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FOREWORD 
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1. INTRODUcr ION 

1.1 PORPOSE OF REVIEW 

The purpose of this review is to evaluate the O.S. Nuclear Regulatory 

Commission's (NRC) Systematic Evalaation Program (SEP) TOpics 1I-3.A (Hydrologic 

Description), Il-3.H (Flooding Potential and Protection Requirements), II-3.B.1 

(Capability of Operating Plants to Cepe with Design Basis Flooding Conditions), 

and II-3.C (Safety-Related Water Supply - Ultimate Heat Sink) for Dresden 

Station Unit 2 .. This revie~ includes independent analyses by the Franklin 

Research Center (FRe) as needed to identify \Tarious hydrologic o::>nditions. The 

NRC is reviewing other safety topics wi thin the SEP and intends to coordinate 

an integrated assessment of plant safety after completion of the review of all 

applicable safety topics and degign bas is events (DBEs). 

1. 2 GENERI C BACKGROUND 

The SEP was established to evaluate the safety of 11 of the older nuclear 

pOW'er plants. An impo.:r:-cant element of the program is the evalua.tion of the 

plants against current licensing criteria ~it.b respect to lJ7 selected topics, 

seve.ral of which relate to hydrologic as6essments of the site~ 

In a letter dated January 14, 1981 [11, the NRC agreed tD the SEP Owners 

Group's proposed redirection of the SEP, whereby each licensee would submit 

evaluations of 60% of the SEP topics in time for a review by the NRC staff to 

be completed by June 1981. Evaluations of the topics not selected by each 

licensee were the NRC's responsibility. 

1. 3 PLANT-SPECll'IC BA.CJ(GROUND 

This technical evaluation report presents an evaluation of the hydrologic 

influences at. the Dresden Station Onit 2 site~ The assessment ccmpares 

Dresden Station Unit 2 against the criteria currently used by the regulat.ory 

staff for licensing new facilities. The Licensee, Commonwealth Edison 

Company, will be instIucted to inform the NRC whether the as-built facility 

differs from the licensing basis assumed in this assessment. 
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2. REVlIlol au TERIA 

The reference criteria used for all the hydrology topics were based on 

th~ Code of Federal Regulations, Volume la, Section 50 (lOCFRSO), Appendix A, 

General Design Criteria, OVerall Requirements, Criterion 2, entitl~ -Design 

Bases for Protection Aga1nst Natural Pbenomena.- Specific topic review 

cr i t.er ia ..,ere tak.en from the follawing documents: 

Standard Review Plan (SRP) 

2.4.1 Hydrologic Description 

2.4.2 Floads 

2.4.3 Probable Maximum Flood (PMP) on Streams and Rivers 

2.4." Potl?!ntial Dam. Failures 

2.4.5 Probable Maximum Surge and Seiche Flooding 

2 • 4 • 6 P r obab le M.ax i mum Ts unami F loed i n9 

2. 4. 7 Ice E.f fect.9 

2.4.8 Cooling water Canal..9 and Reservoirs 

2.4.~ Channel Diversions 

2.4.10 Flooding Protection Requiremen~s 

2.4.11 Low Wacer Considerations 

2.4.13 GroundwateI 

Regulatory Guides 

L 27 Ultimat.e t:leat Sink ror Nuclear Power Plants 

1.59 Design Basis Floods for Nuclear Power Plants 

1.102 ~100d Protection for Nuclear Power Plants 

1.127 Inspect.ion of Water Control Structures hssociated with 

Nuclear Power Plants 

1.135 Normal Water Level and Discharge at Nuclear Power Plants 

American National Standards Institute N170-1976 

Standards for Det.ermining Design Basig Flooding at Power Reactoc 
Sites. 

~I"\klin Rese~'ch Cen~ 
"'~oIn..F~n'-"': ...... 
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3. TECHNICAL E:VAW1I.T ION 

3.1 HYDROLOGIC DE:SCPJ?J:ION (,ronc U-3.A) 

3.1.1 Topic Backq rOLmd 

An independent reVlew of information pertaining to Systematic Evaluation 

Program (SEP) Topic 1I-3.A, aydrologic Description, for the Dresden Power 

Station Onit 2 is present.ed in t.h is secticn~ 

Infonnation present.ed in this section was derived from several sources, 

including NRC docketed information, NRC staff files, communicat.ion with the 

u.s. ArnJY Corps of Engineers, Sargent &. LWldy Engineers, Illinois Water'\llilay 

Commis 5 io n, and local and s t.a te con tac t.s . 

3.1.2 Evaluation 

Introduction 

The Dresden Unit 2 Power Station is locat.ed at the ~xtreme northeast 

corneL of Section 35 ot Township 34N, Range 8E in Grundy County, Illinois, as 

shown in Figure 1. 

The KanKakee and De9 Plaines watershed drains approximately 7300 square 

miles in northern Indiana and Illinois, as shown in Figure 2. The Kankakee 

and the Des Plaines Rivers join to form the Illinois River. Dresden Station 

is situated just below this junction, on the south bank of the Illinois River 

aL river mile 273 (2). Approx1mately 1 mile downstream from the plant is the 

Dresden Island Leck and Dam, one in a series of locks on the river system for 

navigational purposes. 

Tne Dormal water level of the river above the Dresden Island Lock and Dam 

is 505 ft mean sea level (msl) [3). The maximum historical flow at DI"esden 

Island is 81,870 cubic ft pe.r second (cfs), 'tIibic.h results in a water level of 

506.6 ft 1DS1 (4): the river stage at the site is abOLlt one foot higher. 

~nkf;n Research Center 
A 0I00t:si0n c:i The F"'I'Iicdn In:o.dQJ(,-
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Des i gn Bas es 

Plant Grade Flood Design Basis 

The design basis flood level at the Dresden St~tion is 517 ft msl, .... hich 

is ground level at the plant site: the lowest non-watertight opening in the 

. wall.g of Category I safety-related structures is 517 ft 6 in msl. These 

structures were designed to resist hydrostatic pressure to the level at 517 ft 

msl. Wave r~up was no~ considered in the design (5). 

Intake Structure Limiting Elevation 

Tbe emergency service water pump motors are set on floor elevation 509 it 

msl and are unprotect~d from flooding above this eleqation. The craveling 

screen bays are located immediately adjacent to the emergency service water 

(ESW) pumps and there are no flood proceccion structures bet~een the tr~veling 

screen bays and the ESW pumps ab0ge elevation 509 ft msl. 

1100£ tLladinq 

The roof of the turbin~ building will support a live load of 35 lb/sq ft, 

the reactor building roof 70 Ib/sq ft, and the crib bOUde roof 60 lb/sq ft (6). 

The roof downspouts are designed co drain 4 inches of rainfall hourly [7J. 

Ground".,a tee 

The des ign bas is groundwater level is 51.4 ft (6). The seismic des i9n 

condicions us~ in the evaluation of design basis groundwater elevation have 

not been identified. 

Emergency Procedure 

The 4icensee uses, as protection from the probable maximum flood (PMF), 

an emergency procedure as an -active- flood procection measure (E-PIP 200-11) 

and considers this procedure adequate to protect tbe plane from the conse­

quences of a PMF. Tbe a~ceptability of this emergency proc~dure has been 

aadressed under SEP Topic II-3. B.l within this reR. 

~nkJjn Rt;sellrch Center 
A CMolon 01 n.. ,....,...,. ... __ ..... 
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- Site Orientation 

Rivers 

The Kankakee River flows through northern Indiana west to Illinois. Its 

drainage a£ea is a~p£oximately 5895 square miles [8) j which is mostly farm and 

pasture land (91. Less than 1% of the watershed is UIbanized. At the United 

States Geological Su£vey (OSGS) gage ne~r Wilmington, Illinois, 6 miles 

upstream from the site on the Kankakee River, the lowest recorded flow was 204 

cfs (10), and the highest was 7S ,900 cfs. 

Tbe Des Plaines River originates in northeast Illinois near Lake Micbigan, 

to wbich it is connected by the Chicago Sani tary and Ship Canal. Through this 

channel, the effluent from the Chicago water sup~ly system and diversions from 

Lake Michigan (which are limited by the U.S. Supreme Court to an annual mean 

of 1,500 cis) are added to the natural flow of the Des Plaines River. These 

additions are regulated to maintain bet .... een 3000 and 4000 cfs in the canal 

(10]. The natural watershed of the Des Plaines River is 1,370 square miles 

[8 J, of which 18% is u.rbanized. Its highest recorded discharge is 44,280 cis 

at the Brandon Road Lock and Dam, 14 miles upstream from the Dresden site (4 J. 

The nearest gage on the Illinois RiVer is 2S miles downstream from the 

Dresden site at Marseilles, Illinois. Upstream, the Des Plaines River is 

gaged at Riverside and the Kankakee River is gaged near Wilmington, Illinois, 

all oper ated by t..i:le OSGS. 

The Illinois WateLway is composed of eight dams with adjacent locks 

between the junction of the Illinois River with the Mi5si.3sippi at Grafton, 

Illinois, and the Chicago River outlet at LaKe Michigan (11). These dams were 

built tD facilitate navigation and do not store significant amounts of water. 

The Dresden Island Lock and Dam impounds water with a normal pool level of 505 

ft msl. Below the dam, the water level is 483 ft 4 in msl (3]. 

The Dresden Lock and Dam is operated by the RoCK Island office of tbe 

U.S. Army Corps of Engineers. Its construction was planned by the State of 

Illinois in 1927, but was not completed by the Corps of Engineers until after 

the Federal Government assumed responsibility for the project in 1930. 

~nklin Resei!lrch Center 
A DMsaon 01 Th~ r I'V\Idjn I~ .. 
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opened to navigation with the newly completed Illinois Waterway in 1933 [121. 

The ~iverbed elevation aboge the daro varies from about 480 ft msl in the 

center to al1nost SOO Et msl by the banks [D]; the top of the dam is at 506.5 

ft msl (14) _ The dams were not des igned to meet any seismic s tandacds J but 

were desi~ned to withstand forces from large chunks of ice on the river, flood 

waters, and impact from runaw~y tows [3]_ 

The Dresden Dam is cons eructed of 11 re into~ced concrete piers measur ing 

10 ft by 45 ft at the top and 10 ft by 60 ft at the bOttom. Each is socketed 

5 ft into bedrock and anchored. Between the piers are concrete rollways. 

Aoove tne dam are the nine t.ainter gates .. hleb canCIol pool level; they are 

supportea by the piers. Tbe dam is anchored on the no~t..h bank of the ~iger to 

bedrock wnich rises toward the Kankakee Bluffs. On the south end. the dam is 

anchored to the lOCK 3 tructure I ..mich is 800 ft long and 110 ft wide. The 

l.ock walLs are 10 ft wide at the top and 20 ft:. wide at the bottom (3 J. Fully 

opened, e~ch tainter gate opening is 60 ft wide (4) and about la.S ft bigh. 

Peer La is the closest point downst.ream from Dresden Station where the 

Illinois River is used as a public water suppl.y jl4J. A.pproximately 

25,800,000 gallons per day are used for domestic and commercial purposes. In 

Mapleton, Illinois. the Caterpi11~r Foundry draws water from the Illinois 

IUver for lLSe c.hrougbout its plant. Water quality on the Illinois River is 

poor, due in part to the effluent. d ischacged at Chicago into the Des Plaines 

Rive~1 necessitating all other private and public water users along the 

Illinois River to USe wells as theic water supply_ 

Site Drainage and water Control Structures 

The plant site is 2500 acres and is relatively flat [15] _ Elevation 

~anges from 509 ft msl by the river to 526 ft ms1 ill] in the southwest area of 

the site. Plant grade is 517 ft IIISl. Tbe Dresden Station is about 2000 ft 

from the shore of the Kankakee River, and natural drainage is nortit and east 

toward the Kankakee River Pl. The water in the discharge canal flO1ol'S into me 

Illinois River, due nor th of the plant. 

~nklil"l Research Center 
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Circling the site is a road wit.h a grade of 517 ft msl. A storm drain 

system of corrugated metal pipes and catch basins serves the area inside the 

road, including the roots. Drainage ditches are provided outside the 

peripheral road (7]. 

The roof downspout system is designed to drain at the rate of 4. ifl.cbes 

peL hour [7] ~ Parapets around the turbine and reactor buildings roofs are 

3 ft 6 in high, and the crib house parapets are 1 ft 6 in above the roof level 

[6]. Scuppers have not been stated to exist in parapet walls or safety-related 

buildings. 

The Kankakee River supplies coolant water to the plant site through two 

inr..ake canals, each about 1800 ft long. One canal serves Dresden Unit 1, and 

the other, Units 2 and 3. The entrance to both canals is protected from 

debris by floating booms. At a distance of U3 it beyond the boo!llS is the 

hignest point of both canal floors, 495 ft IDSl. Prow this level, the canal 

floors slant downward to 482 it b in IDSl at the forebayof the crib Douses [3]. 

There are t~o discharge canals, one leading from onic 1, the other from 

uni ts ~ and 3 to the Illinois River. Neat the outlet, the invert level 

~eacbes its highest point, 498 ft mal, and slopes do~nward bet~een there and 

the discharge head ,"0«9 to 489 Et IllS 1. Both canals are abcut 2000 ft long 

13]. Following a postulated failw:e of the Dresden Lock and Dam, 9 million 

gallons of water will be trapped in the intake ana discharge canal. This 

IJoluroe of water- "'lets as the ultimate beat sink (UHS). 

The Dresden cooling lake, about 2 miles sout.h of the plant, bas an a.rea 

oE 1275 acres at normal pool level of 522 Et IIlSl. The tops of t.be dikes which 

retain the water on the north, soutlJ, ;::"d we:6t sides are at 527 ft msl. There 

is no dik.e on the east side. The lak.e bottom ele9'ation 9'aries from 507 to 517 

ft IDS 1, averaging 510 ft msL The lake contains about 12,750 acre-feet of 

water (16). 

The cooling lake is connected to Unit 2 intake and discharge flumes by an 

intake canal and a discharge canal, each 11,000 ft long.. Ee t.ween t.he intak e 

canal and the lake is a lift station with a series of six pumpsi beside it is 

~nklln Rese.z.rch Center 
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a concrete spillway used to maintain the lake water level [16]. The spillway 

discharges to the discharge canal which carries water toward the regulating 

s tructuce. 

The fl~ cegulating station distributes the cooled water ooming from the 

laKe via the plant. It is routed through the discharge flume to the river in 

open-cycle opecat:.ion, or to the inlet of the Onit.s .2 and 3 crib house for 

ctosed-cycle operation. Depending on the flow and temperature of the water, a 

couwin.:ltion of both destinations may be employed. Open--cycle operation is the 

intended method, but adjustment to closed-cycle operation is possible. 

Across the road, which runs parallel to the south edge of the cooling 

lake, the land rises, preveoting drainage 6outhward. Natural drainage is from 

east to west, toward the Goose Lake Scbool, and a drainage channel at the toe 

of the south dike leads water to the area west of the lake, which is enclosed 

between tIle access road and the west dike. This area drains to the north, 

where flow i...s rout.ed into a discharge channel leading into a siphon chat goes 

llnder the plant discharge cal"lal and leads to the Goes e Lake Pumping Station on 

the Kank.ak.ee Rive..!. Drainage nor th of the lake is toward the same channe.l. 

Should the lake OVerflow, water would drain north to~ard the Kankakee River, 

through or around the selleral residences on the river bank (17}. East of the 

lake. the land is higher ~d drain~ directly into tbe Kankakee River. 

In the vicinity of tbe cooling lake ax~ large areas of abandoned strip 

mines, with confused topographic and drainage pat~erns, swamps, and standing 

water (2J. There is a passibilicy that some abandoned coal mines excend under 

the north dike (17J. 

Groundwater 

Groundwater is the source for public and private water supplie.s in the 

area of the Dresden Stat.ion. The p(incip~l aquifers are in the St. Peter and 

Galesville sandstones, at a depth of mace than SOO ft. A few wells also ~ap 

the Ga.lena Dolomite of Ordovician age (10). 

Tne normal groundwater levels at the site are between 505 ana 508 ft 

msl. Groundwater levels are controlled by the water levels in tl'Ie rivers and 
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the canals on the site {lB). Reference 6 implies that the original degign 

basis groundwater elevation is S14 it msL No well hydrograph data are 

available to ... erify that S14 ft IOSl is a cons ervative design elevation; thus, 

it is recoanended that plant grade (elevat.ion S17 ft msl) be used as a 

conservative value. The effects of groundwater rising to plant grade should 

be addressed in SEP Topic III-3.A, Effects of High Water Level on Structures. 

The Kankakee and Illinois Rivers freeze in the winter. A log boom is 

locat.ed at the ent.rance of the intake canaJ..g to protect against floating 

chunks of ice (1BJ. The reach of ~e Kankakee River locat.ed immediately 

upstream from ~e confluence of the Des Plaines is Kept free from icing to 

ensure a clear snip channel. Historically, no flooding problems have been 

encountered as a result of ice floes. During the las t. five .... inters J a 

hovercraft nas been used t.o break up river ice in the ship cbannel. This 

broken tee has passed eas ily through the c.ainter gates of Dresden Dam. 

An B-ft-diameter deicing line is used to prevent freezing of the water 

supply. It connec ts the discharge head works of Uni ts 2 and 3 and the forebay 

of the Units ). and 3 crib bouse. Its bottom elevation varies from 495 ft msl 

at the head ..,orks to 489 ft IDSl at t.he forebay (1.3). 

3.1.3 Conclusion 

The information presented under SEP Topic II-3.A identifies the original 

hydrologi~ design basis for structures interfaciog with the hydrosphere and 

supplements e)(is ting Li cense-e-presented information. 
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3.2 FtroDlliG POTENTIAL AND PROTECTION REQULRDIENTS (roPle 11-3.B) 

3.2.1 Topic Background 

An independent review of information pertaining to SEP Topic 11-3.B was 

conducted for the Dresden site. The findings are presented in thi3 section 

·and were developed using several sources of information, including NRC 

docketed inform.<t.tion, NRC staff files, communication with the U.S. Army Corps 

of Engineers, Sargent & Lundy Engineers, rllinois Waterway Commission, United 

States Geological Survey I the National Weather Service, and state and local 

contacts • 

The purpoa e of this topic is to identify, under cur rent licens ing 

criteria I the plant and site design basis flood level resulting from all 

po~ential flood sources external to the plant and site. I t includes the 

evaluation of submitted documentBtion and the determina~ion of significant 

differences between tile values of parameters used for design and construction 

and those derived in accordance -with current licensing criteria. The 

evaluation addresses the effects of flood and other changes in hydrostatic and 

hydrodynamic loads on safety-related structures I systems, and equipment, and 

tne adequacy of existing or proposed flood protection measures such as 

revetments, flood walls or doors, and emergency or administrati~e procedures. 

Specific.a.lly, t..he review focuses on the following topics: 

o Groundwater 

o Probable Maximwm Plood 

o Site Drainage 

o Roof Drainage. 

Regulatory Guides 1.59 and 1.102 have b~en specifically identified by the 

NRC's Regulato~y Requirements Review Committee for their application to the 

SEP program. These guides are used to determine whether the facility design 

camplies with current criteria or has some equivalent alternatives acceptable 

to the staff. The acceptability or nonacceptability of any deviations 

identified in this evaluation and the need for further action will be judged 

dur ing the integr ated assessment for this facility. 

~nkHn R~earch C~nter 
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·3.2.2 Topic Review Criteria 

The following references were used as review criteria for ~is topic! 
}. '"1./1 

o Standard Review Plan Sections 2.4.2, 2.4.3, 2.4.10, and ~ 
<Q ( J.IO(.. 

o Regulatory Guides J • .), 

a ANSI Standard N170-1976. 

3.2~3 Evaluation 

Groundwater 

Dresden Unit 2 was designed to pe protected from a combinacion 0.1 9 load 

and groundwater elevation to 514 ft msl. ~o w@ll hydrograph data are 

available to verify that 514 ft msl is conservative, thus ground elevation 

~17 ft msl) should be used in evaluation of wall 5truct~al integrity. 

Evalua cion of the wall silould .r- per formed us ing SSE L. and normal 

maximum groundwater elevation ('17 ft msll under S£P Topic 1II-3.A., Effects 

of High Water Level on Structures. 

Probable Maximum Flood Analys is 

Dre~den Unit 2 was not designed tD be passively protected from a ~. 

The NRC PMF design criteria requiremenc was promulgated subsequent to the 

development of the Dresden site. For reference purposes, the PM? discharge 

elevation developed for this report i...s presented bere. 

Water Su[fac~ Profiles 

The Standard Seep Metnod was used to calculate the st.age-discha..rge 

relacionsbip for the reacll of the Illinois River bet"oleen the Dresden Island 

Lock and Dam and the confluence of the Kankakee and Des Plaines Rivers. The 

compueation was made with the 19B1 version of the USCE JiEC-2 program (19) and 

a CDC 7600 computer. 

Tbe geometric shape of the river channel was determined from a USCE 

topographlc and river sounding map [20) baving a 2-ft contour interval. 

Delineation of mlerbank areas and cont.Ours was made from 7.S-minute uSGS 

topographic maps L2l). 
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TER-C5257-421 

Particular attention Wag given in defining the cross section representing 

the Dresden Island Lock. and Dam due to its control on the upstream water 

surface for river discharges below )00,000 cfsw The hydraulic configuration 

of the nine tainte( gates and lock was based on oral communication (221 and 

wri tten reports by personnel of the U. S. Corps of Engineers [23). The left 

and right overbank configurations at the lock and dam were taken from the 

previously mentioned USCE topographic map (20]. 
) \ 

Tbe location of the represeneative cross section used in the hydraulic 

analys is is shown in the plan view of Figure 3 where station 18+00 represents 

the Dresden Island LDck and Dam. The sbape of the digitized cross sections 

s tal"'ting wi th 5 ta tion 17+90 and continuing ups tream to cross section 92+80 

can be seen on Figures 4 through 10. Note that the taint.er gate configura­

tion, sho\lffi in Figure 5,- includes presumed clogging of the gate or orifice by 

debris. 

Calibration of the hydraulic model was based on recorded high water 

mark:s frow the 1947 and 1957 flocds. The July 1957 flood, the largest of 

record, had a recorded discharge of 94,000 cfs and a water surface elevation 

of 506 ft msl at Dresden Island Lock and Dam [2]). Recorded high ~ater 

leve.l.s for the Illinois River below Dresden {23J were also incorporated into 

the model calibration. 

Water surface profiles in the viCinity of Dresden Island were 

independently detenmined based On baCkground information provided by Barza 

Engineering CDmpany (51]. 

The aarza study involved an 8-mile (each of tbe Illinois River between 

the Morris Bighway Bridge (Route 47) and a cress section located immediately 

ups cream froIll Dresden Is land LDck and Dam. The hydr aul ic analys is was 

extended 1 mile upstream from a cross section located about 900 ft below the 

dam to the confluence of the Kankak.~e and Des Plaines Rivers. Barza provided 

two sets of profiles for discharges tram 100,000 to 600,000 cts. The higher 

profile .. as used for the range of discharges tested. 
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1'ER-<:S257-421 

The lock and dam was simulated by the BEC-2 program as a bridge wi~h 

eight piers for the tainter gate portion of the structure, ag.8 weir for ~e 

portion of flow over the gates, as a weir for boc..b the left and rigbt paction 

of the structure beyond the t~inter gate section, includ~(\g the left and right 

OI:,eJ;banks. We iL coefficients were assigned according t.o discharge and were 

gillen tbe following values: 3.09 for discharges up to 200,000 cfs, 2.8 from 

200,000 cfs to 500,000 cfs, and 2.7 tor Howe of 500,000 cis and above. The 

piers were considered to be square, both noee and tail. Coefficients of 

contraction and ex~ion were get at 0.3 and 0.5, respectively, as 

recommended in the 1ge1 SEC-2 manual. 

After the hydraulic model was sufficiently calibrat.ed, the model '-las 

used to estimat.e the respon.se of t..h~ river system to flood floW'S ranging from 

100,000 cfs to 600,000 cfs while acting under three separate tainter gate 

configurations (5 ft, 11.5 ft, and 16 ft open). For each of these three 

configurations, the evaluation assumed that the lock was closed, the ice 

chute clogged to 514.5 ft msl. and the spillway dam cloqged ~o elevation 

509.5 ft msL 

Water surface profiles wece comput.ed by the Ifi:C-2 model from the station 

900 ft downstream through the dam and lock st..cucture upstream to station 92+80 

as seen in Figures 11 through 16. 

The hydraulic analysis resulted in a set of stage-discharge curves; one 

~et of curves ..,ag 9enera~d per cross section in the study reach. Figures 11 

tilrougn 16 contain che resultant rating curves for the Illinois Iliver near 

Dresden Island. The river flow at. station 92+80 that wou.ld r~ult in a water 

surface at plant. grade (517.5 ft. msl) would range between .24~ 
,""-- -,,' 

290,000 cfs, depe~ding on downstream ~inter 9ate openin9s~~~ 

represents the mo5t limiting conditions. This limiting discharge represents 

approximately 49' of tbe PMF discharge. 

~nkJln Research Center 
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surface at plant. grade (517.5 ft. msl) would range between .240,000 S;t's and _. 
~ 

290,000 cfs, depe~ding on downstream ~inter 9ate openin9s~~~~ 

represents the mo5t limiting conditions. This limiting discharge represents 

approximately 49' of tbe PMF discharge. 
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TER-CS257-421 

The Manning' s roughness coefficients used in the study were 0.03 for the 

main river channel and 0.05 for tbe overbanks. Values from 0.1 to 0.4 were 

assigned t o the expansion and cont:raction coefficients. 

When the wat-er surface at station 18+00 is above the top of the arch dam 

(elevation 509.5 ft msi), weir flow begins. This produces a point of 

discontinuity or an abrupt change in the slope of the rating curve. Similar 

changes in the shape of the rating curve occur when the water level is above 

the top of the elevated tainter gates. In addition, the elevation 512.4 ft 

msl marks a point at station 18+00 where the river begins to encroach upon 

the overbank at the main channel. The rating curves reported herein have 

been ideal.ized to enhance readability. Note that, for discharges above about 

300,000 cis, the poSition of the tainter gates is no longer a primary control 

of the water surface elevation above Dresden Island Lock and Dam. 

Probable Maximum Flood Determination 

The PMF discharge for the combined Kankakee and Des Plaines watershed 

was simulated by tbe HEC-l program (24J. This computer program uses the 

rainfall/runoff algorithm found in the Corps of Engineers, EM 1110-2-1411. 

The model simulated the runoff from the approximately 7300-square-mile 

watershed that was divided into 13 subbasins according to hydrologic 

characteristics. Tbe area of the watershed was independently evaluated. 

Four of the subbasins, two from the Kankakee and two watersheds from the Des 

PLaines, were calibrated based on reported storm rainfall and flood 

hydrographs (25, 26). Almodel combining the watersheds, and accounting for 

the connecting waterways, was then calibrated USing the July 1957 flood at 

Dresden Island. This is the largest flood of record at Dresden ISland. The 

published flood bydrograph (27) and rainfall distribution (28J for the 1957 

flood were used as model input during calibration. 

After suitable agreement was found between the recorded and the 

simulat.ed hydrographs, the model ",as used to simulate the PMF resulting from 

the combined runoff from the Kankakee and Des Plaines watersheds. The 
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The Manning's roughness coefficients used in the study were 0.03 for the 

main river channel and 0.05 for the overbanks. Values from 0.1 to 0.4 were 

assigned to the expansion and contraction coefficients. 

When the wat.er surface at station 18+00 is above the top of the arch dam 

(elel1ation 509.5 ft IDSi), weir flow begins. This produces a point of 

discontinuity or an abrupt change in the slope of the rating curve. Similar 

changes in the shape of the rating curve occur when the water level is above 

the top of the elel1ated tainter gates. In addition, tne elevation 512.4 ft 

mal marks a point at station 18+00 where the river begins to encroach upon 

the overbank ot the main channel. The rating curves reported herein have 

been idea.lized to enhance readability. Note that, for discharges above about 

300,000 cis, the poSition of the tainter gates is no longer a primary control 

of the water surface elevation above Dresden Island Lock and Dam. 

Probable Maximum Flood Determination 

The PM.F discharge for the combined Kankakee and Des Plaines watershed 

was simulated by the HEC-l program (24J. This computer program uses the 

rainfall/runoff algorithm found in the Corps of Engineers, EM 1110-2-1411. 

The model simulated the runoff from the approximately 730Q-square-mile 

watershed that was divided into 13 subbasins according to hydrologic 

characteristics. Tbe area of the watershed was independently evaluated. 

Four of the subbasins, two from the Kankakee and two watersheds from the Des 

Plaines, were calibrated based on reported storm rainfall and flood 

hydrographs (25, 26). A'model combining the watersheds, and accounting for 

the connecting waterways, was then calibrated USing the July 1957 flood at 

Dresden Island. This is the largest flood of record at Dresden ISland. The 

published flood bydrograph (27) and rainfall distribution (28) for the 1957 

flood were used as model input during calibration. 

After suitable agreement was found between the recorded and the 

simulat.ed hydrographs, the model ... as used to simulate the PM.]' resulting from 

the combined runoff from the Kankakee and Des Plaines watersheds. The 
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probable maximum precipitation (PMP) used in this study for the 7300-square­

mile watershed was based a 23.25-incb, 24-hour index storm distributed alTer 

72 bours (29) in accordance with procedures identified in EM 1110-2-1411. 

Figure 17 contains the PMF hydrographs for the Des Plaines, Kankakee, and 

Illinois Rivers. The peak discharge for the Des Plaines River was 145,000 

cis, and the peak flow for the Kankakee RiYer was 375,000 cfs. The combined 

flood peak for the Illinois River hydrograpb was computed to be 490,000 cfs. 

Base flow was not incorporated in the computer model since river flow is less 

than 10,000 cfs for 80% of the year (311. 

The rising limb of the PMF hydrograph for the Illinois River at Dresden 

is steep and has a lag time of approximately 75 hours . This is the time from 

the beginning of rainfall to the hydrograph peak. Thece lS ~o a delay of 

about 24 hours before the hydrograpb rises. It must be recognized that a 

theoretical hydrograph such as that shown in Figure 17 should be used with 

caution in evaluations of emergency procedure timing since actual vs. 

theoretical hydrographs can differ by several hours in either direction. 

For a tainter gate opening of 16 ft per gate, there will be 8 hours 

between the time when the flood waters reach an elevation of 509 ft msl and the 

plant grade elevation of 517.5 ft msl during the PMF event. 

Tbe PMF for the Illinois River at Dresden was based on a computer model 

calibrated from the 1957 data. UrbaniZation since 1957, which is localized in 

the greater Chicago area, might result in a peak discharge different than 

calculated for the Des Plaines River. The Kankakee River Ba.s in Seems to have 

changed very little since 1957. Therefore, the simulated Kankakee hydrograph 

is considered valid. The PMF f or the Illinois River at Dresden, for present­

day conditions, may peak sooner and higher than predicted because of 

pes tulated change in the peak discharge for the Des Plaines River. However, 

it is expected that any such change in the reported PMF hydrograph would be 

within the range of uncertainty of the model itself. Extensive recalibration 

of the runoff model, based on data for current hydrologic conditions, would be 

~nklin ReseZlrch Center 
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probable maximum precipitation (PMP) used in this study for the 7300-square­

mile watershed was based a 23.25-incb, 24-hour index storm distributed alTer 

72 bours (29] in accordance with procedures identified in EM 1110-2-1411. 

Figure 17 contains the PMF hydrographs for the Des Plaines, Kankakee, and 

Illinois Rivers. The peak discharge for the Des Plaines River was 145,000 

cis, and the peak flow for the Kankakee River was 375,000 cfs. The combined 

flood peak for the Illinois River hydrograpb was computed to be 490,000 cfs. 

Base flow was not incorporated in the computer model since river flow is less 

than 10,000 cfs for 80% of the year (311. 

The rising limb of the PMF hydrograpb for the Illinois River at Dresden 

is steep and bas a lag time of approximately 75 bours - This is the time from 

the beginning of rainfall to the hydrograph peak. There lS ~o a delay of 

about 24 hours before the hydrograph rises. It must be recognized that a 

theoretical hydrograph such as that shown in Figure 17 should be used with 

caution in evaluations of emergency procedure timing since actual qs. 

theoretical hydrographs can differ by several hours in either direction. 

For a tainter gate opening of 16 ft per gate, there will be 8 hours 

between the time when the flood waters reach an elevation of 509 ft msl and the 

plant grade elevation of 517.5 ft msl during the PMF event. 

The PMF for the Illinois River at Dresden was based on a computer model 

calibrated from the 1957 data. Urbanization since 1957, which is localized in 

the greater Chicago area, might result in a peak discharge different than 

calculated for the Des Plaines River. The Kankakee River Bas in seems to bave 

changed very little since 1957. Therefore, the simulated Kankakee hydrograph 

is considered valid. The PMF f or the Illinois River at Dresden, for present­

day conditions, may peak sooner and higher than predicted because of 

pes tulated change in the peak. discharge for the Des Plaines River. However, 

it is expected that any such change in the reported PMF hydrograph would be 

within the range of uncertainty of the model itself. Extensive recalibration 

of the runoff model, based on data for current hydrologic conditions, would be 
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necessary before the change in the PMF hydrograph due to urbanization would be 

discer nible. 

Wave aeigbt 

The highest wind speed with a 2-year frequency of occurrence is 50 miles 

per hour. Two fetches were investigated: one to the southeast of the plant 

in the Kankakee River {designated A in Figure l8} and the other directly east 

of the plant across the Kankakee and into the Des Plaines River (labeled B in 

Figure IS). The critical condition is produced by waves generated on the 

Kankakee River, which would be 2.6 f t high when they reached the Uni t 2 

safety-related structures. Wave runup reaches 3 feet above stillwater level. 

Tnis calculation is a conservative estimate based on procedures outlined in 

the Shore Protection Manual (32). A PMF still~ater level of 524.5 ft plus a ] 

ft Ioiave rW1up results in a PMF level of 528 ft. 

Standard project Flood 

For reference purposes, the standard project flood discharge of the 

Illinois River a1:. the Dresden site was calcula ted us ing the U. S. AOIfY Corps of 

Engineers procedure ~llO-2-1411, March 19~5 revision. Tbe standard project 

flood discharge of ~OO cfs represents approximately 35% of the PMF 

discharge. The elevation of flood waters at station 92+80, which corresponds 

to the standard project flood discharge, ranges betloieen 512 and 516 ft msl 

depending on tainter gate configuration. 

Plant Grade Flood Frequency Analysis 

The following flood frequency analysis was performed in order to estimate 

the return frequency of a flood which initiates the Dresden emergency flood 

procedure (509 f t ms l, Emergency Procedure EPIP 200-11, Revision 0, August 

1980 (33). The input dat4 consisted of the published 37-year record of 

annual peak discharges at Dresden Station for the period 1940 through 1977 

(3lJ. Most of the points of this flood series plot as a st.raight line on 

log-normal probability paper. The log-normal distribution was used to extend 

the da ta set beyond the leng th of record. 
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necessary before the change in the PMF hydrograph due to urbanization would be 

discer nible. 

Wave aeigb t 

The highest wind speed with a 2-year frequency of occurrence is 50 miles 

per hour. Two fetches were investigated : one to the southeast of the plant 

in the Kankakee River (designated A in Figure I8) and the other directly east 

of the plant across the Kankakee and into the Des Plaines River (labeled B in 

Figure 18). The critical condition is produced by waves generated on the 

Kankakee River, which would be 2.6 it high when they reached the Unit 2 

safety-related structures . Wave runup reaches 3 feet above stillwater level. 

Tnis calculation is a conservati ... e estimate based on procedures outlined in 

the Shore Protection Manual (32). A PMF stil1~ater level of 524.5 ft plus a J 

ft wave runup results in a PMF level of 528 ft. 

Standard project Flood 

For reference purposes, the standard project flood discharge of the 

Illinois River at. the Dresden site was calculated using the u.s. Army Corps of 

Engineers procedure ~1l0-2-1411, March 19~5 revision. Tbe standard project 

flood discharge of 170,000 cfs represents approximately 35% of the PMF -
discharge. The elevation of flood waters at station 92+80, which corresponds 

to the standard project flood discharge, ranges between 512 and 516 ft msl 

depending on tainter gate configuration. 

Plant Grade Flood Frequency Analysis 

The following flood frequency analysis was performed in order to estimate 

the return frequency of a flood which initiates the Dresden emergency flood 

procedure (509 f t ma l, Emergency Procedure EPIP 200-11, Revision 0, August 

1980 (33). The input dat4 consisted of the published 37-year record of 

annual peak discharges at Dresden Station for the period 1940 through 1977 

(3lJ. Most of the points of this flood series plot as a straight line on 

log-normal probability paper. The log-normal distribution was used to extend 

the cia ta set beyond the leng th of record. 
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Figure 18. Fetches for Wave Generation 
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Pigure 19 contains the annual flood record plotted wi th the theoretical 

log-normal distribution for comparison. Due to the brevity of the record, the 

upper and lower 95% confidence limits are also plotted to show the degree of 

uncertainty in the stochastic analysis. Statistically, there is a 95% chance 

that the upper and lower confidence bounds contain the expected value of peak 

dischaLge for a given return period (34]. 

For comparison, a log-Pearson Type III distribution was used to estimate 

the return period for extreme events. This theoretical distribution is 

another standardized me thod for determining flood flow frequencies (35) I and 

is often recommended for use in analysis of streams in the Eastern United 

States. 

Resul ts of the log-normal and log-Pearson Type III frequency analyses are 

presented in Table 1. Nate that the log-Pearson Type III frequency data fall 

below the lower confidence bound for return periods greater than 100 years. 

It is recognized that a frequency distribution based on a short record is 

relatively unreliable [36, 37, 38]. In general, as the length of hydrologic 

record increases, estimations of population st.atistics, based on sample data, 

become more reliable, as reflected in the decreasing width of computed 

confidence bands. The flood record for Dresden Station is relatively short; 

therefore, estimated extreme flood magnitudes will contain an indeterminate 

amount of error, particularly for extreme return periods. 

Flood Stage Frequency 

The return period associated with a given flood stage or water surface 

elevation was determined by combining the flood stage rating curve for station 

92+80 and the theoretical flood frequency dis t.r ibution for the Illinois River 

at Dresden. Because the nine taint.er gates control the water 5 urface eleva­

tion, the stage frequency analysis included three possible gate configurations. 

The openings were set at 5, 11.5, and 16 ft per gate. The maximum height to 

which the gate can be raised is approximately 18.5 ft; however, at that 

height, the lowered counterweight minimizes the area of opening. Thu6, a 

16-ft gate was considered the maximum gate possible. Station 92+80 was 
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Figure 19 contains the annual flood record plotted wi th the theoretical 

log-normal distribution for comparison. Due to the brevity of the record, the 

upper and lower 95% confidence limits are also plotted to show the degre e of 

uncertainty in the stochastic analysis. Statistically, there is a 95% chance 

that the upper and lower confidence bounds contain the expected value of peak 

dischaLge for a given return period t34]. 

For comparison, a log-Pearson Type III distribution was used to estimate 

the return period for extreme events. This theoretical distribution is 

another standardized me thod for determining flood flO1J frequencies (35) I and 

is often recommended for use in analysis of streams in the Eastern United 

Sta tes. 

Resul ts of the log-normal and log-Pearson Type III frequency analyses are 

presented in Table 1. Nate that the log-PeaLson Type III frequency data fall 

below the lower confidence bound for return periods greater than 100 years. 

It is recognized that a frequency distribution based on a short record is 

relatively unreliable [36, 37, 38]. In general, as the length of hydrologic 

record increases, estimations of population statistics, based on sample data, 

become more reliable, as reflected in the decreasing width of computed 

confidence bands. The flood record for Dresden Station is relatively short; 

therefore, estimated extreme flood magnitudes will contain an indeterminate 

amount of error, particularly for extreme return periods. 
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elevation was determined by combining the flood stage rating curve for station 

92+80 and the theoretical flood frequency dis t.r ibution for the Illinois River 

at Dresden. Because the nine taint.er gates control the water surface eleva­

tion, the stage frequency analysis included three possible gate configurations. 

The openings were set at 5, 11.5, and 16 ft per gate. The maximum height to 

which the gate can be raised is approximately 18.5 ft; however, at that 
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Table 1. Flood Frequency Distribution with 95% Confidence Limits 

Log-Normal Log-Normal Log-Normal 
Cor respondinq LoWer 95% Upper 95% 

Re turn Wa ter Surface Confidence Confidence 
Period Expected Peak Elevation Discharge Limits 
(years) (cfs) (msl) * (cfs) (cfs) 

50 95,130 74,709 130,9D 
100 104,855 509.8 82,347 144,296 
500 135,048 511.6 106,059 185,846 

*Stage at station 92+80 for a tainter gate opening of 11.5 ft. 
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selected for presentation because it was the farthest upstLeam cross section 

for which a rating curve was developed and because upstream stations have a 

relatively higher water surface elevation for a given discharge. 

Based on the flood frequency analysis. the 1% or 100-year flood has an 

expected water surface elevation of 509.8 ft msl. This information indicates 

that the frequency of flooding to elevation 509 ft msl (limiting elevation for 

operation of ESW pump motors) occurs, on the average, once every 100 years. 

5i te Dr ainage Analys is 

The plant site was analyzed for its ability to drain during an intense 

localized thunderstorm having a total rainfall depth equivalent to the (PMP). 

The rate of runoff was determined by the Rational Method and the flood routing 

was calculated using the Manning IS formula. 

Three representative watersheds within the plant boundaries were 

delineated for the runoff analysis as seen in Figure 20. These drainages were 

small in size and were located adjacent to and including the reactor buildings 

and ancillary facilities. The surface area ranged between 6.7 and 12.4 acres, 

and the time of concentration for the three basins ranged from 11 to 14 

minutes. Idealized flow lines are also shown in Figure 20. 

The largest of the three watersheds drains in a southwesterly direction 

toward the cooling lake canals. Cross sections of this watershed were 

digitized and used in the flood routing procedure for the local runoff. The 

24-hour maximum probable point precipitation is 31.2 in [301 ~d the maximum 

13-minute intensity is 58.3 in per hour (39). The L3-minute time of 

concentration was found to be the average for the three onsite drainage areas 

delineated ana was used to calculate the precipitation rate of 58.3 

in per hour. 
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The site drainage analysis assumed that the three adjacent ~atersheds had 

s iJDul t..aneou.s flood peaks. Furthermor e, thes e flood peaks 'oIer e S UlJDDed as though 

the watersheds were hydraulically connected. This resulted in an estimated 

flood peak of 1230 cis. 

Two site drainage analyses were performed to determine the depth of 

flooding adjacent to plant buildings resulting from point precipitation 

equivalent to the PMP . The first analysis investigated the influence of the 

downstream cross section on the conveyance in the viCinity of the buildings. 

The depth of water at the base of the building 'oIas estimated from the second 

set of calculations. 

The first site drainage analysis assumed that the PMF from the three 

designat.ed drainage areas occur red simul taneously and, therefore, could be 

combined and routed through a single drainage channel locat.ed on the south and 

west sides of the plant. This represents a conservative estimate of both 

maximum discharge and runoff volume. This channel was analyzed to det.ermine 

its capacity to convey flood waters, which showed that for a water surface at 

plant grade the channel can carry t~ice the flood generaced by the PMP. 

The second analys is was performed t.o describe the runoff character is tics 

of the area bet'oleen the buil~ings and the flood channel. This set of 

calcula tions was limi ted to condi tions in dra inage area No. 1 5 inee it had the 

largest surface area, shallo'olest slopes, largest Computed peak. discharge, and 

the longest travel distance to the flood channel of the three delineated 

drainages. Drainage area No. 1 represents the most conservative conditions. 

Drainage area No.1, in actuality, drains both to the north and to the 

south rather than just t.o the south as modeled in the first set of 

calculations. The drainage divide is located north of the east-'oIest midline 

of the buildings as shown in Figure 20. Approximately 3.1 acres drain to the 

north and 9.3 acres drain to the soutb. 

The .Ra bonal Me thad was u.s ed in the fir 5 t set of analys es to compu t.e the 

peak discharge from the total area of drainage area No. 1. This discharge of 
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The site drainage analysis assumed that the three adjacent ~atersheds had 

s imul t..aneou.s flood peaks. Furthermor e, thes e flood peaks 'oIer e summed as though 

the watersbeds were hydraulically connected . This resulted in an estimated 

flood peak of 1230 cfs. 

Two site drainage analyses were performed to determine the depth of 

flooding adjacent to plant buildings resulting from point precipitation 

~uivalent to the PMP . The first analysis investigated the influence of the 

downstream cross section on the conveyance in the vicinity of ~e buildings. 

The depth of water at the base of the building 'oIas estimated from the second 

set of calculations. 

The first site drainage analysis assumed that the PMF from the three 

designat.ed drainage areas occur red simul taneously and I therefore, could be 

combined and r outed through a single drainage channel locat.ed on the south and 

west sides of the plant. This represents a conservative estimate of both 

maximum discharge and runoff volume. This channel was analyzed to det.ermine 

its capacity to convey flood wat.ers, which showed that for a water surface at 

plant. grade the channel can carry twice the flood generaced by the PMP. 

The second analys is was performed t.o describe the runoff character is tics 

of the area bet'oleen the buil~ings and the flood channel. This set of 

calculations was limited to conditions in drainage area No.1 since it had the 

largest surface area, shallo'olest slopes, largest computed peak discharge, and 

the longes t travel dis tance to the flood channel of the three delinea t.ed 

drainages. Drainage area No. 1 represents the roost conservative conditions. 

Dr a inage ar ea No.1, in ac tuali ty, drains be th to the nor th and to the 

south rather than ju.st t.o the south as modeled in the first set of 

calculations. The drainage divide is located north of the east-west midline 

of the buildings as shown in Figure 20. Approximately 3.1 acres drain to the 

north and 9.3 acres drain to the south. 

The Rat.ional Method was used in the first set of analyses to comput.e the 

peak discharge from the total area of drainage area No. 1. This discharge of 
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520 cfs then was divided on the bas is of area to provide a peak discharge of 

130 cis flowing to the north and 390 cfs flowing to the south. Further 

refinement in the divis ion of the flood peak. is lillli ted by available 

topography. 

A cross section was placed on an east-west line located south of and 

adjacent to the plant buildings in area No.1. The location of the section, 

seen as Section C-C on Figure 20, was selected for several reasons including 

its proximity to the buildings, the large surface area adjacent the section 

occupied by the buildings, and the lack of defined drainage swales or 

channels. The cross section can be described as a broad, flat, flood plain 

and represents the worst-case situation. 

An average ground slope between the buildings and the flood channel was 

determined from available topography to be 0.0022 ft/ft. The average Manning 

-n· value of 0.022 was assigned to the channel reach. This -n'" value 

represents a combination of values for concrete, earth, asphalt, and grass. 

The capacity of the channel section at a ~ormal depth of 0.5 ft, is 510 

cfs. This represents about ]30% of the total discharge generated by the 

soutnern portion of the drainage area. However, the PMF discharge of 390 cfs 

was found to haQ,e a depth of O. 4S ft at cross section C-C. The difference in 

elevation bet~een the building pad or land surface and the finished floor of 

the buildings is 0.50 ft or about 0.05 ft of freeboard during the ansite PMF. 

The hydraulic analyses show that the water surface elevations created by 

the ansite PMF will not exceed the finished floor elevation of the plant. The 

analysis revealed that the slope of the land surface was sufficient to caLry 

away runoff generated from high intensity rainfall equivalent to the PMP 

without the flood level exceeding elevation 517.5 ft msl. 

Roof Drainage Analys is 

The probable maximum 6-hour point precipitation for the Dresden site is 

26 inches. This would fall in hourly increments of 12.48, 4.16, 3.12, 2.34, 

2.08, and 1.82 inches, in any order (40). Tbe roof downspout system for the 

power station was designed to drain 4 inches per bour (7). Parapets around 
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the roofs of the turbine and reactor buildings are 3 ft 6 in high, and the 

crib bouse parapets are 1 ft 6 in high (6). Structural capacities of the 

roofs are given by the Licensee as follows: turbine building, 35 Ib/sq'ft 

equal to 6.73 in of water; reactor building, 70 lb/sq ft or 13.46 in of water; 

and crib house, 60 Ib/sq ft or 11.54 in of water (6]. 

The parapets of all three buildings are of sufficient height to pond 

water to depths which will exceed the roof structural capacities. 

The Licensee states, and review confirms, that if the roof drains on the 

turbine building, the reactor building, and crib house are inoperable, then 

ponded water from the PMP will cause heavier loads than the specified 

structural capacities of all three roofs. The hOUL of heaviest rainfall, 

12.48 in, would exceed the capacities of the turbine building (6.73 in) and 

the cr ib house (11.54 in). In 2 hours (the beavies t hour, 12.48 inches, plus 

the lightest bour, 1.82 in), the capacity of the reactor building (13.46 in) 

would be exceeded. 

If the drains are fully functional, then the hour of beaviest rainfall 

would cause a buildup of 8.48 in on the roofs. The rainfall in this 1 hour 

would exceed the structural capacity specified for the turbine building, 35 

lb/sq ft or 6.73 in of water. with drains unblocked and operable, the 

rainfall load on the reactor building and crib house roofs would not surpass 

the given structural capaci ties during the PMP. 

Assuming 50% occlusion of the rainfall discharge system of the reactor 

building and crib house, the rainfall load resulting from tbe 6-hour PMP would 

be greater than the roof structural capacities. The following table shows 

incremental ponding with roof drains 50% blocked: 
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Hourly 
Rainfall 
(inches) 

U.48 
4 .16 
3.12 
2.34 
2.0 8 

Drainage 
Capacity 
(inches) 

2 
:2 
2 
2 
2 

Ponding 
(inches) 

10.48 
2.16 
1.12 
0.34 
0.08 

14 . 19 total 

TER-C5257-421 

Ponding caused by the five heaviest hours of the 6-hour PMP would total 14.8 

inches, which is 0.72 inches above the capacity of the reactor building, and 

2.64 inches above the capaci ty of the cr ib house roof, as stated by the 

Licensee. 

Structural ~difications, such as removal of portions of the parapets 

around the roofs, should be considered for the turbine building. 

The Licensee states that an inservice inspection of the roof drainage 

system is indicated and will be described in SEP Topic III-3.C, Inservice 

Inspection of Water Control Structures (6). A reasonable alternative to 

structural modifications of parapets on the reactor building and crib house 

would be the initiation of a comprehensive inservice inspection program which 

would preclude the blocking of the discharge system. 

3.2.4 Conclusion 

Groundwater Elevation 

The effects of high normal groundwater elevation (elevation 217 ft ws 1) 

in combination with a SSE (0.2 g) should be evaluated for walls and 

foundations of safety-related structures. 

Probable Maximum Flood 

The PMP discharge of 490,000 cfs corresponds to a stillwater elevation of 

524.5 ft. Wave runup added to the stillwater elevation yields a site PMF 

elevation of 528 ft msl. 

~nklin Research Center 
A DMsiot> eI",., f'l'1InIdIn_ ... 

-43-

Hourly 
Rainfall 
( inches) 

U.48 
4 .16 
3.12 
2.34 
2.0 B 

Drainage 
Capacity 
(inches) 

2 
2. 
2 
2 
2. 

Ponding 
(inches) 

10.48 
2.16 
1.12 
0.34 
-0.08 

14 . 1S total 

TER-CS257-421 

Ponding caused by the five heaviest hours of the 6-hour PMP would total 14.8 

inches, which is 0.72 inches above the capacity of the reactor building, and 

2.64 inches above the capaci ty of the cr ib house roof, as stated by the 

Licensee. 

Structural DlOdi£ications, such as removal of portions of the parapets 

around the roofs, should be considered for the turbine building. 

The Licensee states that an inservice inspection of the roof drainage 

system is indicated and will be described in SEP Topic III-3.e, Inservice 

Inspection of Water ContIol Structures (6). A reasonable alternative to 

structural modifications of parapets on the reactor building and crib house 

would be the initiation of a comprehensive inservice inspection program which 

would preclude the blocking of the discharge system. 

3.2.4 Conclusion 

Groundwater Elevation 

The effects of high normal groundwat.er elevation (elevation 217 ft ws 1) 

in combination with a SSE (0.2 g) should be evaluated for walls and 

foundations of safety-related struct.ures. 

Probable Maximum Flood 

The PMP discharge of 490,000 cfs corresponds to a stillwater elevation of 

524.5 ft. Wave runup added to the st.illwater elevation yields a site PMF 

elevation of 528 ft msl. 
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Plant Grade Flood 

For a gate opening of 16 it, where la.5 ft is the widest possible, the 

expected lOO-year water surface elevation will be 509.8 ft. Depending on 

tainter gate position, the standard project flood discharge results in a 

stillwater elevation of between 512 and 516 ft msl. 

Si te Drainage 

The plant site was analyzed for its ability to drain during the 24-hour 

PMP. Tbe probable maximum point precipitation was 31.2 inches in 24 hours and 

had a maximum 13-minute intensity of 58.3 inches per hour. The 29.1-acre study 

area can produce an estimated peak discharge of 1230 cfs from the intense 

localized storm. The slope of the land s,urface and position of discharge and 

intake canals is adequate to convey the large volumes of flood waters 

generated during the localized PMP. The local drainage configuration, 

therefore, protects the plant from the localized PMP, and t.he sit.e conforms to 

criteria presented in 10CFRSO, Appendix A, GDC-2. 

Roof Drainage 

None of t.he roots of safety-related structures (turbine building~ reactor 

building, and crib house) were designed to sus tain PMP loading wi th the drains 

clogged. 

For the turbine building, assuming the drains are open, the PMP event 

will cause loading in excess of the roof structural capacity. Structural 

modifications, such as removal of portions of the parapets or the addition of 

scuppers, are recommended. 

For the reactor building and crib house, assuming the drains are fully 

operational, the PMP event does not cause loading in excess of the roof 

structural capacities. With partial blockage, however, rainfall loads are in 

excess of roof structural capacities. Structural modifications are 

recommended. An appropriate inservice inspection program may mitigate the 

consequences of severe rainfall events. An example of a program which may be 

acceptable is presented in Regulatory Guide 1.127, Inspection of Water Control 

St.ructures AsSOCiated with Nuclear Power plants. 
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expected 100-year water surface elevation will be 509.8 ft. Depending on 

tainter gate position, the standard project flood discharge results in a 
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localized storm. The slope of the land s,urface and position of discharge and 

intak.e canals is adequat.e to convey the large volumes of flood waters 

generated during the localized PMP. The local drainage configuration, 

therefore, protects the plant from the localized PMP, and the si te conforms to 

criteria presented in 10CFRSO, Appendix A, GDC-2. 

Roof Drainage 

None of the roofs of safety-related structures (turbine building~ reactor 

building, and crib bouse) were designed to sustain PMP loading with the drains 

clogged. 

For the turbine building, assuming the drains are open, the PMP event 

will cause loading in excess of the roof structural capacity. Structural 

modifications, such as removal of portions of the parapets or the addition of 

scuppers, are recommended. 

For the reactor building and crib house, assuming the drains are fully 

operational, the PMP event does not cause loading in excess of the roof 

structural capacities. With partial blockage, however, rainfall loads are in 

excess of roof structural capacities. Structural modifications are 

recommended. An appropriate inservice inspection program may mitigate the 

consequences of severe rainfall events. An example of a program which may be 

acceptable is presented in Regulatory Guide 1.127, Inspection of Water Control 

Structures AsSOCiated with Nuclear Power Plants. 
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3.3 CAPABILITY OF OPERATING PLANTS ro COPE WITH DESIGN BASIS FIDOD (DNDIT!ONS 
(SEP TOPIC II-3.B.I) 

3.3.1 Topic Background 

Protection against postulated floods can be accomplished by implementing 

emergency procedures and technical specifications. The purpose of this e~alua­

tion is to focus on the adequacy and efficacy of the Dresden plant emergency 

procedures to preclude flooding of safety-related equipment necessary for 

maintaining the safe operation and cooldown of the reactor system. Further, 

this evaluation addresses the existence of technical specifications for flood 

control sys tems and procedures. 

The fo~owing evaluation used information obtained during a Dresden plant 

site ~isit, Docket 50-237 (41,42,43), and the PMF hydrograph developed in 

Section 3.2 of this report. 

3.3.2 Topic Review Criteria 

o ANSI Nl70-1976 

o Regulatory Guide 1.59, -Design Basis Floods for Nuclear Power Plants" 

a Standard Review Plan Sections 2.4.3, 2.4.4, 2.4.5, 2.4.7, 2.4.10, 
and 2 . 4 . 4 .14. 

3.3.3 Evaluation 

Background 

The PMF and certain other floods of higher frequency have been determined 

to reach elevations which jeopardize equipment used in the normal operation of 

the Dresden plant. Consequently, the Licensee has adopted a flood emergency 

procedure {EPIP ZOO-ll, Revision 0, August 1980 (33}) which provides guidance 

for operating personnel in the event of the forecast of a flood elevation 

reaching 509 it msl or higher. 

This eValuation focuses On the acceptability and efficacy of £PIP 200-11 

as a mechanism to protect the equipment needed for reactor coo1down and 

control. Th~s evaluation considers the timing of storm precipitation and 
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3.3 CAPABILITY OF OPERATING PLANTS ro COPE WITH DESIGN BASIS FIDOD <DNDITIONS 
(SEP TOPIC 1I-3.B.l) 

3.3.1 Topic Background 

Protection against postulated floods can be accomplished by implementing 

~ergency procedures and technical specifications. The purpose of this e~alua­

tion is to focus on the adequacy and efficacy of the Dresden plant emergency 

procedures to preclude flooding of safety-related equipment necessary for 

maintaining the safe operation and cooldown of the reactor system. Further, 

this evaluation addresses the existence of technical s pecifications for flood 

control sys tems and procedures. 

The fo~owing evaluation used information obtained during a Dresden plant 

site ~isit, Docket 50-237 (41,42,43J, and the PMF hydrograph developed in 

Section 3.2 of this report. 

3.3.2 Topic Review Criteria 

a ANSI N170-1976 

o Regulatory Guide 1.59, -Design Basis Floods for Nuclear Power Plants" 

o Standard Review Plan Sections 2.4.3, 2.4.4, 2.4.5, 2.4.7, 2.4.10, 
and 2 . 4 . 4 .14. 

3.3.3 Evaluation 

Background 

The PMF and certain other floods of higher frequency have been determined 

to reach elevations which jeopardize equipment used in the normal operation of 

the Dresden plant. Consequently, the Licensee has adopted a flood emergency 

procedure (£PIP 200-11, Revision 0, August 1980 (33) which provides guidance 

for operating personnel in the event of the forecas t of a flood elevation 

reaching 509 ft msl or higher. 

This eValuation focuses On the acceptability and efficacy of £PIP 200-11 

as a mechanism to protect the equipment needed for reactor coo1down and 

control. Th~s evaluation considers the timing of storm precipitation and 
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runoff, the reactor cool down time constraints, the timely availability of 

staff and necessary specialized equipment, the identity of sate shutdown 

systems and components, and the acceptability of procedures identified in EPIP 

200-11. 

The locations and elevations of saiety-related components are presented 

in Table 2. The elevations were taken from the Dresden Station Units 2 and 3, 

-Pire Protection Systems and Programs,· Docket 50-237 and 50-249 (44). The 

information contained in Table 2 is presented to enable an identification of 

systems and components affected by flood water at various elevations. Two 

critical flood elevations exist at the site. The service water pumps in the 

crib house are affected at elevation 509 ft, while a number of other systems 

are affected as flood waters top doorway entrances to the turbine building 

above plant grade at elevation 517.5 ft. 

Focus ---
The focus of the following discuss ion is the timing of the cooldo .... n 

procedure concomi tant wi tb the rising of Illinois River flood waters. This 

background presents the temporal requirements for shutdown and cooldown to a 

·cold shutdown- condition. Further, this background presents the temporal 

characteristiCS ' of rising river water through the discussion of the critical 

time flood hydrograph (i.e., that graph which compares the river discharge to 

absolute time from the initiation of the critical time rainfall event). The 

cri tical-time flood is defined for this evaluation as the flood during which 

water level rises to elevation 509 ft and subsequently to S17.5 ft in the 

shortest possible time. The time frame in which safe shutdown must be 

achieved is determined by this critical flood. 

Reactor Shutdown Cooling (Normal Operation) 

lnitial cooldown from the operating temperature of approximately S50°F to 

350°F is accomplished using the main condensers and occurs over approximately 

4 hours . The design objective of toe reactor shutdown cooling system is to 

continue cooling of the reactor water when the temperature and pressure in the 
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runoff, the reactor cool down time constraints, the timely availability of 

staff and necessary specialized equipment, the identity of sate shutdown 

systems and components, and the acceptability of procedures identified in EPIP 

200-11. 

The locations and elevations of saiety-related components are presented 

in Table 2. The elevations were taken from the Dresden Station Units 2 and 3, 

·Pire Protection Systems and PrograJIS,· Docket 50-237 and 50-249 (44). The 

information contained in Table 2 is presented to enable an identification of 

systems and components affected by flood water at various elevations. Two 

critical flood elevations exist at the site. The service water pumps in the 

crib house are affected at elevation 509 ft, while a number of other systems 

are affected as flood waters top doorway entrances to the turbine building 

above plant grade at elevation 517.5 ft. 

Focus ---
The focus of the following discuss ion is the timing of the cooldo .... n 

procedure concomitant witb the rising of Illinois River flood waters. This 

background presents the temporal requirements for shutdown and cooldown to a 

·cold shutdown- condition. Further, this background presents the temporal 

characteristiCS ' of rising river water through the discussion of the critical 

time flood hydrograpb (i.e., that graph which compares the river discharge to 

absolute time from the initiation of the critical time rainfall event). The 

critical-time flood is defined for this evaluation as the flood during which 

water level rises to elevation 509 ft and subsequently to S17.5 ft in the 

shortest possible time. The time frame in which safe shutdown must be 

achieved is determined by this cr i tical flood. 

Reactor Shutdown Cooling (Normal Operation) 

Initial cooldown from the opeLating temperature of approximately 550°F to 

350°F is accomplished using the main condensers and occurs over approximately 

4 hours . The design objective of toe reactor shutdown cooling system is to 

continue cooling of the reactor water when the temperature and pressure in the 
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Table 2 

Locations and ~evations of Safety-Related Components 

Building 

Crib House 

Reactor Building 

Elevation· 
(f t) 

509 

S09 

476.5 

476.5 

476.5 

517.5 

545.S 

570 

589 

Equipmen t Item 

Diesel Generator Cooling 
Water Pumps 

Service Water Pump Motors 

Core Spray Pumps 

LPCIjEmergency Air Cooler 

LPCI./Containment Cooling 
(heat exchanger) 

(pumps) 

Shutdown Cooling Pumps 

Shutdown Beat Exchangers 

Reactor Building Closed 
Cooling Wa ter Pumps 

Reactor Building Closed 
Cooling Water Heat Exchanger 

Reactor Building Closed 
Cooling Water Expansion Tank 

Standby Liquid Control System 
Tank 

Standby Liquid Control 
System Pumps 

Isolation Condenser 

Equipment 
No. 

2-3903-A 
2-3903-B 

2-A-1503 
2-8-1401 

2-5746-A 
2-5746-8 

2-A-1503 
2-8-1503 
2-A-1502 
2-B-1502 
2--C-lS02 
2-[)-lS02 

2-A-I002 
2-8-1002 
2-C-I002 

2l!..-l003 
2B-l003 
2C-I003 
2A-3 70 1 
2B-3701 
2C-3 701 

2A-3702 
2B-3702 
2C-3702 

2-3703 

2-1105 

2A-l102 
28-1102 

2-1302 

*These elevations are not necessarily the lowest elevations occupied by these 
equipment items. They represent only the existence of that item at the 
specified elevation. 
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reactor fall below the point at which Cbe main condenser can no longer be used 

as a heat sink following reactor shutdown. Once the reactor water has been 

cooled to approximately 350°F by the main condenser, the shutdown cooling 

system is capable of cooling reactor water to 12SOF within 24 hours [451. 

Flood Elevation Timing 

The critical-time flood hydrograph shown in Figure 21 graphically depicts 

the relationship of flood elevation to time (hourS) since the beginning of the 

limiting rainfall event. The following iniomation can be obtained from the 

critical-time hydrograph. 

o For low elevations (i.e., small discharges), the configuration of 
tainter gates at Dresden Dam has a great effect on stream elevations. 

0 Assuming gates open to 16 ft, 22 hours will be available from the 
onset of rain until the Illinois RiVer reaches the elevation of the 
service water pumps (S09 ft msl) . 

0 Assuming gates open to 16 tt, 33 hours will be available from the 
onset of rain until the I.llinois River reaches elevation 517.5 ft IllS I 
(plant grade). 

o Assuming gates open to 16 ft, flood waters will be above elevation 509 
ft msl for ap~roximately 64 hours (2.75 days), and for a longer time 
dur ing the PMF. 

o Assuming gates open to 16 ft, flood wacers will rise from elevation 
509 to 517 ft in approximately 7 hours during the PMF. 

Discussion 

A flood emergency procedure should anticipate a flood which threatens the 

site sufficiently in advance of the occurrence of the flood to allow adequate 

time to place the plant in a safe shutdown condition (cold shutdown). 

Ideally, this shutdown procedure should be accomplished using normal shutdown 

procedures within approximately 28 hours (4 hours condenser cooling plus 24 

bours reactor shutdown cooling system). However, presuming a rapid rise of 

water which hamper s the ope.r ation of normal coo 1 down mechanisms, the emergency 

procedure should also identify the alternate cool down plan and elaborate upon 

the mechanisms and equipment used in the alternate cooldown procedure. 

~nklin Research Center 
" DIIIiaIon 01 The F ra~ IolIn Insdtut. 

-48-

TER-CS257-42l 

reactor fall below the point at which the main condenser can no longer be used 

as a heat sink following reactor shutdown. Once the reactor water has been 

cooled to approximately 350°F by the main condenser, the shutdown cooling 

system is capable of cooling reactor water to 12SOF within 24 hours [451. 

Flood Elevation Timing 

The critical-time flood hydrograph shown in Figure 21 graphically depicts 

the relationship of flood elevation to time (hourS) since the beglnning of the 

limiting rainfall event. The following iniomation can be obtained from the 

critical-time hydrograph. 

o For low elevations (i.e., small discharges), the configuration of 
tainter gates at Dresden Dam has a great effect on stream elevations. 

0 Assuming gates open to 16 ft, 22 hours will be al1ailable from the 
onset of rain until the Illinois River reaches t.he elevation of t.he 
service water pumps (S09 ft msl) . 

0 Assuming gates open to 16 tt, 33 hours will be available from the 
onset of rain until the Illinois River reaches e1el1ation 517.5 ft msl 
(plant grade) • 

o Assuming gates open to 16 it, flood waters will be above elevation S09 

ft msl for ap~roximately 64 hours (2.75 days), and for a longer time 
dur ing the PMF. 

o Assuming gates open to 16 ft, flood wa~ers will rise from elevation 
509 to 517 ft in approximately 7 hours during the PMF. 

Discussion 

A flood emergency procedure should anticipate a flood which threatens the 

site sufficiently in advance of the occurrence of the flood to allow adequate 

time to place the plant in a safe shutdown condition (cold shutdown). 

Ideally, this shutdown procedure should be accomplished using normal shutdown 

procedures within approximately 28 hours (4 hours condenser cooling plus 24 

bours reactor shutdown cooling system). However, presuming a rapid rise of 

wa ter which hamper s the oper ation of normal coo 1 down mechanisms, the emergency 

procedure should also identify the alternate cool down plan and elaborate upon 

the mechanisms and equipment used in the alternate cooldown procedure. 

~nklin Research Center 
A 0IYiaI0n 01 Th. F ra~ Iolln Insdtut. 

-48-



320,000 

280,000 

240,000 

DIfference In TIme ' 
(hours) .. _--. 

17 

11 
I----I---I::~~~I'-T .... ',.-... --- 310,000 cfs 

/ I \ W.S. £Iev. 518 (Runup to £Iev. 520.4) 

I I \ 
---+-~-+-.L..--:.r\-- 280,000 cfs 

I \ WS. Elev. 517.5 
I 
I 
1 
I 
I 
J 

I \ (All Gate CondItions) \ 

: \ 
I. \ 
I \ 

2 " 200,000 :=. I 
I 

I \ 
I \ illinois RIver At Dresdfjn Power Pfa~t 

I \/ w 
<!3 a: 
< 
J: 

I ! \ . 
g 160,000 

I \ 
I \ 

I 
J a 
I I \ 

, 20.000 

I 64 hrs. .... \ 
---~~===+=~:"":'~.====::::i~-- 125,OOOcfs 

\ W.S. Eiev. 509.0 
\ (Gates Open 18') 

\ 
I 

----~~/------~--------------------~\r-----94,OOOC~ 
80,000 " 

I I ws. £Jev. 506 It 
\ Recorded Highest 

I I \ Flood of Record (1957) 

40,000 

I , 

I " ~~~ 
(J ", or less 

I WS~~~O 
I' I (PossIble Gate 

I 
.' ,,' Closures Due 

" ".. to Opfjratlonal o .t-__ --L---L_-+-_--I. ___ -+ ______ +-_____ -4 .... ~ . Failure). 

a . 30 . 60 . . . . 90 120 

TIME SINCE BEGINNING OF RAINFALL (Hours) , 

Figure 21. Critical-Time 

~nklin Research Center 
" OMsion 01 The F'nonJd!IIlno.da • .,e 

HYDAOGAAPH 
FOR THE ILLINOIS RIVER 

ELEV A nONS ASSOCIATED WITH ST A. 92 + 80 

Bydrograph for the Illinois River ~3 
~ --- 0 

5 J! «t; ~ 
-4!r V 40 

320.000 

280,000 

240,000 

DIfference In TIme ' 
(hours) . . _--. 

17 

11 
I----+---I::~~I-/." ... I '~. --- 310,000 cfs 

/ I \ W.S. £Iev. 518 (Runup to £Iev. 520.4) 

~ I \ ___ +-+-_+_.L.-_~\ __ 280,000 cfs 

I \ W.S. Elev. 517.5 
I \ (All Gate CondItions) \ 

: \ 
I. \ 
I \ 

2 '. 200,000 
:=. 

I \ 
I \ illInois RIver At Dresdfjn Power Pfa;t 

I \ I w 
~ 
a: 
< 
J: 

I \ 
I \ 
I \ ~ 160,000 

a 
I \ 
I 64 hrs. . ~ ___ .l-~===+=:'::~~.====::::l~ __ 125,000 cfs 

\ W.S. Eiev. 509.0 120,000 
\ (Gates Open 18') 

\ 
---~~----I-,-------------'~\---94,OOO cIs 

I w.S. EJev. 506 It 
. \ Recorded Highest 

I \ Flood of Record (1957) 
80,000 '" 

I , 

I ' ---+-+----.!.--------------~-.----50, ooo'cis . 
(I ", orlsss 

I WS~~~o 
40,000 

I' I (PossIble Gate 
I Closures Due 

/1,: '.. I . to OperatIonal o .j-__ --'--'_-+-__ ...L.-T ___ -+-_____ -+ _____ ~~ . Failure). 

a . 30 . 60 . , " 90 120 

TIME SINCE BEGINNING OF RAINFALL (Hours) , 

Figure 21. Critical-Time 

~nJdin Research Center 
"OMsion QI The FranJdlII ItWiQ,jte 

HYDAOGRAPH 
FOR THE ILLINOIS RIVER 

ELEV A nONS ASSOCIATED WITH ST A. 92 + 80 

Bydrograph for the Illinois River rigS 
~ --- 0 

5 J! «t; :JJl-
-49- V 40 



TER-CS257-421 

&PIP 200-11 (flood emergency procedure) specified that, if river levels 

are forecast to exceed 509 ft elevation, reactor systems will -be cooled to 

the lowest legal temperature as quickly as possible. 8 The rate of cooldown of 

the reactor system and the lowest temperature limit are established by 

technical specification. 

In order to accomplish an iaeal normal cooldown, -the receipt of a 

forecast of 'l"ater elevation exceeding 509 ft IDSl should be reCeived by the 

Operati ons Director 6 hours in advance of the onset of rain (2.8 hours shutdown 

time minus 22 ho'urs from onse t of rain to water level of 509 ft IDS 1) • This is 

an unlikely situation since meteorological prediction is not sufficiently 

accurate. Consequently, for each hour lost due to late flood prediction, an 

hour of normal oooldown procedure will be lost. 

Once the flood reaches elevation 509 ft, the normal cooldown system will 

be activated. The service water pump and diesel-driven fire pumps are located 

ac elevation 509.5 ft mal. According to EPIP 200-11, the cooling of the 

reactor will be tIansfered to the isolation condensers. The isolation 

condensers will be fed with coolant water by the condensate transfer and clean 

demineralized water pump from the time flood waters rise from elevation 509 ft 

to 517 ft. Following system deenergizing and loss of ac power at flood 

eleva~ion 517 ft, gasoline-driven pumps will supply the isolation condensers 

with coolant water from the intake canal via the fire system. If, for some 

reason, the gasoline-driven pumps cannot feed the isolation condensers through 

the fire protection system, direct suction will be taken from flood waters 

above elevation 517 ft. 

~hen flood water has receded below elevation 509 ft, the Dresden flood 

emergency procedure directs that the previously moved service water pump 

motors be replaced to their original mounting, enabling normal operation of 

the cooldown system. Power for the service water motors is to be supplied by 

onsite emergency power systems. 
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Itemized Review of Emerqency Procedure 

The Dresden Flood Emergency Plan, EPIP 200-11, attempts to present 

acceptable procedures for maintaining the plant in a safe shutdown condition 

throughout the duration of a flood which prevents normal plant operation. 

This plan, in its present form, lacks sufficient specificity and is untested. 

Deficiencies in the procedure are identified below in chronological and 

alphabetical order corresponding to the same sections of EPIP 200-11. The 

Licensee text is presented within quotation marks. 

This procedure delineates actions to be taken in the event a maximum 
flood of Units 2 and 3 is anticipated. w 

It should also be recognized that this procedure will be initiated for 

floods exceeding elevation 509 ttl not only maximum floods or the ?ME. Thus, 

this procedure should delineate actions to be taken in the event a flood is 

predicted or anticipated to reach elevation 509 ft. For reference, it has 

been determined that the frequency of flooding up to elevation 509 ft msl with 

all lock gates open to t.ne l6-ft gate is in the once-in-lOO-year J:"ange. 

-F. PROCEDURE 

1. Obtain from the O.S. Weather Bureau, the current list of recording 
precipi ta tion stations in the Des PIa ines River Bas in and Kankakee 
River Basin, when extremely heavy rains (approximately three inches 
per hOUL) are predicted for the Des Plaines and Kankakee River Basins 
s illlul taneously ... 

2. Obtain from each of the recording precipitation stations in the Des 
Plaines River Basin and Kankakee River Basin, the accumulated 
rainfall since the beginning of the storm and the time the storm 
beqan. • 

The procedural steps identified above need to be streamlined to enable 

the Operations Director or Station Director to more expeditiously accumulate 

information pertaining to rainfall intensity, duration, and time of initiation. 
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Itemized Review of Emerqency Procedure 

The Dresden Flood Emergency Plan, EPIP 200-11, attempts to present 

acceptable procedures for maintaining the plant in a safe shutdown condition 

throughout the duration of a flood which prevents normal plant operation. 

This plan, in its present form, lacks sufficient specificity and is untested. 

Deficiencies in the procedure are identified belo~ in chronological and 

alphabetical order corresponding to the same sections of EPIP 200-11. The 

Licensee text is presented within quotation marks. 

This procedure delineates actions to be taken in the event a maximum 
flood of Units 2 and 3 is anticipated. w 

It should also be recognized that this procedure will be initiated for 

floods exceeding elevation 509 it, not only maximum floods or the?MF. Thus, 

this procedure should delineate actions to be taken in the event a flood is 

predicted or anticipated to reach elevation 509 ft. For reference, it has 

been determined that the frequency of flooding up to elevation 509 ft msl with 

all lock gates open to t.ne 16-ft gate is in the once-in-100-year range. 

-F. PROCEDURE 

1. Obtain from the O.S. weather Bureau, the current list of recording 
precipi ta tion stations in the Des Pia ines River Bas in and Kankakee 
River Basin, when extremely heavy rains (approximately three inches 
per hOUL) are predicted for the Des Plaines and Kankakee River Basins 
s imul tan eo us ly • • 

2. Obtain from each of the recording precipitation stations in the Des 
Plaines River Basin and Kankakee River Basin, the accumulated 
rainfall since the beginning of the storm and the time the storm 
beqan. • 

The procedural steps identified above need to be streamlined to enable 

the Operations Director or Station Director to more expeditiously accumulate 

information pertaining to rainfall intensity, duration, and time of initiation. 
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-4. If the river levels are forecast to exceed 509' elevation (traveling 
screen elevation in Unit 2/3 crib bouse),· 

It is not clear who is proyiding the forecast of exceeding the 509 ft 

elevation. 

·The Station Director or Operations Director will direct the Station in 
accomplishing the following steps: 

a. Units 2 and 3 will be shut down, the drywells will be deinerted and 
the reactor vessels flooded. 

b. Reactor systems will be cooled to the lowest legal temperature as 
quickly as is practical.-

Item 4b should read -reactor systems will be cooled as quickly as 

possible within the constraints of reactor operation technical specifications. R 

·c. Two of the Service Wa ter Sys tern Pump l-btor s will be removed to an 

elevation above 530'. Protection for other motors should be provided 
as time permi ts . • 

As Commonwealth Edison representatives explained during an NRC site visit 

that addreSSed this issue [44], the service water pump motors will be lifted 

and moved USing an overhead hoist. The motors will be disconnected, lifted, 

transferred to another hoist at a higher elevation, and held there for the 

duration of the flood. After the flood has receded, tbe service water pump 

motors will be replaced, thus enabling normal reactor cooling to take place. 

An inspection of the service water pump motors during the site visit (44) 

indicated that the previously identified procedure co~d take considerably 

more time than that available for water levels rising to the 509 ft elevation. 

Also, no protection equipment was readily available to protect other motors. 

Further, the procedure identified bas never been executed on a trial basis. 

-d. A level gauge will be installed in the ani t 2/3 crib house intake 
canal. Readings will be taken on this gauge on a frequency specified 
by the Operations Director.· 

This gauge should be permanently installed in the Units 2 and 3 crib 

house intake canal. 
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-4. If the river levels are forecast to exceed 509' elevation (traveling 
screen elevation in Unit 2/3 crib bouse),· 

It is not clear who is providing the forecast of exceeding the 509 ft 

elevation. 

-The Station Director or Operations Director will direct the Station in 
accomplishing the following steps: 

a. Units 2 and 3 will be shut down, the drywells will be deinerted and 
the reactor vessels flooded. 

b. Reactor systems will be cooled to the lowest legal temperature as 
quickly as is practical.-

Item 4b should read -reactor systems will be cooled as quickly as 

possible within the constraints of reactor operation technical specifications. R 

·c. Two of the Ser vi ce Wa ter Sys tern Pump Me tor s will be removed to an 

elevation above 530'. Protection for other motors should be provided 
as time permi t.s • • 

As Commonwealth Edison representatives explained during an NRC site visit 

that addressed this issue [44], the service water pump motors will be lifted 

and moved USing an overhead hoist. The motors will be disconnected, lifted, 

transferred m another hoist at a higber elevation, and held there for the 

duration of the flood. After the flood has receded, the service water pump 

motors will be replaced, thus enabling normal reactor cooling to take place. 

An inspection of the service water pump motors during the site visit (44) 

indicated that the previously identified procedure could take considerably 

more time than that available for water levels rising to the 509 ft elevation. 

Also, no protection equipment was readily available to protect other motors. 

Further, the procedure identified bas never been executed on a trial basis. 

-d. A level gauge will be installed in the ani t 2/3 crib house intake 
canal. Readings will be taken on this gauge on a frequency specified 
by the Operations Director.· 

This gauge should be permanently installed in the Units 2 and 3 crib 

house intake canal. 
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-e. At least four gasoline-driven pumps will be obtained and at least two 
of them will be installed with the suction taken from the intake 
canal and discharging into the fire system.-

The exact onsite location of four gasoline-driven pumps could not be 

identi fied by Licensee representatives during the NRC site l1isit (46J. The 

Licensee defended the acceptability of this deficiency by sta t ing that within 

a matter of hours the central Commonwealth Edison supply division could fly in 

several pumps at the request of the Station Director. Although t.his is a 

reasonable scenario, it should be recognized that there will be great demand 

for pumps throughout the Commonwealth Edison electrical supply area throughout 

the duration of this severe flood. Consequently, it is recommended that 

dedicated pumps be available on the site for this specialized purpose. 

Further, the procedure used and equipment needed to perform the connection 

of qasolin~-driven pumps to the fire system was not immediately obvious to 

Licensee representatives during the NRC site visit. Specialized equipment, 

attachments, and accessories should be stored on the site for the sole purpose 

of supporting the flood emergency procedure. 

-g. The cooling of the reactors will be transferred to the isolation 
condensers. • 

The appropriate station procedure for isolation condenser cooling should 

be identified for the operator's reference. 

-5. If the river leveLs are forecast to exceed elevation 517', the 
following steps will be implemented:· 

This statement fails to identify personnel responsible for flood predic­

tion and the manner in wbi Ch the prediction will be made. 

-d. The vents on th~ Below-Ground Diesel Oil Storage Tanks will be sealed 
or extended to 25' above the ground.-

The Licensee has no specialized equipment readily available on the site 

wtlich will enable the storage tank vents to be extended 25 ft above the 

ground. Such a vent extension should be capable of withstanding the lateral 

forces of moving flood water. Specialized equipment should be available and 

dedicated to the sole purpose of protecting the tank from flood waters. 
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-e. At least four gasoline-driven pumps will be obtained and at least two 
of them will be installed with the suction taken from the intake 
canal and discharging into the fire system.-

The exact onsite location of four gasoline-driven pumps could not be 

iden t i fi ed by wcensee representatives during the NRC site l1isit (46J. The 

Licensee defended the acceptability of this deficiency by stating that within 

a matter of hours the central Commonwealth Edison supply division could fly in 

several pumps at the request of the Station Director. Although this is a 

reasonable scenario, it should be recognized that there will be great demand 

for pumps throughout the Commonwealth Edison electrical supply area throughout 

the duration of this severe flood. Consequently, it is recommended that 

dedicated pumps be available on the site for this specialized purpose. 

Further, the procedure used and equipment needed to perform the connection 

of gasolin~-driven pumps to the fire system was not immediately obvious to 

Licensee representatives during the NRC site visit. Specialized equipment, 

attachments, and accessories should be stored on the site for the sole purpose 

of supporting the flood emergency procedure. 

-g. The cooling of the reactors will be transferred to the isolation 
condensers. • 

The appropriate station procedure for isolation condenser cooling should 

be identified for the operator's reference. 

-5. If the river level.s are forecast to exceed elevation 517', the 
following steps will be implemented:· 

This statement fails to identify personnel responsible for flood predic­

tion and the manner in which the prediction will be made . 

-d. The vents on th~ Below-Ground Diesel Oil Storage Tanks will be sealed 
or extended to 25' above the ground.-

The Licensee has no specialized equipment readily available on the site 

Which will enable the storage tank vents to be extended 25 ft above the 

ground. Such a vent extension should be capable of withstanding the lateral 

forces of moving flood water. Specialized equipment should be available and 

dedicated to the sole purpose of protecting the tank from flood waters. 
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-t. Boats with motors will be obtained to provide transportation between 
plant and higher ground as well as around the plant.-

Several boats should be available on the site, since boats will be in 

short suppl y during severe flood occurrences. 

-h. A pressure gauge will be installed on the reactor level instrument 
line to monitor reactor water level after power is lost.-

It is not clear how this pressure gauge will be used to directly measure 

reactor water level. An appropriate alternative should be devised which 

enables the plant staff to directly determine reactor water level during the 

flood event. 

No procedure has been identified which would enable the water level to be 

increaa ed if necess ary . 

No mention is made of the mechanism which will provide reactor vessel 

temperature indication. Monitored temperature information is extremely 

important, as are pressure and level indication. 

-6. When the water reaches elevation 517' de-energize all transformers 
and motor control centers on elevation 517'. 

a. When power is lost to Condensate Transfer and Clear Demineralized 
Water Pumps, use the fire system to supply make-up water to the 
isolation condensers. 

b. OPEN all doors to permit free flow of water through the plant. 

c. If the gasoline-driven pumps cannot continue to supply water 
through the fire system to the isolation condensers, tbey will be 
moved inside of the Reactor Building and connected to the make-up 
line to each isolation condenser. Suction for the pump will be 
from the local area. There should be several feet of water above 
elevation 517' by tbis time.-

It is recommended that consideration be given to permanent installation 

of gasoline-driven pumps at elevations high enough to preclude their being 

affected by the PMF. This would prevent both lost cooling time during transfer 

of pump location and general disarray during an already complicated maneuver. 

-d. Two of the gasoline pumps will be used to pump river water into the 
fuel pools to supply make-up water Eor steaming in the pools.-
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-f. Boats with motors will be obtained to provide transportation between 
plant and higher ground as well as around the plant.-

Several boats should be available on the site, since boats will be in 

short suppl y during severe flood occurrences. 

-h. A pressure gauge will be installed on the reactor level instrument 
line to monitor reactor water level after power is los t.· 

It is not clear how this pressure gauge will be used to directly measure 

reactor water level. An appropriate alternative should be devised which 

enables the plant staff to directly determine reactor water level during the 

flood event. 

No procedure has been identified which would enable the water level to be 

increaa ed if necess ary . 

No mention is made of the mechanism which will provide reactor vessel 

temperature indication. Monitored temperature information is extremely 

important, as are pressure and level indication. 

-6. When the water reaches elevation 517' de-energize all transformers 
and motor control centers on elevation 517'. 

a. When power is lost to Condensate Transfer and Clear Demineralized 
Water Pumps, use the fire system to supply make-up water to the 
isolation condensers. 

b. OPEN all doors to permit free flow of water through the plant. 

c. If the gasoline-driven pumps cannot continue to supply water 
through the fire system to the isolation condensers, tbey will be 
moved inside of the Reactor Building and connected to the make-up 
line to each isolation condenser. Suction for the pump will be 
from the local area. There should be several feet of water above 
elevation 517' by tbis time.-

It is recommended that consideration be given to permanent installation 

of gasoline-driven pumps at elevations high enough to preclude their being 

affected by the PMF. This would prevent both lost cooling time during transfer 

of pump location and general disarray during an already complicated maneuver. 

-d. Two of the gasoline pumps will be used to pump river water into the 
fuel pools to supply make-up water for steaming in the pools.-
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The function of the spent fuel pool cooling system is to keep the spent 

fuel assemblies cooled and covered with water. The Licensee's procedure has 

only addressed the loss of water level and not maintenance of spent fuel 

temperature. Flood water to elevation 517 ft will affect the normal operation 

of the spent fuel coolant system resulting in an escalation of pool water 

temper atures. 

The acceptability of this procedure should be addressed in SEP Topic IX-l, 

-Fuel Storage," and is outside of the scope of this hydrologic review. 

-9. Power from off-site sources will established as soon as possible 
after the water recedes.-

As indicated in this statement, normal reactor cooling procedures will 

not ensue immediately following the time flood waters drop below elevation 509 

ft. Consequently, the operation of gasoline-driven pumps will be required for 

a significant period of time, i.e., more than 3 days. It is recommended that 

an adequate supply of fuel for the gasoline-driven pumps be available, thus 

enabling long-term uninterrupted operation of these pumps throughout the flood 

emergency. 

-G. CHECKLISTS 

None. -

It is recommended that comprehensive work item checklists be developed 

for each procedure identified in the flood emergency plan to prevent a 

misinterpretation of procedure. Checklists containing the names of equipment 

items used in each of the procedures should also be developed . Specifically, 

procedures F.4.c, F.4.e, F.5.d, F.5.g, F.5.h, and F.6.c should be supported by 

work item and equipment checklists. 

3.3.4 Conclusions 

Emergency Procedure 

In sum, tbe flood emergency procedure EPIP 200-11 needs to be modified to 

address the multitude of operational and mechanical problems which will ensue 

during a flood exceeding plant grade. 
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The function of the spent fuel pool cooling system is to keep the spent 

fuel assemblies coaled and covered with water. The Licensee's procedure has 

only addressed the loss of water level and not maintenance of spent fuel 

temperature. Flood water to elevation 517 ft will affect the normal operation 

of the spent fuel coolant system resulting in an escalation of pool water 

temper atures. 

The acceptability of this procedure should be addressed in SEP Topic IX-I, 

-Fuel Storage," and is outside of the scope of this hydrologic review. 

-9. Power from off-site sources will established as soon as possible 
after the water recedes.-

As indicated in this statement, normal reactor cooling procedures will 

not ensue immediately following the time flood waters drop below elevation 509 

ft. Consequently, the operation of gasoline-driven pumps will be required for 

a significant period of time, i.e., more than 3 days. It is recommended that 

an adequate supply of fuel for the gasoline-driven pumps be available, thus 

enabling long-term uninterrupted operation of these pumps throughout the flood 

emergency. 

- G. CHECKL IS TS 

None. -

It is recommended that comprehensive work item checklists be developed 

for each procedure identified in the flood emergency plan to prevent a 

misinterpretation of procedure. Checklists containing the names of equipment 

items used in each of the procedures should also be developed . Specifically, 

procedures F.4.c, F.4.e, F.5.d, F.5.g, F.S.h, and F.6.c should be supported by 

work item and equipment check.lists. 

3.3.4 Conclusions 

Emergency Procedure 

In sum, tbe flood emergency procedure EPIP 200-11 needs to be modified to 

address the multitude of operational and mechanical problems which will ensue 

during a flood exceeding plant grade. 
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been exercised, an experience which would identify problems to be encountered 

in an actual emergency. A dedicated isolation condenser feed pump should be 

installed (to act as hardened protection) at a flood protected elevation, and 

procedure £PIP 200-11 should be exercised and updated. This type of active 

protection is a reasonable alternative to passive protection (flood walls, 

doors, etc~). 

Technical Specifications 

Tbere are presently no plant technical specifications which incorporate 

flood emergency procedures at the Dresden Nuclear Power Station unit 2. 

Technical specifications which limit the operation of the plant when water 

level exceeds approximately 508 ft msl are recommended. This elevation was 

chosen because the limiting elevation for continuous normal operation of the 

circulation water system is approximately 509 ft IllS!. 

3.4 SAFETY-REIAIT.D WATER SUPPLY (SEP TOPIC II-3.C) 

3.4.1 Topic Background 

This topic reviews the acceptability of a particular feature of the 

cooling water system, namely, the ultimate heat sink (UBS). The review is 

based on current criteria contained in Regulatory Guide 1.27, Rev. 2, which is 

an interpretation of General Design Criterion (GDC) 44, ·Cooling Water,· and 

GDC 2, -Design Bases For Protection bgainst Natural Phenomena,· of 10CFR50, 

Appendix A. 

GDC 44 requires, in part, that suitable redundancy of features be provided 

for cooling wacer systems to ensure that they can perform their safety 

function. GDC 2 requires, in part, that structures, systems, and components 

important to safety be designed to withstand the effects of natural phenomena 

without loss of ability to perform their safety functions. Regulatory Guide 

L 27 has been specifically ci ted by the NRC's Regulatory Requ irements Review 

Committee as applicable to the SEP review of operating reactors. This guide 

is used in judging whether the facility design complies with current 

cr iter ia. 
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been exercised, an experience which would identify problems to be encountered 

in an actual emergency. A dedicated isolation condenser feed pump should be 

installed (to act as hardened protection) at a flood protected elevation, and 

procedure EPIP 200-11 should be exercised and updated. This type of active 

protection is a reasonable alternative to passive protection (flood walls, 

doors, etc~). 

Technical Specifications 

Tbere are presently no plant technical specifications which incorporate 

flood emergency procedures at the Dresden Nuclear Power Station Cnit 2. 

Technical specifications which limit the operation of the plant when water 

level exceeds approximately 508 ft msl are recommended. This elevation was 

chosen because the limiting elevation for continuous normal operation of the 

circulation water system is approximately 509 ft IllS!. 

3.4 SAFETY-REIAIT.D WATER SUPPLY (SEP TOPIC II-3.C) 

3.4.1 Topic Background 

This topic reviews the acceptability of a particular feature of the 

cooling water system, namely, the ultimate heat sink (UBS). The review is 

based on current criteria contained in Regulatory Guide 1.27, Rev. 2, which is 

an interpretation of General Design Criterion (GDC) 44, ·Cooling Water,· and 

GDC 2, -Design Bases For Protection Against Natural Phenomena,· of lOCFR50, 

Appendix A. 

GeC 44 requires, in part, that suitable redundancy of features be provided 

for cooling wacer systems to ensure that they can perform their safety 

function. GDC 2 requires, in part, that structures, systems, and components 

important to safety be designed to withstand the effects of natural phenomena 

without loss of ability to perform their safety functions. Regulatory Guide 

1.27 has been specifically cited by the NRC's Regulatory Requirements Review 

Committee as applicable to the SEP review of operating reactors. This guide 

is used in judging whether the facility design complies with current 

cr iter ia. 
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The UHS, as reviewed under this topic, is the complex of water sources, 

- including necessary retaining structures (e.g., a pond with its dam or a 

cooling tower 5 upply basin), and the canals or conduits connecting the sources 

to the cooling water sys tem intake structures, but excludes the intake 

structures themselves. The OBS performs two principal safety functions: (1) 

dissipation of residual heat after reactor shutdown and (2) dissipation of 

residual heat after an accident. 

Availability of an adequate supply of water for the ORS is a basic 

requirement for any nuclear power plant. Since there are ~arious methods of 

satisfying the requirement, oas designs tend to be unique to each nuclear 

plant, depending upon its particular geographical location. Regulatory Guide 

1.27 provides uas examples that the NRC staff has found acceptable. 

The UHS must also be able to disSipate the maximum possible total heat, 

including the effects of a loss-of-coolant accident (WCA) under the worst 

combination of adverse environmental conditions. The maximum ~lerable 

temperature of an 0liS such as a cooling pond may significanUy limit its 

ability to dissipate the beat load following a LOCA or plant shutdown, while 

for a OHS such as a large lake, river, or ocean, maximum temperature may not 

be a significant concern. 

Because of the importance of the UBS, it should be able to perform its 

safety function during and following the most severe natural phenomena or 

accidents postulated at the site. In addition, the sink safety functions 

sbould be ensured during other applicable site-related events that may be 

caused by less severe natural phenomena and accidents in reasonable 

combination. 

3.4.2 Topic Review Criteria 

The criteria by which the UBS was evaluated in this topic review are taken 

from Regulatory Guide 1.27, -Ultimate aeat Sink For Nuclear Power Plants.­

Regulatory Guide 1.27 criteria are as follows: 
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Tbe UHS, as reviewed under this topic, is the complex of water sources, 

- including necessary retaining structures (e.g., a pond with its dam or a 

cooling tower supply basin), and the canals or condui ts connecting the sources 

to the cooling water system intake stLuctures, but excludes the intake 

structures themselves. The OHS performs two principal safety functions: (1) 

dissipation of residual heat after reactor shutdown and (2) dissipation of 

residual heat after an accident. 

Availability of an adequate supply of water for the ORS is a basic 

requirement for any nuclear power plant. Since there are various methods of 

satisiying the requirement, oas designs tend to be unique to each nuclear 

plant, depending upon its particular geographical location. Regulatory Guide 

1.27 provides uas examples that the NRC staff has found acceptable. 

The UHS must also be able to dissipate the maximum possible total heat, 

including the effects of a loss-of-coolant accident (WCA) under the worst 

combination of adverse environmental conditions. Tbe maximum tolerable 

tempeJ:"ature of an 0liS such as a cooling pond may significantly limit its 

ability to dissipate the beat load following a LOCA or plant shutdown, while 

for a OHS such as a large lake, river, or ocean, maximum temperature may not 

be a significant concern. 

Because of the importance ot the UBS, it should be able to perform its 

safety func~ion during and following the most severe natural phenomena or 

accidents postulated at the site. In addition, the sink safety functions 

sbould be ensureO during other applicable site-related events that may be 

caused by less severe natural phenomena and accidents in reasonable 

combination . 

3.4.2 Topic Review Criteria 

The criteria by which the tJBS was evaluated in this topic review are taken 

from Regulatory Guide 1.27, -Ultimate aeat Sink Par Nuclear Power Plants.­

Regulatory Guide 1.27 criteria are as follows: 
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-1. The ultimate heat sink should be capable of providing sufficient 
cooling for at least 30 days (a) to permit 5 imultaneous safe shutdown 
and cooldown of all nuclear reactor units that it serves and to 
maintain them in a safe shutdown condition, and (b) in the event of 
an accident in one unit, to limit the effects of that accident 
safely, to permit simultaneous and safe shutdown of the remaining 
units, and to maintain them in a safe shutdown condition. Procedures 
for ensuring a continued capability after 30 days should be available. 

2. The ultimate heat sink complex, whether composed of single or 
mult.iple water sources, should be capable of ',, }. thstanding, without 
loss of the sink safety functions specified in regulatory position 1, 
the following events: 

a. the most severe natural phenomena expected at the site, with 
appropriate ambient conditions, but with no two or moce such 
phenomena occur ring s imul taneously, 

b. the site-related events (e.g., transportation accident, river 
diversion) that historically have occurred or that may occur 
during the plant lifetime, 

c. reasonably probable combinations of less severe natural phenomena 
and/or site-related events, 

d. a single failure of manmade structural features. 

3. The ultimate heat sink should consist of at least two sources of 
water, including their retaining structures, each with the capability 
to perform the safety functions specified in regulatory position 1, 
unless it can be derocmstrated that there is an extren:ely 10\01 

probability of losing the capability of a Single source. 

4. The technical specifications for the plant should include provisions 
for actions to be taken in the event that conditions threaten partial 
loss of the capability of the ultimate heat sink or the plant 
temporarily does not satisfy regulatory positions land 3 during 
oper ation.-

In addition to Regulatory Guide 1.27, clarifications are contained in 

Standard Review Plan (SRP) , Sections 2.4.11, -Low Water Considerations,~ and 

9.25, -Ultimate Beat Sink.-
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-1. The ultimate heat sink should be capable of providing sufficient 
cooling for at least 30 days (a) to permit simultaneous safe shutdown 
and cooldown of all nuclear reactor units that it serves and to 
maintain them in a safe shutdown condition, and (b) in the event of 
an accident in one unit, to limit the effects of that accident 
safely, to permit simultaneous and safe shutdown of the remaining 
units, and to maintain them in a safe sbutdown condition. Procedures 
for ensuring a continued capability after 30 days should be available. 

2. The ultimate heat sink complex, whether composed of single or 
mult.iple water sources, should be capable of ·,, }. thstanding, without 
loss of the sink safety functions specified in regulatory position 1, 
the following events: 

a. the most severe natural phenomena expected at the site, with 
appropriate ambient conditions, but with no two or moc€ such 
phenomena occurring simultaneously, 

b. the site-related events (e.g., transportation accident, river 
diversion) that historically have occurred or that may occur 
during the plant lifetime, 

c. reasonably probable combinations of less severe natural phenomena 
and/or site-related events, 

d. a single failure of manmade structural features. 

3. The ultimate heat sink should consist of at least two sources of 
water, including their retaining structures, each with the capability 
to perform the safety fUnctions specified in regulatory position 1, 
unless it can be derocmstrated that there is an extren::ely low 
probability of losing the capability of a single source. 

4. The technical specifications for the plant should include provisions 
for actions to be taken in the event ilia t conditions threa ten partial 
loss of the capability of the ultimate heat sink or the plant 
temporarily does not satisfy regulatory positions 1 and 3 during 
oper ation.-

In addition to Regulatory Guide 1.27, clarifications are contained in 

Standard Review Plan (SRP), Sections 2.4.11, -Low Water Considerations,~ and 

9.25, -Ultimate Beat Sink.-
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3.4.3 Eval uation 

Tbe Des Plaines and Kankakee Rivers provide the normal heat sink fo r the 

disposal of unusable energy from the thennodynamic cycle of Dresden Uni ts 2 

and 3. The rivers also provide the principal means for remo~al of the fission 

product decay heat of the nuclear care following a unit shutdown (see Figure 

22) • 

The normal pool water level above the Dresden Island Lock and Dam is 505 

ft 0 in msl. The pool level can vary from a low of 503 ft a in to a high of 

506 it 5 ;n rr.sl. The pool level below the Dresden Dam is 483 ft 4 in msl. 

Units 2 and 3 share a common intake canal approximately 1,800 ft lang (see 

Figure 23). The high point on the floor of the intake canal is 495 ft 0 in 

and is located 1.23 ft downstream of the floating booms which protect the 

entrance to the canal from floating debris. The canal floar then decreases in 

elevation until a low point of 482 ft 6 in is reached at the forebay of the 

crib bouse. There is a discharge canal approximately 2,000 ft long. One 

canal serves both Units 2 and 3. The high point of 498 ft 0 in, on the floor 

of the disc.haL'ge canal, is located near the discharge flume, the point where 

the canal joins the river. Between this high point and t.be discharge head 

wor k.s r the floor of the canal decreases to an ele~ation of 489 ft 0 in. 

Connecting the discharge head works of Units 2 and 3 and the forebay of Units 

2 and 3 cribhouse is an a-ft diameter deicing line. The bottom of the deicing 

line in the head worKS has an elevation of 495 ft 0 in. A slide gate valve is 

used to isolate this line when not. in use. The low point of the deicing line 

in the forebay is 489 ft 0 in InSl. 

In Reference 47, the Licensee identified the isolation condenser as an 

alternate DRS source. The isolation condenser system provides for coaling of 

the reactor core in the event that reactor feedwater capability is lost and 

other heat removal systems become inoperative. This alternate source of 

cooling water is a once-through system and operates by natural circulation 

without the need for driving power ather than the de electrical power needed 

to put the system into operation. Substantial makeup capacity is pro~ided 

from diverse sources. water stored in the isolation condenser and Kept at 

full level during standby operation can be supplemented during condenser 
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TER--cS257-421 

opeLation from the 200,OOO-gallon demineralized water tank, the 700,OOO-gallon 

contaminated demineralized water tanks, and the fire water system. Reference 

48 identifies that the contaminated demineralized water systems provide a 

source of water following a loss of offsite ac power. 

The most severe challenges to the UHS function at Dresden Units 2 and 3 

occur when a failure is postulated to the Dresden Lock and Dam or when a PMF 

is postulated at tOe site. The vulnerability of the UB.S complex to these two 

evencs is discussed in Section 3.4.3.1. 

3.4.3.1 Vulnerability of the U.!:iS to Failure of the Dresden Lock and Dam 

The failure of the Dresden Lock and Dam can t>e postulated to occur due to 

catastrophic structural failure or to seismically induced structural failure. 

Although both of these events are considered by the Licensee to be low 

probability events, consideration of these events is consistent with topic 

review cri teria. In Reference 47 I the Licensee provided an evaluation of a 

catastrophic failure of the Dresden Lock and Dam. That evaluation concluded 

that Dresden Units 2 and 3 can be safely shut down and maintained in that 

condition. As described by the Licensee, the first control room indication of 

trouble would be a drop in the power requirements of the circulating water 

PUIllps and seLvice water pumps. The vacuum on each unit condenser would 

decrease and the reactors would scram on condenser low vacuum. With the loss 

of the main heat sink, reactor pressure would increase and the isolation 

condenser on each unit would go into service. Following the reactor scram on 

Units 2 and 3, the relief valves from the primary system to the suppression 

chamber would open to maintain a fixed pressure. Level in the reactor would 

be maintained by reactor feed pumps, control rod drive pump, or, in the case 

of loss of auxiliary power, the HPeI. With the initiation of the isolation 

condenser, depressurization of the primary system would start. Each of the 

reactors could now be depressurized at a controlled rate by use of its 

isolation condenser. By using the isolation condenser, the primary system 

temperature could be reduced to 2l2°P in 8 to 12 hours and held at this 

point. The temperature could not be reduced below this point since the sys tern 

depends on steam flow to remove the core decay heat. 
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Tbe availability of Makeup water to the isolation condensers is dependent 

upon the nature of the initiating event. If the dam failed due to 

catastrophic stxuctUIal failure, then makeup could be provided by any of the 

three sources previously mentioned. If the dam failure was caused by seismic 

phenomena wi th concomitant effects such as fa il ure of other non-se ismic 

structures and loss of offsite power, then ~keup water must come from a 

seismically qualified source. In Reference 47. the r.i.censee indicated that 

the demineralized water tank and the contaminated demineralized water tank 

were not designed to wi thstand seismic phenomena and therefore would not be 

available. For Units 2 and 3 the Licensee states: 

-River water would be pumped to the isolation condensers by use of the 
diesel-driven fire pumps or by using a local city fire trUCK taking 
suction from the area in front of the Uni t 1 intake 'structure and pumping 
into the fire system. The fire system is considered a Class II system, 
however parts of this system can meet the requirements of a Class I 
system. By use of existing valves, it is possible to sectionalize the 
system to isolate the failed parts.-

In Reference 48, the water capacity of the isolation condenser was 

described as sufficient for approximately 20 ~inute5 without makeup water. 

Taking into account the limi tations that may be imposed on freedom of IDOvement 

following the occurrence of a severe earthquake, it can be concluded that the 

time available is' not sufficient to isolate failed parts of the fire system or 

to rely on the use of a fire truck. 

The OHS as reviewed under this topic is the complex of water sources and 

the canals or conduits connecting the sources to the cooling water system 

intake structures, but excludes the intake structure and interconnections to 

the plant cooling systems. The following discussion is provided to aid in 

understanding the design capability of systems which interface with the OHS. 

In Reference 49, a seismic review team concluded that, in the case of Dresden 

Unit 2, there is strong reason to believe that the sys tems required for safe 

shutdown will remain funtional under the design hazard (i.e., a SSE of 

0.2 g). This conclusion was predicated upon the redundancy of safety systems 

and components within safety systems and on the premise that a comprehensive 

equipment maintenance program has been carried out. The seismic review team 
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concluded that the isolation condenser would withstand the 0.2 9 SSE without 

l05S of function. An assessment of the seismic capability of the intake 

structure or the fire system was not identified. 

wi th respect to the UHS complex itself, the effect of earthquakes on the 

Kankakee and Des Plaines Rivers is not considered to pose a significant threat 

to tne availability of the water source. In addition, the canals were 

constructed by excavating bedrock to the desired depth. Regolith situated on 

top of the bedrock was cut back from the canal edges. which precludes canal 

blockage resulting from a seismic event. The topography of the circulating 

water canals enables approximately 9,000,000 gallons of river water to be 

trapped wi thin the intake and discharge canals when water in the rivers drop 

below the QIOuth of the int.ake and discharge canals . This is due to the high 

points in both the int.ake and discharge canals. As the Dresden Dam pool level 

would fall. backflow from the discharge canals would s top at 498 ft a in. and 

from the intake canals at 495 ft a in. In References 47 and 50, the Licensee 

descrioes how the impounded river water would be used as a heat sink for long­

term cooling. Specifically, the Licensee stated: 

-The suctions of the service water pumps for Units 2 and 3 are below 
elevation 495 feet 0 in1 therefore. a service water pump could be valved 
to supply cooling water to the reactor building closed cooling system 
which, in turn. could be valved to cool the reactor shutdown heat 
exchangers. The heated service water would be discharged to the 
discharge canal to dissipate its heat to the environs. The water in the 
discharge canal would then be recirculated back to the intake canal 
through the deicing line. Operation of the Units 2 and 3 diesel 
generators is assured since the suc~ion for their cooling water pumps are 
at 487 feet 8 inches. The diesel fire pump of Units 2 and 3 has its 
suction at 492 feet 0 in. Loss of impounded river water, due to 
evaporation, could be made up by use of portable low head, high volume. 
eng ine-driven pumps. Commnweal th Edison has six 1500 gpm eng ine-driven 
pumps on standby at various fossil fuel generating stations. These pumps 
could be moved to Dresden within 6 hours. Pumps are also available from 
large Contractors in the nor thern Illinois area.· 

The Licensee I s description impl ies that the impounded canal water is used 

essentially as a cooling pond follOWing failure of the Dresden Lock and Dam. 

During an October 29, 1981 site visit, the Licensee was requested to augment 

this descrip~ion by providing transient analyses of supply and/or temperature 

which demonstrate the capability of the water impounded in the canals to 
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support simultaneous safe shutdown on units 2 and 3. In response to that 

reques t, the Licensee s ubmi tted an analys is [6 J that calculated the amount of 

water required to remove decay beat produced by one 2577 MWt (102% of rated 

power) reactor for 30 days. Approximately 2,500,000 gallons per reactor are 

required. The Licensee stated that -this water would not be returned but 

would be boiled off- within the isolation condenser. In addition. the 

Licensee indicated that an additional small amount of water would be needed to 

cool the pumps and diesels that are required to supply the water to the 

isolation condens er. 

The analysis provided in Reference 6 calculated the total integrated 

fission product decay heat generated for 30 days after shutdown. The analysis 

assumed that the reactor continuously operated for 5 years at 102% of rated 

pCMer. This is conservative since approximately one-third of the core is 

reloaded each refueling outage. Other conservatism in the analysis includes 

an assumption that the makeup water entering the isolation condenser is at 

100°F and that the boiling takes place in the isolation condenser at the rated 

shell pressure of 25 psig. Both of these assumptions result in minimal heat 

reuz:>val per pound of water. 

The analysis assumed that all of the water (i.e., 9,000,000 gallons) 

tIapped within the intake and discharge canals would be available for makeup 

to the isolation canal. Scoping calculations were performed to estimate the 

amount of water available to the suction of the diesel-driven fire pump for 

Dresden Units 2 and 3, whose intake suction elevation is 492 ft. hpproximately 

2,500,000 gallons are available to ele~ation 492 ft in the intake canal and 

3,000,000 gallons are available to elevation 495 ft in the discharge canal if 

the deicing line is operational. This estimate of water available does not 

consider the loss of water due to evaporation. _The Licensee's analysis in 

. Reference 6 also did not consider the dissipation of sensible beat from the 

two reactors. The justification for not including sensible heat was not 

provided; bowever, the amount of sens ible beat is small compared to the 

integrated fission product heat over a 30-day period. The Licensee also did 

not identify the amount of water required to cool plant auxiliary equipment 

such as the diesel-driven fire pump or the emergen~J diesel generators. 
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Ins tead, the Li cens ee s ta ted tha t. th is amount of water would be small. 

Nonetheless, the water used to cool the plant auxiliary equipment would be 

removed from the intak.e canal and returned to the discharge canal. If the 

deicing line fails due to the seismic event or the deicing line slide valve 

cannot be opened, the water in the discharge canal would not be available 

unless an alternate dumping mechanism were used. 

Based upon the above discuss ion and the assumption of no mechanism by 

which the water in the discharge canal may be made available, it can be 

concluded that the available capacity of the intake canal is insufficient to 

cool both reactors for 30 days. It is hardly conceivable, bowever, that a 

mechanism cannot be found to make the discharge canal water available. 

Although a time-history analysis of water consumption was not performed, th~ 

water consumption rate is a decreasinq function associated with the fiss ion 

product decay hea t. Because the alOOunt of water available in the intake canal 

is large, it can be expected that a significant period of time would pass 

before makeup would be required. It can be conseLvatively estimated to be 

several days to a week. or more. The Licensee has stated that loss of 

impounded river water could be made up by use of portable low head, high 

volume, engine-driven pumps. Six of these pumps are on standby at various 

fossil fuel generating stations. Based upon the time available, it can be 

reasonably concluded ilia t replenishment can be effected to ens ure the 

continuous capability of the sink to perform its safety function, taking into 

account the availability of replenishment equipment and limitations that may 

be imposed on freedom of movement following the occurrence of severe natural 

phenomena. 

3.4.1.2 Vulnerability of the U8S to Probable Maximum Flood 

The PMF at the Dresden Unit 2 site presents a challenge to maintaining 

the heat sinK function: however, the high water levels do not have an effect 

on the UBS complex. As previously stated, the U8S complex is defined as the 

cc::mplex of water sources and the canals or conduits connecting the source to 

the cooling water system intake structures, but excludes the intake structure 

and interconnections to the plant cooling systems. The intake structure and 
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the service water pumps are affected at elevation 509 ft, and a number of 

• otber interconnections to plant cooling systems are affected 'as flood waters 

top doorway entrances at elevation 517.5 ft. Nonetheless, the UH5 complex is 

not affected by flooding. The effects of the PMF on the plant's capacity to 

maintain the heat sink function is described in detail in Secton 3.3. 

3.4.1.3 Comparison of Dresden Unit 2 UBS to the Topic Review Criteria 

Criterion 1 of Regulatory Guide 1.27 was established for heat sinks where 

tbe supply may be limited and/or the temperature of plant intake water from 

the beat sink may become critical. Tbe most limiting challenge to the UHS 

complex at Dresden Uni t 2 occurs when a fail ure is pos tula ted to the Dresden 

Lock and Dam due to ei ther ca tag t.rophic s tructur al failure or seismically 

induced structural failure. Based upon the discussion in Subsection 3.4.1.1, 

the ability to dissipate the total essential heat load, the effect of 

environmental conditions on the ability of the UHS to furnish the required 

quantities of cooling water for extended times after shutdown, and the sharing 

of cooling water wi th other uni ts can be demons trated by the Dresden Unit 2 

lJHS. Although toe UHS does not have a 30-day water capacity, it can be 

reasonably concluded that replenishment can be effected to ensure the 

continuous capability of the sink to perform its safety function. 

Similarly, Criterion 2 of Regulatory Guide 1.27 was established to ensure 

that the heat sink function would not be lost due to natural phenomena, 

site-related events, or a single failure of manmade structural features. A 

large river is cited as acceptable in Regulatory Guide 1.27. The heat sink 

function at Dresden Unit 2 would be seriously affected but not precluded by 

failure of Dresden Lock and Dam. These effects are discussed in detail in 

Section 3.4.1.1. The effect of earthquakes on the Kankakee and Des Plaines 

. Rivers is not considered to pose a significant threat to the availability of 

the wa ter source. In addition, the canals were constructed, by excavating 

bedrock to the desired depth. Regolith situated on top of the bedrock was cut 

back from the canal edges which preclude canal blockage res ul ting from a 

seismic event. 
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Other natural phenomena such as tornadoes and severe storms do noe 

endanger the heat sink function. The OHS complex is not affected by flooding. 

The effects of floods are discussed in detail in Subsection 3.4.3.2. 

Low water level caused by prolonged drought or iCing is also not 

considered a threat to the water source at Dresden Unit 2. The Dresden Lock 

and Dam will maintain the water leve~ in the canals at about 505 ft msl. The 

head works of the discharge canal is connected to the forebay of the Units 2 

and 3 crib bouse by an 8-ft-ciiameter deicing line. The bottom of the deicing 

line in the head works has an elevation of 495 ft. The low point of the 

deiCing line in the forebay is 489 ft. Therefore, during periods of extreme 

cold, the thermal effluent can be directed to the intake structure to prevent 

ice formation. 

The effect on site-related events (e.g., a transportation accident) on 

the cas complex is being reviewed under Topic II-l.C, ·Potential Hazards Due 

to Nearby Industrial, Transporation, and Military Facilities,· and Topic 

III-4.D, ·Site Proximity Missiles. N Site-related events are not considered a 

threat to the availability of the Dresden Unit 2 water source. 

A single catastrophic failure of the Dresden Lock and Dam would result in 

the partial lass of cooling capacity, but no single-active failure within the 

UHS complex will prevent the performance of its cooling function. The 

consequences of a passive failure resulting in the loss of the heat sink would 

be mitigated by the plant's ability to remove reactor decay beat through the 

isolation condenser. ~though the makeup water supply for the isolation 

condenser is limited, sufficient time would be available to replenish onsite 

tanks or to provide alternate makeup from the intake canal. An unlikely 

single catastrophic failure of the Dresden Lock and Dam would not result in a 

total loss of the heat sink. 

Criterion 3 of Regulatory Guide 1.27 was established to provide a higb 

level of assurance that a plant's UH5 would be available when needed. For a 

once-through cooling system such as Dresden Unit 2, the Regulatory Guide 

suggests at least two aqueducts connecting the river (in this case) with the 

intake structure and at least two discharge aqueducts to carry the cooling 
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water away to preclude plant flooding I unless it can be demonstrated that the 

probability is extremely low that a single aqueduct will fail to function as a 

result of natural or site-related phenomena. A failure of the Dresden Lock 

and Dam would not preclude use of the isolation condenser. The ability of the 

DreSden Unit 2 facility to maintain the heat sink capability following an 

earthquake is discussed in Subsection 3.4.1.1. 

Criterion 4 requires that the plant technical specifications include 

provisions for actions to be taken in the event that conditions threaten 

partial loss of the UliS. This criterion was established to ensure that the 

manner in which plant technical sepcifications were written was such that the 

plant would be placed in a safe condition or provisions would be implemented 

if a oondition existed which threatened the availability of the UBS. An 

example of such a condition might be the prediction of a severe flood which 

would jeopardi2e a UKS dike or retaining structure, a severe drought with the 

potential to reduce the capacity of a cooling pond, or a prediction of severe 

river iCing conditions which could preclude or inhibit water flow for a 

once-through cooling system. In each of these situations, technical 

specifictions requiring the plant to be placed in a safe condition or 

implementation of procedures to mitigate the consequence of a threatened 

partial loss of the UHS would be prudent. 

As descr ibed previously I the Dresden OOi t 2 UBS, including the river, 

Dresden Lock and Dam, and the intake and discharge canals, is not susceptible 

to damage from natural phenomena and most site-related events. Tbe UBS 

complex is potentially susceptible to damage from single catastropbic failures 

and earthquakes. It is critical that impounded water remain in the intake 

canal to ensure the safe shutdown of Dresden Units 2 and 3. An earthquake or 

dam failure are events which cannot be predicted sufficiently in advance to 

allow the plant to be placed in a safe shutdown condition: however, plant 

operation following such events cannot be con.tinued. Therefore, it would be 

prudent to include a requirement in the technical specifications stipulating 

that Dresden Units 2 and 3 be shutdown and cooled down whenever the river 

level falls below elevation 495 ft. 
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Although tbe UHS complex is not affected by flooding, other safety-related 

components and structures are affected. A discussion of protection against 

postulated floods by implementing emergency procedures and technical 

specifications is provided in Section 3.3. 

3. 4.4 Conclusion 

The following is a summary of the degree of conformance of the Dresden 

Station Unit 2 UBS to the criteria of Regulatory Guide 1.27: 

Cri ter ion 1 -

Criter ion 2 -

Criterion 3 -

Cri ter ion 4 -

complies, with the clarification that the OHS does not 
have a 30-day capacity following all postulated events, 
but sufficient capacity is available to reasonably 
conclude that replenishment can be effected. 

complies, with the clarification that the isolation 
condenser augments the UHS complex to further reduce the 
likelihood of a total loss of heat sink function. 

complies, wi th the clarification that the isolation 
condenser augments the UHS complex to reduce further the 
likelihood of a total loss of heat sink function. 

does not comply because plant operation is not prohibited 
by extreme low river levels. 

Ins ummary I the UHS a t Dr esden Un it 2 is a dependable des ign that 

partially complies with the intent of Regulatory Guide 1.27. 
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". Q)NCLUS IONS 

4.1 FIOODING POTENTIAL 

The Dresden site is not -flood dry,· i.e., the site is shown to be 

inundated by a probable maximum flood (PMF) event, and consequently must be 

protected by structural or other (emergency procedures) measures. The effects 

of the PMF on the plant are significant. 

The PMF elevation for the Dresden site is 528 ft msl where plant grade is 

517 ft. The lowest elevation of safety-related equipment is 509 ft. The safe 

operation of the plant during the PMF occurrence is to be accomplished using 

flood emergency procedure EPIP 200-11. 

The roofs of buildings housing safety-related equipment were not designed 

to shed the probable maximum precipitation (PHP). Modifications are 

recommended. 

Local flooding due to the occurrence of a localized PMP event will not 

affect safety-related equipment at the site. The site is protected from local 

flooding in accordance with lOCFRSO, Appendix A, GDC-2. 

Groundwater fluctuations up to plant grade (517 ft) should be considered 

in further evaluation of safety-related plant structures (SEP Topic 1II-3.A, 

Effects of High Water Level on Structures). 

4.:2 EMERGENCY PRcx:::EDURE AND TECHNICAL SPECIFICATIONS 

Although deficient in its present form, the Dresden flood emergency 

procedure (EPIP 200-11) outlines a plan for maintaining control of critical 

safety operations. The efficient execution of this emergency procedure will 

be impaired because of inadequate direction provided by EPIP 200-11. 

There are presently no plant technical specifications which incorporate 

flood emergency procedures. Technical specifications which limit the 

operation of the plant under low water conditions in the intake structure are 

recommended in Section 3.4.4. 
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4.3 ULTlMATE HEAT SINK 

The Dresden Unit 2 UHS partially complies with the intent of Regulatory 

Guide 1.27. Specific areas of deviation are discussed in Section 3.4.3. 

Technical specifications which preclude operation of the plant during low 

water conditions are recommended. 
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