 1521.9 1519.2 1625.7 1/ 1523.9 1527
1521.16
1488.96 149166 1491.6 1491.6
TEE) 19.5 141 18.9%/ 1.0 2/ 20.6 Y
265, 300 78,140 87,300 2,121,600 | 6,700 113,000
241,800 | 71,000 287,000 2,213,300 | 112,600, 110,000¢
11l .66 X 1128.6 1.7 1461/ | 1322l 1136+
112966
1103.66 1103.66 1103.6 1101.6
HRe33 19.5 1.1 1892/ 14.0 2/ 25.1 3

l/D.w Rssumed to fail when overtopped by 2.0 feet,

21,

gllhn Corps study was for a spillway design flood, so their rainfall is probably based on the reservoir

4/

No flow over dams,

4 hour average rainfall for 236 <quare mile drainage area

subbasin drainage area,
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). Fffeat of Profect o3 TMlocd e, -

8, Of the eight NEIFCO da=3 on *Ne Deerfiold "iver ant its rast
&ranch, throe are considered major serth structurss., Tvo of thoss dosg
hove 8 cig-ificant effest on reucing flocd fews., Cfom->gat din, lezatad
ia 23 coer porticn of the Decsfliold Fiver, cocntmls the runsff fres °C
£lusre miles of drednscy area &3 eecntiing o uccblo canesity of 57,.%0
osro=fict or al=sst 5 in:Nes of rmmoff, [arrizaa dey, losatcd dome
stroz3 of Scaireat dow kag g £t draizase arca of 1SL csusre =ilos and
cantalng 116,000 exrcefest of uc-ble storags wideR is eqaivelest o ab-at
U tnkos of runsff, Sermaa doa, 8 =u9 of ives plant s & Rich e:th
Aoy end Ls lotated abcit €09 ciles dzunstiresy of Poriisaa dea,

B, fomorect Nocorwilr 45 & chcro_e recsrwolr and in geos=al
i &rom doun durlng tho sizar, foll end vintor =onthg o comort e
coturcl river flovwe TRy reccovelr roftlls during tha oring esow ecll
6caesn,  Forrimcn Reservolr L9 & gterage rescrvelr viich ales conteing
& penctock for power devolojment, The rescrvolr drrv down and filling
in genarel follows the =3 pottorn as Somcrest Roscrvelr, TR re-
moining dems on the Cecrfleld River cre rua of the river plaris with ne

eopretictle sterage,

¢, During the Forch 1935 flood, bath Son:rest srd [rredr-n
€zz3 rtored alract the entire stema runsff, Durtirs thy &o-tel .o 15%
flezd, ths reccrd flcxd La this crrn, Sc=ore:t dos clomed al-act &
e .odre Lnflew end rolused o consuted pezk 4nfley of 7,523 cf3 %2 2

“e Ak

cleshorgo of ebout 1,000 efs, At Frrstizen dzn, the ec—suted pizk ine
fler of LL,L00 ¢f3 vos reluccd %o clozt 15,073 cfs.

de Somerset and [irrie-n de=s sre conidered codor corth
cirustires wd both heve beeca docigred o poss a mrejor flocd, Follering
the Awcust 1555 flood {a ecuthzm Fow 2Clend, the fooor Co-~eny prn-
crod etulles to dotermine ths gfequizy of cxicsing eotllucys et ell
Ce=s ca tho Decrfleld Niver, TLa dociin cterma wios potiermsd ofior Ve
deguet 1955 cterm, wiilch et L8 corter toor Westificld, tegrcehgcatts,
produscd 15,2 inches of roinfell in LR houre, The rursff fros the
decign ztcra 1@ W inthee, 04t Mydiro-Toshe vers eeveleped foon e
178 = 10L9 yecr-end flocd,

©s The Cecipn flocd, routed tiroush the ros rvalrs, irilezted
thet remillel mecoures vould o Ponircd of Momcdr 2 e0d Siamvos &-o,
So et ez Lo ecpiile of hu~Tlins tha G+ et Loar

fect of fresboond, 2% Lorriccon o=, the Feuor Coo
the %) of tho ecrth exloni=: =t egivea fuch elcvetde:
rzls Tris would ellew 5,2 fect of freclecsd dumin- th
At Slirmca dem, tho Power Coooeny plons €2 roice S0 &0
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elevaticn 1129,86 foot, =-1 ard to enlorge the cpillugy dlcstasQe chamal,
Yo major altsrations ca plarned for Wy recining do=3,

f. The £-w Lozlend Livielca has built goveral flood certrul dzxs
in tha Connecticat Miver Sacin $sot corth ond coutd of 3 Doerfic
Uyes, The core regct ressiveirs hove beea doxipned to pacs Lt latest
Cemps e~illuny docia flocd with five feot of fhxobiard, 5079 D dexs
Sutlt pricr to 1955 d3 rst Asve sdaquate (;Alluzy ecpiilly o paca e
coillvay do=ga flood ceoputad e % latast eritemia, A ccillvyy do-
cicn flsod vos co=puted fop Scmiress, Mosrisca ord Shornia doms 5o dcta

et
ar-4 to d-mve tha poosat -illvig decipa flesds at Eoll Footaie B oem
e oot TLver end Litsloilla D23 ca *ta 1U¢2la Iramsh, wzctllcld Fover,
- a

M4 enclycis dndfeated St Comrtest e es=14 pazs Ry cillwey dodm
Fload 14eh sBout .9 fost of froztaond but eiiiticnzl ¢ pl1lvey ecpelily
would ba reguired of Soth suTicia erd Sliivon dets.

g, At ferripen dea, Lf additionsl c2illuay ecpesity were nat
provided *s =unclemzat the lirited egpezlyy of tha existinz morning glery,
the de wr ¢ to be reiesd an 22ditdcnal 1) feot mema than the
prese.t ;. o in coder %o ctcre the exscea volumy of runsff,

he At £isrmon de=, the additlonzl crillucy coxxiity required
pres he coillery decign flood wordd be et lesct ¢actle thy preposed
ezpecity end cozld be cven gciecter U pd:dtlonal erdlliugy copccity wile
provided ot Eeeric-a dea, To fclledlng tctls enc-orea tha recilt
dertved fros %) Feoon Cocmory ctuflcs end Ul Cirps crliveria for Sonilect,

o
o . 5 =
Hermir-a end Toivna de-2,

'~

&~-pre~t T3 F~rricm Uta Shagz - s
Cerps Feuis Cos CcTve Poscr Coe. Ccps rezer Co,
Decaription Seit-~ia Criteria Crite~ta Criteria Critcria Criteria

Jreinsco Ares -

[ 4= i, 3:.3 33.0 LS;J nct 15’4 oot 52 net 52 net
Cacigcn Stam
Prinfell-inshes 25, 18,2 £3.8 - %.1 19 .2

ccrign Stem
'."...f.'-‘.".‘." :2..“ :a’-na 145.1 ‘-LO ::Oh :-Llc
kst Peck InflGw
Tctel Peck Ime
fle: - ¢fa 55,FN 21,09 170,0 0,000 13,000 62,620
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{fable contimued)

Soxarsit Dow Frrissn Doa Sher=sn Daa

Cerps rower Co, Cetpe Fewer Co, Corpe Power Co.
ersristica  Critesig Criteria Criteria Criteria Crit~~ta Critcria

feak utfliow - i -
efs 10,300 5,700 12,600 ¥%,00 10,0« 51,700

Yaxizm pPool

stege 21Lk,?  2142.68 1,5272 151316 1,1355 125,L8

roser Cazra
-~ Propoced

1, It is recognized that ¢hs deciln floed szlected by the Pouer
Sowscny Ls a rare evest ad will provide & Ezzh righcr desree of pretese
tion coainet fallure than the presont decign. Sczarect dgn caa pees the
epilluzy decign flood with two feet of frecbosrd and 45 concidered satie-
festory, FRorrizen dae, with a fized epillezy cepecity of ebazt 3,000
ofs woold be vulner:ble %o a flood gpprocching ihe migrituce of & Krps
epilluay design flood, Sicilar eoniticns cocur at Swernes den,

3. Increctlon of the re=iining five do~3 indicetes ot they
cre m:a of river plents with ny sppresiatls etnrels, T3 lecesr dezicn
eriteria uscd for thece dama is roaconctle eirce fcilure of ey of bea
eholld not releass the trezendous volunce of wviter required to clure a
eatastrcilie,

ke offect of Protest en Fvir~ties, = Tuzre is &n exicting Fedcmal
mevizcticon profest ¢a the Connesilcut (lver froa its moutd o Fertlerd,
Corn.stieut, &5 miles bolow 4ho eruth of tha Decrficld Kvwer, Tha
Deerfiold river (tszlf (s not currently uscd for ccxcirsiel novigotiien,
ner La thicme ey indlceticn that Lsprovezznte of tle river for ncvi-
catica cre dorired or warroated et tidls tire,

S. Copsluctca, = I% fg conzlued Uit tha o extciing ctercle
dene, Soncrsct and Lirriron, Live o cicrificant effect La avducin; focd
flece. Farrizen cnd Cierran do-s, &8 w2024 by propscals ef he Fooer
Compeny, will be =fa accinet foilvme 4o 8 lorgo flood, Eowcver, th:1a
two nich ecrth coms heve rpillstyes wiich vill not pacs a Cotps Aoy
decica flood, =ven after procoe:d ecZiflerticcs, T poojest veld eot
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affect present ar antieipated eoercial novigation and special torms ard
e .mitions for Lnsert.on in the licenss, Lf lssusd, are not congicersd
Becesesly,.

1 Insl 7. C, “TaR
1. ™ Colenal, Corps of TRz
o 1 i221-2 vicden njiooer
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