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Docket No. 50-346

December 20, 1974

Mr. A. Giambusso, Deputy Director for Reactor Projects
Directorate of Licensing
Office of Regulation

*

United States Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Giambusso:

Under separate cover, we are transmitting Amendment No. 25 to the Application for
Licenses for the Davis-Besse Nuclear Power Station Unit 1. This Amendment consists of
the Supplement to the Applicant's Environmental Report-Operating License Stage.
Three (3) original and twenty-five (25) conformed copies of the transmittal sheet are
included together with two hundred (200) copies of the Supplement to the Environmental
Report-Operating License Stage.

This Supplement to the Environmental Report addresses any differences between currently
projected environmental effects of the Unit and the effects initially discussed in the
Environmental Report-Operating License Stage; the results of studies which were not
completed at the time of submission of the Environmental Report-Operating License Stage;
and the monitoring programs which will be undertaken to determine the effects of unit
operation on the environment.

We feel that with this Supplement, your staff will be able to continue their timely review
of the Davis-Besse Nuclear Power Station Unit 1 Environmental Report-Operating License
Stage. Should any further information or clarification be needed, do not hesitate to contact
myself or any of my staff.

Yours very truly,

THE TOLEDO EDISON COMPANY EDISON PLAZA 300 MADISON AVENUE TOLEDO OHIO 43652
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INTRODUCTION

The Davis-Besse Nuclear Power Station Unit No.1 Environmental Report-Operat-

' ing License Stage was submitted Dece=ber 20, 1972 in response to 10 CFR 50,

Appendix D. The Environ = ental Report-Operating License Stage consisted of all

information c$ntained in the Applicants' Enviren= ental Report-Construction

Permit stage as amended by the Supple =ent to the Environ = ental Report and

the Cost and Benefit Analysis Supple =ent to said Environ = ental Report. The

purpose of this supplement to the Enviren= ental Report-Operating License

Stage is to provide infomation to:

1. Discuss any differences between currently projected environ = ental

effects of the nuclear plant and the effects discussed in the

Environ = ental Report sub=itted at the Constructicn Permit Stage.

2. Discuss the results of studies which vere not ec=pleted at the ti=e

of preparation of the Environ = ental Report at the Construction

Permit stage.

3. Describe in detail the monitoring programs which vill be undertaken

to detemine the effects of the operating plant en the environ =ent.

To achieve confor=ity with the Atc=ic Energy Cc==ission's Regulatory Guide

4.2, issued in final for= in March,1973, a cross-reference to the Applicant's

Environmental Report-Construction Pemit Stage and the Cc==ission's Final

Enviren= ental State =ent-Construction Pemit Stage has been developed as

follows: The Table of Contents of Regulatory Guide h.2 was utili::ed as the

base for the cross-reference system. Where material requested by Regulatory

Guide k.2 has previously been addressed in either the Applicant's Enviren-

mental Report-Construction Per=it State or the Cc==ission's Final Environ-

mental State =ent-Constructicn Pemit Stage it is referenced according to the

appropriate section number in Regulatory Guide h.2. Where supplemental in- |
*

^

formation is supplied by the Enviren= ental Report Supple =ent-Operating

i
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Licenses Stage the appropriate reference to the added =aterial is indicated.

It is the purpose of this cross-reference syste= to achieve confor dty with

Regulatory Guide h.2 while avoiding repetition of =aterial already covered

in the Applicant's Environmental Report-Construction Permit Stage and the
,

Commission's Final Environmental Statement-Censtruction Permit Stage.
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y The Sections and Subsections of the Davis-Besse Nuclear Power Station Cost and Benefit Analysis Supplement'

to the Environment Report do not contain any numerical references in their titles. Therefore, these Sections
and Subsection will be given the following reference symbols to facilitate their inclusion into the cross,

referencing index.

A INTRODUCTION

B BACKGROUND INFORMATION

Ba Summary
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C BENEFITS

Ca Direct

Cb Indirect

Cc. Tabulation of Benefits
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1.0 PURDOSE OF THE ?DC?OSED FACILITY

Some of the estimated peak load and generating capability figures centained

in Section 1.1 of this report have been revised to reflect the =ost recent

peak load forecasts , generating unit ratings and availability. For these

reasons so=e of the figures in this section are not the same as corresponding

data in the Construction Permit Stage Report and in testi=cny presented at

the Environ = ental Hearing. In addition, the scheduled co=ercial cperation

date of Davis-Besse Unit No.1 has been delayed to June 1,1976. This delay

is such that the ' unit vill not be available during the 1975 st==er peak 1 cad

seas on. The figures also reflect the effect of the scheduled ec==ercial

operation date of Mansfield Unit No. 2, which has been delayed to April 1,

1977 The Toledo Edison Cc=pany and The Cleveland Electric Illt=inating

Company vill evn 1h3 W an:1236 W, respectively, as tenants in ec==ca with

the other =e=bera of the CAPCO Group in the Mansfield Unit Uc. 2.

1.1 NEED FOR POWER

The projected syste= su=er peak loads and generating capacities for TECc

and CEI for the years 1975 and 1976, are presented in Tables 1.1-1 sad 1.1-2.

2tspe ctively. Since CAPCO cperates as a pool a more meaningful picture of

the reserves available for =eeting the total CAFCO lead are those based upcn !

|

CAPCD data as presented in Table 1.1-3. Also shcun in Table 1.1-3 are re- i
l

serves without Davis-Besse Unit No.1 during the s'- ar peak lead in 1976. !

The Federal Power C -ission recc== ends a 205 reserve =argin thus frc=

having a-less than a equate reserve =argin in CAPC3 cf 16.c5 vith Davis-

lBesse Unit No.1, the reserve =argin drops to 9.4 without Datis-3 esse Unit
i

No. 1.
..

Davis-Besse Unit No.1 generatica vill be shared between The Toledo Ediscn '

!

Company cnd The Cleveland Electric Illt=inating Cc=pany in prcportion to |

.

l'.1- 1
.

-, - --9 q
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their respective ownership shares of 52 5% and h7 5%. Since CAPCO operates

on a one-system basis, sharing of the Davis-Besse Unit No.1 generatica during

the initial few years of cperation with the other CAPCO companies =ay becc=e

a necessity in order for each company to meet their load and reserve require-

ments. The sharing of the Davis-Besse Unit No.1 generatien among the CAPC0

companies becomes more apparent if delays occur to other base load generating

capacity on the CAPCO system.

At this time it is difficult to predict the ECAR (East Central Area Reliability

Council) reserve situation (of which the CAPCO co=panies are =etbers). This

is due to a number of announcements of major delays of base load generating

capacity.

1

h

.

.

1.1-2

l
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Table 1.1-1

The Toledo Edison Company

P.rojected System Load
and

Generating Capacity
,

.

Scheduled Proj ected
Projected Pe Seasonal Net Powe Available Projected Reserve2} Purchases [3)Summer L'oad 1) Capacity Capacity Reserves Capacity

Year (MW) (MW) (MW) (W) (W) (%)

1975 1hh2 1549 137 1686 24h 16.9

1976 1564 1731 112 1843 2 79 17.8

V . O,
*

w H

.

(1}As used in ECAR's reporting to the Federal Power Commission Pursuant to Docket R-362, order 383-3,
April,1974.

(2) Estimate of CAPCD capacity schedule and tenative entitlement arrangements of capacity interchange
between CAPCO companies at time of summer peak.

.

( 3)
Includes entitlement of OVEC.

,

% r
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Table 1.1-2

- The Cleveland Electric Illuminating Company

Projected System Load

and
"

Generating Capacity

*Scheduled - Projected
Projected Pe Seasonal Net Power Available Proj ected Reserve2)Stamer Load Capacity Purchases Capacity Reserves Capacity

Year (W) (W) (W) (W) (W) (%),

1975 3h60 3756 3756 296 8.6--

1976 3670 LO32~ - - h032 362 9.9
'

e
*

s
b !

-

,

4

(1)As used in ECAR's reporting to the Federal Pcuer Commission Pursuant to Docket R-362, order 383-3,
April, 1974.

2 Estimate of CAPCO capacity schedule and tenative entitlement arrangements of capcity interchange between
CAPCO companies at time of summer peak,

t

.

O

e
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Table 1.1-3

CAPCO

Projected System Load
and

Generating Capacity

Scheduled Proj ected Reserve Capacity

Available Projected With WithoutProjected Peak
Seasonal (2) Net Power (3)Sumer Load (1) Capacity Purchases Capacity Reserves Davis-Besse Davis-Besse

Year (W) (W) (MW) (W) (MW) (%) (%)

3975 11667 13323 378 13701 2034 - 17.h- '

1976 12h3h 1h287 221 1h508 207h 16.7 9.4

- F e
Y Y,

w e
.

4

(1)As used in ECAR's reporting to the Federal Power Commission Pursuant to Docket R-362, Order 383-3,
April, 1974.

(2)
CAPCO capacity schedule as of September 9,1974.

(3) Includes entitlement or OVEC owners, and receipts for Buckeye Power to OE.

.
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BACKGROUND RADIOLOGICAL CHARACTERISTICS2. 8
-

Radiological characteristics of the site and surrounding area of the Davis-

Besse Nuclear Pcuer Station are being defined and documented through the

operation of an extensive preoperational environ = ental radiological monitcring

program designed by NUS Corporation ( and initiated by Industrial Bio-Test

Laboratories , Inc. , in July ,1972. This progre.m includes the collection

(both onsite and offsite) and radiometric analyses of airborne particulates ,

airborne iodine , a=bient ga=ma radiatic'1, surface water, ground water, pre-

cipitation, soil, bottom sediments , fish, cla=s , food crops , vegetatien, = ilk,

meat , and wildlife. Figures 2.8.-1 and 2. 8-2 are maps showing the sampling

locations used in the monitoring program.

Two years of data have been complied and reported by Industrial Bio-Test in

six separate reports covering the period July,1972 through June,197h (2,3,

h,ll,12,13). Seel:ed belev are the results of this stucy in three separate
,

environments: at=ospheric, terrestrial, and aquatic.

2.8.1 THE ATMOSPHERIC DIVIROMEIT

2.8.1.1 Airborne Particulates and Radiciodine

Radioactive airborne particulates observed in the area are co= posed of a

Imixture of naturally occurring isotepes , such as Be produced by ecsmic rey

interaction with the upper at=osphere, or the resuspension of terrestrial

radioactive materials and artificially produced radio-nuclides (fallout) re-

sulting from past and recently occurring nuclear weapons tests.

Gross beta and alpha measure =ents on airborne particulate samples serve as

a good indicator of the current atmospheric levels and a sensitive =onitor

of t'emporal changes in airborne radioactivity. Since the cessatien of

atmospheric weapons testing, there has, with ti=e, been a general decline

in atmospheric activity. However, increases have occurred in this trend
,

.

2. 8-1

-.
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during a recent period of atmospheric tests by the French and Chinese. In

the period Nove.~ber,1972 through June,197h, gross beta activity en air-

3 vithbome particulates collected at or near the site averaged 0.088 pCi/m

a range of 0.009 to 0 510 pCi/r.3 Gross alpha activity =easured en the

same samples was found to be lover by an order of =agnitude averaging 0.0038

3 3pCi/m , with a range of 0.0009 to 0.0131 pCi/m . The monthly averages and

ranges for gross alpha and beta are listed in Table 2.8-1. The general .

variation of the gross activity over the 20-month period is shown on Figure

2.8-3

Specific radio-nuclides detected in airbome particulate samples were traces

of 90Sr, .1hhCe-Pr, 95Zr-Nb, 106Ru, and Cs , all long-lived f:lleut products.137

IThe predominant radio-nuclide was naturally occurring Be. The observed

concentrations are listed in Table 2.8-2.

Radiciodine is the only gaseous radio-nuclide measured in the attoephere,

since it is the most important radio-nuclide in ter=s of its potential dose

to man. From November,1972, through June,197h, no detectable levels of

radiciodine (i.e. levels greater than 0.03 pCi/m ) were obtained at any

location in the study.

2. 8.1. 2 Precipitatien
,

Radioactivity in precipitation samples collected cnsite and at Put-In-Say

are listed in Table 2. 8-3 Gross beta radicactivity deposition at the two

sampling sites are plotted on Figure 2.8 h. The average =onthly deposition

2~ in this area of Ohio for the 20 conths ending July,197h, was 917 x 10
2pCi/m . Tritium concentrations in precipitatien ranged from 200 t; C.; pCi/1

during this period. These figures for deposition and tritium levels were

compared to the ceasurements reported by the Envirencental Protection Agency

2.8-2
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(EPA) in their monthly publication Radiatien Data and Reverts and vere found

[. to be consistent with the range of values reported in this count 2/ (5) and

in nearby Canadian stations.

2.8.13 Ambient Radiation Levels

Ambient external radiation levels are measured by ther=oluminescent desi-

meters (TLDs) on a conthly, quarterly, and annual basis. The estimated

annual dose determined by the monthly and quarterly TLDs vere found to be

significantly different frem what was measured usie.g annual TLDs. At this

time, it is impossible to determine which TLDs give the best estimate of the

yearly dose at the Davis-Besse site. For this discussien, the average

ambient levels vill be based upon the monthly TLD measurements since there

is a greater data base of monthly measurecents. The estimated annual dose

in the general area of the site was determined to be 59 2 17 (2 S.D.) ma

based upon 18 TLD's located within k0 mi of the site. At seven sa=pling

points ensite or within 1.5 mi from the shield structure, the average annual

dose was 55 The distribution at these locatiens is shown on Figure 2.8-5

The annual offsite doese =easured at 11 locations was found to be 62 mR. The

distribution at the offsite sa=pling points is shown en Figure 2.8-6. The

seasonal variation of extemal radiation at three locations, using the

monthly TLDs, is shown on Figure 2.8-7 No seasonal pattern is discernible

frcm these data at any of the three locatiens.

*

Since there is a question about which TLD =easurements give the best esti-

mate of the yearly dose at the Davis-Besse site, the magnitude of the figures

was compared to published data by Levin, who conducted a ec=prehensive

survey throughout the eastern half of the United States. They were also

compared with some estimated values - calculated by Oakley in an atte=pt

.

(

2. 8-3
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. to place these measurements in their proper perspective. Levin made four'

measurements in Ohio, reporting dcse rates ranging between 9 9 and 10.8

mrad /hr, approximately equivalent to 87 to 95 mrad /yr.

Oakley's estimates for Ohio ranged from 72.8 to 111.9 =res/yr. For Toledo,

Ohio, the closest location to the site, he estimated 88,h mrem /yr. Values

obtained frcm the program generally fall below the range of published data.

These are insufficient data to drav fim conclusions from the TLD measurecents

and caution should be exercised in their use.

2.8.2 THE TERRESTRIAL ENVIROIDfEIT

2.8.2.1 Soil

The results of the analyses perfor=ed on sixteen soil sa=ples collected over

a period of two years are listed in Table 2.8 h. Potassiu= h0 is the pre-

domiaant radio-nuclide observed in the soil and accounts for approximately

70% of the gross activity. The soil sa=ples collected en or near the beach,

O
location T-1, vere found to have significantly less K than the soil coll-

ected on the far:s. Apparently the higher levels on the farms are the result

of the use of high potassium fertili::ers which contain K. Strontiu=-90

137and Cs concentrations, as measured in the soil, were lov and variable,

varying by a factor of 10 in an 18-month period.

2.8.2.2 Milk

The radioactivity =easured in milk at the fams surrounding the Davis-Besse

site and at two dairies processing milk from the surrounding region, includ-

ing nearby states, are tabulated in Tables 2. 8-5 and 2. 8-6. The short-lived

radio-nuclides such as 'I , Sr and Ba were not detected i- any sa=ples

during the 2h-month period. Potassium k0 levels in the milk sa::ples at the

individual- farms and at the dairies were very consistent throughout the year

and. are in agreement. Strontium-90 was found to be higher in the composite

2.84
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dairy sa=ples than at the individual far s by a factor' of two. This trend

is shown graphically en Figure 2.8-8.

The observed concentration reported in this program was ec= pared to data
.

gathered at nearby stations of the Pasteurized Milk Network operated by

EPA. The levels reported by the =cnitoring program were within the

range reported by EPA in Table 2.8-7.*

2. 8. 2. 3 Agricultural Products

Considerable agricultural :tetivity is conducted in the area of the Davis-

Besse site, including truck far=ing, orchards , and dairy far=s. Sa=ples

of grass and ani=al feed, as well as fruits and vegetables , were collected

during the growing season and at harvest. Table 2.8-8 gives the average

and range of the radio-nuclides detected in grass and ani=al feed samples.

37 90In addition '.o Cs and Sr, other fallout fission products , including.

Ce-Pr , Ru, and 5Zr-Nb, were identified as in ec=pesite airbome

particle samples. Radioactivity levels in fruit and vegetable sa=ples are

tabulated in Table 2.8-9 strentiu=-90 was the predc=inent fission product

observed in the samples at an average concentration of 0.011 pCi/g= vet.

2. 8. 2. h Wildlife

Eight indigenous species of vildlife were caught ensite and analyzed in the

first 2h =onths of the progra=. The radioactivity =easured in these sa=ples

are su==arized in Table 2. 8-10. Three sa=ples of beef are listed with the

vildlife sample for co=parison.

2.8.2 5 Ground Water

Four wells were sa= pled in the =enitoring progra=. The observed range of

radiological results are given in Table 2.8-11. No significant difference

in the radioactivity levels or kind of radioactivity was observed at the

four wells.

2.8-5
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2.8.3 THE AQUATIC ENVIP.0 MET

2.8.3.1 Gross Radioactivity Levels in Lake and River Water

The' gross radioactivity in untreated lake and river water is shem in Table

2.8-12.- In the period from July,1972 to June,197h, gross beta averaged

h. 32 pCi/1. Strontium-90 and tritium were the only specific radio-nuclides

identified in the water as shcvn in Table 2.8-13 Strontium-90 averaged

0 79 pCi/1, while tritium was usually less than 300 pCi/1. Cesium-137 was*

undeteetable in all samples.
.

2.8.3.2 Lake Erie

Treated Lake Erie water was found to average 50% less gress radioactivity

than untreated water, presumably as a result of the removal of suspended

material from the water by the treatment process. Strontiu=-90 concentra-

tion averaged 0.63 pCi/1, slightly less than the untreated water. Gross

beta and alpha radioactivity data are shcun in Table 2.8-14. Specific

radio-nuclides in treated water are given in Table 2.8-15

The . observed levels in surface 1/ater were ec= pared to measured values re-

ported by the Office of Water Programs of the EPA for Lake Erie and rivers-

in the region. It was found that the values reported in the Davis-Besse

monitoring program are consistent with the EPA values.(

2.8. 3 2.1 Lake Erie Sediment

Bottom cediments were collected in Lake Erie from three locations off the

shore bordering *the site. The results of the analyses on 23 sa=ples are
.

'

summarized in Table 2.8-16. Potassium h0 constitutes the predominant radio-

nuclide in the sediment. Lev levels of Cs and Sr vere also present in

the sediment.

2.8.3.2.2 ~ Fish
s

+

2.8-6
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Nine species of fish were collected and analyzed during the first two years'

of the monitoring program. The results of the analyses are presented in

Table 2.8-17

2. 8. 3. 2. 3 clams.

clams vere collected once during the period from one location bordering the

site. The gress beta activity was 1.10 2 0.09 pci/9 (vet) . Analysis for

gamma-emitting isotopes was not performed due to insufficient sacple size.

The low population of clams in the area may force discentinuance of this

sample collection in the future.

.

9

W

h

.

$

.
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TABLE 2.8-1

RADI0 ACTIVITY IN AIR PARTICULATES (2,3,h,11,12,13)
MONTHLY AVERA0E AND RANGE,* pCi/m3

.

Number of
Month Samples Gross Alpha Gross Beta

1972

November 17 0.0032 0.039
(0.0018 - 0.00h6) (0.025 - 0.092)

December 40 0.0033 0.035
(0.0020 - 0.0059) (0.030 - 0.061)

1973

January h0 0.0038 0.033
(0.0013 - 0.0068) (0.015 - 0.053)

February h0 0.00h1 0.033
(0.0013 - 0.0076) (0.021 - 0.053)

March h8 0.0032 0.023
(0.0009 - 0.008h) (0.011 - 0.050)

April 36 0.0028 0.026
(0.0012 - 0.00h3) (0.015 - 0.0h0)

May 35 0.0030 0.029
(0.0016 - 0.0058) (0.01h - 0.0h8)

June 45 0.0029 0.032
(0.0012 - 0.00h8) (0.009 - 0.0h2)

July 39 0.0038 0.oh8
(0.0022 - 0.0068) (0.025 - 0.071)

,

August 39 0.0053 0.057
(0.0018 - 0.0088) (0.037 - 0.087)

september 53 0.00h5 0.053
(0.0015 - 0.0090) (0.01h - 0.127)

October: 46 0.0054 0.058
(0.0009 - 0.0131) (0.022 - 0.13C)

November h6 0.00h2 0.051
(0.0010 - 0.0081) (0.028 - 0.101)

2.88
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TABLE 2.8-1 (continued)

Humber of
Month Samnles Gress Alrha Gross Beta

December 55 0.00h1 0.056
(0.0020 - 0.0065) (0.027 - 0.087)

197h

January h6 0.0049 0.084
(0.0022 - 0.0080) (0.0h6 - 0.122)

February h7 0.00h0 0.099
(0.0013 - 0.0079) (0.051 - 0.1h2)

.

March 59 0.0037 0.149
(0.0018 - 0.0080) (0.088 - 0.227)

April 46 0.0537 0.306
(0.0016 - 0.0059) (0.073 - 0.487)

May h7 0.0030 0.302
(0.0014 - 0.00hh) (0.169 - 0.510)

June 60 0.0025 0.2h9
(0.0010 - 0.0042) (0.141 - 0.330)

i

* Ran6e in parentheses below average value.

J

&

2. 8-9
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TABLE 2.8-2
SPECIFIC RADIONUCLIDES DETECTED IN AIREORNE PARTICULATE SAMPLES

pCi/m3
November, 1972 thru June, 1974

Study Period Radionuclide Value Earge

90
November and Sr < ;0.001

December 1972 (2) 1hh <0.01
Ce

95 r - Nb <0.01Z

Ie 0.06 ('0.0k - 0.09)B

January thru 90
March 1973(3) Sr 0.000h* (0.000h - 0.0006)

IkhCe lhhPr 0.0018* (0.0020 - 0.00kO)

95Zr 0.0008* (0.0008 - 0.0016)

106 0.0030* (0.0020 - 0.00L8)Ru

137 s 0.0009 (0.0005 - 0.0013)C

Te 0.073 (0.055 - 0.091)B

April th 90 r 0.0006S
h)June 1973

1hhCe lkbPr 0.0017
9

IBe 0.068
.

95 r 0.0001Z

10ku 0.0014

13T s 0.0009C

90Sr 0.0009July thru
September 1973 1hhCe lUPr 0.002

IBe 0.090

95Zr 0 0009

'

Ru 0.001

106Ru 0.0009

2.8-10
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TAELE 2.8-2 (continued)

Study Period Radienuclide Value Range

~

137cs 0.001

lh1Ce 0.0006October thru
December 1973 1hhCe ikhPr 0.002$

T. 0.06923

103 u 0.0013R

106 0.0012Ru

137cs 0.0003

95 r 0.0025Z

95Nb 0.00hh

90sr 0.0002

January thru 09 r 0.005S

March 197h 90sr 0.0005

1hhCe 0.012

1h1Ce 0.002

T 0.102Be

103Ru 0.003

106 0.006Ru

137Cs 0.0010

95Zr 0.009

9533 0.017 -

April thru 8937 o,007
#""' 9I

90 0.0026sr

14h
.

ce 0.083

1h1 e 0.002C

TBe 0.158

2.8-11
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TABLE 2.8-2 (continued)

Study Period Radienue. "2'e Value Range

103 u 0.005R

5 0.039
'

Ru

137Cs 0.006

95Zr 0.027

95Nb 0.058

*For averaging purposes , ene-half of < values are used.

i

e

r

| 2.8-12
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TABLE 2.8-3

PRECIPITATION SAMPLES, ANALYSES FOR GROSS BETA AND TRITIUM

DAVIS-BESSE NUCLEAR POWER STATICH(
3,4,11,12,W

-
.

D.te 0rese seta' rtti a.

faention Collected p01/1 pmse p;14mi
-

T-1 10-02-72 4.kT 1 0.29 6=2 2 41 0.3
,

(site boundary. 10-30-72e 23.68 a 1.75 kST 2 sh 0.3
K of site) Nov. 3.L.

Dec. 3.L.

T-23 10-02-72 b.21 2 0.29 511 1 35 0.k2 1 0.2k
(ht-la-Bay. 10-30-72* 12.14 2 1.22 2k6 2 25 0.38 2 0.24

,

lb.) at DE of site) 12 04-72 9.53 2 0.b3 1251 2 56 0.33 2 0.2h
Dec. 5.L.

T-1 1-22-73 6.35 a 1.k'e k8 * 11 0.52 1 0.30
(site boundary. 3-05-73* 18.19 s 1.56 382 1 33 0.3
NE of station) 6-09-73 8.59 0.67 439 2 3h 0.3

T-23 149-73 6.59 2 0.62 177 t 17 0.53 20.30
(ht-la-Bay. 3-05-738 31.85 2 3.61 230 a 26 0 k1 20.30

3

14.3 al DE of site) k-02-73 6.22 2 0.ko 623 * kl 0.3

T-1 k-30-73 - - -

(site boundary. 5-06-73 - - -

NE of station) 7-02-73 - - -

T43 5-07 73 163.88 2 2k.21 149 t 22 0.35 20.25
(Pus-In-Bey, 6-0k-73 5.833 0.76 k'9 2 3a 0.36 t 0.23
1b.3 at ENE) 7-02-73 9.27 3 0.k9 412 2 34 0 51 t0.20

T-1 8-06 73 5. L. * * - -

(atte boundary 0.6 mi. 9-0k-73 5.L. - -

NE of station. near inlet 10-01 73 12.b7 t 0.89 531 2 38 < 0. 3
canal)

7-23 8-06-73 5.L. - -

(Nt-In-Bay. 9-06-73 N.L. - -

Ik.3 at. E3E of station) 10-01-73 9.70 t 0.75 b24 2 33 <0.3

i T-1 11 02-73 2.51 2 0.23 171 2 16 0.34 1 0.27
(site boundary 12-05-73 5. L. " - -

0.6 st. NE of statica. 12-31 73 4.41 1 0.24 kki t 24 0.26 C.27
near talet canal)

T 23 11-02-73 b.98 2 0.k9 150 a 15 <0.3
(ht-In-Bay. 12-05-73 5.L.** - -

14.3 al. EXE of station) 12-31-73 22.262 0.73 1075 2 35 <0.3

; T-1 2-06-7h 1k.9 0.h 1032 2 30 0.20 2 0.18
($1te boundary 3-06-74 19.7 3 0.7 636 2 23 0.20 t 0.18
0.6 st. EE of station. 4 01 7h 17.1 a 0.5 906 2 27 .0.30
near inlet ennal) 5 06-Tk 87.4 a 1.5 2732 * k6 0.60 1 0.19

6-03-74 27.6 2 0.6 1730 a 37 0.36 2 0.20
7 01-74 48.7 2 1.0 1941 2 39 0.k5 1 0.20

T-23 2-06-Th 17.9 2 0.6 798 2 25 <0.20
(ht-In-Bay. 3-0k-7b 30.7 2 1.0 729 2 24 <0.30
14.3 at. ENE of station) k-01-Th Sk 0 t 0.9 2745 1 45 0.47 7 0.19

5-07-76b 2166 2 L6 1739 2 36 0.kk 2 0.20
6-03-Tb 351.k 2 3.6 2015 a h6 0.35 2 0.20
7-01-74 215.h a 3.6 2754 2 66 0 35 1 0.20

* The error given is the probable counting errer at the 955 confidence level. Less than < values are based
en 3 sissa counting error for background sample.

** 5.L. e Iggsta ec13ected was of insuffletent quantity for analyses,
a No gema-eattting tsotopes were detected above backstved level.
b only 14 al. of preetpitattoa were eclieeted.

.
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TABLE 2.8 k

RADIOACTIVITY IN SOIL, AVEBAGE AND RA: GE, pCi/g (dry)(2,3,h,12,13)
.

1972 to 197h

Analysis Average Range

Gross Beta 24 12 - 33

40 19 9 - 24

0.3* ND - 0.8
Cs

Sr 0.2* ND - 0.7

"For averaging purposes, one-half of the minimum detectable concentrations
are used.

ND - Nondetectable. Minimum detectable concentrations are:

137 0.01 pci/g (dry)-

Cs

90 0.1 pci/g (dry)-Sr

i

!

2.8-14
-

. - _



, -.

|

TABLE 2.8-5

RADIOACTIVITY IN MILK FROM NEARBY FARMS (2,3,4,11,12,13)
pCi/1

Collection Number of
89 90 131 140 137 h0Date Samples Gross Beta Sr Sr I Ba Cs K

7-31-72 3 1193 ND 2.53 ND ND ND 1320

9-05-72 2 1119 ND 2.66 ND ND 3.48* 1272

10-02-72 3 1146 UD 2.72 ND UD 6.74 1249

10-30-72 3 1172 ND 1.54 ND ND 2.78* 1280

12-04-72 3 1090 ND 2 93 ND ND 3.17* 1316.̂'
jy 1-02-73 3 1182 UD 2.27 ND ND ND 1312

"2-05-73 3 1216 ND 2.94 ND ND 2.27* 1287.

3-05-73 3 1140 ND 2.64 ND ND h.62* 12hk

4-02-73 3 1166 ND 2.50 ND ND ND 1310

4-30-73 3 1185 ND 2.73 ND HD ND 1328

6-04-73 3 1297 UD 2.h3 ND ND ND 1328

7-02-73 3 1288 ND 2.96 ND ND ND 1230

8-06-73 3 954 HD , 2.86 ND ND 2.72* 1267

9-04-73 3 1307 ND 2 78 ND ND ND 12h9

10-01-73 5 1097 UD 2.25 UD ND ND 1216
.

- _ - - _ _ _ _
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TABLE 2.8-5 (continued)

Collection Number of 89 90 131 1ho 137 ho
Date Samples Gross Beta Sr Sr I Ba Cs K

11-05-73 3 941 ND 2.07 ND ND 2.hh* 1221

12-11-T3 3 111h ND 2.18 ND ND 3.32 1208

1-07-7h 3 1070 ND 2.08 ND ND 3.29* 1215

2-04-74 3 965 ND 2.08 ND ND ND 1264-

3-04-74 3 1129 ND 1.69 ND ND 2.39" 1262

h-01-Th 3 1133 ND 1.43 ND ND ND 1225
." es
po 5-06-Th 3 980 ND 1.97 ND ND ND 121h 7
o's

6-03-7h 3. 1077 ND 2.24 ND ND 3.59* 1237

Observed range
at the three fanns 838-1409 ND 0.87-3.97 ND ND 3.22-8.83 1139-1349

* For averaging purposes, one-half of the minimum detectable concentrations are used.

ND = Nondetectable. Minimum detectable concentrations are:

89Sr - 0.5 pci/1, 131I - 3.3 pci/1, 1 UBa - 3.7 pci/1, cs - 3.5 pci/1.
*

i

4
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TABLE 2.8-6
.,

RADIOACTIVITY IN MILK FROM TOLEDO AND SANDUSY DAIRIES (2,3,4,11,12,13)
pCi/1

Collection Number of 89 90 131 140 137 ko
Date Samples Gross Beta Sr Sr I Ba Cs K

7-31-72 2 1224 ND h.69 ND ND ND 1224

9-05-72 2 1141 ND h.h2 ND ND 3.59 1289

10-02-72 2 898 HD 4.82 ND ND h.73 1290

10-30-72 2 980 ND 3.66 ND ND 4.09 1274

12-04-72 2 99h ND h.97 ND ND 5 57 1332

1-02-73 2 1192 ND k.43 ND ND 2.h8' 1311 N
'O A

2-05-73 2 1150 ND 3.55 ND ND 2.66* 1272

3-05-73 2 1120 ND 2.91 ND ND 3.12* 1282

h-02-73 2 1265 ND 5.h8 ND ND 2.63* 1341

4-30-72 2 1259 ND 4.51 ND ND 2.72* 1331

6-04-73 2 1237 ND 4.45 ND ND ND 1308

7-02-73 2 1181 ND 4.19 ND ND 3.93 1278

8-06-73 2 1021 ND h.Sh ND ND 5.14 1282

9-04-73 2 1190 ND 3.17 ND ND ND 1181

10-01-73 2 1067 ND 6.22 ND ND 3.72 1229
,
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TABLE 2.8-6 (continued)

.

Collection Number of 89 90 131 140 137 40
Date Samples Gross Beta Sr Sr I Ba Cs K

11-05-73 2 958 ND 6.22 ND ND 2.63* 125h

12-11-73 2 1082 HD 7.1h ND ND ND 1301

1-07-74 '2 1130 ND 5.08 "D ND 3.14* 1252

2-04-74 2 1147 ND 3.08 HD ND 2.77* 1284

3-04-74 2 1078 ND 3.07 ND ND ND 1288

p h-01-74 2 1099 ND 3.41 ND ND ND 1330

Y
g; 5-06-74 2 1128 ND 4.00 ND HD ND 1300

6-03-74 2 1165 ND h.21 ND ND h.82 1278

Observed range
at the two dairies 832-1327 ND 1.69-9.81 ND ND 3.20-9.38 1143-1357

* For averaging purposes, one-half of the minimum detectable concentrations are used.

ND=Nondetectable. Minimum detectable concentrations are:

3r - 0.5 pCi/1, I - 3.3 pCi/1, Ba - 3.7 pCi/1, 137Cs - 3.5 pCi/1.9 O

,
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TABLE 2.8-7

90 137s r AIrD cs IN MILK, pci/1
PASTEURIZED MIIX NETWORK, ENVIRON: ENTAL PROTECTION AGENCY (9)

Collection
Period Monroe, Mich. Cleveland, Ohio Windsor, Ont.

90 137 90 137 , 90 137g cs g g Sr cs

July 1972 3 0 6 0 NA 10

Aug. 1972 h 0 NA 0 NA 6

sept. 1972 NA NA NA 19 3 0-

Oct. 1972 0 NA 8 0 NA 0

Nov. 1972 0 0 NA 0 NA h

Dec. 1972 0 0 NA 0 3 5

Jan. 1973 0 0 5 0 NA 5

Feb. 1973 8 0 NA 0 NA 15

Mar. 1973 9 0 NA 0 2 6

Apr. 1973 5 0 6 0 NA 3

May 1973 NS NS NA 0 NA 10

June 1973 1h 0 NA 13 2 3

NA = No analysis

NS = No sample

0 = Value means that measured value is equal or less than the practical,

reporting value. The practical reporting values are:

90sr - 2 pCi/1

137cs - 10 pci/1

2.6-19
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TABLE 2.8-8

RADI0 ACTIVITY IN GRASS AND ANIMAL FEED SAMPLES (2,k,12)
AVERAGE AND RANGE *

pCi/g (vet)
f

f

twee of Colleettes
seemie f eas t es "et e "reen 4 =.a Seems we E 1p*s ikt 103/106 91 60

r ce - Pr 81 **.*t t

Orese 3 12 26 72 0.20 16.71 0.20 0.10 0.11 0. 6. 5.15 7. k9
(oo.09 0.19) (7.1 - 19 3) (0.07 0.33) (0.07 2.131 0.16 (0.2h . 0.93) (0.10 4.19) (1.30 10.73)

Oraos # 61173 0.20 1.67 0.06 *0.06 e 0.06 0.06 0.0C1 S.70(0.9 0.31) (6.69 6.68) (0.03 0.05) . (0.06 0.07) (e 0.02 0.003) (3.67 3.72)
Nor 1 12 09 72 e0.15 29.61 0.35 e0.08 * 0. M * 0.06 *0.13 16.9
any 2 S.11 73 .0.10 h.75 0.07 0.03 e s.04 0.07 0.01 6.33(6.2% . $.26) (0.04 0.04) (0.02 0.03) (0.06 . 0.07) (3.61 5.15)
Ser 2 10 02 73 *0.23 10.43 0.169 0.C29 e t.15 0.c4 0.13 10.00

(k.59 17.04)(0.075 0.222) (0.006 0.013) (0.01 0.11) (0.06 4.20) (k.gr .15.62)

Cors Feet 1 $.31 73 0.08 6.11 0.01 0.0b 0.07 *0.01 . 01 3.05
Cors Feed 1 10 02-73 0.87 S.43 0.009 0.041 0.22 0.02 0.07 3.80
Grenad Feed 1 S.31 73 0.71 5.37 0.01 0.c6 0.13 0.01 0.0e k.70
pod Clever 1 S.31 73 e 0.01 3.80 0.05 0.01 ed.03 0.05 * 0.01 3.54
asart used 1 10 02 73 e0.01 3.S$ 0.07 0.003 3 0.Sh 0.03 0.c4 3.70
SeF B*en 1 1G.02 73 * 0.06 3.50 0.06 0.009 * 0.01 0.03 0.03 3.52

) Corn 3 10 02 73 0.c5 3.11 0.021 0.0c9 e o.00 0.C2 0.;6 1.121 (e0.06 0.08) (2.27 6 3b) (0.0f4 0.046) (0.001 0.019) (0.01 0.04) (0.01 3.16) (2.2= . 3.73)
> $11eee 2 10 02 73

r c a. 0.21
7.91 0.11 0.026 e 0.11 0.03

. 0.07 .* * 7.h3e 1. !s t t h . 6 11 M (1 ?".. . !* 'a m . O ae . t ta .. S 12 . D A * )
* #emoe is pareettesee belaer everage vela,

t
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TABLE 2e8-9

RADI0 ACTIVITY IN FRUIT AND VEGETABLES ( ' ''

' pCi/g (vet)
.

Colleetles 90 g37 to other Neeeweele
semein *ete trona Aleu crees te.s sr Te e *est :. n!!,e

feestese 9.u.72 e 0.02 4.0 00.2 0.005 s 0.001 e0.01 b.3 -

Applee 9.u.72 e 0.01 0.84 e e.04 e s.001 e 0.01 0.9 .

Peere 91172 e e.01 0.95 s e.04 0.002 s 0.001 *0.01 0.8 .

Orate Jutae 91172 0.009 0.4380.6 = 0.007 0.0C2 s 0.001 0.3 .

:estese 91172 *0.01 1.S6 a 0.07 0.0u 8 0.001 =0.01 1. 9 .

( Tellee Beess 91172 *0.03 6.6 s 0.2 0.012 8 0.0C2 *0.01 6.7 .

Plues 91172 = 0. 01 1.be s e.07 = 0.001 <0.01 1.7 .

.C01 103no6,,RheterD 53173 3 0.02 3.16 8 0.1R 0.01b s 0.0C2 = 0. 01 2. 3 frece'g2r.3

Rhubert 33173 e 0.C2 b.64 3 0.17 0.017 3 0.003 0.01 6.2 c 00?) .
) 103/104 ,y

hbert '31173 = 0.02 6.6630.11 0.420 3 0.002 0.001 2.6 0.0C31
e

feetees 10 02 73 30.01 2.1130.01 e g.CC1 0.01 8 0.01 2.6 0.C13 0.C1 IS:t

Applee 10 02 73 e0.01 0.7680.02 0.001 e 4.0C1 0.:1 a 0.01 1.0 .

Steet 10.C2.73 * 0.02 1.9) e 0.09 0.003 3 0.001 0.C1 8 0.01 1.9 .

Crepe Julee* 10 0'.73 e 13.1 268.20:19.90 0.1 % 2 0.063 3.31 8 0.35 320.7 .

Cuesters 10.C4 73 40.01 1.77 0.06 0.e01 s 0.001 0.01 8 0.01 3.1 0.C1 a 0.01 Mir

Pesco 10.Ch.73 * 0.01 1.2h 2 0.03 0.0c6 s 0.001 0.01 a 0.01 1.2 .

F1'me 10.Ch.f 3 3 0.C1 1.2920.06 0.002 3 0.001 0.01 a 0.01 1.2 .

Teestees 10 02 73 0.0680.03 2.Se t 0.c7 0.0C13 0.001 *0.C1 3.) 0.01 a 0.01 93 r
*

A5 pies 10 02 73 e 0. 01 0.7730.02 -0.001 0.001 0.C1 s 0.01 0.5 .

P@trte 10 32.*3 = 0.C2 3.07a 0.c4 0.003 3 0.001 e 0.C1 L .2 .

Bhubert . S 26.Th e g.03 3.6 a 0.1 0.001 a 0.001 so.01 3.8 .

hbert 9 28.f 4 e 0.05 6.9 a 0.2 0.009 3 0.006 s o.c2 5.9 .

Grees Celese 32676 e 0.02 2.230.1 ~ 0.006 e 0.002 30.01 2.% .

*sessate la pC1/1

i

t

t

%,

.
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TABLE 2.8-10

RANGE OF RADIOACTIVITY IN WILDLIFE AND DOMESTIC BEEF (2,4,11,12,13)

1972 to 1974

Number of Gross Beta 90Sr 137 40g
Cs

Sample Samples pCi/g vet tissue pCi/g dry bone pCi/g vet tissue pCi/g vet tissue

Woodchuck 2 2.06 - 2.08 0.83 - 2.08 0.003 - 0.10 1.6 - 3.50
'

i Muskrat 3 1.83 - 2.55 1.85 - 7.37 0.01 1.74 - 2.05
,

Green Winged Teal 1 2 54 2.86 0.07 2.69

Beer 3 1.69 - 1.8k NA 0.004 - 0.03 1.43 - 2.83

Mallard Duck 3 2.78 1.46 0.02 2 95
."
?* Wood Duck 2 2.68 1.60 0.07' 2.62 g
m
m [.

Raccoon 1 2.52 0.43 0.16 2.56
,

Rabbit 3 2.81 0.67 0.01 2.hT

Opposum 1 2.01 0.82 0.01 1.2

; . NA = Not anal.yzed
<

i .

4
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TABLE 2.8-11

RADI0 ACTIVITY IN WELL WATER (2,3,h,11,12,13)
pCi/1

1972 to 1974

Analysis Average * Range *

Gross Alpha
<0.04 - 0.21suspended solids -

dissolved solids <0.36 - 5.33-

total residue <0.h3 - 5.33-

Gross beta
<0.11 - 1.6hsuspended solids -

dissolved solids <0.h9 -32.69-

total residue <0.71 -32.69-

Tritium < 300 - -

137 < 3.2Cs -

90 0.39 <0.26 - 0.96sr

* Radiological data based upon 28 samples.

.

L

2.8-23
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TABLE 2.8-12

GROSS RADIOACTIVITY IN UNTREATED SURFACE WATER (2,3,4,11,12,13)

MONTHLY AND ANNUAL AVERAGE AND RANGE, pCi/1

1972 to 1974

Gross Alpha Gross Beta

Sampling Number of Suspended Dissolved Total Suspended Dissolved- Total

Period Samples Solids Solids Residue Solids Solids Residue

July 1972 6 0.h4. 0.26 0.69 0.71 2.90 3.26

August 6 0.16 0.16 0.26 0.44 2.22 2.54

September 6 0.76 0.15 0.76 1.11 2.87 3.98

D) October 6 1.06 0.33 1.28 1.47 h.13 5.60
?* E
Q) November 6 2.07 1.15 3.22 3.32 4.63 7.9h 4

December 6 0.99 0.52 1.39 1.47 3.67 5.14

January 1973 4 0.h7 0.41 0.88 0.86 3.37 h.22

February 4 0.32 0.63 0.93 0.74 3.16 3.93

March 4 2.59 0.53 2.39 2.49 3.05 5.38

April 4 0.32 0.80 1.12 1.16 3.53 4.69

May b 0.59 0.63 1.14 0.89 2.8h 3.72

June 4 0.24 0.25 0.45 0.hk 3.27 3.70

July 4 0.43 0.65 1.02 1.19 2 91 h.10
i

l

August h 0.62 0.57 1.1h 1.23 2.70 3.93

..
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TABLE 2.8-12-(continued)

Gross Alpha Gross Beta
Sampling Number of Suspended Dissolved Total Suspended Dissolvud Total

Period Samples Solids Solids Residue Solids Solids Residue

September 1973 4 0.56 0.66 1.18 1.99 2.65 4.64

October 4 0.81 0.71 1.50 1.39 2.76 h.15

November 6 0.23 0.32 0'.52 0.38 2.60 2.98
*

.

December 6 0.h7 0.51 0.88 0.69 2.49 3.18

January 197h k 0.35 0.61 0.96 0.43 3.15 3.5T ,

February b 0.24 0.49 0 72 0.39 2.91 3.29
,

*M

' March 6 1.15 1.16 2.29 1.70 3.35 5 05 |'

92
m "'

April 6 0 97 1.16 2.12 1.5h h.69 6.23'"

May 6 0.88 0.63 1.26 1.02 3.59 h.61

. June 6 0.65 1.01 1.01 1.09 2.h2 3.51

Annual Average 120 0.72 0.60 1.21 1.17 3.16 h.32

Observed Range at
6 locations 0.10 - 5.73 0.18-2.79 0.3T-7.57 0.07-8.93 0.95-6.90 .26-15.83

1

. !

!

I
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TABLE 2.8-13

RADIOACTIVITY IN UNTREATED SURFACE WATER (2,3,k,11,12 13)5

AVERAGE AND RANGE OF SPECIFIC RADIONUCLIDES, pCi/1
1972 to 1974

Collection Number of Sr Cs H
Period Samples Average Range Average Range Average * Range

July to September 6 0.80 0.53-1.05 ND < 300 300-510
1972

October to December 6 0.72 ND ND <300 300-360
1972

January to March 4 0.82 0.57-1.27 ND <300 300-330
n> 1973 '
*

ts

April to June 4 0.99 0.59-1.21 ND <300 300-380 [' 1973

July to September 4 1.01 0 77-1.19 ND <300 < 300-470
1973

October to December 4 0.92 0.65-1.20 ND <300 < 300-460
1973

January to March 4 0.61 0.38-0.98 ND <300 <180-390
197h

April to June 6 0.47 0.27-0.73 ND 334 250-590
197h

.

For averaging purposes, one-half of the minimum detectable concentrations are used.

ND = Nondetectable. Minimum detectable concentration is 3.2 pCi/1..
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TABLE 2.8-1h'

GROSS RADI0 ACTIVITY IN TREATED LAKE ERIE **'ATER(2,3,k,11,12,13)
AVERAGE AND RANGE, pCi/1

1972 to 197h

Collection Number of Gress Alrha Gress Beta

Period Samples Average * Range Average Fange

July 1972 5 0.26 < 0.15-0. 77 3.27 2.29-3 99

August 12 0.h1 <0.16-1.k1 3.2h 2.02 h.56

September 12 0.27 < 0.16-0. 85 2.99 2.03-3.88

October 15 0.32 <0.21-0 95 3.T1 2.03-5.14
.

November 12 0.27 <0.21-0.75 3.h2 1.59 h.79

December 12 ND 2.88 1.06-3.78-

January 1973 15 0.17 <0.1h-0.3h 2.80 1.50-3.50

February 12 0.k1 <0.15-0.88 2.83 1.92-3.82

March 12 0.h6 <0.21-1.08 2.83 1.61-3.76

April 15 0.hh <0.10-1.09 2.92 1.72 h.Ch

May 12 0.83 < 0. 31-1.72 2.67 1.h9-3.97

June 12 ND 2.85 1.79-3.h3-

l July 15 0.26 <0.21-0.63 2.84 1.81-3.95

August 12 0.28 <0.19-0.86 2.97 1.94-3.83

September 12 0.23 <0.24-0.78 2.86 1.98 h.05

October 15 0.23 <0.21- 0.69 2.33 1.51-2.96

November 12 0.19 <0.23- 0.h1 2.oh 1.39-3.02
.

December 15 0.22 <0.21-0.k8 2.06 1.56-2.59

Jahuary 197h 12 0.24 <0.21-0.66 2.80 2.09-3.38

February 12 0.31 <0.22-0.6h 2.73 1 99-3.60
!

March 12 0.23 <0.27-0.50 2.67 1.65-3.35

April 15 0.46 <0.28-1.30 2.70 1.52-3.76

2.8-27

, - _ ~. _



.

DB-1

TABLE 2.8-lh
(continued)

Collection Number of Gross Altha Gross Beta

Period Samples Averace* Range Average R e.r.ge

May 197h 12 0.25 <0.28- 0.64 2.39 1.61-2.93

June 12 0.19 <0.25- 0.h3 2.21 1.ho-3.02

* For averaging purposes, one-half of the =inistn detectable concentratiens

are used

ND = Nondetectable. Minimum detectable concentratien is 3.2 pCi/1.

.

b

2.8-26
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TABLE 2.8-15

RADIOACTIVITY IN TREATED LAKE ERIE WATER (2,3,4,11,12,13)
AVERAGE AND RANGE OF SPECIPIC RADIONUCLIDES, pCi/1

1972 to 1974
4

90 137 3
Collection Number of Sr cs 3

Period Samples Average Range Average Range Average * Range

i ' July to September 29- 0.72 0.54-1.07 ND 370 <200-760

1972

. October to December 39 0.68 0.60-0.83 ND <300 <300-620

1972 ,

January to March 39 0.67 0 57-0.73 ND <300 <300-350

1973ro

April to June 39 0.76 0.47-1.10 ND <300 <300 670 f,

P

1973

July to September 39 0.66 < 0. h 3-0.92 ND 403 < 300-700

1973

October to December 42 0.84 0.78-0.88 ND 333 <200-Sho
.

1973

January to March 36 0.36 < 0. 50-0. 46 ND 206 <180 410

1974 .

April to June 39 0.37 < 0. 34-0. 57 ND 331 220 640

1974

* For averaging purposes, one-half of the minimum detectable concentrations are used.

ND = Nondetectable. Minimum detectable concentration is 3.2 pCi/1.
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TABLE 2.8-16

RADIOACTIVITY IN BOTTOM SEDIMEN3, DAVIS-BESSE NUCLEAR PC*iER STATION
AVERAGE AND RANGE, pCi/g(drf)
1972 to 1974 (2,3,4,11,12,13)

Analysis Average * Range of 23 Sa=ples

Gross Beta 14.h 9 1 - 20.6

9 10Gross Alpha 1.75 ND -

90 0.12 ND 0.61-

Sr .

0.07137 0.047 ND -

Cs

kO 14.8 12.3 - 19.T
g

* For averaging purposes, one-half of the mini =um detectable concentrations
are used.

ND = Nondetectable. Mini =um detectable concentraticns are:

Gross Alpha - 1.0 pCi/g(drf)
90Sr - 0.14 pCi/g(dry)

137Cs - 0.02 pCi/g(dry)

<

2.8-30
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TABLE 2.8-17

RADI0 ACTIVITY IN FISH, * DAVIS-BESSE NUCLEAR POWER STATION (2,4,11,12,13)
AVERA0E AND RANGE, ** p/Ci (vet)

1972 to 1974

Number of
Type of Fish Samples Gross Beta Sr+

- 137 4090 Cs K

Carp 6 2.29 0.94 0.01 1 90 ,

(Cyprinus carpio) (1.85 - 2.58) (0.55 - 1.75) (0.01 - 0.02) (1.50 - 2.24) '

White Bass 5 2.83 1.10 0.06 2.46
(Morone chrysups) (2.44 - 3.59) (0.99 - 1.55) (0.05 - 0.07) (2.14 - 2.65)

Catfish 8 2,07 0.90 0.02 2.04
(Ictalurus punctatus) (1.65 - 2.56) (0.25 - 1.41) (0.01 - 0.03) (1.52 - 2.44)

. 8 -

P Drum 3 2.71 1 57 0.06 2.46 k
N (Aplodinotus gruniens) (2.50 - 3.02) (0.80 - 2.13) (0.02 - 0.11) (2.07 - 2.80)

Perch 2 2.Sh 0.95 0.02 2.13
(Perca flavescens) (2.22 - 2.86) (0.85 - 1.05) (0.01 - 0.03) (1.85 - 2.41)

Walleye 3 2.54 0.52 0.08 2.59.

j.. (Stizostedion vitreum) (2.33 - 2.89) (0.21 - 0.68) (0.04 - 0.11) (2.05 - 3.08)

| Shad 1 2.88 0.59 0.01 1.67
(Dorosoma celedianums)

.
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TABLE 2.8-17 (continued)

Number of 90 137 40
Type of Fish Samples Gross Beta Sr Cs K

Bullhead 1 2.h3 0.79 0.01 1,82

(Ictalurus nebulosus)

Crappie 1 2.64 0.68 0.02 2.5
(Pomoxis annularis)

? cs

?' i'
"

M

,

'

Fish collected from Toussaint River (T-3) near stonn drain outra11 and from Lake Erie in vicinity*

of site (T-1).
Range in parentheses below average value.##

+90Sr measured in bone only. Other analyses performed on flesh.

9

.

.
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2.9 OTHER 'E!!VIROT!!EIITAL FEATURES

2.9 1 PRESENT E!!VIR07:tE!!TAL SOlIID LEVELS

To document the present environmental sound levels at the Davis-Besse site

and its environs and to establish a noise baseline from which the noise

impact of Unit No. 1 could be assessed, a background noise survey was con-

ducted thy 16-18, 1974, during the periods or daytime (0700-1900 hr),

evening (1900-2200 hr), and nighttime (2200-0700 hr), using the methods

described in Section 6.2.6. A site map showing the locations of five of

the seven sampling points at which noise =easurements were taken is shown

in Figure 2.9-1. One location not shown (point 3) was on the lakefront

northwest of Sand Beach, approximately 1.3-mi from the site. The other

location (point 7) was in a rural area south-southwest of Locust Point,

on the south side of the Toussaint River, approximately 1.8 mi from the

site. The L sound levels (sound levels exceeded 50% of the time) at'

50

each sampling point and measurement period are shown in Table 2.9-1. The

composite L sound levels during the survey at each sampling point were
50

used to construct A-veighted sound-level contours on site maps. Figure

2.9-2 shows the daytime high, and Figure 2.9-3 shows the nighttime lov.
'

The meteorological data obtained during the survey from the onsite

meteorological tower at the 10-m level and supplemented by data from

nearby airports are contained in Table 2.9-2.

The composite L sound level for all sampling points during all measure-
50

ment periods was h6 dBA. The principal noise sources were observed to be

highway traffic along Route 2 and wave action along the shore of Lake Eria.

The weekday daytime readings contain contributions from the construction

activities of Unit No.1. However, during the survey most of the heavy out-

side construction had been completed. The contribution of the construction

2.9-1
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TABLi' 2.9-1

SOUIID PRESSWE LEVEL l'2ASUREE:ES OBTAIIiED ATL50 THE CAVIS-BES02 SITE,I'AY 17-18, 197h (dBA)

Friday. thy 17,197h Saturday, thy 18,197h

Location _ Daytime Evenint Highttice_ Daytime Evenine I!ichttice

1 48 50 h9 sh 56 sh

2 47 37 34 h2 43 3h

3 50 56 52 63 6h 61

h h6 hk 37 h6 41 35

5 50 h2 37 hh h2 36

6' 58 h9 h5 53 54 ho

7 42 hh 33 40 L3 35

)
l
1

l

|

|

!

I

,

.

2 9-2 .
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. TABLE 2 9-2 ..
,

METEOROLOGICAL DATA-FOR THE DAVIS-BESSE SITE
DURING THE BACKGROUND NOISE SURVEY

(Page 1 of 2)
J

Earometric.
' Wind

Time Direction Wind Speed (mph) Temperature (*F) Dew Point (*F) Pressure'(in. Hg)

Friday, May 17, 1974

1100 180 10 69 68 29.89

1130 200 10 71 68 ,
"

y- 1200 310 12 72 65 4

1230 340 7 73 64"

1300 300 6 75 62

1330 320 7 79 62

1h00 030 8 65 55

1930 080 4 59 52 29.h8

2000 OTO 3 59 52

2030 07 0 3 59 52

2100 080 2 59 52

2200 080 3 59 52

2230 060 3 59 52

2300 050 3 59 52

2330 090 3 59 52 29.h5
.

e

l

- _ - - - - - _ _ _ _ _ _ _ _ _ , _ -



TABLE 2.9-2 (Page 2 of 2)

Wind' Barometric
Time Direction Wind Speed (mph) Temperature (*F) Dev Point (*F) Pressure (in. Hg)

Saturday, May 18, 1974

1000 060 7 58 41

1030 040 7 58 41

1100 030 9 59 41 29.43

1130 030 8 61 43

1200 030 6 61 41 .gy

2000 060 8 62 44 29.41 hp
#

2030 050 6 62 44

2100 030 ,9 61 44

2130 040 6 59 47

2200 030 6 59 48

2230 040 5 59 48*

2300 030 6 59 48 29.44

.

!
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I

_.

activities to the weekday daytime souhd levels (and sound levels during
- j

all other' measurement periods) .was minor compared with that of .the princi-

Ipal noise sources. Other noise sources in the vicinity included wind,

birds, rifle fire from Camp Perry, and distant lawnmowers.

No intermittent, recurring, or particularly annoying sounds, such as high-

pitched whines requiring octave band analysis, were present during the

survey.

2.9 2 OTHER FEATURES

There are no other known environmental features of the Davis-Besse Nuclear

Power Station Unit No.1 and environs essential to an assessment of the
,

environmental impact.
.

2 9-5
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3.2 REACTOR AND STEAM ELECI'RIC SYSm4
.

The Davis-Besse Nuclear Fever Station Unit No.1 vill have a pressurized

water reactor nuclear steam supply system and a steam driven turbine-

generator. A detailed description of the unit is incorporated in the Final

Safety Analysis Report.

3.2.1 NUCLEAR STEAM SUPPLY SYSTEM

The nuclear steam supply system consists of the reactor vessel, two vertical

once through steam generators , four shaft sealed reactor coolant pu=ps , an

electrically heated pressurizer and interconnecting piping. The system is'

arranged as two heat transport loops , each with two reactor coolant pu=ps

and one steam generator. The entire system is contained within a free-s :ar d.-

ing steel containment vessel surrounded by a reinforced concrete shield
-

building.

The reactor _. coolant system is designed to contain and circulate the reactor

coolant at flows and pressures necessary to transfer the heat generated in

the reactor core to the feedvater in the secondary side of the steam

generators. In addition to serving as a heat transport medium, the coolant

also serves as a neutron moderator and a solvent for the soluble boron used

as a chemical shim to centrol reactivity.

The nuclear steam supply system is designed and supplied by the Babcock and

Wilcox Company. The system is designed to operate at 2,789 MWt with suffi-

cient margin so that it can undergo any credible transients without ex-
.

periencing any damage and without exceeding code limits.

. Application has been made for an operating license to operate at a reactor

power output of 2,772 MWt. Core performance analyses in this report are

based on this power level. An additional 17 MWt vill be contributed to the

cycle by the reactor coolant pu=ps , resulting in a net electric output of

3.2-1
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906 MWe. The reactor fuel is composed of sintered uranium dioxide pellets ,

stacked and sealed in Zirealoy h tubes.

Reactor power vill be controlled by two independent reactivity control

systems: (a) control rod assemblies, and (t) soluble boron. The control

rod assemblies use a neutron absorbing alloy of silver, indium, and cad =ium

to control core reactivity. The control rods are used to ensure a safe

shutdown (I,ff 0.99) in the hot condition, with the control rod containing

the most reactivity stuck in the outposition. Additional shutdown capability

comes from the soluble boren.

3.2.2 STEAM AND POWER CONVERSION SYSTEM

Steam produced in the steam generators enters a high pressure turbine, passes

through two moisture-separator-reheaters, and then through two tandem double

flow low pressure turbines. The rotational energy created in the turbine

drives a generator to produce electricity. A General Electric TChF h3

turbine vill be used to drive the generator. The net electrical output,

including 17 MWt contributed by the reactor coolant pumps , vill be 906 MWe.

After passing through the turbine, the steam is conden:;ed in the condenser

by the circulating water in the closed condenser cooling water system. The

heat transferred from the steam to the circulating water is rejected to the

atmosphere in a single natural draft cooling tower. The subcooled condensate

is pumped frca the condenser through feedvater heaters prior to reentering

the steam generators as feedvater. Various auxiliary systems are designed

to provide makeup water to the reactor coolant and steam systems. Effluents

from these systems vill be processed to ensure their purity before being

released to the environment.

|

1
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3.3 UNIT WATER USE '

3.3.1 WATER SOURCES AND USE

The use of water from Lake Erie for Davis-Besse Unit No.1, and water dis-

charges back into the Lake., are minimis:ed by the use of a closed condenser

cooling water system and the use of the unit's service water disaarge as

cooling tower makeap. A quantitative flow diagram of water use and discharge

is shown in Figure 3.3-1.

All the water required for unit use is drawn frem Lake Erie through a sub-

merged-intake crib and piped into an open intake canal. The vater then flows

through the intake canal to the intake structure located east of the unit

and at the west end of the intake canal forebay. The details of the water

intake system are provided in Section 3.h.

Raw lake water from the intake structure is provided for the ' ollowingf

systems: the service water system, the dilutien and cooling tower makeup

system, the backwash pumps for the traveling water screens in the intake

structure, the emergency backup fire punp, and the domestic and makeup water

system.

The largest volume of water is used for makeup to the closed condenser cool-

ing water system, which is isolated from the reactor coolant system and main

steam system. Makeup water for this system normally comes from the discharge

of the service water system. The details of the clcsed cendenser cooling

vater system are provided in Section 3.h.

3.3.1.1 - Service Water System

The service water system vill provide water to the co=ponent cooling water

heat exchangers , containment air coolers , and turbine building cooling vater

heat _ exchangers during normal operation. During an emergency, this system

vill supply water to the component cooling water heat exchangers, containment

3.3-1
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air coolers, emergency core cooling system roca cooler coils , and control

room emergency condensing units.

The service water system provides water for the folleving:

a. Normal Operation

(1) Component cooling water heat exchangers

(2) Turbine building cooling water heat exchangers

(3) Containment air coolers

(h) Cooling tover makeup

(5) Deaerator water jet exhausters

(6) Condensate polishing demineralizers (as necessary)

(7) Emergency. core cooling system room cooling coils (as necessary)

b. Emergency Operation

(1) Component cooling water heat exchangers

(2) Containment air coolers

(3) Emergency core cooling system room cooler coils

(h) Control room emergency condensing units.

(5) Auxiliary feedvater system (as necessary)

Three service water pumps are provided. They are located in the intake

structure and use Lake Erie as a source of water. The service water is

continuously chlorinated to prevent slime and algae growth in the system..

Two service water pumps are normally used and the third pu=p provides standby.

Motor-operated strainers at the pump outlets filter any material that =ay

plug or foul tubes in the heat exchangers. A flow diagram of the service

water system is provided in Figure 3.3-2. After passing through the heat

exchangers, water from the service water system is discharged into the

closed condenser cooling water system to supply the makeup requirements of

3.3-2
,
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- the system, as shown in Figure 3.3-1.
.

3.3.1.2 Dilution and Cooling Tower Makeuo System

The dilution and cooling tower makeup system provides dilutien water to mix

vith cooling tower blevdown and other unit effluents to reduce the unit's

discharge temperature to within 200F of lake temperature. Water from this

system is also used, as required, for cooling tower makeup when the quantity

of service water discharge is not sufficient or when service water system

discharge is used for vinter ice control in the intake canal forebay.

3. 3.1. 3 Domestic and Makeue Water System

' The domestic and makeup water system is designed to provide high quality

water, in sufficient quantity, for primary and secondary system makeup. In

addition, this system supplies clarified, softened, filtered, and chlorinated

water for the unit's potable water and sanitary systems.

Under normal operations , . chlorinated Lake Erie water is delivered by one of

. two water treatment feed pumps to the two clarifiers. Chemical feeders are

located near the clarifiers to provide lime for softening, and sodium

aluminate for clarification. Clarified and softened water flows by gravity

from the clarifiers through two anthracite and sand gravity filters to a

clearvell. From the clearvell, the clarified, softened, and filtered water

is pumped to the domestic water system or through two activated carbon

filters to one of two demineralizer trains. The water delivered to the

demineralizer train.a flows through one of two primary cation units to a
.

vacuum degasifier. From the vacuum degasifier, water is pt= ped through one

of two primary anion demineralizers and to one secondary cation and anion

demineralizer and' terminates at the demineralized water storage tank.

: One~ of three pumps 'is then used, 'as . required, to transfer the de=ineralized

water in the storage tank to various points throughout the unit, such as the

.

3.3-3
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primary water storage tank, condenser hotvell, condensate storage tanks ,,and

for miscellaneous flushing cperations.

Prior to regeneration of the makeup demineralizers , the primar/ cation,

secondary cation, and secondary anion de=ineralizers vill be backwashed with

clear water to loosen the resin and prepare them for regeneration. The

backwash effluent vill not contain any chemicals , but only fine suspended

material. This effluent vill- go to the settling basin where the suspended

material vill settle. The clear effluent will discharge over a veir and

be pumped to the collection box.
|
t

Regeneration of the makeup de=ineralizers 1s accomplished vitn sulfuric

acid and sodium hydroxide. Regenerant vastes from the de=ineralizers are

transferred to a neutralizing tank, where they are neutralized before dis-

charge to the collection box. The treatment and discharge of this regen-

erant effluent is discussed in Section 3.6.

The clarifier blevdown and filter backvash are discharged into a su=p, in

the water treatment building, and pu= ped to the settling basin. The settling

basin is equipped with an overflow veir to retain suspended solids and permit

only clear water to flow into a sump adjacent to the settling basin. From

the sump, the water vill be pumped to the collection box where it vill be

discharged with the other unit effluents to Lake Erie. The settling basin

is shown schematically in Figure 3.3-3.

A sewage treatment plant is provided to treat all effluent from the sanitarf

system. The treatment plant will provide primary and seccndarf treatment.

The sewage treatment plant effluent is discussed in Section 3.7

A storm drainage system is provided to drain runoff from paved and graded

areas and buildings , as well as from =iscellmeous equip =ent and floor drains

in non-radioactive areas , into the existing ditch alcag the south boundar/ of

3.3 h
.
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the' site. Water from the miscellaneous equipment and floor drains vill pass

through oil interceptors prior to entering the stem drainage system. After

entering this ditch the stom vater travels a distance of about 7,000 feet

before reaching the Toussaint River. No chemical, oily or radioactive vastes

will be permitted to be discharged into this system.

3.3.2 WATER QUALITY
,

3.3.2.1 Influent Water

Table 3.3-1 summerizes the results of analyses of water samples taken from

the construction water intake for the period April,1971 through February,

1974. Dissolved oxygen measurements were made only on sa=ples collected

closer to shore, collected during the pe.dod November,1968 to October,1970.

Chemical treatment of the water used in the service water system and the

domestic and makeup water system was briefly described in Section 3.3.1.3.

Further discussion of chemical additions and water treatment is provided in

Section 3.6.

3.3.2.2 Water Effluents

All vater effluents from the unit, except water in the storm drainage system,

are discharged into Lake Erie through a buried pipe running along the

southerly side of the intake canal to the beach area. From the beach area

the discharge pipe heads easterly out into the lake for approxi=ately 1,300

ft. to where it discharges into a 6 ft. depth of water belov low water datum

568.6 (IGLD). The outlet of the discharge pipe into unrestricted lake water

vill be through a slot-type orifice to impart velocity to the discharge water

which will prcmote rapid dilution and mixing with the lake water. The cross-

sectional area of the orifice vill provide a discharge velocity of 6.h fps at

an ' expected maximum discharge flow of 19,260 gpm, and a discharge velocity of

2.7 fps at an average discharge flow of 8,159 gpm. The discharge arrangement '

3.3-5
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TABLE 3.3-1

AVERAGE LAKE WATER QUALITY AT CONSTRUCTION INTAKE *

Component
Concentrations

Calcium (Ca) h2

Magnesium (Mg) 9

Sodium (Na) 15

Chloride (Cl) 22

Nitrate (NO ) 6
3

Sulfate (S0 ) blh

Phosphate (P0g) 0.3

Silica (SiO )*** 1.0
2

Alkalinity as Cac0 903

Saspended Solids 28

Dissolved Solids 234 -

Dissolved Oxygen *** 10

BOD 2

pH 8.1

Ammonia Nitrogen 0.6

Chlorine Demand ** 1.h

" Average of sa=ples frem April 20, 1971, through February 12, 1974, ;,,

taken 2,700 ft from shore at appreximately 7 ft water depth 3 ft I
from the lake' bottom, except as noted.

|

|** Samples from April 1971 through July 1971 only, at same location.
j

***Avera6e of samples from November,1968 to October,1970 taken 50 to

100 ft, from shore.

General Note: J
l

All values mg/l except pH. j
. . .

,

1

r .-
.
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is shown in Figure 3.3 Is.
,

A common collection point for the various effluent streams from the unit is

provided by the collection box, which discharges into the discharge pipe.

The elevation of the collection box vill provide the necessary head for dis-

charge to the lake, under all lake water level conditions.

The various effluent streams frca the unit to the collection box are listed

below:

a. Cooling tower blowdown
.

b. Dilutien water

Service water (only during period of unit shutdown)c.

d. Processed effluents frcm the radvaste system

e. Sewage treatment plant effluent

f. Neutralized regenerant vaste from the makeup desineralizers

g. Effluents frem the settling basin receiving:

(1) Clarifier blevdown and filter backvash

(2) Condensate demineralizar backwash

(3) Makeup domineralizer backwash

The normal, maximum, and average monthly discharge flows frem these syste=s

are shown in Figure 3.3-1. The chemicals discharged frcs these systems are

discussed in Section 3.6. Table 3.3-2 tabulates the quantity of the indivi-

du'al discharges , and shows the ecmbined monthly average and maximt=1 short-

time peak flow. .

The yard storm drainage system collects to a ec= mon point and is discharged

into the drainage ditch, which runs for 7,000 ft. along the south site

boundary before entering the Toussaint River. Building roof drains and floor

drains in non-radioactive areas also discharge to this system; the floor
i

drains only after passing through oil interceptors which eliminate any |

3.3-T
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TABLE 3.3-2
.

LIQUID EFFLUENTS DISCHARGED TO LAKE ERIE
.

,

Expected Average*

Max, Flow Flow
gpm gpm.

Cooling Tower Blowdown 8,350* 8,125**

Dilution Water 10,000 0

Neutralized Regenerant Wastes 200 7
Y Ey Pumped Effluents fzt>m Settling Basin, k
OS Clarifier Blowdown, Filter Backwash,

Condenser Demineralizer Backwash 600 214

Processed Effluents from Radwaste System ~70 1

Sewage Treatment Plant Effluents ' 14 0 2

Total Effluents 19,260 8,159
.

"Maximun cooling tower blevdown (9,360 gpm) does reat occur at the same time with maximum unit discharge.

** Average cooling tower blowdown was computed using blevdown flows for February thru December. The flow

for January was not used because of abnormally cold weather, during the period which onsite meterological

data was collected, resulting in an unrepresentative blowdown flow.
,
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,

possibility of oil entering this system and being discharged. The diesel oil

storage tank for the auxiliary boiler and emerEency diesel generators are

surrounded by a concrete vall to prevent fuel oil from entering the storm

drainage system in the event of leakage.

.
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3.h HEAT DISSIPATION SYSTEM
.

For an installation of the type and size of the Davis-Besse Nuclear Power

Station Unit No.1, the heat discharged into Lake Erie vill be very mini =al

due to the use of a closed condenser cooling water system to reject the heat

in the condenser circulating water directly to the atmosphere.

3.h.1 Cooling Tower

A natural draft counterflow cooling tower vill be used to dissipate 98% of

the total heat from the Unit's condenser to the atmosphere. The cooling

tower, which is approximately h93 ft. high and h15 ft, in dia=eter at the

base, removes the heat from the condenser circulating water by evaporative

cooling (see Figure 3.h-l.) The remaining 25 of the heat is discharged inf

the cooling tower blevdown to the collection box for discharge to Lake Erie.

Condenser circulating water vill be punped through the cooling tower at a

rat'e of h80,000 gpm, usir*, four circulating water pumps each having a ca-

pacity of 120,000 gpm each. Water flov to the cooling tcver from the con-

- denser is carried by two 9 ft. diameter buried pipes and is then distributed

to spray nozzles above the fill material through concrete ducts. From the

cooling tower basin the cooled water vill flow back to the circulating water

pump house, on the east side of the turbine building, through an open channel

and vill be pumped back into the inlet of the condenser. Location of the

cooling tower with respect to the other unit structures is shevn in Figure

3.h-2. The only water losses from this system are from evaporation, drift,
,

and blevdown. The temperature rise across the condenser and the temperature

drop through the cooling tower vill be 26 F at full unit power, with a heat

rejection to the atmosphere of 6.2 x 10 BTU / hour.

Evaporation of water from the cooling tower is greatest during the higher
L

vet bulb conditions and amounts to approximately 9,h00 gpm during vam

3.h-1
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weather, with a minimum of about 6,000 gpm during cold weather (a value of'

5,773 spm was calculated for January; this value was not used because of

abnormally cold weather during the two Januarys in which onsite meteor-

ological data were collected).- The drift, or loss from entrained moisture

droplets, is negligible, an expected 0.01% of the circulating water flow

or ho gpm.

A concentration factor of two is chosen for the cooling tower system which

requires a blevdcun approximately equal to the evaporative and drift loss

with a resulting concentration of dissolved solids approximately twice that

of the makeup water from the lake. This concentration factor was chosen

to reduce the problems of scale formation on condenser tubes and to keep

the dissolved solids in the blevdown vater within acceptable levels. The

amount of makeup water required at this concentration factor also permits
i

the service water system discharge to serve as cooling tower makeup since
.

these quantities are approximately equal and thereby reduces the amount of

heat discharged to the lake.

The makeup water vill be introduced into the system ahead of the circulating

pumps with the blovdown taken from alternate pump discharges. 011erination

of the condenser circulating water will be done on a periodic basis to pre-

vent algae growth within the system. The chlorine vill be in,jected into

those circulating pump suctions which do not have blevdown being taken from

their discharge, so that blevdown water vill centain minimal residual chlor-

ine. The free residual chlorine vill be maintained at a level not to exceed
1

a daily maximum of 0.5 mg/1, at any time, and a daily average of 0.2 mg/1.

(
,

3.h-2
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Sulfuric acid vill be fed into the system to control the pH in the system to

a nearly neutral level of 8.0. The sulfuric acid changes the calcium bi-

carbonate to calcium sulfate which reduces scaling tendencies in the heat

exchange equipment. Other than this change, the only difference in the dis-

solved solids of the condenser circulating water and that of lake water is

that the concentration is approximately double that of lake water.

3.4.2 SERVICE WATER SYSTDi

In addition to the major heat load from the turbine exhaust condenser, other

cooling systens (i.e, turbine building cooling water, component ecoling

water, and containment air coolers) are supplied with cooling vater by the

service water system. A simplified flow diagram of the unit's cooling and

makeup water flow is shown in Figure 3.3-1. Makeup water for the cooling

tower is nor= ally obtained from the service water system discharge as shown

in Figure 3.3-2.

3.h.3 INTAKE CRIB

All vater used in the unit is drawn from Lake Erie through a sub=erged intake

crib about 3,000 feet offshore; the intake crib will be on a contour 11 feet

below Lake Erie low water datum (568.6 IcLD) at a current water depth of ,

about 1h feet (Figure 3.3-4) . The intake consists of an octagonal crib =ade

of timber with slots in the top for the entry of water. At the design maxi- ;-

mum intake flow of h2,000 gpm,.the maximum intake velocity vill be 0.25 fps ,

the actual intake velocity vill be about 0.12 fps at the nominal design flow
'

rate of 20,850 gym and about 0.10 fps at the expected average ficv rate of
1

16,700 gpm. An air bubble screen is installed around the perimeter of the

crib _ to discourage the entrance of fish.
!Icing of the intake crib is not ex;.ected to occur; similar wooden cribs
|

currently operating on Lake Erie have not been troubled by icing.

.

3.4-3
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The intake crib has a semi-circular rockfill around it (Figure 3.3 h) . The

semi-circular rockfill,. located about 300 feet away frcm the center of the

intake crib is to prevent large chunks of ice from being driven into the

crib by vind and wave action.

Water drawn into the crib enters an 8 ft. diameter intake pipe buried be-

neath the lake bottom. At the design maximum intake flow of h2,000 gpm the

water velocity in the intake pipe vill be about 1.9 fps. Water flows by

gravity through this pipe into the intake canal which is separated from the

lake by the beach and beachfront dike. The intake canal, which extends frca

the beachfront dike to the intake structure, as shown in the site plan,

Figure 3.h-2, functions as a 1cng reservior where water is stored for unit

use. At the design maximum flow of h2,000 gpm the water velocity in the

intake canal is estimated to be about 0.11 fps.

3.h.4 INTAKE PINPS AND SCREENS

All water used by the unit is provided by the folleving pu=ps located in the

intake structure (see Figure 3.h-3).

Three service water pumps (2 operating - 1 standby)a.

b. Two cooling tower makeup pu=ps (when required)

One dilution pump (vhen required)c.

d. Two water treatment feed pu=ps (1 operating - 1 standby)

e. One fire pump

Before the water reaches the pumps it passes through trash _acks (k in. x

26 in. openings) and then through traveling water screens with 1/h inch

square openings to prevent fish or small debris frcs entering the pu=p vells.

The traveling water screens are periodically cleaned of entrained =aterial

by backwash sprays.
t

. The screen vash pumps, located in the intake structure,

3.h h
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drav vater from the intake structure and discharge it along with any en-

trained material washed from the traveling water screens to the screenvash

catch basin.

The water discharges from the screen wash catch basin by on overflov veir so

that debris or fish, vashed from the screens, can be =onitored and kept out

of the marsh.

3.h.5 DISCHARGE SYSTEM

All unit effluents (except storm water drainage, turbine building and non-
;

radioactive auxiliary building drains, which go to the Toussaint River), will

be mixed in the collection box prior to discharge to Lake Erie. Most of the

unit discharge vill be cooling tower blevdown and its associated dilution

water as required. The collection box has a small volume (13,800 gallons)

compared to the flow rates into it, and therefore has no holdup capacity but

acts only as a collecting point for the various unit effluents. Frem the

collection box a buried pipe, 6 ft, in diameter, runs parallel to the intake

. canal on its southerly side to the beachfrent where it turns eastward and

extends approximately 1,300 ft. out under the lake, where it teminates with

a 15 foot high by h.5 foot vide slot-type Jet discharge (See Figure 3 3-h) .

The discharge is located at a current water depth of about 9 feet (6 feet
~

below Lake Erie low "ater datum). The elevation of the collection box vill

provide the necessary head for discharge, through the discharge pipe to the
.

lake under all lake water level conditions. The slot-type discharge vill

have an exit water velocity of about 6.h fps at the maximum discharge flow,

of 19,260 gpm. The nominal water velocity vill be 2 7 fps at the expected

nominal discharge flow of 8,159 gpm, thus promoting rapid entrainment and

mixing with the' lake water. The lake bottom vill be riprapped with rock for
1

3.4-5
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.about 200 feet in front of the discharge to minimize scouring of the lake

bottom and the resulting water turbidity.
,

4

3.h.6 THERMAL DISCHARGE TO LAKE ERIE

ihe only heat of any significance discharged into Lake Erie vill be that cen-

- tained in the cooling tower blowdown. Since the blevdown flew is relatively
..

constant, the amount of heat discharEe is dependent on the temperature+

-difference between the lake water and the cooling tower blevdevn. The

temperature of the cooling tower blowdown, which is taken frem the cold water

side of the system, is entirely dependent on the vet bulb temperature of the;

air. Therefore, the amount of heat discharged to the lake from unit opera-,

tion is a function of the difference between the atmosphere vet bulb temp-

erature and lake temperature. The greater this temperature difference is,,

as in the spring with varm air and cold lake water, the greater the amount

of heat discharged. During certain short periods, in the fall and vinter,

this temperature difference can be negative which vill result in lake heat

being discharged to the atmosphere through the cooling tower.

Since a good portion of the years operation vill be during periods of chang-;

'ing lake temperatures, as in the spring when the lake is gaining te=perature

from the natural atmospheric heat exchange process, an analysis using average

monthly temperature for the air and lake does not given a true indication of,

.

- the extremes actually encountered. For this reason, the heat. rejection in-

formation is given for both monthly average conditiens and extreme conthlyi

I

conditions . To determine the ~ extreme conditions, daily vet bulb te=perature
,

data from the records for the onsite meterological tower were used to de-
.

temine the corresponding expected cooling tower water outlet temperatures
'

'and blowdown rates The temperatures and rates are summarized en a monthly.

'

' basis ~ in Table 3.h-1. The maximum quantity of heat discharged from the unit

3.4-6
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TABLE 3.h-1
'

THERMAL CHARACIERISTICS OF DISGARGE

FROM DAVIS-BESSE UNIT NO.1

.

Cooling Tower
CBlowdown Temperature F

Month Mean Minimin Maximum Blevdevn Pate , em

Januarf 55.h h3.7 67.8 5,725

Februarf 60 7 50.5 67.6 6,530
,

March 62.0 57.3 65.6 6,715

April 71 9 64.4 86.5 8,350

May 78.4 68.h 85 0 8,920

June 81.6 75.8 91.6 9,200

July 83 9 79.8 91.h 9,360

August 85.0 80.6 88.8 9 ,310

September 79.2 63.8 86.8 8,8ho

- October 73.3 6h.2 83.0 8,2hD
!

November 67.8 56.h 7h.0 7,300

December 61.h 55.6 70.1 6,610

l

I

e

. ,

!

.
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by blevdown vill be 138 x 106 BTU /hr. and the average approximately 110 x 10

BTU /hr. Two 11,000 gpm cooling tower =akeup pu=ps are provided for initial

fill and makeup to the closed condenser ecoling water system during vinter

months when all or a portion of the service water system discharge vill be

routed to the intake canal forebay ahead of the intake structure to keep the

area in front of the intake struccure free of ice. These pumps vill also be

used during periods when the reqdred cooling tower makeup exceeds the dis-

charge of the r,ervice water system.

A 10,000 gpm dilution pump is also pro dded. This pump vill be the primary

pump for dilution of the cooling teve7 blowdevn to limit the te=perature

. difference between the lake and tho diccharge to 20 F. The dilution pu=p0

vill supply unchlorinated ambient lake water frem the intake structure

directly to the collection box to dilute the- cooling tower blevdown and

reduce the temperature of the unit's discharge. In the event that dilution

greater than the capacity of the dilution pt=p is required or the dilution

pump is out of service for maintenance, the cooling tcwer makeup pu=ps can

also be used for dilution. The slot-type discharge at the terminus of the

discharge pipe, in the lake, is - designed to provide a relatively high velo-

city discharge to the effluent entering the lake and induce rapid jet en-

trainment mixing of the discharge with ambient lake water. The rapid

dilution of the discharge with lake water to provide temperature reduction
's

v111' also result in a like dilution of all substances such as dissolved -

solids and trace radio-nuclides contained in the unit discharge.

3. 4-8
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35 RADWA .E SYSTEMS "

,

Radioactive fission products and products of neutron activation vill be

produced in the operation of the unit. Small quantities of these substances

vill enter some of the unit's systems and vill find their way into (1) one

of the cleanup devices, such as a filter or a. demineralizer; (2) one of the

liquid effluent streams; or (3) one of the gaseous effluent streams. With

the exception of certain continuous gaseous effluents, such as the steam

jet air ejector and ventilation air from the auxiliary ~and turbine build-

ings, these vastes are managed on a batch ~ basis. In all cases, radvastes

are processed and monitored, and releases to the environment or shipments

offsite are audited and are made under controlled conditions. A more
'

detailed description of these syste=s is presented in Chapter 11 of the

Davis-Besse Nuclear Power Station Unit No.1 Final Safety Analysis Report.

In all cases the systems and procedures are designed to ensure that exposure

to radioactive material in unit effluents is in accordance with the require-

ments set forth in 10 CFR Part 20 and with the "as low as practicable"
~ ~

criterion set forth in 10 CFR Part 50.

The principal assumptions and conditions employed in the calculation of

radioactive effluent quantities and concentrations are shown in Table 3.5-1.

3. 5.1- LIQUID RADIOACTIVE WASTES

The liquid radioactive vastes are processed in one or both of two systems:
,

(1) the clean liquid radioactive vaste system (CLRWS) and/or (2) the

miscellaneous liquid radioactive vaste system (MLRWS).

The purpose of the CLRWS is to collect, store, process, monitor, recycle,

or discharge potentially radioactive reactor-grade waterborne vastes pro-
*

duced during normal _ unit operation. The flow paths in the CLRWS are shown
.

in Figures 3.5-1 and 3 5-2. The-CLRWS processes hydrogenated liquid vaste

3.5-1
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TABLE 3 5-1,

CALCULATIONAL ASSUMPTICIIS FOR THE RADUASTE
SYSTEMS ANALYSES

(Page 1 of 8)

1. Reactor power. level: 2,772 MWt
,

2. Weight of uranium:

a. First fuel loading, Sh.0 metric tons
.

b. Equilibrium cycle, no contract yet for subsequent fuel loadings

3. Isotopic loading in fresh fuel:

a. First fuel loading, 1.98-2 965

b. Equilibrium cycle, no contract yet for subsequent fuel loadings

k. Assumed fraction of failed fuel: 0.1%

5 Escape rate coefficients for escape of fission products frem fuel

elements into primary coolant:
.

Fission Product Escate Rate Coefficient (sec~1)

Xe, Kr 6.5 x 10~
~0I, Br, Rb, Cs 1.3 x 10
~9Mo, Nb 2.0 x 10

~9Te, Se, Sb, Sn 1.0 x 10

~

Sr, Ba 1.0 x 10

-12Y, La, Ce 1.6 x 10

'6. Plant capacity factor: 80%

7 Number of steam generators: two

8. Type .of stern Generatur: once-throuGh

3 5-2' .
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TABLE 3.5-1 (Page 2 of 8)
.

9 Mass of primary coolant:

a. Total, 508,807 lb

b' . - In reactor, 253,000 lb (maximum)
~

8
10. Primary coolant flow rate: 1.379 x 10 lb/hr

11. Mass of coolant in each steam generator:

a. Steam, 5,100 lb

b. Liquid, h9,000 lb

12. ' Total mass of secondary coolant: 2.93 x 10' lb

13. Steam generator operating conditions:

a. Temperature

(1) Inlet, 608*F

(2) Outlet, 556'F

b. Pressure
'

(1) -Inlet, 2,lh9 psig

(2) Outlet, 2,1hh psig
Ic.- Flow rate, 6.895 x 10 lb/hr

_

lb. Condensate demineraliser description:

a. Number, four, with three on line during operation and one cli

standby

b.. Type, mixed powdered resin and/or Solka Floc
d-

c. Sise, 68-in.-diameter shell and 17 ft 5 in. in overall height

d. Flow capacity, 2,605,500 lb/hr

15. Containment vessel free volume, 2,63h,000 ft3

16 Assumed leak rate of primary coolant to the containment vessel

atmosphere -10 lb/hr

4

3.5-3
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TABLE 3 5-1 (Page 3 of 8).
f .

17 There is no internal air cleanup in the containment vessel for

cleanup prior to nomal purges
.

18. Containment purge description:
.

a. Frequency of purges, four per year

b. Filtration, HEPA and two charcoal filters in series-

.c. Decontamination factor for iodine, 100

19 Primary coolant letdown description:

a. Letdown flow rate, h5 gym

b. Return flow to primary system

(1.) , Flow rate, h3 35 gpm

(2) Treatment by mixed-bed demineralizer (Li-B0 ""
3

(3) Decontamination factors (see item 31)

c. Li and Cs control: separate cation demineralizer to be used

as required
,

d. Shim bleed flow (average) , ,

..

(1)' Flow rate, 1.65 spm

(2) Treatment by de6asifier, filter, mixed-bed demi.neralizer

(H+-OH form), evaporator, mixed-bed polishing deminer--

,

alizer . filter

e.- Unit design is for base-load operation

f. Assumed fraction of shim bleed that is recycled, 80%

20. Only.the shim bleed portion of the letdown flow is stripped of

' dissolved gases. ,

.

.

b
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TABLE 3 5-1 (Page h of 8)

21. Gases from shim bleed stripping:

Average shim bleed flow, 1.65 spma.

+ b. Noble gases removed by a degasifier; the stripping fraction is 1.

,

c. Treatment of gases
I

(1)- Collected in vaste gas surge tank (1,026 ft )

3(2) Compress'ed and held in three decay tanks (1,013 ft ,150

psi) for 30 days |1,

(3) Released to the atmosphere through EEPA filter and char-

coal adsorber from unit vent at a uniform rate over

30 days-

22. Gases from decay tanks are filtered through charcoal (and a HEPA

filter) prior to release. Decontamination factor for iodine: 10

23. Gases from degasification of coolant during shutdown:
s

a. Primary coolant volumes degassed, h vol/yr
~

b. Fraction of noble gas stripped, 1

c. ' Decay time (of gases), 30 days |1
4

24. Other methods of degassing primary coolant:

Infrequent venting of makeup tank, pressurizer, and quench tank'a.

b .' These gases are. collected and held for 30-day' decay |1
25. Assumed leak rate of primary coolant into the secondary coolant:

h.6 lb/hr

26. : Steam generator blowdown: none-

' 27 Turbine building ventilation air:

~

Assumed leak rate of secondary steam to the building,1,700 lb/hra.

. b .' Ventilation. air-flow rate, 285,000 cfm
.

.(- '
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TABLE 3.5-1 (Pace 5 of 8),

.

c. Release point, turbine building rcor vents

d. Filtration, none

28. Steam jet air ejector:
.

a. Flow rate, 50 ces

b. Filtration HEPA and charcoal filters

c. F.elease point, unit vent

29 Gland seal steam:
.

a. Source, main steam supply
.

b. Treatment of leakage, none

30. Auxiliary building ventilation:

a. Assumed leak rate of primary coolant to the auxiliary building,

13.3 lb/hr

b. Release point, unit vent

c. Ventilation ficv rates and treatments

Fuel-handling area 20,000 ofm* HEPA

Radvaste area ** 50,000 cfm HEPA

31. Volumes and activity concentrations of untreated liquid vactes, tank

capacities, and decontamination factors of treatment steps in the

liquid vaste treatment systems:

a. Volumes and activity concentratiens-of untreated vastes

.

' Periodic as. access is required.

-** Includes laboratory hoods.

|
*

3.5-6 |
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TABLE 3.5-1 (Page 6 of 8)

Untreated
Volume Activity *

Source (gal / day)_ (uCi/ce)
,

High-level

Shim bleed 2,376 1.2

Equipment leaks 240

Dirty vastes (floor drains)

Shield building 32 1.2

Auxiliary building 200 0.12

Laboratory vastes 400 0.02h

15 1.2Sample drains .

Miscellaneous sources 700 0.012
~

Detergent vastes h50 10

Steam generator blevdown None -

-I
Turbine building drains 3,200 h.7 x lo ,

Condensate demineraliter -

..

backwash 1,336 0.02

Demineralizer sluice 3h.2 1.2

Resin regeneration 130 0.3

b. Tank capacities

.(1) Clean liquid radioactive vaste system

No. Cavacity (cal)

Reactor coolant drain tank 1 655
*

Clean vaste receiver tanks 2 103,000

*Does not include Kr and Xe, which are removed from liquid vastes by the
degasifier.

3.5-7
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TABLE 3.5-1 (Page 7 of 8)
( '

No. Capacity (esl)

Clean vaste monitor tanks 2 23,200

Concentrate storage tank 1 780
'

Spent resin storage' tank 1 580
.

Sodium hydroxide mix tank 1 330

(2) Miscellaneous liquid radioactive vaste system

.

No. Capacity (esl)

Miscellaneous vaste drain

tank 1 13,400

Detergent vaste drain tank 1 7.300

Miscellaneous vaste monitor

tank 1 8,700

Evaporator storage tank 1 780

Antifoam tank 1 50

c. Treatmsnt steps and decontamination factors. See Figures 3.5-3

and 3.5-5

32. Dilution flow: Batches of liquid vaste vill be injected into a i
i

dilution . flow consisting of (1) the normal cooling tower blevdown |

flow of 8,125 gpm and (2) an extra dilution flow of about 10,000 gpm.

The cooling tower blevdown flow is expected to range from a minimum I

of about 6,000 gpm to a naxi=um of 9,360 g;m. Assuming a mixing

factor of 0.8, this results in an annual average effective dilution

flow of lb,500 gpm.

3 5-8
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TABLE 3.5-1 (Page 8 of 8)
'

.

'33. Treatment of vaste concentrates:

a. Treatment, mixed with solidifying agent and catalyst, drummed,

and shipped off the site for disposal

b. Volumes and activities

Volume Activity
(ft3/yr) (Ci)

Filter cartridges 21h 5,978
.

Spent bead resins 600 9,960

Powdered resins 800 33

Evaporator bottoms 1,407 2h9

34. Dry wastes:

Volume, 992 ft

Activity, 0.3 Ci

35. Deborating demineralizer regenerants

'

a. Time between-regenerations, 73 days

b. Treatment of regenerants, processed by miscellaneous liquid

radioactive vaste system

c. Volume, 130 spd

d. Fraction discharged,1

36. Process diagrams:
,

a. ' Liquid radwaste treatment, Figures 3.5-1 through 3.5-5

b. Oaseous radvaste treatment, Figures 3 5-6 and 3.5-7

S'olid radwaste treatment, Figure 3.5-8.c.-

.

.
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from.the reactor coelant drain tank as well as a portion of the letdown
!

# - (shim bleed) from the reactor coolant system. This system also processes |
|

primary coolant collected from loop drains, seal pots, and valve leakoffs.

The normal process cycle consists of degasification, filtration, deminerali-

- zation, evaporation, demineralization, and filtration. The end products of

the cycle are demineralized water and boric acid, which may be either reused

or disposed offin accordance-with applicable operating procedures.

In the degasifier, dissolved hydrogen and fisnion product gases are stripped

from the liquid and sent to the gaseous radioactive vaste system. From the j
e

degasifier, the vaste is pumped (1) through one of the primary demineralizer
!

filters, (2)' through one of the primary demineral'izers, and (3) into one of

the clean vaste receiver tanks. Periodic or continuous recirculation of the

ta,uk contents ensures adequate mixing. When sufficiently full, a tank is

isolated and a representative sample of its contents taken and analyzed.

Then, with its composition known, the vaste is fed to one or both of

the boric acid evaporators. There it is separated into its two reusable

constituents: demineralized water and concentrated boric acid. The demin-

eralized water (distillate) is pumped through one of the polishing

demineralizers and clean 'vaste monitor tank filters into one of two clean

vaste monitor tanks. Individual recirculation lines on these tanks ensure

adequate mixing. When a sufficient quantity has been accumulated, the tank

being filled is isolated and a sample taken. The processed vaste is then

sent to the primary water-storage tank for eventual reuse or diluted and

discharged to Lake Erie at a rate that does not lead to concentrations

' exceeding technical specifications. The boric acid _from the evaporator'

bottoms is pumped through the concentrate demineralizer into the concentrate ,

storage tank. After the contents of'this tank have been thoroughly mixed

3.5-10
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through recirculation, a sample is taken and analyzed. The acid is then

pumped to one of the boric acid addition tanks, where it is stored for

reuse, or to the miscellaneous liquid radioactive vaste system, where it is

further concentrated prior to packaging for shipment off the site. There is

also a line that permits the direct addition of boric acid from the concen-

tr,ates storage tank to the makeup tank should the need ever arise.

All vs.ste tanks are automatically maintained above atmospheric pressure by

a nitrogen blanketing system. When a tank is being filled, excess cover

gas is displaced to the gaseous radioactive vaste system or to the unit

vent. When a tank is being emptied, any replacement gas needed is recycled

back from the vaste gas system or supplied from the nitrogen supply.

When the concentration of boren in the primary system is lov, such as near

the end of an equilibrium fuel cycle, the shim bleed from the reactor

coolant letdown is directed through the deborating demineralizers and sent

back to the primary system through the makeup tank. The normal operating

mode process cycle is bypassed because of the larger volumes of coolant

that'have to be processed for boron control during the latter stages of the-

fuel cycle. The normal process cycle is limited by the boric acid evapora-

tor maximum process rate of 15 gpm. In the deborating mode, the degasifier

is usually bypassed to retard vaste gas production. However, it can be

utilized if there is a need to reduce total gas or fission gas activity in

the reactor coolant.'

If at some point in the normal process cycle sampling indicates that treat-

ment has been inadequate, alternate flow paths can be used. These paths

include recycle lines that permit the contents of the various system tanks

.

3.5-11
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to be directed back through some portion of the cycle to undergo additional

'

processing. .

All waste being sent to the primary water storage tank or discharged to the

environment must pass two monitors that measure and record radiation levels

and control tro downstream valves in each of the flow paths used. If either

monitor indicates an excessive radiation level, all downstream valves are

closed and discharge flow is terminated.

It is estimated that the CLRWS vill process 1,22h,h80 gal /yr of liquid and

discharge 258,000 gal /yr of processed liquid to Lake Erie. This volume

corresponds to about 80% recycle.

The decontamination factors (DF's) assumed for each process step, and the

cumulative DF's for classes of fission product and corrosion product radio-

active isotopes are shown on Figure 3 5-3 The cumulative DF's (assuming

5one pass through a boric acid evaporator) are 1.0 x 10 for most isotopes,

2.0 x 10 for Cs and Rb, and 1.0 x 10 for Y.

The estimated concentrations of radioisotopes in effluents from the CLRWS

are listed on Table 3.5-2. As noted above, the assumptions used in making

these estimates are listed in Table 3.5-1.

The purpose of the MLRWS is to collect, store, process, monitor, recycle,

or discharge potentially radioactive aerated or dirty liquid wastes that

are generated during normal plant operation. The flow paths in the MLRWS

are shown on Figure 3 5-h.

3.5-12
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TABLE 3 5-2

CALCULATED AUNUAL RADI0IUCLIDE RELEASES AUD RELEASE
CONCENTRATI0HS IU LIQUID WASTES

Concentration |a.rtn- F*1 ease. LCirce Ar.nual Average

Annual Tress Clean t.iquid From Miscellaneous Frces 5econcary Release Concentration,

Euelfde Release. Cl Waste System t.t v id Weste Systes System L! nto Leakste uCt/ee

*1# 2.21 x 10-12*I 3 73 x 10-12 1.12 x 10~U 1.25 x 1051 6.03 x 10Cr
~I# ~13 2.5% x 10' U5'Mn 7 17 x 10'' 6.53 x 10' U 1.29 x 10 1.42 x 10

55 2.L7 x 10' 2.28 x 10~I1 4.kT x 10*II k.93 x 10*I2 8.72 x 1 (II
Fe

N 7.17 x 10 6.53 x 10"I3 1.29 x 10'18 1.k2 x 10' U 2.54 x 1(nFe

58 3 77 x 10* 3.h3 x 1(I 6.77 x 10*II 7 50 x 10 1.3h x 10~U-12
Co

*I

Co 2.00 x 10' 1.8k x 10~I3 3.60 x 10' U h.00 x 10'U 7.09 x 10
~U

95 , g,g3 ,go-b g,$a , go-u 8.90 x 10 9 77 x 1(II 1.Th x 10g
-10D 88 8.27 x 10'3 5 53 x 10~9 8.83 x 1 (11 9.93 x 1( U 3.9% a 1033

U 2.81 x 10 7.67 x 10*13 1 51 x 10~13 2.33 x 10~ 9.92 x 10"ISr
~U

90 9 03 x 10~ 7.k6 x If b.83 x 1( U 7.50 x 1( U 3.20 x 103r
U

91 1.67 x 10-5 h.57 x 10-12 f.03 x 10* U 1.38 x 10-12 5.92 x ITsr
-2

9'sr b.93 x 10' 1 37 x 10-12 2.71 x 10'U n.00 x 10~ U 1.75 x 10

M 1.93 x 10*' 5 27 x 1(U 2.80 x lo" U 3.40 x 10 6.8h : 10~I~U
r

91 b.20 x 10 g,g3 , gg-11 6.10 x 10-12 7.43 x 10" 1.k9 x 10-12-5
7

-10
Mo 2.19 x if2 # k.73 x 10'9 5 23 x 1(U 776x10M 8.00 x 10

-100 1.k8 x 10*IO h.k6 x 10UI 1.26 x 10-2 5.57 x 10'9 1.06 x 10!

-10
132 8.10 x 10 3 50 x 10~9 6.87 x 10~10 9.20 x 10' U 2.87 x 10-2

1

U3I 1.b3 x 10' 6.17 x 10'' 1.22 x 10 1.68 x 10 5.c6 x 1 ( 104 *IO
,

U 1.65 x 10~3 7.13 x 1(10 1.k1 x 1(10 1.79 x 10'U 5.85 x 10'"1

H5 7 06 x 10*3 3.03 x 10*9 6.00 x 10-10 8.23 x 10~11 2.50 x 10'I1

Cs 2.83 x 10 1.86 x 10-10 2.95 x 10 k.27 x ig12 g,no , ggu-12U

I3'Cs 2.12 x 10 1.ko x 10-10 2.22 x 10 3.22 x 10-12 7.51 x 10-12-12

137 8.43 x if 5 53 x 10~10 8,83 x 10 1.29 x 10~U 2.98 x 10-u-12
Cs

Ca 2.21 x 10' 1.h7 x 10 2.15x10-u ,,39 , go 7.83 x 10-u4 -1113

-12 -12
137 3, 9 17 x 10-5 3.87 x 10"U 7.60 x 10 3,$g , gg12 3 25 x 10

42 3,33 ,3 p 2 1.L9 x 10-12139 b.20 x 10'I 1.18 x 10~U 2.33 x 10am

~I3 ~I3-6 13 1.89 x 10'U 2.91 x 10 1.2b z 10Ba 3 50 x 10 9.57 x 19

14 1.b6 x 10 3.97 x 10'13 7.87 x 10 1.21 x 10'13 5 18 x 10-1b~1I

Ce 3.21 x 10-7 g,77 ,go 173 x 10"II 2.67 x 10*IL 1.14 x 10~Ie

3 1.2h a 10*'5 3$0 - - -

.
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Processing is accomplished on a batch basis and the normal cycle consists

of a single pass through an evaporator, a demineralizer, and a filter.

Dirty and aerated wastes from various sources are collected in tanks as

follows:

Waste Source Collection Tank

3 -

Laboratory and Sample Drains ,

Demineralizer Sluice Water
*

Deborating Demineralizer Regeneration
f Miscellaneous Waste Drain Tank

Containment Vessel Sump

Auxiliary Building Floor Drains

Miscellaneous Sources
J

Laundry
Detergent Waste Drain Tank

Hot Showers

Condensate Demineralizer Backvash Condensate Demineralizer

Secondary System Leakage Holdup Tanks

When sufficient liquid has accumulated in any of the collection tanks, and

after recirculation of the vaste has ensured thorough mixing, a sample is

taken and analyzed. If analysis shows there is no significant activity and

the vaste is not scheduled for reuse as primary water, the contents of the

tank can be released from the unit without further treatment. Otherwise,

the liquid is pumped to the vaste evaporator where the ionic and solid

. impurities are concentrated in the bottoms and relatively pure distillate

is produced. Some addition of chemicals to the evaporator feed may be

necessary to neutralize boric acid, reduce foaming and carryover, or adjust

pH. The evaporator bottoms, when concentrated to some upper limit of solu-

bility or specific activity, are pumped to the evaporator storage tank.

The bottoms are then recirculated to ensure adequate mixing, sampled, and

3 5-lh i
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pumped to the drumming station, where they are prepared for ship =ent off the

site. The distillate produced is pumped through the vaste polishing demin-

. eralizer and vaste monitor tank filter into the vaste monitor tank. When a

sufficient quantity has accumulated and been thoroughly mixed through recir-

culation, a sample is taken and analyzed. Normally the vaste is diluted

in a controlled manner and released from the unit, but it can be sent to

the primary water storage tank for eventual reuse as reactor coolant.

The gas inlets and vents on the miscellaneous vaste drain tank, detergent

vaste drain tank, and evaporator storage tank are controlled to reduce the

turnover of gases in the tank's vapor spaces. The miscellaneous vaste

monitor tank has a nitrogen feed arrangement that can be used either as a

purge or a cover gas, maintaining a slight positive pressure. This latter

capability is used when there is a possibility that the treated vaste vill

be sent to the CLRWS for further processing.

If sampling indicates that additional treatment is required, the contents

of the miscellaneous vaste monitor tank can be recycled through part, or
~

all, of the system and/or sent to the CLRWS. ,

All vaste being sent to t_he primary water- storage tank or discharged to

the environment must pass two monitors that measure and record radiation

levels and that control two downstream valves in either of the flow paths

used. If either indicates an excessive radiation level, all downstream

valves are closed and discharge flow is terminated. .

It is estimated that the MLRWS will process 833,660 gal /yr of nondetergent

vastes; this liquid vill be discharged or recycled. The estimated volume

of detergent vaste is 155,000 gal /yr; this liquid will normally be

3.5-15
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filtered and discharged without processing but vill be processed through

the FERWS if it contains significant quantities of radioactivity. The

volume of secondary leakage is estimated to be 93h,000 gal /yr. The

capability exists to also process this vaste .. trough the MERUS if

significant primary-to-secondary leakage is indicated.

The decontamination factors (DF's) assumed for each process step and the

cumulative DF's for classes of fission-product and corrosion-product

isotopes are given in Figure 3 5-5 The cumulative DF's are 1.0 x 10 for

most isotopes and 1.0 x 10 for iodine, crud, and yttrium.

The estimated concentrations of radioisotopes in effluents from the MLRWS

and in the (normally untreated) secondary system liquid leakage are listed
~

in Table 3 5-2. The assumptions used in making these estimates are listed

in Table 3.5-1, as already noted. ,

It is assumed that all tritium leaking into or produced in the reactor

ooolant vill be released to the environment. This vill amount to about
.

350 ci/yr. The estimated total annual release to the environment of fis'sion
- .

products and activated corrosion products in all liquid effluents is

listed _by isotope in Table 3 5-2.

Batches of liquid vaste from both the CLRWS and MLRWS will be injected into

a dilution flow of: (1) the normal cooling tower blowdown flow of 8,125 gym

and (2) an extra dilution flov of 10,000 gpm. Thus the dilution flow

into which radvaste vill be released amounts to an estimated 18,125 gpm. *

Assuming a mixing factor of 0.8, this results in an effective annual average

dilution flow of 1h,500 gpm. The total annual releases of radioactivity

and the estimated average release concentrations of liquid released are

~

given in Table 3 5-2.

.
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352 GASEOUS RADIOACTIVE WASTES

Fission product noble gases (krypton and xenon) are very slightly soluble in

water and will therefore occur almost exclusively in the gaseous phase.

Fission-product halogens (mainly iodines) are soluble and vill partition

between aqueous and gaseous phases. Steam leakage can result in other

fission product isotopes, including both entrained particulates and partic-

ulate daughters of gaseous isotopes being released. The total particulate
.

release is less than 0.002 Ci/yr..

The primary source of gaseous vaste vill be unaerated, hydrogenated gases

from the degasifier in the CLRWS. Additional hydrogenated gases vill (cme

from the boric acid evaporators, the reactor coolant drain tank, and from

infrequent venting of the makeup tank, pressurizers, and quench tank. These

gases are processed in the gaseous radioactive vaste system (GRWS). The

flow paths in this system are shown in Figure 3.5-6; the cleanup process

steps employed are shown schematically in Figure 3.5-7

To preclude the leakage- of air into the hydrogenated gases, a nitrogen

blanketing system automatically maintains a minimum positive pressure in the

surge tank. When sufficient gas has been collected, a pressure switch

starts one of two compressors and connects its suction to the surge tank

and its discharge to one of three vaste gas decay tanks. The particular

components that are to be involved in this operation are selected before-

hand. The compressor runs until the pressure in the surge tank is suffi-
.

ciently' reduced and then stops. When a decay tank is full (contains gas at

150 psig or at some lower operator-designated pressure), it is valved off

and another' decay tank is valved in its place. A sample is then taken from

the isolated tank and analyzed. If it shows a sufficiently low activity

level, the stored gas can be released in a controlled manner through char-
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coal and HEPA filters to the unit vent. If the analysis indicates signifi-
..

cant' activity, the gases are allowed to decay until future sampling shows

that they are suitable for release to the environment. Using two of the

decay tanks, . gases can be held for at least 30 days with release spread out |1

over the next 30 days.

~ Another major function of this system is to handle the nitrogen cover gas-

that is displaced from the clean vaste receiver and clean vaste monitor

tanks as'they are filled. Since this gas should contain little activity, an

effort is made to keep it separate from the hydrogen and fission product

gases. This is done by forming the remaining compressor and decay tank into

a separate processing chain. The compressor takes suction directly from a

header common to both the receiver and monitor tanks. A pressure switch

located in this header controls the off-on operation of the compressor.

[ Once compressed, the cover gas may be reused as needed or, after sampling,

vented to the atmosphere. If the cover gas becomes significantly radioac-

tive, there may be some danger of it contaminating the processed vaste in

the monitor tanks. To preclude t'11s, the vents on the monitor tanks can be

adjusted so that only flow out is allowed. In this arrangement, gas from ,

!

the unit nitrogen system is used for makeup when the tanks are

emptied.

Because of the large inventory of cover gas present, it is possible for

.more of it to be displaced (>10,000 ft3 @ 14.T psia) than one decay tank can

hold. If this happens, excess gas is directed to one of the other decay

tanks .normally used for high-level gaseous vaste. This is continued until

(1) the filled tank is vented through the filters ta the atmosphere if |.

sampling indicates it.is low in activity or (2) the displacement of gas

stops. Since cover gas will probably not require decay before cont.*olled

3.5-18
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release, the decay tank picked to receive the overflow will generally be

'
't the one whose contents are due to be discharged first.

For flexibility, all compressors and all deccy tanks in the system are

interchangeable. How each is used is at the discretion of the operator.

There are also lines and valves available to allow the transfer of gas

within the system. 'Normally this is done by bleeding the gas from one of

the decay tanks into the surge tank. From there a compressor can direct it

to any of the decay tanks, including the one it came from. During this

transfer the gas can be cleaned by passing it through the charcoal and abso-

lute filters. Finally, if it is known that the cover gas or the contents of

the surge tank are not significantly contaminated, the compressors can

bypass the decay tanks and discharge directly to the unit vent. It is esti-

mated that a total annual volume of 8,000 scf (S?f') of unaerated, hydrogen-

ated vaste gases and cover Gases vill be released to the atmosphere. The

estimated quantities of radioisotopes in these effluents are given in

.

Table 3.5-3 "

-

Caseous vastes from various vents which should contain little or no radio',
~

activity or which may contain oxygen are handled separately, as shown on

Figu~re 3.5-6. This is to prevent unnecessary processing as well as preclude

the formation of explosive mixtures. These low-level gases are simply col-

lected, sometimes passed throu6h a charcoal filter, and then released

through the unitivent. Due to the random nature of the sources, it is not

possible to make a realistic estimate of the volumes to be released. How-

ever, an estimate of the radioactivity in this effluent has been made and is

given in Table 3.5-3

.

4
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TABLE 3.5-3

C ALCULATED ANNUAL RADIONUCLIDE RELEASE IN GASEOUS EFFLUENTS '
(Curies)

) Auxillary Building
]

Unseretr $ Steam Jet Except Containment Turbine * *
Hydrogenated Aerated Cover Air Refueling Refueling Building Building Decay *

Isotope Wa;es Wa stes Gases Elector Area Area Purge Ventilation Products Totals

H-3 - - - - - 280. 5.20 2.72 - 288.

Ar-41 - - - '3.69 2.45 - 0.0266 0.000530 - 4.17

Ik-83m - - - 0.373 0.620 - 0.00680 0.000134 - I.00

Kr-85m - - - 2,09 3.38 - 0.0520 0.000747 '- 5.52

14-85 209. - - 4.36 6.93 - 11.7 0.00156 - 231.9
w
* I4-87 - - - 1.09 1.84 - 0.0172 0.000394 - 2.95*

t$

Y.Kr-88 - - - 3.58 5.80 - 0.0756 0.00129 - 9.56O p

Xe-131m 40.8 -
. 2.75 4.38 - 1.53 0.000994 5.79 55.2

Xe-133m 0.0389 - - 3.76 6.0 - 0.456 0.00135 5.63 15.9

1Xe-133 554.5 - - 337 539 - 86.8 0.121 105. 1621.5

Xe-135m - - - 0.822 1.57 - 0.00546 0.000295 2062. 2064.7

Xe-135 - - - 6.00 9.66 - 0.210 0.00216 195. 211.2

Xe-138 - - - 0.595 1.12 - 0.00460 0.000214 - 1.72

I-131 0.000615 0.0553 0.000865 0.000252 0.00767 - 0.184 0.00110 - 0.252

1-132 - 0.0357 0.000559 0.000157 0.00494 - 0.00588 0.000681 - 0.0494

l-133 - 0.0632 0.000987 0.000288 0.00875 - 0.0309 0.00125 - 0.108

1-134 - 0.00730 0.000114 0.0000305 0.00101 - 0.000792 0.000132 - 0.00966

1-135 - 0.0311 0.00049 0.000141 0.00431 - 0.00800 0.000611 - 0.0459 i

*These isotopes will be released into the auxiliary building ventilation Streams.
**The turbine building ventilation is predicted to contain small amounts of particulate decay products as listed on Table 3.5-4.

|
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Regardless of how the equipment is utilized, all gases being vented to the

atmosphere must pass two radiation monitors. If either of these detects,

excessive radiation, two downstream valves are closed and discharge is

stopped.

The containment vessel purge and ventilation system is indicated schemati-

cally in Figure 3 5-7 The containment vessel is expected to be purged

four times per year, normally through a HEPA filter and two charcoal filters

in series', the purge rate being 50,000 cfm. The annulus between the con-

tainment vessel and the shield building can be exhausted through the emer-
.

gency ventilation system in accordance with indicated radioactivity concen-
.

trations. The containment vessel can also be purged through the emergency

ventilation system.

The auxiliary building ventilation system, excluding refueling areas,

operates continuously with a normal capacity of h7,160 cfm through a HEPA

filter to the unit vent. The auxiliary building (refueling areas) ventila-

tion system vill operate when access to these areas is required. The sys-

tem has a normal capacity of 20,000 com and exhausts through a HEPA filter

to the unit vent. The auxiliary building ventilation system can be routed

through the emergency ventilation system.

The turbine building ventilation system operates in accordance with need

for cooling as determined by the outside temperature, but for estimating the j

release amounts the system was assumed to operate continuously at its over-

all capacity of about 285,000 cfm. The turbine building ventilation air is

discharged directly to the atmosphere from the turbine building

vents. |

If there is a significant steam generator leak, the steam jet air ejector

will exhaust through a HEPA (particulate) filter and a charcoal adsorber.

3 5-22
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The unit vent through which all gaseous effluents (excepting the turbine

building ventilation air and nonradioactive areas) are exhausted is a cir-

cular steel structure that protrudes above the shield building to an
~

elevation of 834.5 ft. The exit velocity from the vent will be 2,100 ft/ min

and the flow rate will be 80,000 cfm. The turbine-building ventilation is

exhausted throu6h six vents in the turbine building roof; the exit velocity

is 1,700 ft/ min.

The principal assumptions used in estimating releases are presented in

' Table 3 5-1. The estimated annual releases in building purge and ventila-

tion effluents are listed by isotope in Tables 3.5-3 a'd 3.5 h.

3.5.3 SOLID RADIOACTIVE WASTES

Solid wastes vill consist of high-activity spent demineralizer resins,

evaporator concentrates and liquid filters, spent HEPA filters and char-

coal adsorbers, and miscellaneous compressible low-activity wastes, such

as clothing.

Periodically batches of high-level solid wastes in slurry form will be -

pumped to the drumming station in the auxiliary building, where the material

vill be mixed with a solidifying agent and catalyst, dru==ed, and stored for

offsite burial. All dry solid miscellaneous vastes will be hydra'ulically

compacted into drums and stored for offsite burial.

The.radwaste solidification system, shown on Figure 3.5-8, is designed to

process radwaste at a rate of up to six 50-ft casks in an 8-hr period. In

general, the system contains a number of pumps that bring together the rad-

vaste with the liquid solidification agent. These are then mixed and passed

to a disposable liner v2 ate a catalyst is introduced. Both evaporatsr
~

bottoms ~and powdered resin type slurries can be handled in this .

manner.

3 5-23 ,
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TABLE 3.5 h |

I
CALCULATED AtmUAL PARTICULATE

RADIONUCLIDE RELEASE IN GASEOUS EFFLUENTS

(Activity in Curies in the Turbine Building Ventilation)
|

Isotone Release Isotore Release

-6 -5
cr-51 9 26 x 10 Zr-95 7.2h x 10

-6
Mn-54 1.05 x 10 Mo-99 3.89 x 10-

-5 -5
Fe-55 3.66 x 10 cs-13h 3.18 x 10

-5-

Fe-5E 1.05 x 10 cs-136 2.38 x 10

-5 -5
co-5S 5 53 x 10 cs-137 9 56 x 10 j

-I -

. co-60 2.98 x lo cs-138 2.14 x lo
-5-

Rb-88 7 37 x lo Ba-137m 1.12 x 10

-5
Sr-89 1.73 x 10 Ba-139 2.h7 x 10

-8 -6
Sr-90 5 58 x 10 Ba-lho 2.16 x 10

-5 -7
Sr-91 1.02 x 10 La-lho 8.98 x 10

-6 -7 !Sr-92 2 98 x 10 g,,1gg 1 98 x 10
-

Y-90 2 52 x 10
-I

'

Y-91 5 53 x lo

I

3 5-24
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Spent resin beads are pumped into the liners, where a filter and devatering

pump are used to draw off excess water. At this point, evaporator botto=s,

mixed with solidification agent, are added and mixed by means of a dis-

posable blade. The time required for the radvaste-solidification agent

mixture to solidify is controlled by a catalyst and is normally a few
s -

minutes. The actual processing rate is about 10 gpm. Once packaged, the

liners and shields can be removed to the loading area for offsite

'

shipment.

The HEPA and charcoal filters will be boxed for shipment and offsite burial.

Compressible low-level vastes vill be compressed and shipped for offsite

disposal. The volumes and amounts of radioactivity in solid vastes are

indicated under items 33 and 3h of Table 3 5-1 and are discussed further in

Section 3.8.
.

e

.,

8
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3.6 CHEMICAL AND BIOCIDE WASTE

3.6.1 GENERAL

The total water supply for equipment, personnel, and makeup requirements for
.

the unit will be taken from Lake Erie. All effluents will be released to i

Lake Erie through a common discharge; only storm drainage and floor drains

from non-radioactive areas vill be discharged to the Toussaint River.

As the lake water passes through the unit, the addition of neutralizing

~ hemicals will .only slightly alter its' mineral composition.c -

The pH will be reduced slightly, bringing it closer to neutral. The total

weight of solids discharged vill be slightly less than the weight of those

removed from the lake.

Sampling and analysis of lake water at the station site has been conducted

over a 3k-month period. The data obtained vere used for design of the unit

water-treating equipment and for detednation of effluent discharge quality.

These water quality data are presented and discussed in Section 3.3
.

3. 6. 2- SYSTEM DESCRIPTION
,

The unit discharges to the central collection box which receives all water

discharges except stom vater drainage, so there is only one discharge into

Lake Erie. The pertinent water circuits are shown on Figure 3.6-1. In ad-

dition to the closed condenser cooling water system, which carries heat from

the condensers to the cooling tower for discharge to the at=csphere, there

are :four pte. ping systems using lake water.

'(1) Service vater is pumped through the ec=ponent cooling water heat ex-

changers,' the turbine building cooling water heat exchangers, and contain-

. ment air coolers from which heat must be removed.
,

'(2) The cooling.tover makeup system (two pumps) supplies makeup water to the

3.6-1 .
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6...d condenser cooling water system when the service water discharge is

used for ice control in the intake canal forebay.

(3) The dilution water system (one pump and one cooling tower make.g pump,

if required) supplies dilution water to the collection box when the temper-

ature of the cooling tower blevdown approaches 20 F above lake temperature.

(h) Lake water supplied by the water treatment feed pumps is chlorinated,

clarified, softened, filtered, and used for several purposes. It provides

potable and sanitary system vater and supplies the makeup water demineral-

izer which provides makeup to the primary coolant system and =ain steam

cy cle.

A settling basin is provided to contain the solids blown down from the clari-

fier and backwashed from the filters used in the domestic and makeup water

system, and the solids from the seconda2/ system condensate demineralizer

backwash. The overflow from the settling basin is pumped into the collee-
,

tion box. There is a valued emergency overflow, normally closed to the
1

drainage ditch which leads to the Toussaint River.

Process vastes discharged into the radvaste monitor tanks are analyzed for

radioactivity, then reused or discharged to the collection box.

3.6.3 CHEMICALS USED

The chemicals listed belov vill be used at the unit but not necessarily dis-

charged from the unit. The resultant average chemical composition dis-

charged from the unit is shown in Table 3.6-1.

(1) Snifuric Acid

During operation, sulfuric acid vill be used in the cooling tower and the

- water treatment system. In the cooling tower, acid is added to reduce the

scaling tendencies of the water. The acid feed vill reduce the alkalinity

3.6-2



TABLE 3.6-1

AVERAGE CHEMICAL DISCHARGE COMPOSITIONS UNIT 1

Cooling Dilution Neutralized Settling Sewage Discharge

Tower Flow Regenerant Basin Treatment To
Blovdown Wastes Effluent Plant - Lake Erie

Flow (gpm) - 8,125" 0 7 24 2 8,159

pH '8.0 7.0 9.6 9.6 8.0

Calcium (Ca) 8h 481 15 15 84
Magnesium (Mg) 18 114 9 9 18
Sodium (Na) 30 1,784 15 15 31

Chloride (C1) h4 300 22 22 hh

Nitrate (NO ) 12 42 6 6 12
3

Sulfate (SO ) 174 h,890 hl kl 178 u"
L

Phosphate (P0 ) 0.6 3 0.6 0.6 0.6 T7 Silica (SiO )g "
2 5 1 1 2.0"

2

Total Alkalinity
as CACO 100 89 29 29 100

3

Suspended Solids h5 5 5 15 b5
Dissolved Solids h65 7,70 8 139 139 h70

BOD 4 2 2 14 h

Dissolved Oxygen 7 9 9 0 7

All values in mg/l except pH

This table represents the average annual concentrations and flows. The total flow to Lake Erie includes
1 gpm of processed effluent from the nuclear area. This vaste stream contains essentially zero dissolved
solids and has a pH of 7.0. ,

|
# Average cooling tower blowdown was computed using blowdown flows for February thru December. The flow for '

January was not used because of abnonnally cold weather, during the period which onsite meterological data j

|was collected, resulting in an unrepresentative blowdown flow. .

I
- _ - - - _ - - _ _ _ _
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of the closed condensu cooling water system to maintain an operating pH of

of approximately 8.0.

In the water-treating system, sulfuric acid is used in two places: for

stabilization after the clarifiers, and in regeneration of the makeup de-

minerslizers .

Following regeneration of the makeup demineralizer, the vaste effluent con-

taining sulfuric acid vill be placed in the neutralization tank. In this

tank the acid vill be neutralized with caustic soda as required.

(2) Amenium Hydroxi'.e

During ope stion, ammonium hydroxide is used for feedvater treatment in the

secondary system to raise pH and thus suppress iron corrosion. The concen-

tration vill be such to maintain a pH of 9.3 to 9 5 It is not expected

that this system vill ever be drained since it undergoes constant purifica-

tion during operation.

Backvashing of the condensate desineralizer vill release sc=e water contain-

ing amonium hydroxide to the settling basin (2,800 gal.) . Due to dilution

in the settling basin and collection box, there vill be very little atmo-

nium hydroxide at the point of discharge.

Ammonium hydroxide vill also be used in the ccmponent cooling water system

and auxiliary boiler as a pH control additive. The concentration control

range vill be similar to feedeater. There should be no discharge of water

fra these systems.

(3) Boric Acid

Boric acid will be used as the chemical shim in the reactor coolant system.

No discharge of. boric acid should take place because it is reclai=ed through

the boric acid evaporators and deborating demineralizers in the radvaste

systems.

3.6-4 ,
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(14) Chlorine
r .,

Chlorine is added to the following systems: (1) the service water system

continuously at a level to maintain 0.5 mg/l free residual chlorine; except 1

when the system's discharges goes directly to the collection box. Unaer

this condition chlorine vill be added a maximum of two hours a day; (2) the

recirculating cooling water system directly upstream of the circulating

water pumps in four 30-min periods per day (to maintain 0.5 mg/l free re-

sidual chlorine at the condenser outlet); (3) the domestic and makeup water

system prior to the clarifier; and (h) the effluent from the sewage treat-

ment system, which is chlorinated continuously to maintain 0.5 mg/l free

residual chlorine.

(5) Hydrazine

During operation, hydrazine is used as an oxygen scavenger in the secondary

system. The concentration vill be maintained at 0.02 mg/1. The only dis-

charge of this water will occur while backwashing the condensate demineral-

izer. This level of hydrazine vill be consumed en exposure to air.
'

Hydrazine is also used in the component cooling water system and auxiliary

boiler at a level of 10-25 mg/1. During operation there is no discharge

. from these systems.

Hydrazine is also used in the building closed heating system at a level of

0 5 to 1.0 mg/1. No discharge should occur from this system.

Hydrazine vill also be used in chemical vet layup of systems during mainten-

ance outages. In vet layup, 200 mg/l hydrazine vill be used as an oxygen

scavenger to prevent corrosion. It is not anticipated that these systems

vill be drained but that this same water will be used on startup.

-(6) Sodiun Hydroxide

Sodium hydroxide is used for regeneration of the makeup demineralizers.

Spent caustic is placed in the neutralizing tank where it reacts with spent

acids . Additional caustic is added to the neutralizing tank as required.

3.6-5

. -



DB-1 .

.

Sodiun hydroxide vill be available for pH. control of the centain=ent spray
.

water. This injection vould only occur in the unlikely event of a loss-of-

coolant accident. It is not anticipated that sodium hydroxide would reach

the environment by this mechanism.

Sodium hydroxide can also be used for regeneration of the deborating demin-

eralizers in the Clean Liquid Radioactive Waste System. Spent regenerant

vill be disposed of through the Miscellaneous Liquid Radicactive Waste

System.

-(7) Lithium Hydroxide

. Lithium hydroxide vill be used for pH control in the reactor coolant system.

No discharge of lithium hydroxide vill occur from this system due to the

treatment given all primary system vastes.
..

(8) Calcium Hydroxide

Calcium hydroxide is used for softening of water. It is planned to carry a

2 to 5 mg/l excess of hydroxide in the water treat =ent system. This excess,

however, vill be partially neutralized by the sulfuric acid feed folleving

the clarifier prior to use in the domestic vater system. Some hydroxide

vill be discharged to the s'ettling basin via clarifier blevdown. The ef-

fluent from the settling basin is pumped to the collection box where it is

mixed with other vaste streams prior to discharge to Lake Erie. Due to the

emall flow rate of the settling basin compared to the other vaste stres=,

the slight excess of hydroxide vill have no effect en Lake Erie. .

(9) Sodium Aluminate

Sodium aluminate vill be used in clarification of water in the water treat-

ment system. This aluminum salt vill result in precipitation of aluminum

hydroxide and essentially no free sodium aluminate vill be present in clar-

,

itier blevdown to the settling basin.

3.6-6

.
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(10) Organie-Corrosion Inhibitor

An organic-tssed corrosion inhibitor vill be used in the turbine building

closed cooling water system. No routine discharges vill -;ccur. During

maintenance outages , the entire system or parts of it could be drained for

maintenance work. If the system is drained, for =aintenance, tankage vill 1

be provided and the inhibitor returned to the system upon completion.

(11) Morpholine

Morpholine is used for pH control in the buildings' closed heating system at

a level of 5 to 10 mg/1. No discharge vill occur from this system.

- 1

3.6.h CHEMICALS DISGARGED

Unit systems that vill be piped to the collection box and ultimately to Lake

Erie are as follows:

1. Blowdown from closed condenser cooling water system

2. Service water discharge (during unit shutdown)
1

3. Neutralized regenerant vaste from makeup demineralizers

4. Pumped effluent from the settling basin

5 Sewage treatment plant effluent

6. Processed liquid radvaste effluents

7 Dilution water from Lake Erie.

The composition of chemical vaste based on maximum flows from all systems

occuring at the same time is given in Table 3.6-2. The average annual

- composition for the combined effluents is shown in Table 3.6-1.

-3.6-7
.
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TABLE 3.6-2 '

h MAXIMUM CHEMICAL DISCHARGE COMPOSITION UNIT 1

Cooling Dilution Neutralized Settling Sewage Discharge
Tower Flow Regenerant Basin Treattaent To
Blowdown Wastes Effluent Plant Lake Erie

Flow (gpm) 8,350 10,000 200 600 ho 19,260

- pH 8.0 8.0 7.0 9.6 9.6 8.0

. Calcium (Ca) 108 54 32h 15 15 79
Magnesium (Mg) 18 9 61 9 9 13
Sodium (Na) . 2h 12 2,~205 12 12 h0
Chloride (C1) .80 h0 273 40 40 60
Nitrate (NO ) 'lh 7 25 7 7 10

'

Sulfate (SO ) .2hh 58 5,100 58 58 191 fPhosphate ( O ) 2 1 6 1 1 1 Pg
Silica (SiO )h 2 1 31 1 1 22

' Total Alkalinity
as CACO 07 52 29 8 923

.

- Suspended Solids 50 37 5 5 15 h1
Dissolved Solids 572 2 89 8,077 172 172 h88

BOD 2 1 1 1 14 1

Dissolved Oxygen 7 10 9 9 0 9
.

All values in mg/l except pH

This table represents the maximum concentrations corresponding to the worst ambient lake water chemical
conditions at times of high dilution flow. The total flow to Lake Erie includes 70 gpm (maximum) of pro-
cessed effluents from rruclear areas. This waste stream contains essentially zero dissolved solids and has
a pH of T.0.

Although calculations assume all these maximtans occurring at the same time, it is highly unlikely to happen.If it did occur, it would be for only a short period of time.
-
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3.6.k.1 Closed condenser cooling Water System
.

The largest source of' discharge to the lake containing dissolved solids in

higher concentrations than in lake water, is the cooling tever blevdown.

The dissolved solids content of this water is slightly less than twice that

contained in lake water and is almost solely due to the evaporation of water

from the tower which leaves behind the dissolved solids. Based upon lake
i

vater containing 234 mg/1 dissolved solids used as tower makeup, the dis-
,

solved solids content in the blovdown vould be approximately h65 mg/1. To

maintain this level of concentration, the amount of blevdown from the tower
!

will be equal to the evaporative losses from the tower. These losses from

the unit vill vary from 6,000 gpm to' 9,400 gpm. The blevdown piping vill i

be designed to discharge a maximum of 11,000 gpm to the collection box.

;- Due to the high alkalinity of the Lake Erie makeup water, some acid feed for

neutralization is necessary to control scale fomation en surfaces of the

.

' closed condenser cooling water system, and to maintain the pH of the dis-

charged water within proposed water quality standards for Lake Erie. The'

acid feed will amount to h7 mg/l based on a maximum makeup flow of 18,816 gpm

and vill result in tlie discharge of water at a pH of approximately 8.0.

The closed condenser cooling water system will be periodically chlorinated

to prevent slime and algae buildup in the condenser. Chlorination vill be,

approximately four times per day at . 30 min. each time. Free residual chlo-

rine vill be 0.5 mg/l at the outlet of the condenser. Chlorine vill be

added to two. of the four circulating water pumps; blowdown vill be taken -

from the pipe supplied by the other two pumps. Thus the water must pass
,

through the cooling tower.where some of this residual is lost so that min-
4

imal residual chlorine vill be present in the blevdown water and vill be
,

|
- Principally chloramines. 1

3.6-9
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1

The aeration effect en the closed condenser cooling water vill result in the

blevdevn water being essentially saturated with dissolved cxygen at a value

corresponding to the saturation temperature of the tower outlet water. This

value is a lov of T mg/l during hot weather periods and is correspondingly

higher during the colder months. No chemical vill be added to the water

that would substantially reduce its oxygen content, and at the nomal blow-

down water temperature, the oxygen content will be essentially the same as

that existing in ambient Lake Erie water at the same temperature.

No inhibitor vill be used in the closed condenser cooling vater system to

help prevent corrosion and scaling in unit equipment. Scaling and corro-

sion vill be controlled by proper maintenance of the Lange11er stability

index of. the circulating vater.

3.6.h.2 Service water from Turbine Room. Cooling Water Heat Exchan?ers ,-

Component Cooling Water Heat Exchangers . and Containment Air

Coolers

The chemical content of this service water vill be unchanged as it passes

through the heat exchangers except for small amounts of chlorine that vill

be added at the service water pumps to reduce slime and algae buildup on

the heat exchange surfaces. This water is normally used for cooling tower

makeup.

3.6.h.3 Neutralized Regenerant Waste from Makeur Demineralizers

Acid and caustic vill be used to regenerate the makeup demineralizers.

In order to avoid discharging these chemical vastes directly to the lake,

they will be diverted to a neutralizing tank where excess acid or caustic

vill be neutralized. Following neutralization, the regenerant vastes are

pumped.to the collection box where they mix vith other unit effluents prior
.

3.6-10
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to discharge to the lake.

Due to the nature of the vastes and the fact that they have been neutralized,

they ce'.:ain high dissolved solids , approximately 7,T00 mg/1. The amount of
'

these vastes is quite low in relation to some of the other unit effluents

and thus have a small effect on the resultant solids discharged to the lake.

3.6.h.h Pumped Effluent frem the Settling Basin
~

Effluent frca the settling basin vill come from three sources as fcllows :

1. Clarifier blevdown and filter backwash effluent
.

2. Condensate decineralizer backwash effluent

3. Makeup demineralizer backwash effluent.

These three system effluents are the only ones that contain suspended sol-

ids . The effluents from these systems are pumped through the two-cell

settling basin. The design of this settling basin is expected to result in

a suspended solids discharge equal to, if not better than, the lake water

itself. The solids removed frem the settling basin vill be eventually

disposed of in a landfill.

3.6.h.5 Effluent frem Sevage Treatment Plant

Effluent from the sewage treatment plant vill be piped to the collection box

for mixing with other effluents prior to discharge to Lake Erie. The sewage

-treatment plant vill process all effluents frca the unit's sanitary water

system. It vill provide primary and secondar/ treatment which vill =eet all

*

standards of the Ohio Environmental Protection Agency.

Effluent water vill be chlorinated so that. the fecal colifo2= content vill

meet the criterion for waters 'used for recreational purposes.

- 3. 6. h . 6 secondarf system Blevdevn

The secondary system contains ammonium hydroxide, hydrazine (0.02 mg/1),
,

and dissolved solids at a concentration less than 0.02 mg/1. There vill

.

3.6-11
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be no blowdown fra this system under nomal operating conditions. If

necessary, this system can be drained to the collection box.

3.6.h.7 Cooling Tower Drift

At the maximum anticipated drift , 0.01"., the cooling tower is expected to

emit water droplets containing 270 lbs. cf dissolved solids per day. As the

. vater evaporates , its solids vill deposit on the land. The estimated chem-

ical composition of the drift and the solids deposited is shown in Table

3.6-3. For all constituents except sulfate and bicarbcnate, concentrations

were taken to be twice those in lake water. The sulfate level exceeds twice

the lake concentration by an a=ount corresponding to the sulfuric acid added

to reduce the c1kalinity. This addition of sulfuric acid vill reduce bi-

carbonate alkalinity to 100 mg/l in the blevdevn.

3.6.h.8 Auxiliary Boiler Blowdevn

A 175,000 pound per hour, 235 psis oil-fired auxiliary boiler is used dur-

ing unit startup or shutdown. This auxiliary boiler does not nperate dur-

ing the normal operation of the unit. Demineralized water and deaerated
.

condensate from the main condensate systo will be used as boiler feedwater.

Table 3.6 h shows a typical analysis of the feedvater and blevdown for this
boiler.

It is estimated that this boiler vill be used approximately 735 hours per

year. During-this time, the boiler blevdown would be very infrequent (once 1

a year) due to the "zero" solids treatment program. This blevdown contain-

ing 500 mg/l dissolved soli,ds vill be discharged into the auxiliary boiler

blowdown-tank. The condensate from this tank vill be discharged to the storm

sever system.

3.6-12
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TABLE 3.6-3
.

DISSOLVED SOLIDS DISCHARGED IN COOLING TOWER

Concentration in Percentage Deposits
Drift (eg/1) of Total (1b /dey)

Total Dissolved Solids h65 100.0 270.0
Calcium 84 18.1 48.9
Magnesium 18 3.9 10.h
Sodium 30 6.5 17.k
Chloride 44 9.5 25.h
Nitrate 12 2.6 6.9
Sulfate 17h 37.h 101.2
Phosphate 1 0.2 0.6
Silica 2 0.h 1.2
Bicarbonate 100 21.h 58.0

TABLE 3.6 h

TYPICAL AUXILIARY BOILER FEEDWATER AND BLOWDOWN ANALYSES

Auxiliary Boiler Boiler
Feedvater Blevdown Water

Fe, max 0.1 mg/l 100 =g/l
Cu, max 0.05 =g/l 50 mg/l
SiO , max 0.02 ng/l 20 mg/l2
Dissolved 0 0.007 =g/l 0.007 mg/l
Total Dissokved Solids

and 10 mg/l 500 mg/l
Suspended Solids , max

0pH at 77 F 9.3-95 9 3-9 5

.

!
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3.6.h.9 _ Trash from Intake Screens

A screen wash catch basin is provided to collect the traveling screen's back-

vash water and trash. The makeup and service water system strainer backvash

will nomally be discharged to the forebay with provisions to discharge to

the screen wash water basin only in emergencies. The screen wash catch

basin drains to the marshes via an 18-in diameter drain tile. The trad.

collected vill be disposed of on a landfill as required.

3.6.5 BIOCIDES

Chlorination of the closed condenser cooling water system is done periodi-

.

cally to prevent algae growth within the system. Chlorine is injected into

those circulating pump suctions whose discharges are not providing blevdown

wat er. In this way, blevdown water will contain minimal residual chlorine.

No other biocide vill be used.

Chlorine to defoul the condenser and the cooling tower will be added to

maintain 0.5 mg/l free residual chlorine at the end of the chlorination

periods at the condenser outlet. The chlorine concentration, after chlo-

rination is stopped, vill decline by stripping chloramines from the water in

passage through the cooling tower, reduction to chloride by reaction with

chlorine-demand constituents in the makeup water, and reduction to chloride

by reaction with water including the catalytic effect of light. It is ex-

pected that the total residual chlorine content of the blowdown water from

the cooling tower and service water discharge vill be reduced to belov

0.5 mg/l by these factors, y

The effluent from the sewage treatment plant will be chlorinated to main-

tain a residual of 0.5 =g/l chlorine for the control of fecal coliform. The |1
high dilution provided in the collection box (2) gpm mixed with 8,159 spm)

3.6-14
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- vill reduce the chlorine concentration below detectable limits with a re-

sultant zero effect on the receiving lake waters.

3.6.6 CORROSION PROIXJCTS

In order to minimize any corrosive effects from the closed condenser cooling

. vater system stainless steel tubes will be used in the construction of the

condens er. The resulting vater returned to Lake Erie through cooling tever

blevdown should be essentially lake water at tvice the solids level with an

undetectable amount of corrosion products from the condenser.

4
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'37 SANITARY AND OTHER SYSTEMS

3.7.1. Sanitary Waste System-

The sewage treatment plant for Unit No.1 confoms to the Ohio Department of

Health Bulletin 2h51.10,' 196h (Revised) entitled " Water Supply, Sewage and

Sewage Treatment for Public Buildings in Ohio" and the criteria of the Great ,

Lakes-Upper Mississippi River Board of State Sanitary Engineers.

The sewage treatment plant is designed to serve a total of 360 employees and

visit ors . Design effluent flow rate is ho gpm with intermittent operation

(average effluent flow of 2 gpm) . The treatment plant capacity is based on

an average daily flow of 9,000 gpd. The effluent from the plant will be

chlorinated continuously to maintain 0.5 mg/l residual free chlorine to assure 1
,

:

that the fecal coliform content =eets the criterion for water used for re-

creational purposes. Effluent BOD from the plant will meet the requirements

for secondary sewage treatment.
,

f The sewage treatment plant is preceded by a h,000 gallon surge tank. All

sanitary vastes from the unit will go to the surge tank and be discharged to

the sewage. plant at a unifom rate. This vill prevent the plant from re-

ceiving shock hydraulic loadings.

The sewage treatment plant effluent (k0 gpm) is discharged to the collection

box where it is diluted with the cooling tc,ver blevdown (8,125 gpm average).

As a result of titis dilution the free chlorine content vill be reduced to

levels that have insignificant environmental impact.

3.7.2 NONRADIOAcrIVE GASEOUS EFFLUENTS

The only significant emissions of gaseous effluents to the air vill originate

from the auxiliuy boiler used during unit shutdown (refueling and main-
|

tenance) and startup (T35 hrs /yr) and the emergency diesel generators ,

which- are tested for.one hour each month. The fuel burned in both the boiler

3.7-1
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and diesel generators is No. 2 diesel fuel oil with a sulfur content of 0.3%
,

by veight. . Tables 3.T-1 and 3 7-2 present the emissions calculated for the

auxiliary boiler and the emergency diesel generators. The emissions frem

the auxiliary boiler are well below applicable emission standards. Only
1 one emission standard, that for S0 , applies to the diesel generators , and2

that standard is easily met by these units.

During purging of the turbine-generator, anticipated once a year, hydrogen

and carbon dioxide vill be vented to the atmosphere through a separate vent

pipe frm the turbine building. No environmental or ecological i= pact vill

be associated with this release.

.3.7-2
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TABLE 3.7-1

GASEOUS EMISSIONS FRCM AUXILIARY BOILER

Fuel - No. 2 diesel Oil Amount - 930,000 gal /yr
or 6,800,000 lb/yr

Heat Content - 1h0,890 BTU / gal

6Sulphur Content - 0.3% Heat Input - 178 x 10 BTU /hr

Operating Hours - 735 hr/yr

Emissiog/ gal
Factor Emission Std.

1b/10 lb/hr lb/yr lb/hr 5ef Std.Pollutant

Particulate 15 18.9 13,892 30 (Ohio) 63

2S0 142 x S* 53.8 39,5h3 178 (Chio) 30

Hydrocarbens 3 3.79 2,786 NA** --

CO 0.2 0.25 1 84 NA --

NO 80 101 7k ,235 NA --x
1

*S = Sulphur content of fuel

**NA = No applicable standard

I

'
l
l

.

|

3 7-3 -
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TABLE 3.7-2,

,

OASEQUS EMISSIONS FROM EMER0ETCY DIESEL OE:IERATORS

Fuel - No. 2 Diesel Oil Amount h2,300 lb/yr,
or 5,800 gal /yr

Heat Content - 1h0,890 BTU / gal

6'

Sulfur Content - 0.3% Heat Input - 68 x 10 BTU /hr

Operating Hours - 12 hr/yr

Emission Factor Emission Std.
Pollutant Ib/ BHP /hr lb/hr lb/yr lb/hr % of Std.

.

SO 0.00h95 20.2 2h2 68 (Ohio) 29 72

NO 0.02h2 98.6 1,185 NA*x --

>

Hydrocarbons 0.00028 1.15 13.8 NA --

CO 0.0085 34.7 h17 NA --

i
,

,

'NA - No applicable standard

*
.

|

|

.
-

|

3.7 h
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3. 8 RADIOACPIVE MATERIALS INVENTORY
.

The operation of Davis-Besse Unit No.1 vill entail the ship =ent of various

radioactive materials to and from the site. New fuel vill be shipped to the

site initially, and annually thereafter. Solid radwaste vill be shipped from

the site in the form of spent resins , evaporator bottuum , spent filter cart-

ridges , paper, clothing, etc. Spent fuel vill be shipped annually to an as

yet unidentified fuel processing center. The quantities of material shipped

and the number of ship =ents per year are discussed belev.

3.8.1 NEW FUEL *

The initial fuel loading for each reactor vill require 177 fuel assemblies.

Each fuel assembly weighs 1,525 lbs and contains about h75 kg of uranium.
.

Each assembly consists of 208 Zircalcy h clad fuel rods. The fuel for the

first core vill consist of U02 pellets , 0,368 in. in diameter and 0 700 in.

long; the enrichment will var / from 198 vt% U-235 to 2.96 vt5 U-235 for

different core regions.

The initial fuel vill be provided by the Babcock and Wilcox facility. near

Iynchburg, Virginia, Ccmmitments for reload fuel have not been finalized.

The new fuel vill be shipped in reuseable fuel assembly centainers , two

elemente to a container, with each transport vehicle carr/ing a =axi=um of

six 2-element containers. Containers meet the type A packaging requirements

of the Department of Transportation Regulations (h9 CFR Part 173). The,

initial fuel loading vill require 15 truck ship =ents and 5 shipments annually .

thereafter for each unit for refueling.

3.8.2 SPENT FUEL

The unit will generate about 52 irradiated fuel asse=blies per year with a

maximum averare bumup of 31,300 Wa/MTH (megawatt days per retric ten of

heavy metal). The design =aximum assembly burnup is h3,000 Wd/MTH. Upon

3.8-1
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completion of an operating cycle, selected fuel assemblies vill be removed

from the reactor vessel and then placed in the spent fuel pool where they.

will be allowed to decay for approximately four to six months. The first

shipment is e$pected to be made in 1978. No specific licensed cask has been

selected for shipping the irradiated fuel assemblies frem Davis-Besse Unit

No.1; consequently, the number of shipments per year cannot be specified at

this time. A cask designed for rail ship =ent of seven PWR asse=blies is

under consideration; use of this cask would result in 8-9 shipcents from each

unit per year.
*

The reprocessing facility has not been selected; however, Nuclear Fuel

Services , Inc. , in West Valley, New York, and Barnwell Nuclear Fuel Plant

in Bamvell, South Carolina are possible processors. The route to be used

and distance to these plants are not known.

3.8.3 SOLID RADIOACTIVE WASTES

Estimated quantities of solid radioactive material has been based upon an

evaluation of the perfomance of the radioactive vaste disposal system,

anticipated reactor operations , and previous recent experience at other

operating plants.

The quantity of high level vastes , such as spent resins and filters , and

evaporator concentrates , is given in Table 3.8-1. These vastes will be de-

watered as necessary and the residues solidified for disposal as solid

a vastes . Solidifying agents such as urea fomaldehyde vill be used as neces-

sary for packaging. These vastes will be packaged in DOT Specificatien 17-H,
355-gal steel drums or 50 ft shielded casks with disposable liners.

Lov activity vastes such as conta=inated clothing, rags , paper, gloves , and

' shoe covers , vill be compre-sed by means of a co=pactor and also packaged in

55-gal drums. The quantities anticipated are shcvn in Table 3.8-1. In

3.8-2
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TABLE 3.8-1
;

SOLID hADI0 ACTIVE WASTES
(Annual Quantity)

# .

Waste Input Solid Waste
to Solid Volume Estimated *
Radwaste Shipped Activity

Source System Per Unit Containers Per Year Ci /Cbnt ainer

Spent. Bead Resins 600 ft (a) 600 ft (b) 12 Shielded Casks with 830
3 3

Disposable liners

3 800 n (c) 16 Shielded Casks with 2.1
3Precoat Resins 600 ft

Disposable Liners

Evap. Bottoms 1,115 ft 1,407 ft 87 Shielded Casks with 2.9
Disposable Liners

[ Filter Cartridges 29 Cartridges 21h ft 29-55 gal Steel Drums 206 b

Mis cellaneous h,906 ft 992 ft (e) 163 55-gal Steel Drums 0.002
3 3

Paper, Cloth , etc.

.

~

* Note corrected for decay.

( a) Includes 35 pegcent void space. 3(b) Includes 60 ft of evaporator bottoms and 150 ft of solidification agent.
(c) Based on 3:1 volume ratio of vaste to solidification agent.

3(d) Not including 60 ft of evaporator bottoms used to solidify resin.
(e) Based upon a volume compaction ratio of 5:1 in the baler.

:i

:
.
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compiling this table, estimates of nuclide inventories were based on 0.15

failed fuel during an equi 11brita fuel cycle. No credit was taken for decay.

The transportation contractor and the location of the vaste burial facility

have not yet been detemined, although it is anticipated that either Morehead,

Kentucky, or Barnwell, South Carolina vill be used, with all shipr.ents being,

made via truck.

.

4

4

I

i

|
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50 ENVIR0!!MEtlTAL EFFECTS OF STATIO!! OPERATI0t!

51 r.;r r exTS OF OPERATIOff OF HEAT DISSIPATIO!7 SYSTDI

Primary heat rejection at the Davis-Besso Nuclear Power Station vill be

accomplished by closed-cycle counterflow natural draft cooling towers. The

Unit No. 1 cooling tower vill dissipate 6.2 x 109 Stu/hr at a vater flow rate

of h80,000 gpm. Table 5.1-1 presents the design characteristics of .the

heat dissipation system. Section 3.h presents a description of the cool-

ing tower and auxiliary equipment. Section 3.3 discusses the average

and maximum flow rates anticipated 'n operation.

The environmental effects of the operation of the Davis-Besse Nuclear Power

Station natural draft tower heat dissipation system are discussed in Sections
.

5 1.1 and 5 1.2. Section 5 1.1 considers physical and biological effects

on Lake Erie; Section 5 1.2 considers atmospheric. effects and secondary

effects on terrestrial ecology. Structural impacts are discussed in

Section 5.1.3.

5 1.1 AQUATIC EFFECTS

5.1.1.1 Direct Physical Effects on Lake Erie

Lake Erie.will experience a rise in temperature and dissolved-solids con-

centration in the vicinity of the Davis-Besse discharge structure. The

regulatory framework for considering these impacts, the analyses per-

formed, and predicted results are presented in the following sections.

In addition, a prediction of the overall-temperature rise for Lake Erie's

vestern basin is presented in Section 5 1.1.1.h.

5.1.1.1.1 Water quality Standards

The present Ohio Environmental Protection Agency vater quality regulations
~

pertinent to cooling tower operation are very general. The temperature

in_ Lake Erie may not exceed 93'F, and dissolved solids concentrations

5 1-14
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TABLE 5 1-1

DESIGIT CHARACTERISTICS OF ITATURAL DRAFT CCOLII!G TOWER

Design Conditions:

Total 1: nit Generating Capacity, !Ge 906
9Total Heat Rejection Rate, Btu /hr 6.2 x 10

Total Circulating Water Flow Rate, gpm 480,000
3 9

Total Air Flow Rate, ft /hr 2.35 x 10
Wet Bulb Temperature, F 72

Dry Bulb Temperature, F 86.5

Relative Humidity, percent 50

Hot Water Temperature, F 116

C,old Water Temperature, F 90

Range, F 26

Approach, F 18

Air Effluent Te=perature, F 104

Air Effluent Relative Humidity, percent 100

Cycles of Concentration of Water 2

Makeup Water Rate, spm 20,232

Blowdown Water Rate spm 10,068

Evaporation Rate, gpm 10,116

' Drift Loss, percent of Circulating Wri.ter Rate 0,01'

Drift Loss, sps 48

Approximate Tover Dimensions:

Number of Towers 1

Base Diameter of Tower, ft h15

Height of Tover, ft 493

Exit Dia=eter of Tower, ft 273
- ,. - w

i
'

5 1-2
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averaged over a period of 1 month may not exceed 500 mg/1, outside of an

unspecified mixing zone.

5 1.1.1.2 Method of Analysis

The blowdown from cooling tower operation vill be discharged to Lake Erie

through a slot jet designed to induce rapid mixing with the lake water.

To. ensure minimal environmental impact, a dilution pu=p is available to

add lake water to the discharge so that the effluent water temperature

v111'not exceed the ambient lake temperature by more than 20 F. An alarm

connected to the thermal discharge tonitoring system vill be sounded

when the blowdown temperature exceeds the lake temperature by more than

18*F.

The operation of the dilution pump provides a te=perature reduction to

h8% of the original discharge temperature excess at the maximum blevdown

rate. An analysis of the dispersion in Lake Erie of liquid effluent from

the Davis-Besse Nuclear Power Station involves the specification of

important lake para =eters and station operating conditions. Lake param-

eters affe: ting jet performance are lake water level, lake temperature,

and current velocity. Since no detailed current data for the vicinity of

Davis-Besse Nuclear Power Station are presently available for an adequate

near-field analysis, the analysis was made conservatively assuming dis-

charge into still vater. It is expected that any diversion of the plume

by natural currents vill not significantly increase the physical impact

of the discharge of liquid effluent to Lake Erie.

Table 5 1-2 presents monthly normal and maximum discharge te=peratures

and rates for the Davis-Besse Nuclear Power Station Unit No. 1, based on

heat dissipation system design characteristics and meteorological factors.

Table 5 1-2 also shows the monthly average lake elevations and conthly

5.1-3 .
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TABLE 5.1-2

DAVIS-BESSE UNIT NO. l' EFFLUENT CHARACTERISTICS AND LAKE PARAMETERS

i.

Maximum Maximum Corresponding Maximum Expected Average Monthly Coefficient of
Average Blowdown Expected Relative Maximum Temp. Discharge Rate Lake Lake Temp., *r Surface Heat
Blowdown Rate. Blowdown Heat D!acharge After Dilution,' Including Dilution Elevation. Exchynge,

F)9Month Temp., 'F rpm Temp.,'F Rate. Etu/sec 'F - Flov,'' spa ft (ICLD) Mean Mie teium Btu /(rt it.ny d

January 55.h 5,'725 67.8 2 7 x to L6.3 15,725 569 91 35.8 3h 8k

February 60.7 6.530 67.6 3.0 x 10 k7.9 16.530 569.99 36.h 35 82

March 62.0 6,715 65.6 2.8 x 10 h7.9 16,715 5T0.32 39.1 36 . 83

April 71 9 8.350 86.5 k.9 x 10 63.3 18.350 570.91 L8.6 %% 86

May 78.h ' 8,920 85 0 3.6xlok 69.7 18,920 571.a 59.3 56 86

June 81.4 9.200 91.6 3 3 x 10 78.3 19,200 571 35 67.8 66 78

July 83 9 9,360 91.h 2 5 x 10" 91.k 9.360 571.28 Th.5 72 84

? August 85.0 9,310 88.8 2.3 x 10 88.8 9,310 571.06 73.3 71 102 E
[*Y September 79.2 8,640 86.8 2.6 x 10 75.8 18,840 570.68 69.0 66 122

October 73 3 8,240 83.0 3.4 x 10 66.6 18,2ko 570.26 57.5 53 126

November 67.8 7,300 74.0 3 2 x 10 55.5 17,300 569.50 'L6.h L2 116

December 61.4 6,610 70.1 3 1 x 10 L9.6 16,610 569.79 37.6 36 97

* Capacity of dilution pump is 10,000 gym.
** Excluding miscellaneous effluents with an average (total) flow rate of 34 gym.'

tReference 1.

.
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average and minimum lake temperatures. Finally, the monthly average
.

coefficients of surface heat exchange, derived-from meteorological vari-

ables and summarizing the temperature response of water bodies to heat'

input, are listed in Table 5 1-2.

April was seier :d for the analysis of thermal- plume configuration and

dissolved-solids distribution because it is during this =onth that the

maximum amount of heat is discharged to Lake Erie from the Davis-Besse

Nuclear Power Station.

The station operating characteristics and lake conditions used in the -

analysis are as follows:

Lake temperature kh F

Lake elevation 570.91 ft (IGLD)

Total discharge rate 19,260 gpm (includes miscellaneous

effluents at =aximum rates)

Discharge temperature 63 3 F
,

Discharge velocity 6.4 fps

Since the centerline of the slot jet is at an elevation of 560.15 ft

International Great Lakes Datum (IGLD), the discharge vill behave like a

submerged jet, possessing comentum which vill induce =ixing with ambient

water. Since the effluent will usually be varmer than the receiving

water, there is a tendency for the effluent to rise as it propagates

'
outvard from the slot jet. As the effluent coves from the discharge

point, it begins to dissipate its forward thrust (due to momentum trans- 1

i
'

fer) and buoyant thrust (due to mixing with colder ambient water). When

the effluent dissipates most of its =omentum, it ceases to behave like

a jet and continues to disperse as a passive layer of water in which

mixing is dominated by turbulence in the receiving water body. It is

51-5
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possible, in the case of a shallow discharge, for the effluent plume
.

to arrive at the surface with a significant horizontal velocity and

travel as a weak surface jet until its momentum is co= parable with the

natural turbulence of the receiving water. The plume then continues

to disperse as a passive layer.

A computer model based generally on the work of Koh and Fan was

developed to calculate the thermal dispersion from a submerged slot jet.

Plume centerline characteristics and vidth are computed by numerical

integration of the slot jet equations. From these data and the Gaussian

cross-sectional distribution parameter variations of temperature with

water depth are calculated. The code vas modified to eliminate dilution

by ambient water entrained from beneath the jet to better simulate

shallow-water discharges. When the computations indicated the effluent

had reached the surface, equations developed by Pritchard vere used

to calculate the diffusion of the plume. A " top-hatted" temperature

distribution based on the Ech and Fan submerged-discharge model was used

to begin the Pritchard diffusion model. The modified submerged-discharge

model for the April conditions yielded c plume width of 60.1 ft with an

average excess te=perature of 6.6 F as a startine pein'c for Pritchard's

surface-diffusion model.

The average dissolved-solids concentration in Lake Erie in the vicinity of

the Davis-Besse Iiuclear Power Station is 23h =g/l (see Table 3.3-1). The

cooling tower vill concentrate the effluent to approximately twice this

value, or about h65 mg/1. The distribution of dissolved solids was co=-

puted for the April data using the thermal dispersion code, substituting

dissolved-solids concentrations for temperature values, and setting the

coefficient of surface- heat exchange to zero.

5.1-6
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5 1.1.1.3 Induced Temperature and D'issolved-Solids Distributions
'

-Induced temperature increases for the April data are presented in Figure

5.1-1 -in the form of 'a surface isotherm map. The area of the 3 F rise is
.

less than 1 acre. Similar information is shown for the dissolved-solids

concentration-in Figure 5.1-2.

5 1.1.1.h 'Far-Field Analysis

An. analysis was performed to determine the overall temperature rise

expected as a result of the 1 x-10 Btu /hr annual average thermal dis-

charge into. Lake Erie's vestern basin fr'om the Davis-Besse Nuclear Power

Station Unit No. 1. The analysis balances increased heat exchange at the

water surface and flow -through the basin with heat input. Usin6 the sur-

face area of 9,910 mi , a flow rate of'202,000 cfs, and a coefficient of

surface heat exchange of 95 Btu /(ft day F), an overall temperature

rise of:0.001 F is predicted. This rise vill-be undetected among natural

variations in water temperature.

5.1.1.2 Biological Effects-

5.1.1.2.1 Phytoplankton

- The potential effects of the _ Davis-Besse Nuclear Power Station Unit No.1 heat

dissipation system on plankton include:

a.. Mechanical damage resulting from shear and pressure during
.

entrainment of phytoplankton in the heat dissipation system.
*

b. Thermal effects' caused by entrainment of phytoplankton in the~-

'heit dissipation' system and_ discharge plume.'
-

c. Effects:of! biocides' used to control fouling of the heat dissipa-

tion system (see Section 5.h ~ for a discussion of the effect of

' biocides).

.
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The phytoplankton community of the vestern basin of Lake Erie and of the

area near the Davis-Besse site is described in Appendix C of the Environ-

mental Report and Appendix 7 ' of the Final Safety Analysis Report for

Davis-Besse Nuclear Power '. .. on Unit No. 1. Although the extent of

mechanical damage to phytoplankton due to entrain =ent is difficult to

estimate, cell breakage and disruption vill undoubtedly result from shear,

rapid pressure changes, and possibly abrasion. Losses due to such mechan-

ical effects have previously been estimated at 15% by Ayers et al. and

at 27% by Knight. ' Phytoplankton entrained in the heat dissipation

system vill be subjected to a temperature increase of 26 F across the

condenser. The thermal tolerance limits for many algae range from 91 F

to 113 F, according to Patrick. During the varm su=mer months, the

maximum cooling water temperatures will fall within this range of maximum

tolerance. Periodic chlorination of the cooling water system vill also*

contribute to phytoplankton mortality.
.

In using a conservative approach in estimating the potential effects of

station operation, it is assumed that all phytoplankton entrain'd withine

the Davis-Besse Nuclear Power Station Unit No. 1 heat dissipation sys-

tem vill be killed by a combination of mechanical, thermal, and biocidal

' effects. The Davis-Besse Unit No.1 requires a maximum of approximately

34,000 gpm of lake water in full operation. This volume, which in-

cludes water for dilution of the effluent as discussed above, is

equivalent to ap' proximately 0.03% of the flow through the vestern basin j

l

of Lake Erie. The maximum fraction of phytoplankton that may be lost

i

through entrainment in the condenser cooling water system is therefore 1

approximately 0.035. Conversely, assuming the volume of the entire

lake and a homogeneous distribution of phytoplankton throughout

5 1-8
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the. vater column within the lake, it may be calculated that less than

0.00003% per day of the phytoplankton of the lake vill be lost through'

cooling water entrainment. Both results indicate that the effect on.

phytop1.ankton vill be negligible. A portion of the phytoplankton

biomass lost by entrainment may be replaced by slight increases in the

reproduction of plankton near the discharge plume. Such increases in

production may result from the addition of nutrients released from the

killed plankton.

The second principal area of potential impact is the effect of increased-

temperatures on organisms entrained in the thermal plume. Some atten-

tion has been given to the effects of heated discharges on the composi-

tion of the phytoplankton community. Lauer indicated that his data

from a study of 10 power stations did not indicate a shift in species

composition or abundance due to thermal discharges. The area of Lake

Erie within the thermal discharge plu=e which would be 3 F above ambient

temperature under conditions of maximum heat discharge vould include only

0 9 acre. The maximum residence time for phytoplankton entrained within

this area vould be less than 1 hr. The average induced current within

the plume is approxi=ately 0.2 fps. Such a short exposure time vould not

be sufficient to cause a shift in species composition since: (a) 8 or

more hours are required for most algal reproduction, and (b) the tempera-

ture rise is too small to significantly affect later reproduction or other

.i
. physiological responses. It therefore appears that the effect of the

,

I
thermal plume on the phytoplankton community either in the lake as a

whole or-in the area immediately affected vill be so slight as to be

unmeasurable.

5 1-9
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5.1.1.2.2 Zooplankton

Data describing the zooplankton of vestern Lake Erie and the area of -

the Davis-Besse site are presented in Appendix C of the Environmental

Report and Appendix 2B of the Final Safety Analysis Report for Davis-

Besse Nuclear Power Station Unit No. 1. In using a conservative approach

in evaluating the potential impact of station operation,. it is assumed

that all zooplankton entrained within the Davis-Besse heat dissipation

system vill be killed by a combination of mechanical, thermal, and

biocidal effects.

Based on the assumptions made for phytoplankton, it is estimated that

entrainment of zooplankton vill affect approximately 0.035 of the total

zooplankton in the vestern basin of the lake. Zooplankton killed by

entrainment vill be essentially lost as a food source for =ost fish and

larvae but vill not be lost to the ecosystem of the lake. They will

provide nutrients for plants and food for benthic organisms, the major

source of fish food.
J

The second principal effect of the station heat discipation system on

zooplankton is that associated with entrainment of organis=s within the
,

thermal discharge plume. Mortality is not expected because of the short

exposure time to increased temperatures. The area of Lake Erie within

the thermal discharge plume which will be 3 F above ambient under condi- !

tions of maximum heat discharge vill be approximately 0 9 acre. The j

\'

maximum residence time for a zooplankter within this area vill be ;

about 1 hr. Due to the short exposure time, the slight rise in temper-

ature vill not induce a significant shift in species composition or

abundance. Thus it appears the effect of the thermal plu=e on the

zooplankton community will be very slight and probably undetectable.

5 1-10
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5 1.1.2 3 Benthos

The benthos of the Locust Point area'is dominated by oligochaete vorms and

midge larvae. In general, the benthic organisms found at Locust Point are

characteristic of eutrophic conditions, although a number of taxa are also

associated with mesotrophic or oligotropic conditions. Under normal con-
.

ditions of lake elevation, induced currents will be less than 0.1 fps

The en' rainment of benthic organisms due towithin 10-ft of the intake. t

currents induced by the Davis-Besse Nuclear Power Station intake vill be

minimal. Turbulence caused by induced intake currents vill increase as

distance to the intake structure decreases. It is anticipated that an

area of 0.2 acre vill be initially scoured clear of benthic organisms and

remain devoid of benthos during the operating life of the station.

Benthos inhabiting the area associated with the discharge facility vill

experience currents and elevated temperatures. The area of influence

experiencing induced currents in excess of 1.0 and 0 5 fps vill be 0.01h

and 0.086 acre, respectively. Benthic organisms inhabiting the area of

induced discharge currents of 0 5 fps or greater may be swept clear and

transferred to a nearby,'more quiescent area. At the discharge, the lake

bottom is rip-rapped with stones for 200 ft, beyond the influence of a

currer.t of 0 5 fps, preventing scouring of sediments. An isotherm of 15 F

vill extend only 23 ft from the discharge at the bottom. Benthos distribu-

tion vill not be temperature restricted beyond this point. The discharge

should have no discernible effect on the benthic ecology of the vestern

|

basin or the lake as a vbole. !

!
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A possible third result of the heat dissipation. system on the benthic co=-

munity is the potential for increased benthic production. Entrained

plankters that' die during passage through the cooling system may increase

the food available to bottom-dwelling organisms. The organic remains of

killed plankters vill tend to settle to the bottom of the lake at the outer

edges of the discharge plume, becoming a potential food source for bottom

feeders. This may increase the benthic productivity slightly in the areas

where the dead plankters settle. However, the net increase in benthic

production is expected to be undetectably small at the outer periphery of

the discharge plume and the general area of the lake proper.
.

5 1.1.2.4 Fish

-Potential damage to fish resulting frem operation of the heat dissipation

system can be divided into three distinct problem areas:

a. Impingement of fish in the vater intake system

b. Entrainment of fish eggs and larvae in the condenser system

c. Thermal shock to fish in the discharge area.

5 1.1.2.h.1 Entrapment and Impingement

The rate of entrapment of fish is related to the velocity of water at the

intake crib and to the volume of water used. The intake velocity will be

less than 0.2 fps at the intake crib bar screen with Unit No. 1 in operation.

The entrapment = rate declined greatly when th intake velocity declined to

~0 5 fps at the Indian Point nuclear Generating Plant. Reduced intake

velocities do not entirely eliminate the potential for entrapment. By

counting fish on intake screens, Benda(9) estimated that the entrapment
;

rate was about 35,000 lb'yr at the. Palisades Nuclear Generating Plant,/

where the intake velocity was 0.5-0.6 fps. However, the Palisades Plant

was operating with a once-through cooling design. Since the Davis-Besse

5 1-12
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Unit No.1 closed system design requires a much smaller volume of

water. .the rate of entrapment should be a small fractior. of that observed
~

at Palisades. Assuming entrapment is directly proportional to volume

of water taken in, approximately 3,000 lb/yr of fish vill either impinge

upon the bar screens of the intake crib or vill be entrapped.

Fish passing through the bar screens of the intake crib will be carried

through the intake pipe to the intake canal. The velocity in the canal-

is less than 0.1 fps. Frem the canal the fish are assumed to eventually

enter the intake structure through the bars of the trash rack and to be

impinged on the 1/h-in.-mesh traveling screens.

5.1.1.'2.h.2 Entrainment
~

Fish eggs, larvae, and young capable of passing through 1/h-in. openings

of the traveling screens will either be retained by the 1/16-in. strain-

ers following the cooling tower makeup and service water pumps or con-

.tinue on through the condenser and be subjected to lethal thermal,

chemical, and mechanical stresses. Retention time vill be about 20 hr,

and complete mortality of fish eggs and larvae is expect:.i. The impact

can be estimated if the number of organisms lost can be estimated and

. projected to the total potential number of adults they would produce.
. .

Fish eggs and larvae vould be expected during the spring and summer months.

A realistic density estimate can tr made from data obtained at other

Great Lakes sites. The average densities found over a ceriod of

10L3 months were 0.25 egg or larva per cubic meter in Lake Ontario

and 0.17 egg or larva per cubic meter in the Central Basin of Lake

Erie. These were.predominantly alevives and smelt. Data of Wells

3indicate that densities of larvae per 1,000 m along the eastern shore of |

Lake Michigan during 1972 were ll.T on May 3 to 9, l.h on May 27 and 28,
.

!
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9.8 on June 20 to 23 and h.2 on June 28 to July h, 386.2 on July 9 to

12, 1,939.7 on July 20 to 23, and 626.h on August 25 to 30, averaging-

~h25.6 over the h-month period. They were predominantly alewives, with

a fair number of yellow perch present. Using the higher value of

3h25.6/1000 m as an average density, and a pu= ping rate of 3h,000 gym

3 6(163,000 m / day), it is estimated that approximately 9.1.x 10 ichthyo-

plankters would be entrained over a 120-day period. The number of

potential adults this represents depends on the survival rates, which

are poorly known. Kissel reported 0.001h% survival from eggs to
.

emigrating juveniles for an anadromous alevife population in Connecticut.

A 0.001% survival rate from egg to adult was estimated for Connecticut

River American shad by Leggett.(13) Survival rates vould be different

'

for the various species. Selection of 0.005 % as a general rate between

the egg and adult stages suggests that 91 potential adults vould be

. lost from entrainment. Since the survival rate from egg to larva is

often small, a serarate calculation vill be made for the entrai M

larvae. A survival rate of 0.01% vould be more realistic from .4e

larval to the adult stage, indicating a loss of 910 potential adults

when the ichthyoplankton is dominated by larvae. Forage species such

as alevives, gizzard shad, or smelt are likely to be dominant. The

~

relatively small volume of water entrained is expected to resu1t in a

minimal impact on the fish populations.

5.1.1.2.h.3 Thermal Shock

The effects of a thermal discharge on the fish community can be classified

as chemical or thermal. The heat of a thermal plume can have lethal or

publetha'. effects on fishes. Possible sources of mortality include heat

shock and cold shock in young or adult stages. Heat shock can kill adult

.
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fish if they are exposed to a lethal temperature for a specified t!=e.

.Some laboratory-determined upper and lover lethal levels are given in

Table 5 1-3 These lethal levels are strongly influenced by acclimation

temperaturss, and therefore vould be highest in the su=mer.

At the Davis-Besse Huelear Power Station, lethal levels for varm-water

species vould not be reached, even during the summer. Cold-water species,

such as salmon, could possibly be exposed to lethal levels, but this is

unlikely because of the high velocity of the discharge and the natural

avoidance reaction of all fish to lethal temperatures. Fish often avoid

heated discharges during the summer. Assuming fish vill avoid a ddD of

15 F during the su=mer, the area lost to fish production vill extend

only 23 ft beyond the discharge structure.

Fish will be attracted to the perimeter of the plume during most months

of the year, possibly enhancing the sport fishery. Cold shock can occur

if fish are suddenly exposed to vinter ambient temperatures as a result

of station shutdown or upwellings. Table 5 1-3 indicates that the tempera-

ture drop required to cause cold shock is generally 30 F or more during the

vinter. A temperature drop of as little as 9 F can induce cold shock in

salmon. However, acclimation to this differential is not likely because

of the plume structure.

Eggs and larvae are generally more sensitive to thermal shock than are

adult fish. Mixing of the discharge could expose seme planktonic eggs

and larvae to slightly elevated temperatures, which could increase

their rate of. developmeat. ' Sinking plumes can also enhance the develop-

mental rate of vinter-incubating demersal eggs, according to Edsall and

5.1-15
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TABLE 5.1-3

MIND 4UM AND MAXIMUM TOLERANCE TEMPERATURES FOR CERTAIN LAKE ERIE FISHES'

Acclimated to Lower Limit Upper Limit

. *C 'F 'C 'F Hours 'O 'F- Hours

31 . 0 93.2 48Gizzard shad 25.0 77 0 11.0 51.8 2h 4

35.0 95.0 20.0 63.0 24 37 0 98.6 481

- - - - - 26.7-32.2 80-90.0 --Alewife

10.0 27.8 82.01.14White perch 4 4
--- - --

1

28.0 82.4 1hGoldfish 2.0 35.6 - - -

31 . 0 93 2 14? 17.0 62.6 0.0 32.0 1h 4 o
Y i'-

81 . 2 133 "5 White sucker 25 0 77 0 5.0 11.0 214 29 0 44

Salmon-general 50 41.0 0.0 32.0 22.0 77 0 ----

21 . 0 75 011.0 -20.0 68.0 50
-

44
--

4 21.0 69.8 9611.0 - - -
. Yellow Perch 5.0

Winter 25.0 77 0 4.0 39 2 26 30.0 86.0 96
Summer 25.0 77.0 9.0 148.2 dh 32.0 89.6 96

'From Christianson and Tichenor(lO
NOTE: Values are LD tolerance limits.50

1
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Yocom. However, species that exhibit this type of reproductive

cycle (for example, lake trout, cisco, whitefish) no longer inhabit the

area of the site.

*

5 1.1.2 5 Waterfowl

Operation of the heat dissipation system is expected to maintain a small

area of open water in Lake Erie throughout the vinter. Any open water is

likely to attract-vaterfowl vintering in the area. Because only a fev

acres are likely to remain open, the impact on waterfowl can be considered

*

neither positive nor negative.
,

.

5.1.2 ATMOSPHERIC EFFECTS

The proposed cooling tower arrangement for the Davis-Besse Nuclear Power

._ Station Unit No. 1 is shown in Figure 5 1-3

5 1.2.1 Operating Exterience

Field investigations were made of two coal-fired electric power stations

operating with a hyperbolic natural draft cooling tower, the 1800-MWe Key-

stone Station operated by Pennsylvania Electric Company and the ?609-M'Je.

Paradise steam plant of the Tennessee. Valley Authority. A summary of

field observations by station personnel and others 1 '1I} is presented

below.

'
No significant fog induction by these naturcl draft cooling towers has

been observed. For the greater percentage of time, the visible portion of

the tower plume rose to an altitude of less than 700 ft and traveled down-
,

vind about 600 ft befo'.e evaporating. On17 a small percentage of the~

observations recorded. plumes on the order of 1 mi in lengtn. Plume

lengths of 1 to 10 mi occurred rarely, and when they did, it was in

1

association with a high relative humidity aloft. However, plume paths.
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traced up to 10 mi by aerial humi'dity measurements, even when the visible

plume vas short.

Mist has been detected both under and downwind of the visit;e plume.(

Neverthele'ss, no drizzle and no significant increase in humidity at ground

level were observed underneath the plu=e path. The change in monthly total

precipitation during the period since the stations were placed in operation

was within the _ range of natural perturbation for the area. However, there

were a fev' occasions when there was a possibility of thunderstorm and pre-

cipitation enhancement, according to the local Weather Bureau climatologi-

cal data. Cloud initiation is rare, but the merging of the plu=e with

stratus clouds is relatively common. No adverse effects of natural

draft cooling tower operations have been reported.

5.1.2.2 Model studies

Model studies were undertaken to investigate the behavior of the cooling'

- tover plc.me as it might affect the local environment at the Davis-Besse

site. The NUS Corporation computer program LVFM-3 (Lagrangian Vapor Plume

Model, Version 3) was employed to examine the detailed plume behavior, and

the NUS Corporation ecmputer programs FOG and ICE vere used to investigate

the frequency of fogging and icing and the deposition of dissolved solids

due to the operation of the evaporation cooling systems. These codes have

been filed with the USAEC.(30) The perfor=ance curves used in the study

are shown in Figure 5.1 h. *

5.1.2.2.1 General Plume Behavior

Upper air soundings supplemented by surface data taken at the Toledo

Express Airport, Toledo, Ohio, approximately 40 mi vest of the Davis-Besse

5 1-18
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site, vere used as basic states of' meteorological conditions in investigat-

'ing the general (average) behavior of the cooling tower plume at the Davis-

Besse site. The reference state at the Davis-Besse site is, in general,

1
similar to that at Toledo except that, during late spring and su=mer,

the Davis-Besse site vill be influenced by a land-lake circulation. The

soundings _used were averaged by month and hour of observation over the

period January 19h8 through November 1951, and supplemented by the average

surface data observed at 7 a.m. and 7 p.m. EST at the Toledo Express Air-

port . . Behavior of the cooling tower plume predicted by the model repre-

sents the mean for a given month.

Average February and August soundings were used as representative vinter

'and summer conditions, respectively. For an average vinter morning (7 a.m.

EST) a weak ground-based inversion with surface temperature at -6.5*C

(20*F) was observed for the first 400 m (1,300 ft); an almost isothermal

layer extended for the next 800 m (2,600 ft). Surface vind was from thei

southwest at h.3 m/sec (9.6 mph). The average summer morning (7 a.m. EST)

sounding indicated a ground-based inversion while in the afternoon the

lower atmosphere was in a near-neutral condition. Average sounding data

used to represent su=mer and vinter' conditions are listed in Tables 5.1 h

through 5.1-7

Figures 5.1-5 and 51-6 show some of the plume parameters as a function of

height for vinter and summer mornings, respectively. The height of maximum

penetration is determined by taking the height at which the vertical veloc-

ity of the plume becomes zero. The equilibrium level of buoyancy (neutral

buoyancy height) is the level where the plume and ambient temperatures are

identical.

5 1-19
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TABLE 5.1 L

AVERAGE MONTHLY SOUNDING EOR C00LIHG TOWER PLUME ANALYSIS
7 A.M. EST, FEBRUARY

Pressure licicht Temperature Relative Humidity Wind Speed Wind Direction
__. (mb) (m,MSL) ("c) (%) (m/see) (Deg.)

994 (curr.) 201 -6.5 7h.0 h.3 183

950 595 h.6 66.6 91 2h5

900 1,024 -4.9 50.1 10.8 261

850 1,h81 -5 2 28.5 11.5 268

800 1,954 -6.2 134 9 12.9 275

750 2,h63 -8.1 37.1 15 2 277

Y TABLE 5.1-5
Y H

o AVERAGE MOUTitLY SOUNDING FOR COOLING TOWER PLUME ANALYSIS
T P.M. EST, FEBRUARY

Pressure Height Temperatur'e Relative Humidity Wind Speed Wind Direction
(mb) (m, MSL) (*C) (%) (m/sec) (Deg.)

995 (surt.) 204 -2.0 65 7 h.6 290

950 592 -2.8 68.7 10.4 2h5

900 1,018 h.h 52.0 12.2 259

850 1.h75 4.7 35 0 12.3 268

800 1,958 -6.0 30.0 13.2 272

750 2,h7h -6.9 31.8 14.2 277
.

__

|

|
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TABLE 5 1-6

AVERAGE MONTHLY SOUNDING FOR COOLING TOWER PLUME ANALYSIS
7 A.M. EST, AUGUST

Pressure Height -Temperature Relative ilumidity Wind Speed Wind Direction
(mb) (m,MSL) (*C) (%) (m/sec) (Deg.)

992 (surr.) 20h 17 1 89 0 2.6 260

950 596 17.8 72.7 50 272

900 1,058_ 16.0 67 0 ~6.0 278

850 1,54h 13.6 61.0 6.8 290

800 2,055 11.1 51.0 72 290

[ 750 2,597 8.4 hh.h 7.6 293 o
A> Y
~ ~

TABLE 5.1 ~/

AVERAGE MONTIILY SOUNDING FOR COOLING TOWER PLUME ANALYSIS
7 P.M. EST, AUGUST

Pressure !!eight . Temperature Relative Humidity Wind Speed Wind Direction
(mb) (m. MSL) (*C) (%) (m/sec) (Deg.)

991 (surf.) 20h 23.2 68.7 3.1 247

950 583 20 7 61.8 6.5 280

900 1,047 17.6 63 7 6.0 285

850 1,535 14.2 63.7 5.9 276
800 2,045 11.5 54.5 6.2 27h

750 2,589 87 L8.3 6.6 279
.
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_On summer mornings the effluent plume vill penetrate the ground-based

inversion and reach a maximum height of 700 m (2,530 ft) with a neutral

buoyancy height at about.550 m (1,800 ft), while the plume becomes unsat-

urated at about 300 m (1,000 ft) in height. Maximum penetration on vinter

mornings is. predicted at 570 m (1,870 ft) with the neutral buoyancy height

of 515 m (1,690 ft). No major difference was found in the predicted plume

rise and other parameters between vinter mornings and afternoons, and a

slightly higher. rise of the plume was predicted for the average summer

afternoon condition (approximately Th0 m), in comparison with the plume

for the average summer morning. The plume becomes unsaturated at about

280 m (920 ft) in height during the summer afternoons.

A longer visible plume is expected to appear during the cold vinter months

because of the smaller saturation deficit. This is shown in model predic-

' tions including more cloud water being formed in the vintertime (Figure

5.1-5) than in the summertime (Figure 5.1-6) . The average plume length
,,

is estimated to be about 0 7 km (0.h mi) on vinter mornings and somewhat

shorter on vinter afternoons. The predicted visible plume lengths on

summer mornings is about 0 3 km (0.2 mi). The length of the visible plume

during summer afternoons is very short since the ambient air is neutral
,

(adiabatic lapse rate) and the relative humidity is lov.

- Ground-level moisture increases over ambient air in the . vicinity of the

cooling tower are generally expected to be negligible for all seasons, as

indicated in Figures 5.1-7 and 5.1-8. The influences of the plume on

natural precipitation vould be negligible at the Davis-Besse site. Maxi-

mum precipitation from drift was predicted to occur at a distance of-

2.8 km (1.7 mi) west-southwest of the cooling tower at a total rate o'
l

0.0003 in, annually.

5.1-22
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5 1.2.2.2 Effect of Land-Lake Circulation on Plume Configurat'.ons

Land-lake circulation is a common phenomenon along the shoreline of the'

Great Lakes. Although no intensive field observational program has been

conducted around the area of the Davis-Besse site, several field stud-

ies have been made on the vestern shore of Lake buchigan.(19-22) During

the varm season (April through August) the lake breece occurs on more than

35% of the days in the Chicago area. The structure of a typical land-lake

circulation has been described by Lyons and 01sson.(23) This typical

structure, as observed on the vestern shore of Lake Michi an, is expected6 ,

to occur similarly in the area of the Davis-Besse site, although Lake Erie

is somewhat shallover than Lake Michigan.

Based on a sounding taken in the early afternoon of June 25, 1965, by

Olsson, a special run by the computer pro 6 ram LVPM-3 was made to investi-

gate the behavior of cooling tower plumes at the Davis-Besse site under

'the land-lake circulation condition. The model prediction shows that they

penetrate through the onshore flov layer (about 1,000 m thick) and then

reverse directions and move offshore, oscillating with an amplitude of

150 m along a neutral buoyancy height of 1,500 m. The visible plume

dissipates during the course of onshore travel.

In most lake breeze situations, it is quite likely that the visible plume

vill disperse and evaporate immediately. On some higher relative humidity

occasions visible plumes may extend over the lake and reach the subsidence
.

region. In this situation plumes vill probably evaporate during their

descent.

5 1.2.2.3 Parametric Study of Cooling Tower Plume Rise

The ability of the natural draft cooling tower plume to rise to consider .

able heights is a significant factor in reducing the potential for adverse

5.1-23'
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ground _ level environmental effects. To examine the plume rise that may be

expected vith the Dtvis-Besse Unit No. 1 cooling tower, a parametric

analysis of the vinter and summer -seasons was performed. Two major para =eters

that influence the plume rise are the ambient temperature lapse rate and the

ambient vind speed. Thus, the following analyses were performed:

,
a. Examination of plume rise as a function of the vertical

.

temperature gradient (assuming it is constant with height)

as presented in Figure 5.1-9

b. Examination of plume rise as a function of vind speed at

the tower top as presented in Figure 5.1-10.

In the second analysis the vind profile was sssumed to vary according to

the empirical power law,

= u (Z/H)Eu
H

where

' u = the vind speed at height Z

u = the known vind speed at height H
H

p = 0.21 obtained from average morning souncing at the Toledo

Express Airport.

The average monthly soundings of Tables 5 1-h and 5.1-6 were used as repre-
,

lsentative vinter and summer tsening reference states, respectively.

The initial momentum and buoyancy of the effluent from the cooling tower 1

l
1

are expected to result in substantial plu=e rise'during all seasons of the

year. During the vinter months the plume Leight can be expected to exceed

h00 m (1,3vv ft) and during the summer months to exceed 350 m (1,150 ft), |

.under average vind speed. The effect of high vind, on the order of 15 to
,

20 m/see at tower height, would limit the plume rise to less than 100 m
~

'(330 ft) as shown in. Figure 5.1-10. However,. high winr1 speed vill help

5.1-2h
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the plume to mix with ambient air, which will result in more rapid

dissipation. -

5 1.2.2.4 Probable Fogging and Icing

The analytical models used to predict fogging and icing effects are the

NUS computer codes FOG and ICE. The analyses include calculations of plume

rise and dispersion based on surface meteorological observations taken at

3-hr intervals at the Toledo Express Airport at Toledo, Ohio, for the 3-yr

period from January 1, 1965, through Dece=ber 31, 1967 Upper air clima-

tological summaries were obtained from the Toledo Express Airport radiosonde

station for the period January 1948 through November 1951. These data

include statistics on the vind and relative humidity through the first

1,000 m above the ground. The reduced ground-level visibility analysis was

based on a visibility criterion of 1,000 m or less. A 1,000-m visibility

3
has been defined as visible fog. A liquid water content of 0.01h7 g/m

of dry air is used in the FOG model as the criterion for a visibility of

1,000 m.( 5

5 1.2.2.4.1 Ground Transportation

State Route 2 is the closest highway that could be affected by the fogging

and icing due to the operation of the natural draft tower. The' highway

borders the vestern boundary of the site. Visibility reductions over Route 2

due to the operation of the cooling tower are predicted to cccur with a

maximum frequency of 2 hr/yr. Such occurrences vould exist more as an

extension of periods of natural. fog than as isolated events. These 2 hr/yr

are an insignificant increase to the climatological mean of 90 hr/yr
,

occurring naturally over the area. Figure 5.1-11 shows the predicted increase

of occurrences of visibility of less than or equal to 1,000 m over and around

5.1-25
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the site. The predicted ground-level icing due to the operation of the

natural draft cooling tower is . negligible for Route 2 and all other offsite

roadways.

5 1.2.2.h.2 Air Transportation

The nearest commercial airport is the Toledo Express Airport, located

approximately h0 mi vest of the site. There are other smaller airports

located as close as 12 mi to the site. There are no predicted occurrences

of fog, visible plumes, or icing at any of these airports due to the opera-

tion of the natural draft cooling tower.

5 1.2.2.4.3 Water Transportation

The predicted occurrences of fog due to the operation of the cooling system

are insignificant over all bodies of water near the Davis-Besse site. The

maximum predicted frequency is approximately 1 hr/yr over Lake Erie near

the community of Sand Beach (see Figure 51-11). There are no predictions

o'fLicing over any neighboring waterways.

5 1.2.2.h.h vegetation

Fog is predicted infrequently offsite frcm the operation of the natural

draft uooling tower (see Figure 5 1-11). Increases in ground-level atmos-

pheric moisture content not leading to fog formation would be expected

mo.e frequently, but the cooling tower is predicted to increase,the rela-

tive humidity less than 0.5% at the site boundary. The normal annual

average relative humidity for the area is 72%. Based on these predictions, ,

it is concluded that the atmospheric moisture' increases are not expected
1

to produce any adverse effects upon the vegetation in the site region.

No predicted ' ground-levelf icing is predicted to occur offsite due to

operation of the cooling system.

5 1-26
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5 1.2.2.5 Discharge of Solids

The NUS~ analytical model used to predict the ground deposition of the

dissolved solids in the drift released by the cooling towers is the FOG

computer code. The results are presented in Section 5.h.3.1.

5 1.3 STRUCTURAL EFFECTS

5 1.3.1 Aesthetics
The natural draft tower vill be a dominant visual element in the vicinity

of the Davis-Besse site. Based on an assumption of a flat terrain, the

tower vould theoretically be visible to a 6-ft observer out to a distance

of approximately 30 mi. However, because of the existence of intervening
.

hills, buildings, trees, etc., combined with the normal limited atmospheric

visibility, the actual observing distance vill be much less than the theo-

retical limit. The frequency of visible plumes from the tower is presented

in Figure 5.1-12. Visible plumes are predicted to extend as far as Port

' Clinton, located 10 mi southeast of the site, with a frequency of 1 hr/yr.

5.1.3.2 Wildlife

A tall and relatively isolated structure presents a hazard to nocturnal

migratory birds. Kills at radio towers have reached 1,500 in a single

and kills of a hundred or more are not unusual.(
-28) Evennight,

~

though the structures at the Davis-Besse site are too lov to produce the

large kills that occur on some radio and television towers, kills can still
*

be anticipated ~. A four-season study of bird kills on the Davis-Besse site

indicated that 211 birds impacted on the cooling tower. A smaller number,

122, were killed on other site structures (meteorological tower and shield

building). With the exception of one gull, no large birds were reported

to have impacted on the cooling tower. During migration many small birds

tend to move. around the vestern end of Lake Erie rather than cross open

5 1-27
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vater.- This results in a concentration of smaller birds along the-

lakeshore. : Therefore the number of . bird strikes on the Davis-Besse
i

cooling tower will'probably be higher than would be nor= ally predicted-

for a h93-ft structure.,
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' ~ 5.2 RADIOLOGICAL TMPACT ON BIOTA OTHER TliA!! MAU-

This section of the Environmental Report is directed toward analysis of the

potential radiological impact on local flora and fauna due to the normal

operation of the Davis-Besse Nuclear Power Station Unit No. 1. Potential

radiological impact to man is discussed in Section 5 3 Both this section

~

and Section 5 3 refer extensively to Appendix 5A, "Off-Site Radiation

Exposure Due to the Operation of the Davis-Besse Nuclear Power Station

Unit No. 1." Appendix 5A is primarily an analysis of potential radiologi- .

cal impact to man, but also contains information which is relevant to this
,

section. ' Appendix 5A is based on the expected radioactivity release rates

from Unit No. 1. These release rates are based on 0.1% failed fuel cladding.

5.2.1 EXPOSURE PATHWAYS

A schematic diagram of exposure pathways for man is presented in Figure 1

of Appendix 5A. This exposure pathway diagram also applies to the local

flora and fauna in the region of the Davis-Besse facility. The specific

exposure pathways considered to be significant for flora and fauna in the

site vicinity are listed below:

For gaseous effluents:

a. . External exposure to radioactivity in the air.

b. External exposure to radioactive materials deposited on the

ground.

c. . Internal exposure due to inhalation of radioactivity in the air.

d. Internal, exposure due to food chain transport of radioactivity

deposited on the ground.

For liquid effluents: j

Ia . ,. External exposure to radioactivity in water or adsorbed on

bottom sediment.
'

.

'

5 2-1
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b. Internal- exposure due to ingestion of radioactivity in water.

c. Internal exposure due to ingestion of food chain organisms.
.

All of the above exposure pathways are evaluated in detail in Appendix 5A,

for man. Appendix 5A also contains a detailed evaluation of the maximum

potential doses to aquatic biota due to liquid effluents (aquatic biota are

not significantly affected by gaseous effluen'ts) . The external exposure

pathways for gaseous effluents vill result in essentially the same doses to

terrestrial biota that have been estimated for man, as presented in

Appendix SA.
*

For the purposes of this section, an estimate must be made of the potential

exposure to terrestrial biota due to the inhalation and food chain trans-

port of gaseous releases, and due to the ingestion of water and contamin-

ated aquatic biota for liquid releases. The life form most likely to

receive the maximum dose from the combination of all potential exposure

pathways is a small mammal or species of waterfowl. Since part of the site

is a vildlife refuge, these maximum dose receptors are assumed to be

present in the immediate site vicinity 100% of the year.

5 2.2 RADIOACTIVITY IN THE ENVIRomENT

Due to the normal releases of radioactive effluents in both gaseous and

liquid form from the Davis-Besse site, small incremental additions to nor-

mal environmental levels of radioactivity and specific isotopes vill be

present in and around the site environment. The environmental =edia which
*

will be affected include: air, ground, ground forage, terrestrial food

chains, vater, bottom and shoreline sediments , -and aquatic food

chains.

. The isotopes that. vill be released in gaseous effluents and are physically

capable of ground deposition and involvement in terrestrial food chains

5.2-2-
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-include all particulates and halogens (iodines). Maximum offsite ground
,

concentrations for these releases have been evaluated and are presented in

. -Appendix 5A. Only three isotopes (1317, 133I, and 137Cs) have been deter-

mined to develop significant ground concentrations. The estimated maximum

offsite ground concentrations for these isotopes in the year 2020 are:
'

|1131 -9 2 133 , and h.7 x 10-10h.2'x 10" UCi/cm for 7, 1,9 x to pCi/cm for I

2 137.pCi/cm for Cs. Only. fractions of these activity levels will be avail-

able for' food chain transport by way of contaminated forage. Assuming a

weathering halflife on forage of 1h days,(1 and also assuming that only

25% of the depcsited activity is deposited on vegetation,( the resulting

equilibrium forage concentrations at the same location are 6.6 x 1^ 9~
1

-10 2 133 , and 2.3 x 10-12 2pCi/cm for I, k.3 x 10 - Ci/cm for I pCi/cm

7
for Cs (assuming no root uptake).

Annual average discharge concentrations to Lake Erie for all isotopes

released in liquid effluents are presented in Appendix 5A. It is conser-

vatively assumed that activity concentrations that develop in bottom and

shoreline sediments vill be approximately 1,000 times the annual average

discharge concentrations for all isotopes except tritium. Tritium,

released in the chemical form of water, vill not concentzate in bottom or

shoreline sediments. Maximum concentrations of isotopes in aquatic biota

(plants, invertebrates) are assumed to be equal to the annual average dis-

charge concentration times the appropriate concentration factor (CF). Con- !
|
i

centration factors used in Appendix 5A are taken from "Concentre. tion
'

1

Factors of Chemical Elements in Edible Aquatic Organisms" (UCRL-5056h, j

Rev.1) . 2) I

.

.
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523 DOSE RATE ESTIMATES

Table VIII of Appendix 5A summarizes the maximum individual human doses

calculated to result from gaseous effluents from the Davis-Besse Nuclear

Power Station Unit No.1. External and internal doses due to inhalation

3are based on the highest site boundary X/Q on land, 5.17 x 10- sec/m .

Higher values of X/Q, and higher dose rates, vould result at locations

closer to the containment structure. Therefore, maxi =um dose rates due

to gaseous releases, for flora and fauna, are conservatively estimated here

using the highest annual average value of X/Q, in any direction, at a

representative distance of h00 m. The maximum annual average X/Q at this

distance is 1.70 x 10 ' sec/m , to the north-northeast. This X/Q is about-

3.3 times the value used in Appendix 5A to estimate maximum potential human

doses. Frem Table VIII of Appendix 5A it can be seen that the major sources

of whole body radiation are cloud immersion and tritium inhalation, with

cloud immersion contributing over 92% of the total human whole body dose

from all gaseous exposure pathways. Since flora and fauna would receive

the same external dose rate as a human, at the same location, it can be

assumed that the total "whole body" exposure to flora and fauna at the

closer-in location vould amount to about 3 3 times the calculated total

for nan at the site boundary. This total dose to flora and fauna, from

all gaseous pathvr/s, amounts to about 5.0 mrad /yr. For very thin plants |1
and grasses, the beta ecmponent of the source must be included as for the

" skin" dose calculation for humans in Appendix 5A. Including external beta

radiation, the maximum dose to flora and fauna is estimated to be less than |1

8 mrad /yr.

Maximum individual doses to humans due to liquid effluents from the Davis-

Besse site are su=marized in Table XIV of Appendix 5A. However, as the

52h
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major doses are due to internal, rather than external, exposure pathways,

these doses are not directly applicable to aquatic biota or terrestrial *

life forms.

Appendix 5A contains a detailed evaluation of the maximum potential doses

to aquatic biota from all internal and external sources. These doses, pre-

sented in Table XVI of Appendix 5A, are based on very conservative assump-

tions regarding dilution and reconc,entration. The highest total dose

calculated is that for a bottom-feeding fish and amounts to about 28 mrad /yr.
,

For comparison, the calculated total dose to a free-swimming fish (not '

,

affected by contaminated bottom sediment) is only about 2.5 mrad /yr.

Other dose totals for invertebrates and microorganisms are also presented

in Appendix 5A, along with a discussion of the assumptions and models

used in the calculations.

A further calculation has been performed specifically for presentation in

this section. It was assumed that a 1,000-g animal or waterfowl vould

ingest 100 g/ day of edible fish flesh. The activity concentrations
*

~ in the fish flesh were assumed to be given by the product of the annual

average discharge concentration and the appropriate CF. The whole body

dose to the fish-eating animal was then calculated for each radioisotope

using the following formula:

[y (d 87 x 10D(rad /yr) = C (CF) 00
y O. 93

where: 1

'

C,= the annual average discharge concentration, pCi/g
|

CF = the applicable concentration factor

T = the effective halflife of the isotope in the human body", days

E = the effective energy in the human body *, P.eV/ dis I

' Values used for effective halflife and effective energy are those appli-
cable for the -whole_ body of man, in lieu.of more appropriate data.

5.2-5
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the receptor mass, 1,000 g, andm =

1.87 x 10 = the necessary conversion constant.

The calculated internal dose for this hypothetical situation amounts to

about 12.8 mrnd/yr. If the animal vere to receive an additional dose of

12.8 mrad /yr, primarily from external sources, the total dose would then

be about 25.6 mrad /yr.

Although maximum potential doses to aquatic and terrestrial fauna have been

evaluated with great conservatism, no calculated dose amounts to more than

a few percent of the limit set by 10 CFR Part 20 for maximum permissible

exposure of man, 500 mrem /yr. A summary of the estimated maximum total

doses to biota other than man is presented in Table 5.2-1. The calculated

doses are also small in comparison to those due to natural back6round

radiation. It is concluded that in all probability there vill be no detect-

able radiolo6 cal impact on the flora and fauna in the site vicinity.1

.

* G

e

.
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TABLE 5 2-1g.

SLHMARY OF TOTAL DOSES TO BIOTA OTHER THAN MAN

Estimated Maximum
Biota Type Annual Dose, mrad

Plants, grasses, leaves 8

Small fish-eating animal 26

Other terrestrial biota 50 |1
Bottom-feeding fish 28

Free-swimming fish 2.h

!

,
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5.3 B_ADIOLOGICAL IfGACT OI! MAff
' This section of the Environmental Report is directed toward an analysis.

of the potential radiological impact to man due to the normal operation

of the Davis-Besse Nuclear Power Station Unit No.1. Potential radiological

impact to man is fully discussed and evaluated in detail in Appendix 5A,

"Off-Site Radiation Exposure Due to the Operation of the Davis-Besse

Nuclear Power Station Unit No. 1." Extensive reference is made here to

Appendix 5A. The radioactivity release rates on which this section and

Appendix 5A are based are presented in Section 3 5
.

531 EXPOSURE PATHWAYS

The various environmental pathways by which man can be exposed to routine

radioactive releases from central station nuclear generating facilities,

such as Davis-Besse, are presented in schematic form in Figure 1 of

Appendix 5A. Appendix 5A provides a discussion ar.d evaluation of radiation

exposure to man for routine gaseous radioactive releases via the following

pathways: (1) external exposure to radioactivity in the air, (2) exter.nal

exposure to radioactivity deposited on the ground, (3) internal exposure

due to the inhalation of radioactivity in air, and (b) internal exposure
,

due to potential food chain transport of radioactivity deposited on the

ground. The following pathways of exposure to man for liquid radioactive

releases are also fully discussed and evaluated in detail in Appendix 5A:

(1) internal exposure due to the ingestion.of radicactivity in water,

:(2) internal exposure due to the ingestion of radicactivity in fish,

(3) external exposure due to immersion (svimming) in radioactive water, and

(h)' external exposure due to nunbathing or valking on nearby beaches.

'Other minor pathways of human exposure have been ignored due to their

insignificance in relation to those given detailed consideration.

5.3-1

=



DB-1

5.3.2 LIQUID EFFLUEUTS

Table IX of Appendix 5A presents the expected annual radioactivity dis-'

charge from Unit No. 1 (by isotope). Also presented in this table are

the estimated annual discharge concentrations of all isotopes for Unit

No. 1. Dilution factors applicable to known potable water intakes within

50 mi of the site are calculated and presented in Tab'le XI of Appendix 5A;

the calculational model by which the dilution factors have been derived
.

is also presented in Appendix SA.

Table XIV of Appendix 5A summarizes the calculated maximum individual

doses due to liquid effluents for: (1) water ingestion, (2) fish inges-

tion, (3) swimming, and (h) sunbathing. The details of each analysis

and the models used to calculate the doses for each pathway are given

in Appendix 5A. The maximum individual dose totals for all pathways of

exposure for liquid releases amount to 1.2 mrem /yr for the whole body,

1.6 mrem /yr for the body surface, l.h mrem /yr for the liver, and 2.2 mrem /yr

for the thyroid, which has been determined to be the critical organ for ,

doses due to liquid effluents. The limit for maximum individual offsite

radiation exposure due to liquid effluents, in the proposed Appendix I

to 10 CFR Part 50, is 5 mrem /yr to the whole body or any organ. The

calculated doses due to normal liquid radioactive effluents from the Davis-

Besse Nuclear Power Station Unit No. 1 are all within this proposed limit.

Exposure to the general population has been estimated for the two most

significant population exposure pathways, water ingestion e.nd fish inges-

tion. The calculated whole body population exposures for these two path-

vays are presented in Table 5.3-1.

|

|
*
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TABLE 5 3-1

POTENTIAL POPULATION EXPOSURE FROM LIQUID EFFLUDCS
(Man-rem /yr)

Year Water Ingestion Fish Ingestion Total
'

1980 0.07 0.003 0.07

2000 0.08 0.007 0.09

2020 0.10 0.021 0.12

.

The assumptions, mathematical models, and other particulars of the calcu-

lation for these population exposure rates, along with other doses due to

liquid effluents, are fully discussed in Appendix 5A.

5.3 3 OASEOUS EFFLUENTS

Table VIII of Appendix 5A summarizes the calculated maximum individual

dose rates due to gaseous releases for the following exposure pathways:

(1) external exposure due to cloud immersion, (2) external exposure due

to particulate and iodine deposition, (3) exposure due to inhalation of

iodine, tritium, and particulates, and (h) milk ingestion from the near-

est actual cow, located about 2.h mi to the west-southwest of the site.

All maximum individual doses due to gaseous releases (except milk ingestion)

have been evaluated at the location on the site boundary with the highest

annual average X/Q. This location is about 780 m to the north-northeast

of the Unit No.1 containment structure. The annual average X/Q at this
-0 3distance and direction is about 5.2 x 10 see/m . The total maximum

individual exposure rates due to all pathways for gaseous effluents

combined are: 1.5 mrem /yr to the whole body, 2.3 mrem /yr to the body
1

surface, and.2.1 mrem /yr to the adult thyroid. The total dose to a

-5 3-3
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child's thyroid for all pathways combined is estimated to be 3.2 mrem /yr. |1

The models, assumptions, and other particulars concerning these dose

estimates are discussed in detail in Appendix SA. These maximum individual

dose rates, due to ste.'.ien operation, represent only a few percent of the

average annual dose due to naturally occurring background radiation.

Limits for maximum individual offsite radiation exposure, due to gaseous

effluents, are specified in the proposed Appendix I to 10 CFR Part 50.

The proposed limits are 5 mrem /yr to the whole body, and 15 mrem /yr to the

body surface or any other specific body organ. The calculated maximum

individual offsite doses due to gaseous effluents from the Davis-Besse

Nuclear Power Station Unit No. 1 are bc.av chese limits.

Table VI of Appendix 5A summavizes the calculated doses for gaseous

releases to the general population within 50 mi of the site. The path-

vays considered in evaluating population exposure were external exposure

due to cloud bumersion and particulate and halogen depcsition. The total

whole body population exposure due to these two pathways is presented in

Table 5.3-2.

TABLE 5.3-2

POTENTIAL POPULATION EXPOSURE FROM GASEOUS RELEASES
(Man-rem /yr)

Year Cloud Immersion Particulate Deposition Total

1980. 39 0.09 h.0

2000- k.6 0.10 h.7 1

2020 55 0.12 5.6

5.3-h

L



_ . _ _ _ _ _

DB-1

~

The estimated per capita whole body doses due to gaseous releases, within

50 mi of the site, for the years 1980, 2000, and 2020 are all about
.

0.002 mrem /yr. This per capita dose is negli ible in ecmparison with6

natural background radiatio.n exposure. Details of these and other dose

calculations are_ contained in Appendix SA.
T

5 3.h. DIRECT RADIATION
.

5.3.h.1 Radiation from Facility

Calculations of direct radiation dose rates expected in areas external

to major facility structures have ascertained that the principal source

of site boundary exposure vill be that due to radioactivity contained in
'

the borated water storage tank. This tank is located in an open area and

is not enclosed. Site boundary dose rates from radioactive materials

inside the containment structure, auxiliary building, and primary water

atorage tank are negligible by comparison. The dose at the nearest site

boundary from the borated water storage tank (about 750 m), based on the

expected equilibrium activity levels, has been estimated to be about

3.3 x.10 I mrem /hr, or about o.003 = rem /yr. This incremental dose rate
~

amounts to only about 0.6" of the calculated maximum whole body dose rate

due to gaseous radioactive effluentc.

'The dose from the borated water storage tank was first evaluated at a

distance of 10 ft, assuming an infinite slab source geometry. The dose

rato at-10 ft was then extrapolated out to the maximum site boundary

distance by assuming the dose to be caused by a point source and .

accounting for attenuation and buildup in the air.

'As the calculated maximum site boundary direct radiation dose rate is

negligible in comparison with the doses due to gaseous radioactive releases,

f-
,

.

5 3-5



DB-1

further consideration of direct radiation exposure to the surrounding

population as'a whole, or to specific locations, is inappropriate.

5.3.h.2 Transportation of Radioactive Materials

5.3.h.2.1 New Fuel Shipments i

The initial fuel assemblies vill be provided by the Babcock and Wilcox

facility near Lynchburg, Virginia. The distance from Lynchburg to the

station site is about 450 mi by road. The route of transport has yet to

be defined.

The initial fuel loading for the reactor vill require 177 fuel assemblies.
e

The new fuel vill be shipped via truck in AEC-DOT approved containers with

two assemblies per reusable container and six containers per truck. The

initial deliveries will require 15 truck shipments, with about five ship-

ments or an average of 52 fuel assemblies per year thereafter. The |1
specific frequency for shipments of replacement fuel and/or duration will

depend on the manufacturing facilities schedule, the site capacity to

receive same, and/or economic conditions.

5.3.h.2.2 Irradiated Fuel Shipments

Definite plans have not yet been formalized with respect to the spent-

fuel reprocessor. The commercial reprocessing industry today consists

of one plant not yet operating and one shut down for modification and

expansion. They are located in Barnwell, South Carolina, and West Valley,

New York, respectively. It is likely that one of these 1bcations will

be the shipping destination of irradiated fuel from the Davis-Besse

' Nuclear Power Station Unit- No.1. Approximate distances from the station

to the above locations are listed in Table 5.3-3

i

5 3-6
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TABLE 5 3-3

APPROXIt&TE DISTAUCES FOR SHIPI4E:IT OF RADIOACTIVI I4ATERIALS
FROM THE DAVIS-BESSE NUCLEAR POWER STATION

Fuel Reorocessors Distances (mi)

Barnwell, South Carolina 800

West Valley, New York 300
.

Low-Level Solid-Waste Burial Sites

Richland, Washington 2,200

Beatty, Nevada 1,900

Sheffield, Illinois 340

Morehead, Kentucky 300

Barnwell, South Carolina 800

West Valley, New York 300

Spent-fuel shipping casks are presently designed in three catagories:

a. Legal weight truck casks, generally designed for only one

PWR fuel assembly

b. Overweight truck casks, designed for up to three PWR fuel

'

assemblies

c. Rail shipping casks, designed for 7 to 12 PWR fuel assemblies.
l

At the present time, use of a licensed rail shipping cask holding seven

PWR assemblies is expected. Thus, for the unit, the expected number of

shipments is.eight to nine per year; however, truck shipments could range

from -20 to 52 per year from each unit, or rail shipments could range from

five to nine per year. The above calculations assume that the reactor vill
-

,

generate about 52 irradiated fuel assemblies per year.
'

1
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5.3.h.2 3 Shipment of Other Radioactive Wastes

As with shipments of new and irradiated fuel, the location of the low-level

vaste burial site has not yet been selected. Present commercial burial

sites in the U.S. are in Richland, Washington; Beatty, Nevada; Sheffield,

Illinois; Morehead, Kentucky; Baravell, South Carolina; and West Valley,

' New York. Approximate distances from the Davis-Besse Nuclear Power

Station Unit No. 1 to these locations are listed in Table 5-3-3

Quantities of-the various types of materials expected to be shipped are

presented in Table 3.8-1.

3 3About 3,000 ft of significantly radioactive vastes and about 1,000 ft

of low-level vastes will be shipped yearly from the Davis-Besse Nuclear

Power Station Unit No. 1. This vill involve approximately 2h to 30 ship-

ments per year to one of the commercial burial sites identified above.

5.3.5 SUMMARY OF ANNUAL RADIATION DOSES

The total integrated whole body dose to the population within 50 mi of the

facility, due to all gaseous and liquid radioactive effluents combined,
.

is estimated to amount to h.0 man-rem /yr in 1980, k.7 man-rem /yr in the |1
I

year 2000, and 5.6 man-rem /yr in the year 2020. Almost all of this
,

l

estimated exposure is due to the radioactive gaseous effluents. Population

exposure due to radioactive liquid effluents and direct radiation is
i

1

ne611 ible. j8

The estimated average per capita whole body dose rates due to station

operation, within 50 mi of the site, for the years 1980, 2000, and 2020

are all about 0.002 mrem /yr.

s
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5.h EFFEC'IS OF CEEMICAL AND BIOCIDE DISCHEGES

The total water supply fcr all equiprent, personnel, and =akeup require-'

ments for the Davis-Besse Nuclear Pcwer Station Unit No.1 vill be taken frem

Lake Erie. All process effluents frem the Unit vill be released to Lake

Erie. The discharge vill be through a slot-type orifice to impart a velocity

to the effluent to promote rapid dilutien and mixing with the lake water.
<

5.k.1

As the water passes through the various systems in the Unit there vill be

on3y a slight change in its che=ical composition caused by the additicn of

neutralizing chemicals. The dissolved Jolids concentration in the discharge

water vill be approximately equal to twice that of lake water because of

evaporative loss of water in the cooling tower. The anticipated average

monthly flows through the water systems of the unit, excluding dilutien flev

(unaltered lake water) to the collection box, indicates that 99.5% of the

discharge water vill come frca the closed condenser cooling water system.

Table 5.h-1 compares the maximum concentrations of the constituents in the
,

discharge water with the cc=pesition of the lake water, and water quality

standards set by the Ohio Environmental Protection Agency (EPA).

Since the constituents of the dissolved solids are essentially the same as

those of lake water and their concentration in the discharge water vill be

reduced within a very s=all area of the lake in proportion to the reductica

in excess temperature of the discharge, they vill cause no adverse effects

on the lake or lake biota.

The highest water quality criteria for any water use under the jurisdiction

of the. Chio EPA have been applied to Lake Erie. These criteria are fed-
,

erally approved with the exception of the dissolved oxygen centent end the

temperature.

|

l
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TABLE 5.h-1

COMPARISON OF INFLUFNf WATER, DISCEARGE WATER AND APPLICABLE STANDARDS

i
i

i

Influent Unit Discharge Water Quality |

Lake Water Water St andard |

Bacteria Unknown 0 1000/100 m1 monthly avg
2400/100 ml any day

24 at 60 C daily avs ;*Threshold Odor -

Dissolved Solids 234 mg/l 470 mg/l 500 mg/l monthly avg
488 =g/1** 750 =g/l any ti=e

Suspended Solids 28 mg/l h5 mg/l Free from substences
that will settle to
form putrescent or
otherwise objecticn-
able sludge

Dissolved Or/sen 10 mg/l 7.1+ 5 mg/l 16 of 2h hr
3 mg/l at any tire

pH 8.1 8.0 6.5-8.5 preferred
5-9 daily avg

"The concentration in the station effluent vill be the same or less than
the concentratica present in the influent lake water.

** Maximum concentration based en maximum dis charge flew frcm all systems
occuring at the same time with a 10,000 gpm dilution flev.

+The dissolved oxygen content in the dis charge water will correspcnd to
the saturatien temperature li=it .for the cooling tower water. This value
corresponds to the maximum expected cooling tower outlet tecperature.

s
%

.

%
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These water quality standards have four minimum conditions applicable to

all waters , at all places , and at all ti=es. They are delineated below:

" Free from substances attributed to municipal, industrial, ora.

other discharges , or agricultural practices that will settle to

fom putrescent or otherrise objectionable sludge deposits."

No substance in the discharge from the station vill settle. In fact, the

discharge vill centain less solids, by veight , than taken into the statien

in the intace water. This reduction is due primarily to the settling that

takes place in the cooling tower basin and settling basin. .

b. " Free from floating debris , oil, scum, and other floating materials

attributable to municipal, industrial, or other discharges , or ag-
-

ricultural practices in amounts sufficient to be unsightly or de-

leterious."

No debris , oil, scum, or other floating material vill be dis charged from

the Davis-Besse Station. Oil separators will be installed en the floor

drainage system to prevent accidental spills frem entering the draina6e

system. Concrete valls surround the fuel oil storage tanks for the auxiliar/
,

boilers and emergency generator to prevent fuel oil from entering the storm i.

!
drain system.

!
l

" Free from material attributable to municipal, industrial or otherc.

discharges, or agricultural practices producing color, odor, or other
.

conditions in such degree as to create a nuisance." |

|
There vill be no odor- or color-producing materials discharged frem the Unit.

|
d. "Frae from substances attributable to municipal, industrial or

other discharges, 'or agricultural practices in concentratiens or

combinations which are toxic or harmful to human, animal, plant ,

or aquatic life."
,

.
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The: quantities and concentrations of the liquid effluents from the Unit are

- set forth in Section 3.6. The chemical constituents and their relative con-

centrations in the effluent are essentially the sa:e as the lake water at

edge of the mixing zone and accordingly vill not he harmful to equatic life.

The quality of the effluents from the Unit, relative to the specific water

quality criteria, is presented in the following sections.

5.k.1.1 Bacteria -

The water criteria for bacteria specifies that coliform content must not be

over 1000/100 ml as a monthly average, and this =ay not be exceeded in more

than 20% of the sa=ples in a month or over 2400/100 ml on any day. Of all
.

water to be released from the Unit, the only potential source of coliform

bacteria is in the sewage discharges. The sewage treat =ent plant will process

all sanitary vastes and provide both primary and secondary treat =ent. In

addition, effluent from the sewage treatment plant will be chlorinated to

maintain a 1 mg/l concentration of free residual chlorine that vill result in.

a zero release of colifom to the lake. Since chlorine vill be periodically

added to the closed condenser cooling water system any colifom bacteria

present -in the influent lake water vill be removed.

5.4.1.2 Threshold Oder Number

Threshold odor is not a consideration since no odor-containing substances

vill be added to the effluent.
;

5.h.1.3 Dissolved Solids .

i

lThe water standard criteria for dissolved solids state that there vill not
;

be more than 500 mg/l as a monthly average value or over 750 mg/l at any
itime. The principal source of dissolved solids in the effluent from the
|
|

unit is from the cooling tower blevdown. The level of dissolved solids I

from this system is dependent on the level centained in the lake water

5.h-4
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' coming into the Unit. Based on the average value of 234 mg/l for dissolved

solids in the lake water, the maximum average monthly dissolved concentratica

vill be about hTO mg/1.

5.4.1.4 Chemical Constituents

The water quality standrds contain limits en specific chemical constituents :

arsenic, barium, cadmium, chremium, cyanide , fluoride , lead, selenium, and

silver. No releases from the Unit discharge systems vill contain any of
,

these chemicals except for possible traces in the for= of radienuclides.

5.h.l.5 Dissolved Oxygen

The Ohio standards pertaining to dissolved oxygen content (DO) have not been

federally approved; hcVever, the criteria state that there not be less than

5 mg/l in 16 of 2h hr and that there be not less than 3 mg/l at any ti=e.

Since nearly all of the undiluted discharge frcm the Unit vill be frem the

cooling tower, D0 in the discharge water will be controlled by cooling tower

conditions . The cooling tever blevdown, which has had prolcaged and intimate

contact with air drawn through the tower, vill always be saturated with oxygen,

with the dissolved oxygen concentration corresponding to the saturation terp-

erature limit. At the maximum tower outlet te=perature expected, the oxygen

vill be 7 1 mg/1.

5.h l.6 pH
_

Ohio water quality standards call for a preferred pH range of 6.5 to 8.5,

with the daily average within a range of 5 to 9

The pH of the closed condenser cooling water system will be centrolled to a

set value, and since the largest quantity of discharge water is from this

system, the pH of the discharge water frcm the units vill be a nearly constant

8.0.

5. 4-5
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5.h.1 7 Toxie Substence

No toxic substances will be used in the station and released to the discharge

stream, other than as discussed in this chapter.

5.h.2 BIOCIDE DISCHARGES

The addition of chlorine to the circulating water for cleaning the closed

condenser cooling water system will be controlled to maintain 0 5 mg/l

residual free chlorine during the chlorination periods at the condenser
-

outlet. Free chlorine in the discharge water vill be minimal, and the total
,

residual chlorine vill be =aintained at a 0.1 =g/1. If required, sodium

sulfite, a dechlorination agent , vill be used to achieve this li=it.

5. h. 3 OTHER WATER USE AND DISCHARGE EFFECTS

5.h. 3.1, cooling Tcver Drift

The analytical model used to predict the ground deposition of the dissolved

solids in the drift released by the cooling towers is the NUS FOG computar

code, which has previously been submitted to the A.E.C. The analysis

was based on Toledo Express Airport data. The total rate of dissolved solids

released by a system (mass per unit time) is a function of:
, ,

The volume flev rate of condenser circulating water (480,000 gpm)a.,

b. The drift rate expressed as a percentage of the above water flev
rate _(0.01 percent)

c. The concentration of dissolved solids within the circulating water
I(h65 mg/1).
l

Due to the high release height of the drift frem the natural draft tower,

over 99% of the dissolved solids released from this system vill be carried

downvind over 20 kilcmeters. At these' large distances the d2pesition rate

in mass / area-time is extre=ely small. The maximum predicted dissolved-

solids deposition frcm the Davis-Besse Station cooling system is less than

.

5.4-6
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0.03 lb/ acre-year. Due to the very small deposition rates, no adverse effect

on crops, other local terrestrial ecosystems, or local groundwater is anti-

cipated.
i .

.

The total dissolved solids released in drift frem the cooling tower is

approximately 270 lbs/ day.

.

s
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57 OTHER EUVIRON.IE'!TAL EFFECTS

5 7.1 NOISE

The present. sound level in the environs of the site will be affected by

the operational noise of the station, principally that from the natural

draft cooling tower, the transformers and related electrical equipment in

the switchyard, and the turbines, motors, and pumps within the main struc-

ture of Unit No.1.

The dominant noise source will'be the natural draft. cooling tower, which

has a characteristic noise similar to that of a waterfall. Water falling

onto the tower fill and thence into the basin, the airflow through the

tower, and the circulating pumps and motors produce the noise.

The noise due to the operation of Unit No. -l has been predicted by using the

methods described in Section 6.2.6. The contribution of each noise scurce
~

to the background noise levels discussed in Section 2 9 has been calculated

on a grid with the HUS computer code SOCON, using as inputs the sound power

level and grid coordinates of each noise source. The resultant grid point
.

values for che Davis-Besse site. vere used to construct A-weighted daytime

sound-pressure-level contours on a site map (Figure 5.7-1) that includes- -

. .

background noise levels. Figure 5 7-2 shows the values for nighttime,

including background noise levels.

The noise-sensitiv'e land use in the form of residences, churches, schools,

and-hospitals is shcwn on the base maps in the USGS fermat. Most houses

along the shore of Lake Erie directly north of the site have been abandoned

due to recent high lake levels. The houses directly south of the site are

summer and/or weekend cottages, many of which have been abandoned. The

estimated population within each 5-dBA sound level contour located within |

.
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2.5 mi of the site center resulting from the background noise levels and

the operational noise levels is given in Table 5 7-1.

The maximum sound level along the site boundary is predicted to be 58 dBA

during the daytime period at a point on the vest boundary bordering Rt 2

and 57 dBA during the nighttime period at a point on the north boundary

nearest the natural draft cooling tower.

A comparison of the background noise levels and the operational noise

levels with the HUD and EPA noise criteria, discussed in Section 6.2.6,

is presented in Table 5 7-2, which gives the population for which each

noise criterion is sxceeded. No persons are expected to be exposed to

noise levels exceeding the HUD "normally acceptable" noise criterion.

5 7.1.1 Environmental Factors Affecting Noise Levels

Several environmental factors vill tend to reduce or mask the predicted

noise levels due to station operation. The model assumes hemispherical

spreading of sound waves and atmospheric attenuation. Since hemispherical

spreading of sound waves implies perfect ground reflection, the model is

conservative in that no credit is taken for ground absorption, which could

reduce the predicted values by as much as 3 dBA. Furthermore, ne attenua-

tion due to topographical features, vegetation screens, or intervening

structures has been assumed. These elements vould reduce the predicted

sound pressure values.

Meteorological conditions vill affect the noise levels at any location,

resulting generally in lower sound pressure levels than predicted. Verti-

cal temperature and wind gradients will affect the directivity of the noise

source due to the variation of the speed of sound with height. Certain

conditions can create a shadov one into which no sound can penetrate.

5 7-2
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TABLE 5.7-1

ESTIMATED POPULATION WITHIN EACH
NOISE LEVEL CONTOUR

.

.

' Population Within Each Noise Level Contour

Daytime Nighttime Daytime Nighttime

Background Background Operation Operation

Contour (dBA) A B A B A B A B

>35 165 412
~ 231 ------ ---

_

>h0 238 412 66 337 243 412 121 412

>h5 1h3 337 0 254 163 365 19 313
t$

g _
73 217 0 180 75 273 10 207 Y*m

>50 g

w
>55 h9 7 0 0 53 7 0 0
_

>60 0 0 0 0 0 0 0 0

>65 0 0 0 0 0 0 0 0
,

; >TO O O O O O O O O

'
.

i

A = Permanent population.
B = Weekend or seasonal population not counting permanent population.

.

e
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TABLE 5.7-2

COMPARISON OF NOISE LEVELS IN THE VICINITY
OF THE DAVIS-BESSE SITE WITH HUD AND

EPA HOISE CRITERIA

Population Exceeding Noise Criteria

Daytime Nightime Daytime
Background Background Operation Operation

Noise Criterion A B A B A B A B

HUD " acceptable"
(<h5 dBA) 143 337 0 25h 163 365 19 313

EPA (<55 dBA) 49 7 0 0 53 7 0 0
_

Y HUD "normally. ts.

Y acceptable" Y" "(45-65 dBA) 0 0 0 0 0 0 0 0

.

}

A = Permanent population.,

B = Weekend or seasonal population not counting permanent population.

. _- _.
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A shadov zone is most commonly encountered upvind from the source, where

the wind gradient refracts the sound waves upward. Downvind, the vind

gradient-refracts the sound vaves downward, and no shadov zone is produced.

On a sunny day with moderate winds, the sound level inside the shadow is

typically 20 to 30 dB lover than for the same distance downwind of the

source.

Temperature-induced sound refraction tends to be cymmetrical about the

source. A shadov zone may completely encircle a source during unstable

conditions with a strong negative temperature gradient and low wind speeds,

such as on a calm,' sunny day. However, there vill be no shadov zone during

stable conditions with a strong positive temperature gradient and lov vind

speeds as on a clear, calm night.
.

When sound is propagated through the atmosphere during moderate winds,

or with precipitation present, the background noise levels at the receptor

may increase appreciably due to the sound generated by the vind or rain.

When snow is on the ground, the background levels normally present are

frequently effectively muffled. All of the factors discussed above vill

either mask or reduce the predicted Unit No. 1 operation noise levels.
,

5.T.2 URANIUM FUEL CYCLE IMPACTS

Title 10 Part 51.20(e) requires that the contribution of the environmental

effects of uranium mining and milling, the production of uranium hexafluo-

ride, isotopic enrichment, fuel fabrication, reprocessing of irradiated

fuel, transportation of radioactive materials, and management of low- and

high-level vastes related to uranium fuel cycle activities to the environ-

mental costs of licensing the nuclear power reactors be included in the

Environmental Report by inclusion of Table S-3 as it appeared in the

'

5 7-5
.
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September 17,197h, Federal Register (Table 5.7-3). No further discussion

of environ:nental effects is required.

.

O

I

|
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TABLE 5 7-3

SUMMARY OF E!!VIR0!!MEIITAL C0!!SIDERATIO!IS FOR URANIUM FUEL' CYCLE *

(Normalized to Model LWR Annual Fuel Requirement)
.

Maelsue Effect per Ameest Fuel peguirement of Model 1.000

Dateral Resource Use total attle Ln

Land (aeree):
Temporarily seemit ted.. . ........ . . 63

65Ondisturbed aree.. .... . . . . . . .

Dister hed a ree....... . . . . . .. 13 Iquivaleet to 90 We test-fired powerpleet.
Perament ly seemit t ed . . . . . .. . . . . .... 4.6
Overbweden newd (e111 tees of MT). .. 2.? _ Eqwleslaat to 90 We cost-fired powerpleet.

toter (ettitees of as11ees):
136 %2 pereest nede* 1.000 We LWE with coe11eg tower.Discha rged to s tr. . .. . .. . . .. . ..

Dieskarged to ester bodies.... ..... 11.040
123Discharged to growed.. . . . . . . . . . .

tot a ! . . . . . . . . . . . . . . . . . . . . . . . . . . 11. 319 e4 perseet'ef aedel 1.000 We LW with esee-throwsk
***II"8 *

feesti feelt
Blactrical energy (theseands of W. 317 es pereens of model 1.000 We LW euspot.
beer ) .

towtveleet east (themande of 113 Egetwalent to the meaumpties of a el We seat.f tred
NT). powerplant.

Satoren gas (eltlies, of sel). 92 e0.2 percent of nedet 1.000 We energy owspec.....

Sf fluente-eneetcal (XT):
' Ceaes (tecludies estrateneet):

501 .....................4.400
1.177 14=tweleet to esteetene free 45 pr8e seal-fired plaat for

90 . . . . . . . . . . . . . . . . . . . . . . . . a year.
13.3Sydrocarbees.. . ..... . ........
28.7Co.........

. . . . . . . . . . . . . . . . . . . 1.156Par t ic o n s te s . . . . . .. . .. . . . . . . .
Other Casse

.72 Primettelly from t'76 Production enrichseet and repree-
F".............................. easses. Caecentrattee withte range of state stessards--

belev level that has ef f ecte en >-eam heenth.
Lagvlder

10.3 Free eartchment. fuel fabriesttee. and reprocesales steps,* 80 *" . . . . . . . . . . . . . . . . . . . . . . .
26.7 Ceeeeneste that eenstitute a poteettet for adverse ee-g

50............ .. . . . . . .3 12.9 streneestal etfeet are preeest to 411ste eencentrattene
Floer tee. . .

S.4 and reestve additieval ettut ten by receiving bedtes of. . . . . . . . .........

Ca*e .. . . . . . . . . . . . . . . . . . . .
*!*.............. 8.6 water to levels below peretsethie standards. The een-

.. . .

Es*........ 16.9 ottaweets that regetre 411=ttes sad the fiev et diluttes
. . . . . . .... 1

11.3 veter eret ;WW3.. ... . . . . . . . . . . .
4 sur400 efsFe . . . . . . . . . . . . . . . . . . . . . . . . .

50}- 20 ef e
Flooride-70 efe

Tellinge selottees (theweende of 240 Free mille sely--ee eig21ticant affleeste to environeest, j*

ET).
. . . . . . . . . . . . . 91.000 Frtncipallt free ellle--ee esgattleast ef fluente toSeitde.. .... 1

enviteement. i

Effluente-Radielesteal (cortes):
' Cases (toetudies estratneset):

75 Feteetrally free ettle-easteve anwat dose rate e4Re-222... . .. ... ..... . . . . . .

84-226...... .. 03 pereest of everage natural bathground uttnia 5 et of
.02 eil t . Reevits te 0.06 eme-res per emeust fuel retware- |

.. . . . . . . .
,

TM2 30. . . . . .. . ..... .... ..
I

8 t ae t wo. . . . . . . . . . . . . . . . .032 me ss ...

16.7 Principally free fuel reprocesetas plante-.Whole body doseTrialue (theweend).. .. . . .*

. . . . . 230 to 6 ese-ree per annual fuel regstremente f or popula-tr-85 (theweende)..
3-12 9 . . . . .0024 ties withie 50 al radles. This la e0.00y pereest of ever.. . . . . . . . .

1-131................ .024 oge naturst background dose to ente pepelasten. Re nesse..

Fiaeton prederte and tresse- 1.01 f ree Federal tieste Bepository of 0.001 CL/yr has been
sente s tecloded te fiselee products and trassurantes total.

Esquide r
Drealue med daughters... . 3.1 Friastpa*;y free stilles-tacloded to tellinge liquer and. . .

' returned to growed -ee ef fleestes therefore, se etfect es
eevironment.

ga-2 26. . . . . . .0034 Free CF6 prodwetten-concentrattee 5 percent of to CFE.. .... .... ...
Tb230.. . .0013 to for total processies of 27.5 seesa Lb11 answel feet

. . . . . . . . . . . . . . . . . . .

regelresente.

Tk214. . . . . . . . . .01 Free feel f abricatten plante-concentratten 10 percent of
. . . . . . . . . . .

10 CTR 20 for total procesetag 26 annual feel requiremente
for model LWR.

R e- 106 . . . . . . . . . . . . . . .1$ Free reprocesetas plante--eastone conentratten 4 percentI . . . ....

frittwo (thewaanda).. . ........ 2.5 et to Crt 20 for tetet reerecesetas of 26 annual twel.

regwiremente for model LW.
Seltdo (bweled):

Other them high level.... .... ... 601 All except 1 Ci sesee free atlle-teelvded te tattlete
retereed te ground--ee signif tsant ef f t.ent to the
environeemt. 1 C1 f ree converstes and feel f abricattee
is borted.

Therest (bs11tese ste)....... 3.360 e7 percut of eedet 1.000 We Lws,. . . . .

fransportettee (een-reelt tapwwre of .334
werhees eed generet pwelle.

eTable 5-) tree the rederet senterer. Vol. 39. We,101. September 17, 1974
Itet tested ef fieeste bued spee coobestsee of egetestent eest for power generattee.

2 .2 partent free essoret see wee and procese.1 AC C
3(e-137 (0.075 Ct/ata) ud Sr-90 (0.004 CI/ Art) are stae eettted. Q

g" ?
.
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I. INTRODUCTION

The Davis-Besse Nuclear Power Station will occupy a site area of

approximately 954 acres situated on the southwest shore of Lake Erie.

The site itself is mostly marshland and will be partially used as a natural

wildlife refuge. The nearest large population center is Toledo, Ohio,

located about 20 miles west of the plant. Smaller population centers

near the site are Fremont, to the south, and Sandusky, to the southeast.

Large areas of land around the site are only sparsely populated and support

a mostly agricultural economy. Recreational activities such as sport

fishing and duck hunting are popular in the region of the site.

It is the purpose of this report to evaluate the radiological impact of normal

releases from the Davis-Besse Nuclear Power Station Unit No.1 on the popula-

tion and wildlife living in the region of the site. Maximum potential individual

radiation exposure rates are evaluated as wel.' as the total integrated popula-

tion exposures within a 50-mile radius of the facility. Exposure pathways

considered include all significant environmental and biological mechanisms

by which activity released from Unit No. I could conceivably reach the public.

Figure 1, Exposure Pathways, presents a visual illustration of those exposure

pathways of greatest significance for central station nuclear generating facil-

ities such as Davis-Besse.

|

l

This study is based on the annual activity releases- (by isotope) that i

1 |
are presented in Section 3.5. i

Since the applicable regulations are based on a consideration of average

annual dose,- this study is directed at determining the doses delivered in

a typical year of operation. The estimated doses to individuals and the

i
,

: |
|

I 1

f
i

, ,
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population are compared to existing and proposed dose guidelines, to normal

background radiation doses, and to other ordinarily acceptable radiation

exposure levels. Calculational methods employed are in general the e

suggested or recommended by such bodies as the IAEA, the USAEC, .ne

ICRP, where such methods are available. In situations where the lack of

knowledge has precluded accuracy, conservative assumptions have been

made in an attempt to eliminate the possibility of underestimating the
particular exposure level.

.

.
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II. SUMMARY AND CONCLUSIONS

This report evaluates the maximum expected radiation exposure to the

general public or to individuals thereof resulting from the operation of the

Davis-Besse Nuclear Power Station Unit No.1. The expected release

rates are based on 0.1% defective fuel cladding. Conservative environ-

mental dilution and concentration factors have been used so that the

annual doses calculated in this study are the maximum values that could

reasonably be expected to occur due to the normal operation of the Davis-

Besse Nuclear Power Station Unit No.1.

All calculated human exposure levels resulting from the operation of Davis-

Besse Nuclear Power Station Unit No. I have been found to amount to only

small fractions of normally accepted levels of radiation exposure. The

applicable limits set by law in 10 CFR 20 for maximum permissible

exposure have not been exceeded or even closely approached.

A. Maximum Individual Exposure

For gaseous releases exposure rates have been calculated for the following

exposure pathways: external exposure from cloud immersion and particulate

deposition; internal exposure from the inhalation of tritium, iodine, and par-

ticulates; and internal exposure from potential food chain transport of lodine

and particulates. For liquid releases the exposure pathways examined

include water ingestion, fish ingestion, swimming, and sunbathing. The

maximum potential whole body exposure to an adult individual from all these I

sources has been calculated to be 2.7 mrem per year, based on the expected |1

4
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|
release rates and milk ingestion at the nearest known grazing location. The

critical organ exposure total from all sources has been estimated to be

4.3 mrem per year to the thyroid. The exposure total to the body surface l
1

from all sources has been estimated to be only slightly lower, 3.9 mrem

per year.

In assessing the significance of the above exposure totals it should be noted

that they represent the sum of the maximum exposure rates for several differ-

- ent exposure pathways, each of which has been evaluated with a high degree

of conservatism. It is highly improbable that any individual will ever receive

the maximum potential exposure from any of the pathways examined. The

probability that any individual will receive them all simultaneously is negli-

gible. Thus, the totals presented only represent upper bounds to the poten-

tial exposure, and should not be construed to represent likely exposure.

rates .

,

These maximum potential exposure rates are small in comparison with ordinarf

and acceptable individual radiation exposure levels. For instance, the annual

whole body exposure from aturally occurring background radiation in the

United States averages about 130 mrem per year. The exposure to an indi-

vidual from a single chest X-ray may be'as much as 170 rrrem. Wearing a

particular kind of watch may yield an incremental annual whole body dose of

4 mrem. The inhabitation of a stone or masonry dwelling rather than a

frame house has been calculated to yield an average additional annual whole

body dose of.40 mrem and a maximum annual incremental exposure of over

500 mrem. Thus, the maximum potential incremental exposure to man from

plant contributed radioactivity represents only a small fraction of exposure

increments common to ordinary experience.

,

5
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B. Population Exposure

The largest source of population exposure from the expected plant effluents

is due to the external radiation received from the released radiogases. The

annual whole body exposure to the surrounding population from this pathway,

combined with that due to the particulate releases, is calculated to total

5.5 man-rem in the year 2020. This total is almost fifty times the popula- |1
tion exposure calculated to result in that year from liquid releases, including

exposure from water and fish ingestion.

Total exposure from both gaseous and liquid releases is calculated to range

from 4.0 man-rem per year in 1980 to 5.6 man-rem per year in 2020. These |1
exposure rates are dwarfed by the total due to natural background radiation,

estimated at 435,000 man-rem per year in the year 2020.

C. Exposure of Acuatic and Other Organisms

The maximum potential radiation exposure of aquatic biota has been evaluated

on an extremely conservative basis. The calculated exposure levels, pre-

sented in Table XVI, are based on the continuous presence in Lake Erie of the

annual average discharge concentrations of all radionuclides. Also, it has

been assumed that radioactivity concentrations in the sediment may be as

much as a thousand times those in the ambient water. These assumptions

maximize the potential exposure levels to aquatic biota and minimize the

probability of occurrence. The maximum resulting exposure rate is about

28 mrad per year to bottom-feeding fish.

The dose to bottom-dwelling invertebrates is calculated to be about 27 mrad

per year, using the same conservative basis. Most of this exposure is due

to the high levels of radioactivity assumed to exist in the bottom sediment.

6
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For a fish which does not normally dwell at the lake bottom, the annual expo-

sure from all internal and external sources is calculated to be 2.5 mrad.

If credit is taken for dilution of the discharge in the lake, the dose esti-

mates are substantially reduced. These reduced exposure levels are much

more realistic in terms of expectancy than those based on widely pervasive

undiluted discharge concentrations.

Regarding terrestrial animals, they will be subject to radiation exposure via

the same pathways that have been extensively evaluated for man. There will

be essentially no difference in the calculated external exposure rates, and

it is not expected that internal exposure will be significantly different.

This analysis has resulted in no estimated exposure level which approaches
the guideline in 10 CFR 20(2) for the maximum permissible radiation exposure

of man (500 mrem /yr.) . In view of this and the extreme conservatism of the

models and assumptions employed in the derivation of the doses, it is conclu-

ded that no significant radiological ha::ard to the aquatic population of Lake

Erie or to. other wildlife will occur due to the operation of the Davis-Besse

]
Nuclear Power Station Unit No.1.

- D. Conclusions
,

All known envimnmental and biological phenomena which could possibly lead

to significant radiation exposure of man have been investigated in detail. The

calculation models, assumed biological parameters, and envimnmental con-

-centration and dilution factors have all been conservative in nature. Therefore,

the calculated exposure rates to which man might potentially be subject are the

highest that could reasonably be expected to occur from the operation of Davis-

Besse Unit No.1. These rates comply with all applicable Federal Regula-'

tions and the proposed amendments to 10 CFR Part 50 embodied as Appendix I.

7
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III. RADIATION EXPOSURE FROM GASEOUS EFFLUENTS

There are a number of pathways through which persons offsite may be

exposed to the gaseous radioactivity released from nuclear power plants.

From Figure I, three general pathways may be identified: direct radiation

exposure, inhalation exposure, and exposure through food chains. The

relative importance of these exposure pathways is determined by the isotopic

composition and quantities of the released radiogases as well as the site

environment .

'

A. Estimated Gaseous Effluents

The estimated annual gaseous release for the Davis-Besse Nuclear Power

Station Unit No.1 is presented in Table I. The values are preaented in

Section 3.5.

t

For the purposes of this report, all gaseous releases are assumed to occur at

ground level and to be continuous rather than intermittent, although inter-

mittent releases under more favorable meteorological conditions could further

reduce the calculated exposures. .

B. External Exposure from Gaseous Effluents

From Table I it can be seen that the gaseous activity releases are expected

to be comprised of noble gases, iodines and other particulate matter, and

tritium. Two modes of external exposure have been considered for these

releases. For tritium and the noble gases the critical mode of external

exposure is from direct radiation due .to ambient air concentrations. For

8
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,

-particulates and iodines the critical external exposure is from the buildup - i

of these materials on or in the ground due to the phenomenon of ground

deposition.

Neither the noble gases nor tritium will deposit onto the ground under normal

conditions . This exposure pathway is therefore treated only for iodines and .

.particulates. The calculation of external exposure due to the radioactive

cloud has, however, included all released radioactive materials.
1

'1. - Maximum Individual External Exposure

The site boundary external dose rate depends in general on the source terms,

the applicable atmospheric diffusion, and the receptor characteristics. For

t))e purpose of estimating the maximum potential annual exposure a hypotheti-
cal " maximum individual" is assumed to reside at the site Soundary continu-

I - t cusly over the full period of one year. The individual is also assumed to be

unshielded by clothing or housing which would normally provide a dose reduc-

; tion factor of 2 or more

All fonn's of external exposure will depend directly upon the annual average

-site boundary air concentrations, .which in turn depend on the atmospheric.*

dispersion parameter, X/Q (sec/m ). The maximum value of x/Q at the
Davis-Besse site boundary, for annual average meteorology, has been deter-

' ~

mined to be 5.17 x 10 sec/m . This value applies at a location on the site

boundary to the north-northeast of the Unit No. I containment structure. The

meteorological data from which this value was calculated were collected on-

the site over the period December 1,1969, to November 30, 1970, at a height -

above ground of 20 feet. The meteorological data and the annual average X/O
i

.

values are discussed in Section 2.3.5 of the Davis-Besse Nuclear Power

Station Unit No.1 Final Safety Analysis Report. |1

,

9-
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a. External Exposure from the Radioactive Cloud

When immersed in a cloud of radioactive material, a receptor individual will

be subject to penetrating gamma radiation as well as short range beta

radiation. Irradiation by gamma rays will generally yield a relatively homo-

geneous exposure of the whole body. The beta rays of concern here will

yield exposure only of the outermost tissues of the human body; this is

due to their short range in human flesh, which is on the order of one centi-
meter or less. Human tissues at risk from beta radiation include the skin,

the lens of the eye, and, for the more energetic betas, male gonads.

In order to estimate the potential exposure rate the " infinite sphere" model has

been used, as recommended by the International Commission on Radiological
'Protection (ICRP) and other authoritative bodies. The basic assumption

of the model is that the absorbed dose rate at any point inside an infinite,

homogeneous sphere of uniform radioactivity concentration is equal tothe

encrgy release per unit mass. The concentrations are taken to be equal to the

annual average at the location of interest. The dose rate to a ground level

receptor from a surrounding cloud of radioactivity is taken to be one half that

given by the infinite sphere approach. This is because, for gamma radiation,

the receptor is only irradiated from one half the total available solid angle; for

beta radiation the factor of 0.5 accounts for the self-shielding of the human

body. The dose rate is also adjusted upward by a factor of 1.13 to account for

the increased stopping power of. human tissue relative to air. Use of this

model has been demonstrated to lead to conservative results.

Assuming that only gamma radiation will contribute to whole body exposure,

the resulting maximum site boundary whole body exposure rate due tc cloud

immersion has been calculated to be 1.4 mrem per year. This exposure rate |1

10
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.

-6is based upon the maximum site boundary x/Q value of 5.17 x 10 sec/m ,

the release rates presented in Table I, and the use of the infinite sphere

model . The sources of disintegration energies and formulas used in the cal-

culation are presented in Appendix A. The exposure to the skin, lens of the

eye, and gonads, based on both beta and gamma exposure, is calculated to

be 2.1 mrem per year. It may be noted that of the total exposure, only a |1

very small fraction is due to materials other than the noble gases.

b. External Exposure from Ground Deposition of Particulates and
Halogens

Tre natural deposition of particulates and iodines onto grasses and soils is

a'ftrniliar and important phenomenon. The rate of deposition can be obtained

from the annual average air concentration by application of a quantity known

as the deposition velocity. The continuous deposition e ito ground of a

radioactive material will cause a monotonically increasing ground concentra-

tion which will eventually approach a limiting, or equilibrium value. This
equilibrium ground concentration will be reached when the loss due to radio-

active decay just balances the rate of deposition. For the very long lived

isotopes this condition will not be reached within the expected station life-

time . Thus, ground concentrations have been calculated at the site boundary

for each of the particulate and iodine isotopes in Table I for the years 1980,
2000, and 2020.

; Proper dose conversion parameters have been applied to estimate the beta

and gamma exposure rates at the critical height of 1 meter above ground
'Ilevel. The maximum ground concentrations and resulting exposure

rates (for significant isotopes) resulting from these calculations are pre-

sented in Table II. Beta exposure has been reduced by a factor of 2 to
account for self-shielding of the human body.(5)

'

11
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As before, only the gamma component of the total exposure rate is assumed

to yield whole body radiation. It can be seen from Table II that only three

isotopes contribute substantially to the whole body exposure rate. These
- isotopes are: I-131, I-133, and Cs-137. The total whole body exposure1

'

rate is calculated to be 0.032 mrem /yr in 1980, 0.032 mrem /yr in the year
1

2000, and 0.032 mrem /yr in the year 2020.

The exposure rate to the body surface will be increased by the beta component
.

and is therefore higher than the whole body exposure rate. The isotopes

contributing significant beta exposure are: I-131 and I-133. The total body
surface exposure from beta and gamma sources is calculated to be 0.066

mrem /yr in 1980, 0.067 mrem /yr in the year 2000, and 0.068 mrem /yr

in the year 2020.
r

In analyzing the exposure resulting from this pathway, it has been assumed

that once deposited on the ground, all isotopes except Cs-137 will remain at

.the surface. Due to its very long halfilfe and the natural phenomena of per-
colation cesium fallout on soil eventually establishes a concentration

in soil (pC1/cm ) which is depth dependent. Analysis of Cs-137 concentra-

tions in soil due to fallout has established that the typical distribution is

such that the ground concentration decreases exponentially as the depth
I 'increases . An investigation by Beck has revealed that this dis-

tribution is attained in a relatively short interval (1 to 2 years) and can be

described mathematically by a relaxation length which will vary from place to

place de'pending upon local conditions of soll and precipitation. A nonhal
range is from 3 to 8 centimeters. As shorter relaxation lengths imply that

the average depth of penetration is less, thus reducing the available shielding,

a value of 3 centimeters has been used in this ' analysis. The details of the

calculation and the equations used are fully presented in Appendix A.

.i-
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The results of the calculations are presented in Table VI. As for maximum

* individual exposure, the doses resulting from cloud immersion are much
a

higher than those due to particulate deposition. No allowance has been
*

made for plume depletion as the particulate matter is transported away

from the site. At the large distances involved plume depletion during

' transport will be effective in reducing the dose rates although no,

credit for this phenomena is taken here. It is interesting that although

the, total population exposure is shown to increase in time, the per capita
exposure remains almost constant.

The segment average d'ose rate bas been taken to be the dose rate of the

geometric midpoint of the segment. Annual average x/Q values have been

used to estimate segment average dose rates. Values presented in

Section 2.3.5 of the Davis-Besse Nuclear Power Station Unit No.1 Final |1

Safety Analysis Report were logarithmically interpolated to arrive at x/Q*

,
,

values when necessary. The X/Q values utilized in this analysis are

presented here in Table VII.

.

.C .
Inte'rnal Exposure from Gaseous Effluents

.

The radioactive content of,the gases released at Davis-Besse must be either
inhaled, ingested, or absorbed through the skin in order to yield internal

radiation exposure. Skin absorption is significant only for the released
.

tritium which in the form of HTO can pass through the skin with relative

ease . (17) Exposure through ingestion requires the physical transport of the
*

radioactive materials through sone form of food chain. In this regard, only

the released lodines and particulates are of concern.

Since the noble gases do not react chemically with other substancec under |

normal conditions, there is no physical basis for their transport through food

cl.ains or reconcentration within the human body for these gases.
.
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In terms of continued inhalation and absorption in the body, both krypton,

and xenon may develop in physical solution, chiefly in the body water and

fat. Several human exposure experiments revealed that inhalation of

relatively large amounts of radioactive noble gases resulted in very low tissue
'exposures . In general, it may be estimated that the internal dose from

e

radioactive noble gases dissolved in body tissue following inhalation from a

cloud is negligible, i.e., less than 1% of the associated external whole body

dose.( Thus, the resultant doses from exposure to noble gases are con-

sidered to be external whole body doses only.

Potential exposure due to inhalation is of relative importance only for the

released tritium and iodine. Ecwever, it has been evaluated for other

particulate discharges as well.

1. Exposure from Inhalation
i

i

Exposure due to inhalation of tritium, iodine, and other particulates will
'depend directly on the estimated daily inhalation intake. This quantity can

be obtained by multiplying the annual average air concentration times the

volumetric breathing rate. The necessary equation is as shown below:

1 yr
A( C1/ day) = Q(C1/yr) x x/Q(sec/m ) BR(m /sec) x 365.25 days

The quantity BR is the breathing rate which for the standard man is equal to
3 (6)2.32 x 10 4 m7

,

a. Iodine Inhalation
.

The fonnula above has been used to estimate the rate of iodine activity in-

take at the site boundary by a maximum individual. Due to the preferential

15
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concentration of iodine in the thyroid gland, the resulting whole body dose

is negligible in comparison to the resulting thyroid exposure, which is
calculated to be 0.51 mrem per year for an adult. Due to the small size |1
of the thyroid gland in a child (the thyroid exposure is inversely proportional

to the mass of the thyroid), the thyroid exposure via this pathway is increased

- for a small child, amounting to 0.82 mrem per year. The calculational model |1
and equations used to arrive at these exposure estimates, and all others in

this section of the report, are presented in Appendix A of the report. The

dose conversion parameters used to estimate adult thyroid exposure are

those contained in the AEC publication TID 14844, " Calculation of Distance

Factors for Power and Test Reactor Sites." These parameters are

presented below and illustrate the relative importance of I-131 for this expo-
sure pathway:

Iodine Isotopes Rem per Curie Inhaled (
6I-131 1.48 x 10
4I-132 5.35 x 10

I-133 4.00 x 10
4I-134 2.50 x 10
5I-135 1.24 x 10

The greater dose-effectiveness of I-131 is due primarily to its relatively long
eight day halflife in comparison to the other isotopes.

. b. Tritium Inhalation

The average amount of tritium inhaled daily by a standard man at the site

boundary has been determined to be 9.46 x 10~ microcuries per day. |1
However, due to the phenomenon of skin absorption this intake does not

represent the total source. As estimated by the ICRP( the total tritium

intake from Inhalation and skin absorption can be conservatively determined

16
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to be equal to twice that due to inhalation alone. As there is essentially
; no difference in the exposure from this mode of tritium uptake by the body

and that due to tritium intake via water ingestion, the resulting exposure

has been computed using methods and equations outlined in Appendix B.

The total daily tritium intake has been taken to be 1.89 x 10 microcuries |1
~

per day.

The resulting exposure has been determined to be 0.088 mrem per year |1
the whole body. The maximum calculated organ dose has been determined

to be 0.11 mrem per year to the thyroid. Doses to other organs except the |1

bone are between the exposure rates for the thyroid and whole body. The

bone dose has been computed to be 0.053 mrem per year. |1

c. Particulate Inhalation

The maximum potential whole body, skin, and thyroid doses due to the

inhalation of released particulates have also been evaluated. The doses-

calculated to arise from this source-pathway combination are negligible in

comparison to those discussed above due to iodines and tritium. The cal- |
!

culated maximum annual average adult whole body dose due to particulate |
~

inhalation is 7.93 x 10 mrem per year. The calculated skin and thyroid )
~

doses are also 7.93 x 10 mrem per year.

|
4

2. Exposure from Ingestion
.

The radioactive particulate and iodine emissions from Davis-Besse are

expected to be involved in food chain transport to man after ground depo- |

sition . The potential uptake in food crops of several of the released

isotopes is a well documented phenomena. However, the critical expo-

'sure pathway to man is via the milk route, especially for the isotcpes

17
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of greatest concern here, I-131, I-133, and Cs-137. As can be seen in

Table II, these three isotopes constitute very nearly all of the ground activity

resulting from particulate deposition. Actually, I-131 alone accounts for most

of the activity. Material deposited on the ground may be present in the grasses
'

ingested by grazing cows. This will be caused by direct foliar retention and

uptake from the soil by roots. After ingestion by the cow, these radioactive

materials will be transferred to the cow's milk which may be subsequently

ingested by man. The potential intake by man will depend on the assumed

milk ingestion rate and the activity concentration of the milk produced. In

estimating the potential activity levels in milk, the method of Bryant( }has
.

been used for Cs-137. The potential I-131 and I-133 concentrations have

been obtained using a different model which is discussed later.
,

'

The potential Cs-137 milk activity level has been estimated using the
following equation:

C(PC1/1) = P P + PFrr dd

where:

C = the resulting milk concentration, pC1/1
2F = the rate of deposition, mC1/km

r -yr

2F = the deposit in the previous two years, mC1/kmd

P = the deposition rate factor, (pC1/1)/(mC1/km -yr)

P = the soll factor, (pC1/1)/(mC1/km )d

The above formulation has arisen from an analysis of data from surveys of

milk contamination due to Cs-137 fallout on pasture. The parameters P and

I
|
!

|

'
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P are pr portionality factors and are designed to account for grass contamina--

d
tion by direct foliar retention and plant base absorption (P ), as well as

indirect contamination by uptake frem soil (P a es of these pgodon-
d.

ality factors have been estimated by the method of least squares to be 3.6

for P and 0.65 for P 'r d

The meaning of the parameter F is related to the ability of cesium to percolate
d

downward in soil, as previously discussed in relation to external exposure

from particulate deposition. It should be noted that Bryant's fonnula is

strictly empirical in nature; i.e. , it is designed for the exclusive purpose
of describing the best available scientific data.

The nearest known location of grazing milk cattle is approximately 2.4 miles

to the WSW of the station. , At this location the annual average X/Q value
~

is 1.09 x 10 sec/m . Using a deposition velocity of 0.2 cm/see the cal-
culated maximum potential milk concentration of Cs-137, due to Davis-

-4
Besse, is 1.03 x 10 pCi per liter.

The maximum potential I-131 and I-133 milk concentrations are based on a
-2different model, using an assumed deposition velocity of 1 x 10 meters per

second.( 4' The formula necessary to compute these concentrations is
- presented below:

* m n (davs) K [(pC1/1)/(cC1/m )lC(pC1/1) = Q(C1/yr) x/Q V
3j g (sec 0.693 365.25 days /yr

m/ \

. . . x 10 (pC1/C1)

where:

C = the resulting milk concentration, pC1/1

Q = the source term, C1/yr

.
'
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x/Q = the atmospheric dispersion factor, sec/m
V = the deposition velocity, m/sec
T = the effective halflife on the ground, days, and

K = the_ milk to grass activity ratio, (uC1/1)/(gC1/m )

The effective halflife on grass for I-131 is obtained by combining the halflife
due to weathering, about 13 to 14 days,05,24,25) with the radiological

halflife of about 8 days. The resulting value of T is 5 days. The value ofg

K has been estimated from field data obtained by Booker following the

Windscale accident of 1959 and is taken to be 0.091 (pC1/1)/(pC1/m ) .

Use of these values and the above formula leads to an estimated maximum

potential I-131 milk concentration of 1.52 pCi per liter. |1

For I-133 the value of T is approximately equal to the radiological halflife

of 0.867 days. The val e of K for I-133 is taken to be half that for I-131,
or 0.045 (pC1/1)/(pC1/m ) . The resulting maximum potential I-133 milk con-

centration is then 0.017 pCi per liter. |1 )
|

The above calculated milk activity levels will apply only during the six
months of the year that milk cattle usually graze on open pasture. During

the remainder of the year, milk activity levels due to Davis-Besse are assumed
'

to be negligible. Assuming a daily milk ingestion rate of 0.5 liters per day,

an adult might ingest up to 0.009 pCi of Cs-137, 46.2 pCi of I-131, and 3.29 |1
pCi of I-133. A young child, drinking milk at an average of 1.0 liters per day
might ingest twice as much activity as an adult. The resulting doses are

greatest to the human thyroid gland, amounting to 0.090 mrem /yr for an adult
1

and 0.88 mrem /yr for a child. Potential exposure to the whole body or other

organs is negligible in comparison to the potential thyroid exposure. The

methods and equations utilized to' evaluate the doses for this pathway are

presented in the appendices of this report.
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D. Summary of Exposure from Gaseous Releases

In an effort to unify the results of this section of the report, Table VIII

has been drawn up, illustrating the calculated me.ximum individual expo-

O sure rates from the maximum expected gaseous releases'for the whole

body, body surface, and thyroid. Results are presented for ad' lt andu

child exposure and are primarily based on exposure at the worst site

boundary location. Doses due to milk ingestion (food chain transport)

have been calculated for the nearest known actual grazing location of

milk cattle.

The greatest total exposure rate from all pathways combined is calculated

for the body surface. The total body surface dose rate from all pathways,

for gaseous effluents, amounts to an estimated 2.3 mrem per year for an
1

adult or a small child. Almost all of this exposure, 2.1 mrem per year,

is estimated to occur due to cloud immersion. Dc ses due to cloud immer-

sion have been conservatively calculated using the ICR* " infinite sphere"

model and assuming that all beta and gamma radiations contribute to the

total dose.

Population exposure totals have been calculated for both external exposure

pathways and have been presented earlier in Table VI. As intemal exposure

is generally less significant than external exposure, the exception being the

milk ingestion pathway, population exposure has not been calculated for

internal exposure. Exposure to iodine, via inhalation or ingestion does

_
not cause a significant whole body exposure whica is the primary concern

for exposure of large population groups.
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IV. RADIATION EXPOSURE FROM LIQUID EFFLUENTS

When it becomes necessary to discharge liquid radwaste from the Davis-Besse

Nuclear Power Station Unit No'.1, it is planned that the liquid waste will be

injected into a dilution flow consisting of: 1) the normal cooling tower blow-

down flow and 2) an extra dilution flow of approximately 10,000 gpm.

The annual average cooling tower blowdown flow is expected to be 8,125
gpm. Thus, the average total dilution flow into which radwaste will be

released amounts to an estimated 18,125 gpm. This dilution flow rate and

an assumed mixing factor of 0.8 have been used to derive annual average

discharge concentrations of radioactivity from estimated total annual

activity releases. The estimated annual activity releases and the calculated

annual average discharge concentrations for liquid effluents are presented in
Table IX.

A. Estimated I.iquid Effluents and Concentrations '

,

In this report maximum potential individual exposure is conservatively based

on the estimated annual average discharge concentrations of radioactivity as

presented in Table IX. Also of concern is the total integrated population

exposure due to liquid releases of activity. Since the population groups

affected are at relatively large distances from the site, it is necessary to
obtain some estimate of the maximum radioactivity concentrations due to the

plant as a function of lake transport distance and direction.

The modified Fickian dispersion model provides an adequate mathematical

approach for predicting minimum dispersion effects in Lake Erie as a function

of distance and direction.

22
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It yields the fol'.owing equation for predicting the plume centerline

concentrations:

-31.59 x 10 gg
,

x

where:

C(x) = average centerline concentration, pCi/cc

Q = point source continuous release source tenn, pC1/sec
x = the downstream distance, centimeters, and

f = frequency of surface flow in the direction of interest.

Due to the mathematical nature of the model, concentration predictions

obtained with it are too high near the point of release. Its use here is re-

stricted to distances large enough to avoid the region of initial mixing..

The concentration predictions must be weighted by an assumed frequency

of flow in the direction of interest. Annual average wind directional

frequencies, presented in Table X of this report, have been used to

establish the necessary values of the parameter "f" . Winds out of

the following directions are assumed to produce a surface current lake

flow to the WNW, towards Toledo and Oregon: SSE, SE, ESE, and E.

Winds out of the ENE, NE, NNE, N, and NNW are assumed to produce

surface currents to the SSE, towards Camp Perr/, Port Clinton, and

Sandusky. Thus, the frequency of flow towards Toledo, after accounting

for calms, is about 17%, and about 21% towards Camp Perry.

.

Effective dilution factors have been obtained for the locations of concern by

taking the ratio of the annual average discharge concentration for tritium and

the concentrations predicted by the model. At the maximum expected station

23
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liquid release rate of 350 curies per year the annual average discharge con-

centration for tritium is calculated to be 1.24 x 10- pCi/cc . The predicted

- tritium concentrations at the locations of interest and the derived dilution

factors are presented below in Table XI. The derived effective dilution factors

are utilized to predict the annual average radioactivity concentrations at the

. potable water intakes for the given locations.

B. Maximum Individual Radiation Exposure from Liquid Effluents

In the region of the Davis-Besse site, Lake Erie contains some pollutants
from industrial and municipal wastes. In the immediate vicinity of the site

(at the point of discharge) it is not expected that any individual will consume

as potable water the station liquid effluent either before or after discharge

to Lake Erie. Nor is it expected that any individual will swim exten-

sively in these same waters, although this is very much more likely than the'

'

water ingestion mentioned above. However, for the purpose of establishing

the maximum potential individual radiation exposure due to the nonnal operation

of the Davis-Besse Nuclear Power Station Unit No.1. the following " maximum

individual" is hypothesized:

1) the maximum individual is assumed to consume 1.2 liters daily of

the Unit No'. I liquid discharge. This water ingestion represents

the tap water intake that will adequately sustain an average adult

male, as determined oy the ICRP;
I 2) the maximum individual is assumed to consume 50 grams daily of

fish grown since birth in waters containing annual average discharge

concentrations of all radionuclides; and

3) the maximum individual is assumed to swim 200 hours per year in

waters containing the annual average discharge concentrations of

all radionuclides. i
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Other less significant exposure pathways are also considered.

1. Internal Exposure from Water Ingestion

Although it is extremely unlikely that any individual will ever drink water

directly from the Unit No.1 discharge, maximum individual exposure is calcu-

lated on this basis and presented as an upper limit to the potential drinking

water ingestion dose. The assumed intake rate is 1.2 liters per day. This

represents the entire daily tap water requirement of a " standard man", as

recommended by the ICRP.

The ingestion of radionuclides will generally cause an uneven distribution of

dose within the human body. Some elements, hydrogen in particular, b ecome

rather evenly distributed. Others, such as iodine or cesium, are preferen-

tially taken up by certain body organs. These phenomena produce particular

organ doses which can be either higher or lower than the associated whole

body dose.

The array of particular organ doses due to the, hypothesized water ingestion has

been calculated using the NUS computer code DOSCAL. The results of this

calculation are summarized in Table XII, " Internal Body Organ Exposure from

Ingestion of Water and Fish". Calculational methods used in DOSCAL are

generally those advocated by such bodies as the ICRP, the IAEA (International

Atomic Energy Agency) and the USAEC.

1

The highest dose to the maximum individual from this route of exposure is !

calculated to be 1.4 mrem per year to the thyroid. Of this total about 64%

is due to tritium. The remainder is almost entirely due to the five isotopes of

lodine. The total annual whole body exposure from this route is calculated to-

be 0.69 mrem of which over 99% is due to tritium alone. |
|
|
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- It should be noted that the nearest known potable water intake, from the

point of discharge, is located about 5.8 kilometers distant to the southeast.

Concentrations of radionuclides at the water intakes at this location have

been conservatively estimated to be a factor of 2400 lower than at discharge.

Thus, the actual expected doses from water ingestion are at least a factor

of 2400 lower than the maximum hypothetical doses. Water treatment

facilities often have the capacity to substantially reduce radioactive content

in water prior to distribution to the public. No credit is assumed either for

this or for radioactive decay in transit.

2. Internal Exposure from Fish Ingestion

A number of factors are required to compute the internal doses from ingestion

of fish which might conceivably contain radioactivity from the Unit No.1

liquid effluents. In addition to the activity concentrations in the waters of

interest, the concentration of the activity in the fish and the amount

consumed must be established.

Aquatic organisms, through biological processes, have the ability to cor cen-

trate radionuclides. This concentration of activity in aquatic organisms ,

which are in turn ingested by man, must be considered in determining the

- possible dose to man. The ratio of the concentration of a radionuclide in an

aquatic organism to that in the ambient water is known as the concentration

factor (CF) . The concentration factor varies among the different radionu-

clide.s . Also, the concentration may vary const'derably between different

organs of an organism. For the dose calculations in'this report, appropriate

concentration factors were used for the edible portions of fish and are shown

in Table XIII.
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In order to determine the dose to humans, the quantity of fish eaten must be-

estimated. The dose model used postulates that the maximum individual con-

sumes 50 grams of fish flesh every day. This is about equal to the seafood
consumption reported for commercial fishennen 31) and about four times the

annual per capita consumption of seafood in the United' States.

The various maximum doses to an individual have been calculated by the

NUS computer code DOSCAL and are presented in Table XII. The ingested fish

was assumed to have concentrations of all radionuclides in the edible flesh
equal to the annual average discharge concentration times the appropriate

concentration factor. The highest dose calculated for this exposure pathway

amounts to 0.43 mrem per year to the thymid. Whole body exposure from

this exposure pathway is calculated to amount to 0.10 mrem per year.

There is a low probability of any individual receiving the exposures summarized

above, for several reasons. First, rapid dispersion of the heated effluents

containing these radionuclides will occur, thus eliminating any sizeable area

of Lake Erie as having annual average concentrations of radioactivity approach-

ing the annual average discharge concentrations. Second, the probability of

- an individual eating fish obtained only from a single location is very low.

Finally, fish are highly mobile and are not likely to remain near the discharge

point throughout the year, particularly in the warmer seasons; in winter,

access for fishing is likely to be limited. In view of these facts, fish inges-
tion doses presented above are considered to be quite conservative.

.

3.- External Exposure from Swimming

*

The external exposure of an individual by submersion in waters containing the

radioactive effluents of the Davis-Besse Unit No.1 is presented only to
.
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further insure the completeness of this report. Not only is such exposure

extremely unlikely, but the direct irradiation' of humans while swimming

presents only a minor exposure pathway. Ths radionuclide that will be pre-

sent in the station discharge in the highest concentration is tritium which

yields only weak beta radiation upon decay. The beta pariicles emitted from

decaying tritium nuclei do not have sufficient energy to penetrate the human

skin and therefore, cannot contribute externally to a whole body dose. As

with external exposure from gaseous releases, the beta component of the total

exposure is assumed to irradiate only the body surface. Only gamma radiation

is assumed to contribute to whole body exposure.

The extemal exposure to swimmers may be conservatively estimated by

assuming that the swimmer is completely immersed in an infinite medium of

uniform concentration and receives the same dose as the water itself. The

expression for the dose rate is given for each radionuclide by:

C" 4
R(rem / hour) E (3600 sec ) (3.7 x 10 dis )...=

#w kF hour sec pC1

-6 -2. . . (1. 6 x 10 eres ) (10 cm-rad ) (RBE) (gf)
MeV erg

'

.where:

C, the concentration in water of the radionuclide, pCi/cc:=

p, the density of the water,1.0 grams /cc;=

E the average disintegration energy (beta or gamma) of the=

kY
radionuclide, MeV;

RBE the " relative biological effectiveness" for the radiation in-=

volved, rem / rad;

and gf the " geometry factor" .=
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Utilization of the model to compute human exposure from swimming involves,-

the following assumptions which tend to overestimate the dose:

1) the receptor is surrounded by a body of water of infinite

dimension;

2) the concentrations of radioactivity are everywhere uniform.

The value of the RBE is unity for all radiations of interest except for the weak

tritium betas for which th'e RBE is equal to 1.7. The geometry factor is

designed to account for the fraction of the total solid angle from which radia-

tion may be received. For gamma radiation the value of gf is taken to be

unity for all radionuclides. This is conservative because the receptor is

usually near the surface where gamma radiation from the water comes only

from half the total solid angle. For beta particles the gf is taken to be equal

to 0'. 5 . This is done to account for the significant self-shielding of the

human body against fission product beta radiation; the fission product betas of

concern here have a range in human flesh on the order of one centimeter or less.

Tritium, which emits no gammas and only very soft betas, contributes only an

external skin dose. The infinite sphere model remains applicable and the dose

may be calculated with the equation given above. However, due to the fact

that the normally held water in the skin and the water external to the skin

rapidly equilibrate through exchange processes the value of the gf is taken to

be unity: 1.e., beta irradiation of the skin fmm tritium comes from all direc-
*

.

tion s .
.

*
Tritiated water has been found to pass thmugh the skin with a half-time
of about three minutes.M Tritium passing into the body in this manner
is negligible in comparison to the tritium uptake via water ingestion,
assumed to be 1200 cc's/ day.
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Application of the above method yields a whole body submersion dose rate imm,

~

gamma radiation of 3.9 x 10 mrem per hour. The associated body surface

exposure rate is much higher, largely due to the tritium component, amounting
~4to . 2.7 x 10 mrem per hour. Assuming that the maximum individual will

swim 200 hours per year in the discharge region, the potential annual exposure
from this pathway is about 8.0 x 10 mrem per year to the whole body and 0.055

mrem per year to the body surface.

4. Radiation Exposure from Other Sources

Two remaining exposure pathways for liquid radwaste are discussed in this

section. These pathways are of lesser significance than those previously

discussed. Other exposure pathways of negligible significance and therefore

not discussed further are:

1) the drinking of lake water by animals, flesh fmm which is sub-

sequently eaten by man:

2) the uptake of lake water in crops, via irrigation, which are sub-
sequently eaten by man; and

3) the seepage of lake water into the ground water table fmm which

water may be taken via wells.

These exposure pathways are ignored due to their relative insignificance in
,

comparison to the pathways considered.
.

A potentially significant exposure pathway does exist for persons sunbathing

or walking along the shore of the lake. The radionuclides in the liquid wastes

discharged to Iake Erie by the Davis-Besse Unit No. I can be expected
to accumulate to some degree on the bottom sediments and the shoreline sand.

The affected area would be limited to approximately the area of the shore

between the low and high water marks.
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,- The concentrations of the radionuclides on the' shore are influenced by the

dilution that occurs in the lake, the chemical composition of the effluent

as well as the aquatic environment, and the sorptive capacity of the shore- i

line soll, which is usually expressed as a concentration factor between

water and soil. The ability of soils to concentrate radioactive materials

differs widely from one element to another. Radionuclides are removed from i

l

solution primarily by adsorption and ion exchange. Generally, the fine grained
|

bottom sediments are more effective sorbers of radionuclides than are the ')
coarser grained sands.

The largest discharges of radioactive liquids to the environment have been made i

from the Windscale site in England and at Hanford in the United States. !

Smaller discharges have been made from the Oak Ridge National Laboratory into

the Clinch River and from the Savannah River Plant. At Windscale, where the

principal radioactive effluents are fission products derived from the reprocess-

ing of spent fuel elements, the discharges are made directly to the marine en-

vironment whereas the Hanford wastes are discharged to the Columbia River I

some several hundred miles from the Pacific Ocean.

Extensive environmental monitoring programs of these sites have resulted in

the development of appropriate concentration factors for only a very few radio-
nuclides.(33,34) The highest concentration factor reported by Preston and

Jeffries is 530 and applies only to zirconium and niobium. The same source

lists the. measured concentration factor for cesium in shoreline sand as 65, and

ten times that figure for cesium in bottom silt.

However, Saddington suggests a CF of 1000 for cesium in bottom sediment,(34)

and although this is not an experimental value, for conservatism it is used

here not only for cesium, but for all other radionuclides, except tritium. Tritium,

released in the fonn of water, cannot concentrate in shoreline sand.
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For gamma radiation, it was assumed that an individual lying on the shore<

would receive half the dose that he would receive if he were completely
*

immersed in the sand. A calculation similar to the swimming dose calcula-

tion with sand as the infinite medium and with the concentration factor of
310 applied results in a maximum potential whole body dose' rate of 1.9

-3x 10 mrem per hour for sunbathing along the lakeshore. Assuming an expo-

sure period of 200 hours per year, the annual whole body dose to a sunbather

would be 0.39 mrem. This dose is calculated on the basis of annual average

discharge concentrations, neglecting significant dilution occurring during

transport to the nearest beach. The associated annual body surface exposure

is 0.63 mrem per year.

The remaining pathway to consider involves the transfer of activity ingested in

lake water by a cow to the secreted milk, which is then ingested by a human.

In order to evaluate this route of exposure, it is very conservatively assumed

that the milking cattle obtain all of their drinking water from the station dis-

charge . It can be estimated that the water requirement (exclusive of milk) for

a cow is approximately 50 milliliters per kilogram of body weight. 35) For a

1000 pound (454 kg) animal, this yields a water intake of about 22.7 liters / day.

Considering the lactating cow to produce about 18.2 liters of milk per day and

taking the milk to be about 87% water, the total water intake for a lactating

animal is estimated to be approximately 38.5 liters / day.

Of the radionuclides present in the water, only the alkaline earths, alkali

metals and lodines need to be considered. The other elements are effectively

s-
' The " geometry factor" is taken to be 0.5 for both beta and gamma radiation
from this source.
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discriminated against by the cow. 36) The concentration in the milk is esti-

mated as the product of the concentration in water, the cow's intake of water,

and the coefficient of transfer. The coefficient of transfer is defined as the
fraction of the daily intake secreted per liter of milk. The values used are

listed below:

Element Coefficient of Transfer
Sr .001

I .01

Cs .025

Ba .002

'

The concentration of tritium in the secreted milk is assumed to be 0.87 times
the concentration in the water ingested by the cow. The highest transfer

coefficient is that of cesium (0.025) . Since a person may be assumed to in-

gest a maximum of one liter of milk daily, on the average, the daily activity
intake of Cs in microcuries will be given by:

. . . . . .

" 3 pC1/ literI (gC1/ day) C Cs 38.5 x 10 .025=

w cc day FC1/ day
,,

. . . . . .

~ ~-

uCL. . .

xC1.0 liter / day 962.5 w cc=...

J day
. . , , ,

Where C Cs # is the concentration of cesium activity in the. water in-

gested by the cow. This can be compared to the daily cesium intake due to a

man drinking 1.2 lite'r/ day of the same water the cow drinks, which is given
by:

f \ f \
I (pC1/ day) = 1200 x C pC1/cc

day
N

.
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This brief analysis demonstrates that the dose from the ingestion of milk

from a cow drinking the lake water is somewhat less than the human dose

from drinking the water directly. Since drinking one liter of milk per day

might replace an equivalent amount of water intake in the individual liquid

ingestion rate of 1.2 liters per day discussed earlier, the doses from this
pathway are not analyzed further.

5. Summary of Maximum Individual Exposure from Liquid Releases

Table XIV presents and totals the various exposure rates calculated to result

from the Davis-Besse Unit No. I 11guld radioactivity releases. All expos-
ure rates presented are based on an adult receptor. They are also based on.

the annual average discharge concentrations, which is extremely conser-

vative. Substantial dilution immediately on discharge will effectively re-
duce the activity concentrations in the immediate vicinity of the site, thus
reducing the potential exposure rates.

The maximum calculated individu61 exposure from all sources considered

amounts to 2.2 mrem per year to the thyroid. The total whole body expo-
sure amounts to 1.2 mrem per year.

C. Population Radiation Excosure from Licuid Effluents

As a measure of the radiologi cal well-being of the general public, the total

integrated whole body population exposure, in units of man-rem per year, is ;

|the most pertinent index of the impact of the liquid effluents. Population '

exposure may accrue from all the individual exposure pathways previously

considered . However, only two cf these pathways are considered signifi-

cant in terms of population exposure from liquid effluents. Detailed considera-

tion is given to the population exposure derived from potable water intake
and fish ingestion.

.-

I
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r Sources of exposure not considered significant in terms of population
exposure are:

1) swimming in, sunbathing near, or walking along the lake;

2) ingestion of milk from cows drinking from the lake;

3) other exposure pathways not considered in terms of maximum

individual exposure.

The exclusion of these three categories of radiation exposure is primarily

based on their relative insignificance in comparison to the pathways

considered .

1. Population Exposure from Water Ingestion

Table XV presents a tabulation of the pertinent data necessary to estimate

the total plant induced population exposure from water ingestion. The data

includes the names of locations using Lake Erie as a source of potable

water, the estimated number of people served, the distance of the intake

from the station, the applicable dilution factor, and the estimated per

capita whole body dose rate via water ingestion. Also given is the popula-

tion exposure in man-rem, obtained by multiplying the per capita dose rate

by the number of exposed individuals.

.I

Since the population dose rate obtained in Table XV is based on population

data applicable for the year 1970, the population dose calculated is not |
applicable for future years. The estimated population dose due to. water in-

;

gestion for the year 1980 has been estimated by multiplying the 1970 popula-

tion dose times the ratio of the expected population within 50 miles of the

site for 1980 to that estimated for 1970. This ratioing technique was als'o

used to estimate the population dose due to water ingestion that will occur

|
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in the years 2000, and 2020. The following results have been obtained:
,

Whole Body Population Exposure Due to Water Ingestion

Year Population Dose, man-rem /vr

1980 0.21

2000 0.24
2020 0.29

Per capita dose rates have been obtained by assuming each individual to

drink 1.2 liters daily of water obtained from Lake Erie. The radioactivity

concentrations of the water ingested are assumed to be given by the dis-

charge concentration divided by the effective dilution factor.

2. Population Exposure from Fish Ingestion

An accurate estimate of the population exposure to be expected from fish

ingestion cannot be derived frem the data available. However, an upper

limit to this exposure has been estimated based on the following assumptions:

1) only the commercial fish catch in Ohio Fishing District 1 (from

Toledo to Huron) contributes to the dose:
2) one fourth ~ of the total annual sport fish catch from the Ohio waters

of Lake Erie contributes to the dose;

3)- of all the fish caught, only one third of the live weight is edible;
and

4) the applicable dilution factor is taken to be 2807 in all cases.

Of the above four assumptions, only the last requires further explanation.

The dilution factor chosen is applicable for a direction into which the surface

discharge flows 20% of the time, at a distance of five miles. Thus, on the
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average, all fish contributing to the dose are conservatively assumed to
,

be caught at a distance of only five miles from the station discharge.

The 1970 commercial fish catch from Ohio Fishing District I totalled
2,380,543 pounds, over 29% of the total catch in all five Ohio districts
for that year. One fourth of the estimated 1970 sport fish catch for all
Ohio waters of Lake Erie amounts to 3,243,750 pounds. 38) Thus, the

total annual fish catch assumed to be affected by the station discharge is
5,624,293 pounds of which 1,874,764 pounds is assumed edible. Applica-

tion of the assumed average effective dilution factor of 2807 yields a whole

body population exposure of 0.0017 man-rem, based on 1970 fishing statistics.

In order to extrapolate beyond the year 1970, it has been arbitrarily assumed

. that the total affected fish catch (pounds per year) will increase by 5%

annually . Based on this assumption the estimated whole body population

dose due to fish ingestion is 0.0027 man-rem /yr in 1980, 0.007 man-rem /yr

in the year 2000, and 0.020 man-rem /yr in the year 2020. .

D. Radiation Exposure of Acuatic Bio-Systems

This section of the report is directed toward an evaluation of the radiological

. Impact of liquid effluents upon the various life forms inhabiting Lake Erie

in the region of the facility. The long range effect of continuous small

releases of radioactive materials will be an incremental increase in the
normally_ occurring environmental levels. These increases will be most pro-

nounced in situations where the radionuclides may tend to concentrate.

An organism Inhabiting the lake near the site will be subject to plant con-

tributed radiation from three different sources. Internally, radiations from
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radioisotopes which may have concentrated within the organism will contri-

bute to the total annual exposure. Externally, this organism will be affected

by the radiations from the surrounding water body, and possibly also from the

lake bottom where concentration factors (CF's) may be effective in increasing

radiation fields.

The' receptor organisms at risk from this exposure vary in size, feeding habits,

habitual location and other characteristics important in the determination of

dose. Calculations have shown that the maximum radiation exposure received

by any aquatic organism will be that delivered to life forms inhabiting the
- lake bottom where sediment concentrations of the released radioisotopes may

. be orders of magnitude above those in the ambient water.

In the immediate vicinity of the discharge, stationary blota may be subject to

annual average concentrations approaching in magnitude those projected for
,

the discharge _ itself. This situation can only occur in a very small region

owing to the rapid dilution. Using the CF for shoreline sands of 1000 (dis-

cussed earlier) for all discharged radioisotopes except tritium, the maximum

external dose rate from gamma radiation, to a receptor point at the lake bottom,

is 17 mrad per year. Almost all of this dose arises from the assumption of

concentrations in bottom sediments a fact'or of 1000 higher than annual

average discharge concentrations. The gamma component is discussed

separately because the beta component, although less significant, is more
complex to deal with.

2

'

For very small organisms such as algae and micro-organisms the beta dose

.can be considered a whole body dose, with even weak tritium betas contribu-

ting . In such a case the extemal beta dose at the lake bottom amounts to

11_ mrad per year. If the organism is large enough so that external H-3

causes no whole body exposure, the dose rate is reduced to 8.2 mrad per
. year.

38-
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The above external dose rates apply only to organisms normally dwelling

at the lake bottom. For all organisms normally dwelling at sufficient height

above the lake bottom (about 5 meters) so that they are shielded from the

gamma radiation from material sorbed on the lake bottom, the external dose

rates are reduced by about a factor of 500.

Using computer code DOSCAL, the annual internal exposure received by a

fish living in waters containing discharge concentrations of radioactivity has

been calculated to be 3.09 mrad per year. Invertebrates are calculated to

receive internal exposure amounting to 2.35 mrad per year. Microorganisms

are assumed to receive essentially no internal radiation.

The doses from all the sources considered are compiled and presented in

Table XVI, " Radiation Exposure of Aquatic Biota." These doses were calcu-
- lated using the annual average concentrations at discharge for all radio-

'

nuclides and take no credit for any dilution of the discharge in the lake.

These dose estimates are thus maximum potential exposure rates at the

point of discharge.

In any evaluation of the magnitude of the dose rates presented, the conser-

vatism of the calculational procedures and assumptions should be kept in

mind. Also to be considered is the relative radiosensitivity of the aquatic
population. Within the aquatic population, the more primitive forms, such

as unicellular organisms and macrophytes, are the most radioresistant; fish
*

and amphibians are more radiosensitive. Eggs and larvae in their early de-

velopmental stages are the m'ost radiosensitive, and therefore, constitute the

most critical group in the aquatic population.(39)

A multitude of studies have been made to determine the effect on fish eggs and

larvae chronically irradiated by immersion in low-level radionuclide solutions.

39
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An investigation by Polikarpov(40) has yielded interesting results. It wasg

found that the death rate of fresh water fish eggs was not increased even
-6when immersed in a 10 C1/cc solution of Sr-90, almost three orders of

magnitude times the total non-tritium annual average discharge concentra-

tion estimated for the Davis-Besse Nuclear Po ver Station Unit No.1.

.

.

J
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V. DOSE TOTALS AND COMPARISON WITH FEDERAL REGULATIONS AND,

NATURAL BACKGROUND,

The doses calculated to occur due to the operation of the Davis-Besse

Nuclear Power Station Unit No. I can best be brought into perspective by

a comparison with exposure levels already present from naturally occur-

ring background radiation.

The Environmental Protection Agency has published estimates of state-

wide average whole body radiation doses fmm three sources: 1) cosmic

radiation, 2) naturally occurring terrestrial radiation, and 3) internal

radiation fmm naturally occurring radioisotopes incorporated into the human

body. For the State of Ohio, the respective annual doses fmm these three

sources are 50 mrem, 65 mrem, and 25 mrem, respectively. Thus in Ohio,

the average whole body dose from natural background radiation amounts to

140 mrem annually, slightly higher than the national average of 130 mrem

per year.

In other states, the annual whole body backgmund dose is reported to range

upwards from 100 mrem / year in Iouisiana to 250 mrem / year in Colorado. The

Special Studies Group has also found that medical exposure in the USA

averaged 90 mrem / year in 1970.(3) The annual average exposure fmm tele-

vision sets is reported to be 0.1 mrem. The total whole body population

exposure occurring as a result of increased cosmic radiation during commer-
cial air travel is estimated at 90,000 man-rem in the USA during 1969.(41)

Title 10 Part 20 of the Code of Federal Regulations limits the allowable

exposure to individuals of the general population to 500 millirems annually..

The per capita dose to any substantial section of the population is not allowed

|
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to exceed one third of this value, about 170 millirems annually. These

legal guidelines together with the above exposure levels due to natural and

man-made radiation provide a basis on which comparison of the incremental

doses due to the operation of the Davis-Besse Unit No. I may be ade-

quately drawn. Such a comparison is presented in Tables XVII and XVIII.

In Table XVII, the calculated total adult exposures from gaseous and 11guld

releases are compiled and compared to applicable standards. For the expected

release rates, the total whole body exposure from all considered gaseous and

liqukd pathways amounts to 2.7 mrem per year, only about 0.5% of the current |1

legal limit imposed under 10 CFR 20. This exposure represents about 2% of

the estimated average whole body exposure from natural background over the

entire State of Ohio. Critical organ exposure totals have not been found to be

greatly different from whole body exposure totals.

The total population exposure due to both gaseous and liquid releases is

presented in Table XVIII. It can be seen there that the resulting exposures
represent only very small fractions of the exposure permissible under 10 CFR

20, or the exposure due to naturally occurring background radiation. This

indicates that the Davis-Besse Unit No.1 is expected to have only a

negligible radiological impact on the surrounding population.

't
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TABLE I

'

ESTIMATED AIRBORNE EFFLUENTS
FROM DAVIS-BESSE NUCLEAR POWER STATION UNIT NO.1

Isotope Estimated Annual Release, C1/vr

Noble Gases: Ar-41 4.17
. Kr-83m 1.00
Kr-85m 5.52
Kr-85 2.32 + 2,

Kr-87 2.95
Kr-88 9.56
Xe-131m 5.52 + 1
Xe-133m 1,59 + 1

Xe-133 1. 62 + 3 1
Xe-135 m 2.06 + 3
Xe-135 2.11 + 2
Xe-138 1.72

Iodines: I-131 2.52 -1
I-132 4.94 -2
I-133 1.08 -1
I-134 9.66 -3
I-135 4.59 -2

Particulates: Cr-51 9.26-6
Mn-54 1.05-6
Fe-55 3.66-5
Fe-59 1.05-6
Co-58 5.58-5
Co-60 2.98-7
Rb-88 7.37-4
Sr-89 1.73-6
Sr-90 5.58-8
Sr-91 1.02-5
Sr-92 2.98-6
Y-90 2.52-8
Y-91 5.53-7
Zr-95 7.24-5
Mo-99 3.89-4
Cs-134 3.18-5
Cs-136 2.38-5
Cs-137 9.56-5
Cs-138 2.14-4
Ba-137m 1.12-5
Ba-139 2.47-5
Ba-140 2.16-6
Ia-140 8.98-7
Ce-144 1.98-7

Tritium: H-3 2.88 + 2 |1
i
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TABLE II

EXTERNAL EXPOSURE DUE TO GROUND DISPOSITION OF PARTICULATES AND IODINES

Maximum Offsite Ground
Concentrations , C1/cm2 Calculated Doses to Man at 1 Meter Above Ground *, mr/yr

Year 1980 Year 2000 Year 2020

Isotope 1980- 2000 2020 Beta Gamma Beta Gamma Beta Gamma

I-131 4.15-8 4.15-8 '4.15-8 2.46-2 2.98-2 2.46-2 2.98-2 2.46-2 2.98-2
1

I-133 1.90-9 1.90-9 1.90-9 9.09-3 1.93-3 9.09-3 1.93-3 9.09-3 1.93-3

Co-58 1.62-11 1.62-11 1.62-11 none 2.24-5 none 2.24-5 none 2.24-5

Co-60 1.12-12 2.24-12 2.32-12 1.05-6 4.34-6 2.09-6 8.63-6 2.17-6 8.95-6

Sr-89 3.61-13 3.61-13 3.61-13 2.09-6 none 2.09-6 none 2.09-6 none

Sr-90 2.71-13 1.08-12 1.58-12 5.14-8 none 2.05-7 none 3.01-7 none
t1

$ Zr-95 1.95-11 1.95-11 1.95-11 1.67-5 2.39-5 1.67-5 2.39-5 1.67-5 2.39-5 y
Cs-134 7.98-11 9.81-11 9.81-11 1.19-4 2.10-4 1.46-4 2.58-4 1.46-4 2.58-4

Cs-136 1.27-12 1.27-12 1.27-12 1.83-7 4.80-6 1.83-7 4.80-6 1.83-7 4.80-6

Cs-137 4.69-10 1.89-9 2.78-9 2.02-4 1.76-4 8.16-4 7.10-4 1.20-3 1.05-3

TOTALS 3.41-2 3.22-2 3.46-2 3.27-2 3.51-2 3.30-2 |1 ,

i
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TABLE VI I

EXTERNAL POPUIATIOh ZXPOSURE DUE TO GASEOUS RELEASES
FROM DAVIS-BESSE NUCLEAR POWER STATION UNIT NO.1

.

.

External Population Doses Within 50 Miles, man-rem /yr ;

Cloud Immersion Particulate Deposition Total
Year Whole Body Body Surface Whole Body Body Surface Whole Body Body Surface

1980 3.9 5.8 0.087 0.180 4.0 6.0
2000 4.6 6.9 0.103 0.212 4.7 7.1 1

v. 2020 5.5 8.2 0.123 0.254 5.6 8.4 e"
Y
e

'

Av3 rage Per Capita Doses Within 50 Miles, mrem /yr

Cloud Immersion Particulate Deposition Total.,

Year Whole Body Body Surface Whole Body Body Surface Whole Body Body Surface |
'1980 1.8-3 2.6-3 3.9-5 8.1-5 1.8-3 2.7-3

2000 1.8-3 2.6-3 3.9-5 8.1-5 1.8-3 2.7-3 1

2020 1.8-3 2.6-3 4.0-5 8.1-5 1.8-3 2.7-3

- - _ _ . . _ _ - - - _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ - _ _ _ _ _ - _ __ _ _ - _ _ .
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TABLE VII

ANNUAL AVERAGE X/O VALUES, 0 - 50 MILES

POPULA7 inn EXPOSHRE Dijf TO AIR 80RNE RELEASES, nAv!S=RESSE 1

9

THE FOLLOWING VALUFS OF X/G HAVE BEEN USED IN TMF ANALYSIS.
THFY ARE APPROPRIA7E FOR A RELFASE HEIGHT OF 0 METFRS.8

0-1 1-2 2-3 3-4 4=9 5 10 10-20 20-30 30 40 40-50DIR. MIL ES MILES MILES MILFS MILES MILES MILES MILES MILES MILES
NNE 4.9940F=06 8.8820F=07 4.3190E=07 2.7870E=07 2.0290E=07 1.0610F=07 4.4330E-08 2.350nE-08 1.5500F-08 1.1400E=08 0
NE 4.2000F-06 7.4670E=07 3.64 30F=07 2.34SOE=07 1.7040F=07 8.8620E-08 3.6640E=08 1.95cnE-08 1.7800F-08 9.4200E=09 YENE 3.3980Ea06 6.0800E=07 2.9450F=07 1.6870E-07 1.3650E=07 7.0490E-08 2.9080F-08 1.530nE-08 1.0100F-08 7.3700E=09 H
E ?.5200E-06 4.4680E-07 ?.1550E ^7 1.3820E=07 1.0070F-07 5.196nE-08 2.1540F=08 1.130nE-08 7.4900E-09 5.4800E-09cn

G2 ESE 1.6290E-06 2.9600F=07 1.4250F=07 9.0760E-08 6.5360F=08 3.3480E-08 1.3690F=08 7.?000E-09 4.6900F-09 3.4300E=09SE 9.8450E-07 1.8700E-07 9,0880F 08 S.??00E=08 4.0660E-08 2.0320E-08 8.07?OF-09 4.140nE=09 2.68n0F=09 1.9500E=09
SSF 8.5060F-07 1.565nE-07 7.5540E=08 4.8050E-08 3.4510E-08 1.7600E=08 7.1730E-09 3.7300E-09 2.4400F-09 1.7800E-093 6.5500E-07 1.2110E-07 5.8040F=08 3.6470E-08 2.5940E=08 1.2960F=08 S.tStoE-09 2.640nt-09 1.7100E-09 1.2400E=09SSW 9.494cF-07 1.7340E.07 8.2420E=08 5.1360E=08 3.6280E=08 1.792nr 08 7.0320F-09 3.580nE=09 2.3100E=09 1.6700E-09Sd 7.8030E-07 1.4c20E-07 6.8920E=no 4.2860E-08 3.0190E-08 1.4810E.08 5.7S50E=09 2.9100F=09 1.8700E-09 1.3500E*09WSW 1.1350E-06 2.1470F-07 1.0370E-07 6.4610E-08 4.5500E-08 ?.2320F-08 8.6670E=09 4.190nE=09 2.8200E-09 2.0400E=09W t.3550E-06 2.6430E.07 1.2730F-07 7.9180E-08 5.5680E=08 2.724AF=08 1.0580E-08 5,31onE-09 3.4100F-09 2.4600E=09
WNW t.6480E=06 3.1390E=07 1.5240E=07 9.6040E=08 6.8160E=08 3.4250E-08 1.3660E-08 7.0tonF=09 4.5500E=09 3.3100E=09NW

t.9890F=06 3.6240E-07 1.7820F=07 1.1470E-07 8.3210F=08 4.3170E-08 1.7880E=08 9.4300F-09 6.2200E-09 4.5600E=09 ,

NNW t.7180F=06 3.2000E-07 1.5790F.07 1.0100E-07 7.2840E-08 3.7370F.08 1.5290F-08 8.000nE-09 5.2500E-09 3.8400E-09
,

'
.

N 3.4070F-06 6.2510E.07 3.0810F=07 1.9780E-07 1.4320F-07 7.4n10E=08 3.0520E=08 1.6000E=08 1.0600E-08 7.7400E=09 '

|
,

.
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TABLE VIII

SUMMARY OF MAXIMUM INDIVIDUAL EXPOSURE RATES DUE TO GASEOUS RELEASES
FROM DAVIS-BESSE NUCLEAR POWER STATION UNIT NO.1

Child. mrem /vr Adult. mrem /vr
Exposure Whole Body Whole Body
Pathway Body Surface Thyroid Body Surface Thyroid

Cloud immersion 1.4 2.1 1.4 1.4 2.1 1.4

External from particulate
deposition (year 2020) 0.033 0.068 0.033 0.033 0.068 0.033

7

Iodine inhalation 0.00068 0.00068 0.82 0.00090 0.00090 0.51

g Tritium inhalation 0.088 0.10 0.11 0.088 0.10 0.11

Particulate inhalation 0.000006 0.000006 0.000006 0.000006 0.000006 0.000006

Milk ingestion (nearest
cow) 0.00073 0.00073 0.88 0.00017 0.00017 0.090

1

Exposure totals (all
pathways combined) 1.5 2.3 3.2 1.5 2.3 2.1

;

)
|

I
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TABLE IX

!

ESTIMATED LIQUID EFFLUENTS AND CONCENTRATIONS
FROM DAVIS-BESSE NUCLEAR POWER STATION UNIT NO.1

'

Estimated Annual Average
Estimated Annual Release (3) Discharge Concentration,

Isotope Cl nC1/cc
~

H-3 3.50+2 1.24-5
Rb-88 8.28-3 2.93-10
Sr-89 2.81-6 9.92-14
Sr-90 9.03-8 3.20-15
Sr-91 1.67-5 5.91-13
Sr-92 4.95-6 1.75-13
Y-90 1.93-6 6.83-14
Y-91 4.21-5 1.49-12
Mo-99 2.19-2 7.76-10
I-131 1.26-2 4.46-10
I-132 8.10-3 2.87-10
I-133 1.43-2 5.06-10
I-134 1.65-3 5.84-11
I-135 7.05-3 2.50-10
Cs-134 2.83-4 1.00-11
Cs-136 2.12-4 7.50-12
Cs-137 8.43-4 2.98-11
Cs-138 2.21-3 7.82-11
Ba-137m 9.17-5 3.25-12
Ba-139 4.21-5- 1.49-12
Ba-140 3.51-6 1.24-13
La-140 1.46-6 5.17-14
Ce-144 3.21-7 1.14-14

,
Cr-51 6.23-5 2.21-12

,

Mn-54 7.16-6 2.54-13 '

Fe-55 2.47-4 8.72-12
; Pe-59 7.16-6 2.54-13-

,

Co-58 3.76-4 1.33-11
Co-60 2.00-6 7.08-14

'

Zr-95 4.93-4 1.74-11

l
1

!
1

1

,

-
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TABLE X

ANNUAL AVERAGE WIND DIRECTION FREQUENCIES
AT THE DAVIS-BESSE SITE

Direction Frecuency,%

NNE 4.07
'

NEE 3.97
'

ENE 5.36

E 6.37

ESE 4.81

SE 2.69
i

SSE 2.55

S 6.80

SSW 11.93

SW 12.92 ;

WSW 12.69 j

W 7.12

WNW 4.99

NW 4.33

NNW 3.96
,

N 2.91

CALM 2.54 ,

l

i

1
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TABLE XI

APPLICABLE DILUTION FACTORS FOR POTABLE WATER INTAKES WITHIN 50 MILES

Estimated Predicted H-3
Potable Water Location Relative Frequency of Surface Concentration, Derived

Intake to Davis-Besse Flow Towards Intake p C1/cc Dilution Factor

Erie Ind. Park 3.6 mi SE 0.17 5.17-9 2,398

. Camp Perry 4.6 mi SE 0.17 4.07-9 3,047

Port Clinton 8.6 mi SE 0.17 2.17-9 5,714

Toledo 12.0 mi W 0.21 1.92-9 6,458

Oregon 12. 0 mi W 0.21 1.92-9 6,458

Sandusky 21.0 m1 ESE 0.17 8.87-10 13,980 ecn en
N Monroe 27.0 mi NNW 0.21 8.53-10 14,537 h

Huron 30.0 m1 ESE 0.17 6.20-10 20,000

Kingsville '36.0 mi NNE 0.21 6.40-10 19,375

Vermilion 38.0 m1 ESE 0.17 4.90-10 25,306

Leamington 41.0 mi NE 0.13 3.47-10 35,735

Lorain 48.0 mi ESE 0.17 3.87-10 32,041

Wheatley 50.0 mi NE 0.13 2.85-10 43,509

i
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TABLE XII
,

.

MAXIMUM INTERNAL BCDY ORGAN EXPOSURE
FROM THE INGESTION OF WATER AND FISH

Exposure from Water Exposure from Fish
Body Organ Ingestion, mrem / year Ingestion, mrem / year

Whole Body 0.69 0.10
Lungs 0.89 0.053

Liver 0.85 0.20

Spleen 0.88 0.17

Kidney 0.89 0.095

Bone 0.42 0.12

Muscle 0.89 0.17
Pancreas 0.90 0.11

Thyroid 1.40 0.43

Small Intestine 0 40 0.04

Upper Large
Intestine 0.90 0.11

Lower Large
Intestine 0.90 0.11"

Notes about this table: Doses presented here are based on the annual
average radioactivity concentration of the Unit No.1 discharge. Liquid
exposure is based on an intake of 1.2 liters per day. Fish ingestion is
postulated to be 50 grams per day. Other body organs for which doses
were calculated but not found to substantially differ from those presented '

are the testes, ovaries, prostate, heart, brain, skin, and stomach. i

|

|

.
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TABLE XIII

'

CONCENTRATION FACTORS FOR EFFLUENT
RADIONUCLIDES IN FISH

Concentration Factor in
Element Freshwater Fish *

-H 0.90

Cr 200

Mn 400

Co 50

Fe 100

. Rb 2000

Sr 30

Y 25

Zr 3.33

Mo 10

I 15

Cs 2000 '

Ba 4

I,a 25

Ce 1
.

'

s
All concentration factors used in this report for fresh-

water orcanisms are those compiled and presented in
UCRL-50564, " Concentration Factors of Chemical
Elements in Edible Aquatic Organisms," Rev.1.(30)

59
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TABLE XIV .

SUMMARY OF MAXIMUM INDIVIDUAL EXPOSURE RATES DUE TO LIQUID RELEASES
FROM DAVIS-BESSE NUCLEAR POWER STATION UNIT NO.1

(Exposure Rates Calculated for Adults, mrem /yr)

Exposure from Expected Releases'

,

Exposure Pathway Whole Cody Body Surface Liver Thyroid
m o

Y
~

Water Ingestion 0.69 0.82 0.85 1.4

Fish Ingestion 0.10 0.11 0.20 0.43

Swimming 0.0008 0.055 0.0008 0.0008

Sunbathing 0.39 0.63 0.39 0.39

EXPOSURE TOTALS 1.2 1.6 1.4 2.2~

:

.

O

?



TABLE XV

DATA USED TO ESTIMATE POPULATION EXPOSURE FROM WATER INGESTION

Pctable Water Population Applicable Per Capita Whole Population Dose,
Intake Affected * Dilution Factor Body Dose, mrem /yr man-rem /yr

Erie Industrial
Park 435 2,398 2.9-4 1.2-4

Camp Peny 1,000 3,047 2.3-4 2.3-4

Port Clinton 12,000 5,714 1.2-4 1.4-3
Toledo 500,000 6,458 1.1-4 5.3-2

Oregon 16,000 6,458 1.1-4 1.7-3 o

e Sandusky 47,000 13,980 4.9-5 2.3-3 y
"

Monroe 40,000 14,537 4.8-5 1.9-3~

Huion 7,500 20,000 3.5-5 2.6-4

Kingsville 1,400 19,375 3.6-5 5.0-5

Vermilion 9,000 25,306 2.7-5 2.5-4

Leamington 10,000 35,735 1.9-5 1.9-4

Lorain 85,000 32,041 2.2-5 1.8-3
Wheatley 1,059 43,509 1.6-5 1.7-5

6.4-2TOTALS 730,394

,

*
- Based on 1970 data.

- _ - - _ - - _ _ _ _ _ _ _ _ _ - _ _ - _ _ _
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TABLE XVI

RADIATION EXPOSURE OF AQUATIC BIOTA

Maximum Potential Annual Radiation Exposure, mrad /vear

Receptor External Exposure Internal Exposure From All Sources

Sediment Level
Micro-organisms 28 0 28

Bottom-Feeding'

Fish 25 2.5 28

Bottom-Dwelling e,.,
N Invertebrates 25 1.9 27 {

Free-Floating
Micro-organisms 2.4 0 2.4

.

Free-Swimming
Fish 0.042 2.5 2.5

Free-Swimming
Invertebrates 0.042 1.9 1.9

NOTE: Maximum potential dose.s are calculated using the annual average
discharge concentrations.

,

_ _ _ _
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TABLE XVII

MAXIMUM INDIVIDUAL DOSE TOTALS FROM DAVIS-BESSE NUCLEAR
POWER STATION UNIT NO.1 AND COMPARISON WITH

FEDERAL REGUIATIONS AND NATURAL BACKGROUND EXPOSURE

(All Exposurer for Adults, mrem /yr)

Whole Body Body Surface Thyroid

I. Exposure Due to Unit No.1

Gaseous Exposure (yr 2020) 1.5 2.3 2.1 |1
Liquid Exposure 1.2 1.6 2.2

Unit No.1 Totals 2.7 3.9 4.3 |1

II. Allowable Exposure Under

10 CFR 20 500 500 500

.

III. Natural Background Exposure
in Ohio 140 140 140

.

$
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TABLE XVIII

WHOLE BODY POPUIATION DOSE TOTALS FROM DAVIS-BESSE
NUCLEAR POWER STATION UNIT NO.1 AND COMPARISON

WITH FEDERAL REGUIATIONS AND NATURAL BACKGROUND EXPOSURE

(All Dcposures for Adults, in Man-Rem /yr to the Whole Body)

Year 1980 Year 2000 Year 2020
I. Exposure Due to

Unit No.1

Gaseous Exposure 3.9 4.6 5.5 |1
Liquid Exposure 0 . 071 0.088 0.12

Unit No.1 Totals 4.0 4.7 5.6 |1

II. Allowable Exposure
Under 10 CFR 20 378,000 446,000 528,000

III. Exposure Due To
Natural Background * 311,000 367,000 435,000

*
Natural background exposure is based on 140 mrem per year per person.

j

|
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APPENDDC A.

COMPUTATIONAL METHODS FOR DOSES RESULTING FROM GASEOUS EFFLUENTS
FROM DAVIS-BESSE NUCLEAR POWER STATION UNIT NO.1

A. Whole Body and Body ?urface Cloud Immersion Dose

The gaseous radioactive effluents consist primarily of the noble gases krypton

and xenon. Exposure of a man to an atmosphere contaminated with radioactive

isotopes of these elements is assumed to result only in an external, whole

body dose, from submersion in the radioactive cloud. Since these elements

are not incorporated into the human body to a significant degree, there are

only negligible resultant internal doses. The noble gases and all other

gaseous releases have been included in the calculation of external exposure

due to immersion in the radioactive cloud. The resulting dose ic proportional

to the ground level concentration of radioactivity and can be computed using

the ICRP recommended semi-infinite sphere model. The following relation-

ship was used to determine the dose rate from this exposure pathway:

D(rem / year) = 0.259 x ( X/Q) x EQg1

where:

X/Q the applicable annual average atmospheric dispersion para-=

meter, sec/m ;
*

the average disintegration energy of the Ith radionuclide,E =
g

either beta or gamma:

the annual average activity release for the ith radionuclide,- Q =
g

C1/ year;and

the constant necessary to yield the dose rate in rem / year.0.259 =

Data on disintegration energies was obtained primarily from NEDO-12037,*

" Summary of Gamma and Beta Energy and Intensity Data", by Meek and
Gilbert (Jan.1970): where necessary data was obtained from the " Table of
Isotopes" .(3)

65
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The normalization constant, 0.259, is given by the following equation:

-6 -20.259 = f(1.6 x 10 ergs /MeV) (10 rara rads / erg) (1 rem / rad) . . .

(s1.13) (3.7 x 10 dis /see C1)...

3 3(1.293 x 10 grams air /m )
where:

1 = the geometry factor accounting for the fact that the receptor

is irradiated from half the total available solid angle; and

1.13 a factor to account for the increased stopping power of tissue=

relative to air for S's and secondary electrons produced by

x- and f- radiation.

The above fonnula was used for maximum individual exposure and for popula-

tion exposure. Beta radiation was assumed to irradiate only the bcdy surface.
The estimated population distributions within 50 miles of the station for the

years 1980, 2000, end 2020 were used for this purpose. For each of the 160

population segments (16 sectors x 10 annull) into which the 50 mile popula-

tion is distributed, an annual average segment dose rate was established.

This was taken to be the dose rate at the geometric midpoint of the segment.

_
The annual segment population exposure is thus the product of the segment

population and the segment average dose rate. Summing the individual seg-

ment population exposure over all 160 segments yields the total population
exposure within 50 miles of the station.*

The average value of M/Q for a specific segment was taken to be that fer the

distance of the midpoint of that segment from the station. For example, the

average Y/Q for a sector 10 - 20 miles in a given direction was taken to be

r

66
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that for a distance. of 15 miles in the given direction. The numerical values

for X/Q used in this evaluation were obtained from the meteorological data

presented in Section 2.3.5 of the Davis-Besse Units No. 2 and 3 PSAR.

4

B. External Excosure From Particulate Decosition

The following equation was used to compute the necessary ground activ-

ity concentrations as a function of time for each particulate and lodine

isotope released:

C ( p C1/cm ) = R!X/Q V \(10 pC1/C1)(10 7 2)
"1-e

~

-4 2

9 ( 9j -.

where:

the release rate, C1/yrR =.

X/Q the applicable atmospheric dispersion parameter, sec/m=

the depo,sition velocity, m/secV =
g

~

A the radiological decay constant, (yr)=

tiine, yrt =

After calculating the required ground concentrations, proper dose conversion
l

factors were applied to obtain the resulting beta and gamma exposure rates i

1

at the critical height of one meter. Dose conversion factors for gamma radia-
]
.

tion for all isotopes but Os-137 were obtained directly out of " Factors for i

the Calculation of Infinite Plane Exposure Rates from Gamma Radiation", by

Crocker, et al.(4) Only gamma radiation was assumed to irradiate the whole

body.
j

Beta dose conversion factors were calculated using the equation given in
EXREM II.(5) The calculated beta exposure rates were then reduced by a factor |

i

l

1
1
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of two to account for the effect of selfshielding of the human body. Maximum

and average beta energies were obtained from the " Radiological Health

Handbook" .(6)

Cs-137 was found to be a critical isotope for this exposure pathway.

Various analyses of ground concentrations due to fallout Cs-137 have made

apparent the ability of cesium to penetrate into soil after initial deposition.
The concentration distribution with depth can usually be described in terms

.

of the relaxation length, the volume concentration decreasing exponentially

with soll depth. This distribution is obtained relatively rapidly after depo-

sition, usually within one to two years. The range of the relaxation

length is usually from three to eight centimeters, the value in a particular

instance depending on local precipitation, soil type, and other variables.

As the external dose rates vary inversely to the value of the relaxation

length, the value used in this analysis was conservatively taken to be three

.
centimeters .

The dose conversion factor for gamma radiation from Cs-137 is necessarily'

dependent upon th3 relaxation length. The dose conversion factor appropriate

for a three centimeter relaxation length was obtained from data published by

Beck, and is equal to 0.0429 (r/hr)/(gC1/cm ). The beta component of the

Cs-137 radiation was conservatively estimated by assuming that only the

activity in the top centimeter of soil could contribute to the dose. A distance
of one centimeter in soil represents about 80 half-t!)1cknesses for 0.2 MeV

betas; the average beta disintegraticn energy for Cs-137 is 0.195 MeV.

C. Internal Exoosure Due to Inhalation

Exposure rates have been computed for inhalation of iodine, tritium and particu-

lates. In each case, the first step in the calculation has been to estimate

68
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the daily activity intake via inhalation. The amount of activity reaching the

body following inhalation has been estimated using the following formula:

A ( p C1/ day) = QfX/Q B \Y 6
10 Ci

/ \ / ( 365.25 days ) ( Ci )\

where:

the release rate, C1/yr;Q =

X/Q the applicable atmospheric dispersion parameter, sec/m : and=

3the breathing rate, m /sec:B =

The value of B for an adult was taken to be 2.32 x 10-4 ,3/sec W 6 is
3equivalent to the value of 20 m / day recommended by the ICRP. Since

the more critical receptor for this pathway is a young child, especially for

I-131, an estimate of child exposure was also made. The breathing rate for
3 ,11)a young child was taken to be 6 m / day.

1. Exposure Due tc Tritium Inhalation

As tritium can rapidly be absorbed through the human skin, inhalation is not

the only source of tritium intake. As recommended by the ICRP the

total tritium intake via inhalation and skin absorption is taken to be twice

that due to inhalation alone.

Having established the rate of tritium intake, the resulting adult exposure

was obtained using methods outlined in Appendix B. Exposure to a child was

assumed to be identical to that for an adult.

.2.- Exposure Due to Radiciodine Inhalation

69
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.

For adults, the daily intake via inhalation of the various radiolodines was
,

estimated using the fonnula given above. The dose conversion factors

already presented in the body of the report were used to arrive at the thyroid

exposure rates. Other organ doses and the whole body dose were obtained

using methods given in Appendix B. For child thyroid exposure it was neces-

sary to calculate proper dose conversion factors. The equation used is

given below:

3 *7 * l0 d1' \ [8.64 x 10 sec)|
4

T eff i ) see- u C1DCF (rem /C1) = f |

g 8
m ( day)0.693 ) (

a-rerm f
~

E*II (MeV) 1.6 x 10
dis ( MeV )

where:

DCF (rem /ci) the dose conversion fact:or for the ith lodine=
g

isotope, rem /C1 inhaled;

f, the fraction reaching the thyroid via inhalation;=

eff I the effective biolocical halflife in the thyroid,=

days:

the effective disintegration energy, MeV/ dis andE =

.
eff 1-

the mass of the thyroid gland, grams.m =

The value of f was taken to be 0.23, the value given in ICRP II for adult

lodine inhalat on. The fraction of lodine reaching the thyroid does not

vary significantly with age. The values of T f r each iodine isotope
eff

were obtained by combining the radiological halflife with the assumed 8-day

biological halflife for iodine in the thyroid. The values of the effective
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energy were taken to be those given by Bryant for all iodine isotopes

except I-131. The effective energy of I-131 was taken to be 0.21 MeV as

estimated by Rohwer and Kaye. The dose conversion factors so calculated

were applied to estimate the maximum potential child thyroid exposure via

inhalation .

3. Exposure Due to Food Chain Transport

The manner in which the daily activity intakes for this pathway were estab-

lished is described fully in the text of this report. For adult exposure, these

intake rates were converted to exposure rates by the DOSCAL code. For child

thyroid exposure from I-131 and I-133 the dose conversion parameters already

developed to compute inhalation thyroid exposure were used. It was necessary

only to replace f, with f , the fraction of ingested iodine reaching the thyroid.
The value of f was taken to be 0.3, as given by the ICRP and recommend -

ed by the FRC The whole body child exposure due to Cs-134 and

Cs-137 was calculated in the same manner as for particulate inhalation,

again using the dosim. ..-ic data provided by Bryant. I

,

o
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APPENDIX B

COMPUTATIONAL METHODS FOR DOSES
'

RESULTING FROM LIQUID EFFLUENTS
FROM DAVIS-BESSE NUCLEAR POWER STATION UNIT NO.1

A. Whole Body and Body Organ Excesure from Water Incestion

The ICRP has established the maximum average liquid intake of the standard

man at 1.2 liters per day.( } The standard man is assumed to have a total

body mass of 70 kilograms,( } hence, the 1.2 liter daily liquid intake rep-

resents a daily renewal of 1.7% of the body mass.

OThe daily intake of the i radionuclide, A ( C1/ day) from the hypothesi::ed
1.2 liter daily ingestion of cooling tower blowdown and dilution water, can

be found from the maximum expected discharge concentration, C (gC1/cc),
g

by the following formula:

Ag (gCi/ day) = 1200 (cc/ day) x C (gC1/cc)

For the whole body, and for all body organs of interest for the particular

element, the equilibrium body (organ) burden, Q (gC1), can be computed

from the daily intake and other information.

Q ( Ci) = Af, , Af,Teff
A .693g

where:

A = intake rate, gC1/ day;

= fraction of intake reaching organ of interest; IIf

74
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ggf = effective (radioactive decay plus biological elimination rate)
decay constant, days

T,gg = ef'ective half-life, days.

This can be combined with the general equation for determining dose rate,

R mrem / year, to an organ from an organ burden Q:

I hI A
dis)| [ 1 ) Q sciR=i IEf (RBE)n MeV | | 3.7 x 10

\ dis ) ( sec- Ci ) (M grams

!1.6 x 10 ergs \
[gm-rem (100 ergs j ['('

rem )

-6 ) 3.16 x 10 sech Il0' mrem \
( MeV j year j(
1.87 x 10 IEF (RBE)nOR= mrem / yearM

where:

IEf (RBE)n = effective energy, MeV, for the body organ of interest;

M = mass of bcdy organ of interest.

Therefore, for the total body with a mass of 70,000 grams,( the result is:

R = 3.845 x 10 IEf (RBE)n f Tg

- For a given radioisotope, the values of the effective energy, effective half-

life, fraction reaching the organ, and the organ mass vary with the particu-
lar organ under consideration. Table B-1 lists the ICRP values of mass and

effective radius of the body organs considered in this report.

Using data given in the ICRP Report of Committee II for values of IEf (RBE)n,
T and f, the annual dose rate due to each ingested radioisotope was de-ggf

termined for the whole body and all the body organs of interest for the par-

ticular element, with the exception of the gastrointestinal tract.
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TABLE B-1

ICRP VALUES FOR ORGAN MASS AND EFFECTIVE RADIUS

Organ Mass Effective Radius
Body Organ grams em

Whole Body 70,000 30

Body Water 43,000 30

Lungs (2) 1,000 10

Liver 1,700 10

Spleen 150 7

Kidneys (2) 300 7

Bone 7,000 5

Muscle 30,000 30

Pancrea s 70 5

Thyroid 20 3,

Testes (2) 40 3

Ovaries (2) 8 3

Prostate 20 3

Stomach 250 10

Small Intestine 1,100 30

Upper Iarge Intestine. 135 5

Lower Large Intestine 150 5
.
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Dosos to the GI-tract were calculated by the method of "MPC raticing"
wherein the ratio of the actual concentration and the MPC( } are multiplied

by the dose derived by the GI-tract from ingestion of water at MPC levels

(15 rem / year).

Once the above outlined calculations are accomplished, the doses may be

totaled. The dose to a particular organ is made up of the following three

components:
-

1) the dose to the particular organ from all those isotopes for which

the particular organ dose is calculable:

2) the whole body dose from all other isotopes except tritium; and

3) the dose from tritium.

The third component of the organ dose, the dose from tritium, depends on

the organ. For tritium, celeased in the chemical form of water, it is pos-
sible from ICRP data to compute a whole body dose and a " body water" dose.

The " body water" is a fictitious organ hypothesized for the purpose of estab-

lishing MPC values for tritium. In actuality water is distributed throughout
the body, most body organs being comprised of roughly 80% water.(2) The

calculation of a dose to the body water from tritium assumes that 100% of

the tritium disintegration energy is absorbed in the body water, not accou'nt-

ing for energy absorbed in non-aqueous tissues. The computational method

used assumes that the body organ dose from tritium is equal to the body

water dose, calculated using ICRP II criteria, times the fractional water

content of the organ (grams water / gram organ). The mass water fractions

used for the various organs are presented in Table 3-2 of this document.

The body water distribution as presented in Table B-2 and used in the NUS

computer code DOSCAL appears to be quite adequate; the total body mass and
Itotal body water mass are very close to the values estimated in ICRP II.

77 |
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TABLE B-2

ESTIMATED BODY WATER DISTRIBUTION BY ORGAN IN STANDARD MAN

J

i
-

,

Body Organ Organ Mass Organ Mass Water Organ Water

grams Praction, % Contm t, gramt
' 3,5)

rango value used

DOSCAL organs:

brain 1,500 70-85 77.5, 1,1G3*
,

lungs (two) 1,000 78-80 79.0 790
'

heart 300 71-80 75.5 227
muscle 30,000 74-84 79.0 23,700
bone 7,000 30-44 37.0 2,590

skin 6,100 70-75 72.5 4,423
liver 1,700 73-77 75.0 1,275
spleen 150 76-01 78.5 118
kidneys' (two) 300 78-79 78.5 236
pancrea s 70 ncne given 80.0 56
thyroid 20 none given 80.0 16
GI-tract 2,000 none given 80.0 1,000
testos (two) 40 84.0 84.0 34
ovaries (two)- 8 80.5 80.5 6.4
prostate 20 82.5 82.5 17

Other organs:

blood 5,400 77-81 70.6 4,244
fat 10,000 none given 2 C, (4) 2,000

lymphatic tissue 700 none given 80.0 560
bone marrow 3,000 14.0 14.0 420

Totals - 70,000 43,000

Notes: 1) Wlues for organ mass are from ICRP
2) Range values fogrgan mass water fraction are from the Handbook of

Biological Data , except as noted.
3) The arithmetic mean value of the range is used in DOSCAL,unless only

a single value is given.

4) This value is from "The Physiology and Toxicology and Tritium in Man" |
by Pinson and Iangham(3),

,

5) Where better data is not availabic, the organ is estimated to be 80% water.
!

i

I

!
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B. Whole Body and Bcdy Organ Exposure from Fish Incestion

Aquatic life fonns will concentrate various elements within their bodies in

proportion to the concentration of the element in the water in which they

live . The ratio of the concentration of the element in the organism to the

concentration in water is defined as the concentration factor, or CF. The

CF generally depends on the element being concentrated, the species of

organism, and t?e environment in which it lives. Maximum CF's for fish,
shellfish and plants in seawater and fresh water have been tabulated (4)

and are used here to estimate the maximum activity of individual radioiso-

topes in fish.

For the purpose of estimating the maximum dose an individual might obtain

from eating fish it was assumed that an individual might consume a maxi-

mum average cf 50 grams of fish daily. Thus, the daily activity intake of

the i radionuclide would be given by:

A (gCi/ day) = C ( y Ci/cc) (CF) 1.0 (cc/ gram) (50 grams / day)
3 1

|

Once the dailf activity intake is established, the equilibrium bcdy (organ)

burden and the concurrent whole body and organ doses are calculated in the

same manner as presented in Part A of this appendix.
.

b [

t

|
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i6.1 5 RADIOLOGICAL SURVEYS

United States Atomic Energy Commission regulations require that nuclear

power plants be designed, constructed, and operated so as to keep levels of

. radioactive material in effluents to unrestricted areas as lov as practi-
;-

,

.. cably achievable (10 CFR Part 50.3ka). To assure that such releases are

kept as lov as practicable, each license authorizing reactor operation

I- includes technical specificatiens (10 CFR Part 50.36a) governing the re-,

lease of radioactive effluents.a

Inplant ' monitoring is utlized to assure that these predetermined release

] limts are not exceeded. However, as a precaution against unexpected and un-
~

defined processes in force,in the environment which might allcw undue accumu-,

I- lation of radioactivity in any sector of man'= environment, a program for
,

monitoring of the plant environs is also included in the environmental

) technical specifications.

|The regulations governing the quantities of radioactivity in reactor efflu-,

1

ents allow nuclear power plants to contribute, at most, an exposure increase

of only a few percent above that due to nonnal background radioactivity.

Background levels at any one location are not constant but vary with time

as they are influenced by external events such as cosmic ray bombardment.

weapons test fallout, and atmospheric variations. These levels also can ~
i

i vary spatially within relatively short distances reflecting variation in the
i

. geological composition.
,

Because of these spatial and temporal variations,

the radiological surveys of the statien environs are divided into a pre-

operational and an operational phase. The preoperational phase of the
i

program of sampling and measuring radioactivity in various media permits . a

s -
general characterization of the radiation levels and concentrations pre-

vailing prior to unit operation along with an indication of the degree of

6.F1
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natural variation to be expected. The operational phase of the program

obtains data which, when considered along with the data cbtained in the pre-

operational phase, assist in the evaluation of the radiological impact of

unit operation.

Implementation of the preoperational monitoring program fulfills the follow-

ing objectives:

1. persennel training

2. evsluation of procedures, equipment and techniques

3. identification of probable critical pathways to be menitored
after the units are in operation

4. measurement of background levels and their variations along anti-
cipated critical pathways in the areas surrounding tne station.

The preoperational phase of the radiological survey program vill prov!ie a

minimum of two years data prior to the issuance of an operating license.

The program for Davis-Besse Station Unit No.1, the primary basis for the

data presented in Section 2.8 of this report, is described in Sections

6.1.5 1, et sec. -

6.1 5 1 Program Descrittien- .

* *

The Preoperational Environmental Radiological Monitoring Program is being

conducted by Industrial Bio-Test Laboratories Inc. , for the Toledo Edisen

Cm pany. The program began in July 1972, sad vill continue until the

issuance of an operating license. It includes ensite & offsite collection

and radiometric analyses of airborne particles, airborne iodine, ar.bient

gamma radiation, surface and ground water, precipitation, soil and botten

sediments , fish, clams , food crops , vegetation, milk, meat, and wildlife.

Samples are collected and measurements are made at 29 selected locations

on or around the site. The sa=pling locations on the site periphery are

shown in Figure 6.1-1. The sampling locations beyond the site periphery are

6.1-2
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shown on Figure 6.1-2. Table 6.1-1 lists the locations of the sa=pling

points , and their distance and dire'etion frcm the site. The program schedule

indicating where specific samples are collected and the sampling frequency

are shown in Table 6.1-2.

6.1.5 2 Rationale for the Selection of Samoling Locations

The selection of sampling locations and types of samples was based upon a

review of the available infomation specific to the area and the general

region. This infomation inclutted data on land use, meteorology, hydrology,

demography, ecology,'and regional radioactivity =onitoring programs spon-

sored by government agencies. The initial program identifying the critical

exposure pathways for the area, sampling points, and the number and kinds

of samples was then reviewed with various depart =ents of the State of Ohio

and the Environmental Protection Agency. Their recc=mendations were censid-

ered in the final pregram summarized in Table 6.1-2.

Air samples and themoluminescent dosimeters (TLD) locations were selected

by examination of the prevailing vind direction and predicted maxistm ground

level deposition patterns determined from data compiled onsite. Additional

locations were established to measure levels at nearby population centers.

Water sampling points were selected to include the monitoring of nearby

potable water intakes as possible exposure pathways to large populations.

Wells sampled in the program were selected on the basis of their proxi=ity

to the station, hydrological considerations , and water use. Fish and clam

samples were taken because there is a fishing industry on Lake Erie in the

general area of the Davis-Besse site, and an indigenous population of fresh-

water clams .is present. Bottom sediments were sa= pled for indicaticus of

the long-term buildup of radioactivity. Because of the agricultural activity i

I

in the area, milk, food crops , animal feed, and domestic meat vill be i

6.1-3 |
;
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TABLE 6.1-1
RADIOLOGICAL ENITORING PECGPE

SAMPLING LOCATIONS
(Page 1 of 2) ~

,

Sampling Point Locatien*

T-1 Site boundarf, NE of station, near intake cenel

T-2 Site boundarf, E of station

T-3 Site boundar/, Toussaint River and stem drainase
point outfall SE of station

T-4 Site boundary, S of station, near Locust Point
'

and Toussaint River

T-5 Main entrance o site
.

T-6 Site boundarf, IN of station

T-7 Sand Beach, 0 9 mi NIN of site

T-8 Earl Moore Fam, 3.2 mi WSW of site

T-9 Oak Harbor, 6.8 mi SW of site

T-10 Erie Industrial Park, 6.5 mi SE of site

T-11 Port Clinten,115 mi SE of site

T-12 Toledo, 23 5 mi W4 of site

T-13 (Deleted)

T-14 Township school. 3.8 mi WSW of site

T-15 Lacarne, 6.6 mi SSE cf site

T-16 ?ut-In-Bay Winer/,15.3 =i E:TE of site

T-17 Irv Fick's onsite well, 0.7 =1 SW of station

T-18 Hess Sunoco Garage, 1.3 mi S of site

T-19 Miller Fam, 3 7 =i S of site

T-20 Daup Farm, 5.h mi SSE of site

T-21 Haynes Farm, 3.6 mi SSW of site

T-22' Peter Fam, 2.6 mi SW of site

T-23 Put-In-Bay Lighthouse, lh.3 mi ENE of site

T-24 Sandusky, 2h.9 mi SE of site

6.1 h



..
e..4,=- - *=

DB-1

TABLE 6.1-1 (Page 2 of 2)
,

Sampling Point Location

T-25 Winter Fam,1.3 mi S of site

T-26 Fostoria, 35 .1 mi SW of site

T-27 Masee Marsh, 5.3 mi WN of site

T-28 Unit 1 treated water supply, onsite

T-29 Lake Erie, Intake Area,15 mi NE of site

T-30 Lake Erie, Discharge Area, 0.9 mi ENE of site

' Distance measured from center of shield building of Unit No.1.

.

o

4

O

*
|
j

'
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TABLE 6.1-2
ENY RONMENTAL MONITORING PROGRAM

(Page 1 of h).

Type of Locations and Sa=ple
Sample Samuline Points Frecuency Analys es

AIRBOMIE
PARTICULATES T-1 Site bounda:y near intake Week 2y Gross alpha

canal and Sand Beach NE Gross beta
direction

T-2 Site boundary beach E Note. Gamma spec-
of station tral analysis when

beta activity
10pCi/m3

T-3 Site boundary Toussaint on quarterly
River and stem drainage composite of all
p,t. outfall SE of station filters

Th Site boundary, S of statien Gamma spectral
near Locust Point and analysis
Toussaint River

T-7 Sand Beach, 0 9 :ci MN
of site

T-8 Earl Moore Fam
T-9 Oak Harbor
T-10 Erie Industrial Park
T-11 Port Clinton
T-12 Toledo
T-23 Put-in-Bay
T-27 Ma6ee Marsh

.

AIRBOMIE
IODINE T-1 Weekly Gsema Spectre.1

T-2 analysis en char-
T-3 coal canister for
T-h 131r
T-7
T-8
T-9

T-10
T-11
T-12
T-23
T-27

AMBIENT T-1 Monthly, Gama dose
GAMIA T-2 Quarterly,
RADIATION T-3 And Annua]1y i

LEVELS Th I

T-5 Main entrance to site 1

T-6 W corner of site boundtr/ |
.T-7 '

T-8

6.1-6
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TABLE 6.1-2 (Page 2 of k)

Type of Locations and Sample
Sample Samuling Points Frecuency Analyses

T-9
T-10
T-11
T-12
T-lh . Township School
T-15 Lacarne
T-23
T-2h Sandusky
T-26 Festoria
T-27 Magee Marsh

UNTREATED T-1 Water' from station Weekly Grab" Gross alpha
SURFACE intake to lake Co=posite d and gress
WATER opposite intake canal Monthly beta in dis-

solved and
T-2 In lake east of station suspended

fractions
T-3 In river cpposite (stez n Tritiun

draina
river)ge outfall in Note: Ga==a

spectral
T-10 Erie Industrial Park analysic when

Water intake gross beta
T-11 Port Clinton intake >10pC1/1.

vater Radium de-
T-12 Toledo water intake termination

when gross
alpha >3pCi/1.

On quarterg
composite Sr.
gamma spectrale

analysis

TREATED T-10 Erie Industrial Park Weekly Grab Gross alpha
SURFACE tapvater Con: posited and gress
WATER T-11 Port Clinton tapvater Monthly beta in dis-

T-12 Toledo tapvater solved and
T-28 Unit 1 treated water suspended

supply fractions
Tritium

Note: Ga==a
spectral an-
alysis when,.

gross beta
>10pCi/l
Radium de-
termination
when gress
alpha >3pCi/l

6.1-7
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TABLE 6.1-2 (Page 3 of h)

Type of Locations and Sa=ple
Sample s - 14ne pc4-t, Frecuency Analys es

Onquarterg
composite Sr.
gamma spectral
utalysis

GB0ljND T-7 Beach vell-sand beach Quarterly * Gross alpha and
WATER T-17 Irv Fick's on-site well gross bete in

T-27 Magee Marsh dissolved and
T-18 Hess Sunoco Garage suspended frac-

tions
Tritiu:2
90Sr and ga=ma
spec + '. analysis

Note: Gamma
spectral analysis
when gross beta
>10pCi/1 Radium
detez inatien
when gress alpha
>3pC1/1

PRECIP- T-1 Monthly * Gross beta
ITATION T-23 Co=posite Tritium

Note: ga=ma
spectral analysis
when gross beta

*

>10pCi/1,

BOTTOM T-1 Quarterly * Gross beta
-

SEDIMENTS T-29 goss alphaT-30 Sr
Ga=ma spectrcl
analysis

FISH. Lake Erie in vicinity QuarterJy* Flesh-Gross beta,
(Three species of site near T-1 Gamma spectre.1
of fish, min. ) analysis

Toussaint River near
storm drainage outfall Bone 90Sr
by T-3

CLAMS Lake Erie in vicinity of Quarterly Gross beta(flesh only) site near T-1 Ga=ma spectral
analysis

.

6.1-8
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TABLE 6.1-2 (Page h of h)
,

Type of Locations and Sa=ple
S a=ple Samuling Points Frecuency Analys es

FRUITS T-8
AND T-19 Miller Fam Semi-Annually Edible nortion
VEGETABLES T-25 Winter Farm Gross beta

Gross alpha
Gama spectral
analysis 90Sr

MILK T-8 Monthly Gross beta
T-20 Daup Fam

89
T-21 Haynes Fam

90SrT-12 Toledo (= ilk pro-
cessing plant) Ga=ma spectral

T-24 Sandusky (= ilk pro- analysis
cessing plant) Calcium

DOMESTIC T-22 Peter Fam Semi-Annually Flesh-Gross
lEAT beta

Gama spectral
analysis

WILDLIFE Onsite Semi-Annually Flesh-Gross
(min er beta
two species) Gamma spectral

analysis
Bone 90 rS

SOILS T-1 Beach sand Semi-Annually Grcss beta
T-8 Gea spe ctral

T-19 analysis
T-20 90Sr

WINE T-16 Put-In-Bay Winery Annually Gross Beta

gSross alpha

Ga=ca spectral
analysis

ANIMAL T-8 Semi-Annually Gross alpha
FEED T-21

goss beta
Sr

Ga=na spectral
analysis

WATERF0WL Vicinity of site Annually Flesh-gross
beta and ga=a
spectral analysis
Bone 90Sr,

SMARI' WEED - Vicinity of site Annually Gross alpha,
gross beta, ga=a
spectral anaysis

L
ucept wnen ice conditions prchibit sa=pling 90 g

6.1-9
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examined on nearby farms.

6.1 5 3 samoling Methodology

A description of the procedures and equipment used to collect sa=ples for

the program described in Table 6.1-2 follows.
a. Airborne Particulates

~' ~

Twelve air sa=pling locations have been established in the vicinity of the

station. The airborne particulate samples are collected on kT == diameter

membrane filters with 0.8 =ieron pore size. Gast vacuu: air pu=ps are used

to filter air at the rate of 1 cu ft/=in. The filters are collected veekly

and placed individually in protective glassine envelopes , and = riled to Bio-

Test for radiometric analysis. The following infor=atien is recorded en

each envelope: (a) date, (b) time, (c) vacuu gage reading, and (e) cumula-

tive hours. The filters are counted about 5 days after collection to allow
1

fcr decay of short-lived radioactive isotcpes. To minimize counting vari-

ables , all sa=ples are counted on the sc=e instrument.

b. Airbozne Iodine *

Each air sampler is equipped with a charcoal trap in line after the filter

holder. The collection starting dates are the st=e as for the particulate

filters. The charcoal at each operating locatien is changed at the same

time as the particulate filters and dispatched to Bio-Test for analysis.

The samples are analyzed i==ediately after arrival at the laboratory.

c. Ambient Gamma Radiatien Levels

The integrated ga==a radiation background is measured with TLDs. They are

packaged with five chips to a dosimeter. TLDs are placed at 18 locawien

and are exchanged monthly, quarterly, and annually. Each ship =ent of nev |

TLDs includes an in-trancit centrol which is returned to the laboratory with
1

those frc= the field.
'

|

l
1
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d. Untreated Surface Water

One-gallon semples of untreated water from Lake Erie are collected weekly

flam three filtration plants and at three onsite locations. The sa=ples are
.

composited =onthly, analyzed for gross alpha and gress beta activities in
._ _ - - - . . _ - . .

suspended and dissolved solids fractions , and analyzed for tritium. Quart-

erly ecmposites are gan::.vscanned and analyzed for 90gy,

e. Treated Surface Water

One-gallon samples of treated water are collected weekly from the filtration

plants and analyzed for gross alpha and gross beta activities in total resi-

due, and for tritium. Quarterly ec=posites are ga==a-scanned and analyzed

90for Sr. '

f. Groundwater

One-gallon water se=ples are collected quarterly from wells at four locations.

The gross alpha and gross beta activities are detemined in the suspended and

dissolved solids fractions of each sample. The tritium content is estab-

lished by direct counting of samples , using liquid scintillation techniques.

90Strontiu=-90 activity is detemined by milking Y. The sa ples are also

gamma-scanned for identification and quantification of ge=ma-e=itting isotcpes.

g. Precip'itation

Monthly precipitation sa=ples are collected, when available, frem onsite and

at Put-In-Bay Lighthouse. The sa=ples are analyzed for gross beta activity.

The tritium activity is determined by direct counting using liquid scin-

tillation techniques.

h. Bottom Sedi=ents

Bottom sediments are collected in Lake Erie from three locations in the

' vicinity of the site. The sa=ples are gnemn-scanned and analyzed for gross

90alpha, gross beta, and Sr activities.

.
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1. Fish
.

A minimum of three varieties of fish are collected three ti=es per year from

Lake Erie in the vicinity of the Site (T-1) and from the Toussaint River

near the storm drain outfall. The fish bones are analyzed for Sr.
- _

j. Clams

When available, a sa=ple of clams is obtained near the site. The museles

are gamma-scanned and ana',yzed for gross beta activity.

k. Fruits or Vegetables

A minimum of two varieties of fruits and vegetables nor= ally consu=ed by man

are collected se=iannually from three faz=s. The sa=ples are gama-scanned

90and analyzed for gress alpha, gross beta, and Sr.

1. Animal Feed

Grass sa=ples and animal feed are gathered from two far=s. The same analyses

used for fruits and vegetables are perfor=ed.

m. Milk-

One-gallen = ilk sa=ples are taken monthly frcm herds whi.ch graze within 5 mi.

of the station site, and from processing plants in Toledo and Sandusky. Ten
,

milliliters of 374 formaldehyde solution are added to each gallen of milk as
' a preservative before shipment. The sa=ples are analyzed for gross beta,

I, 1hoBa, hoK, Sr and Sr and for stable calcium and potassiu=.89 90131

n. Domestic Meat

A beef sa=ple is purchased from the Feter Faz= semiannually, and the flesh

is ga==ascanned and analyzed for gross beta activity.

o. Wildlife

A minimu= cf two representative species of fauna are collected near the site.

The muscles are separated frem the benes and are ga==a-scanned and analyzed

for grcss beta; the bones are analyzed for 90Sr.

6.1-12
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p. Soil

Soil samples from three dairy far=s are collected semiannually from the top

2 in. of soil where vegetation is not growing. They are scanned for gam-n

90activity and analyzed for gress beta activity and Sr.
._

q, Wine

A vine sample is cbtained annually frem the Put-In-Bay Winerf. The vine is

90gamma-scanned and analyzed for gross alpha, gross beta, and Sr activities.
*

I

r. Waterfowl

Ducks are collected ainually in the vicinity of the site. Analyses are the
l

-

same as for vildlife. '

s. Smartveed

Samples of smartveed vill be collected annually from the site. Analyses are

the same as for fruits and vegetables.

6.1 5.h Laboratorv Cacability

The required analyses en samples collected during the program are per-

formed by Bio-Test Laboratories , Inc. , at Northbrock, Illinois. Their
1laboratozy is equipped with the instrunentation needed to =easure the radio-
]

activity in the sa=ples. Folicving is a partial list of the counting equip-
!

ment at their facility:

a. Widebeta-II Proportional Counter

b. Liquid Scintillation Counter
|

|
c. Harshav model 2000 TLD Reader '

d. 4 x h in. NaI Detector coucled to a 512-channel pulse
height analyzer

3
e. 86. 8 cm GeLi Detector coupled to h096-channel pulse

height analyzer

f. Packard Automatic Gama Counter =odel 5957

6.1-13
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6.1 5 5 Radiochemical Analytical Procedures

These procedures'are equal to or exceed those recommended by the U. S.

NA.E.C. Health and Safety Laboratory.

6.1 5 5 1 Airborne Particulates
_, _ _ _ _ _

a. Gross Alpha and Gross Beta

The sample is stored for 3 days , from the day of collection, to allow for

decay of short-lived radon and thorium dau6hters.

The h7-m filter is placed on a stainless steel planchet and the samples

counted in a Beckman Widebeta-II Proportional Counter. The activity is
.

3calculated in pCi/m and corrected for the counter efficiency.

b. Gama Analyses by NaI(Tl) Detector

The filter is placed on a 4 x h in. NaI crystal detector and the gea

spectrum is deter. ined by using 512 channels of the ga=ma spectrometer with

a setting of 5 kev per channel. Ga==a-emitters (if present) are identified

by their specific energy peaka,

c. Ga==a Analyses by Ge(Li) Detector

The filter is placed on an 86.8 c= detector. The ga=ma spectrum is de-

termined by using a h096 channel ga=ma spectrometer with a setting of 0 5

kev per channel. Ga==a-etitters (if present) are identified by their

specific _ energy peaks ,

d. Strontium-90
.

Strontium and barium carriers are added to the composited filter paper

samples and fused with sodium hydroxide and sodium carbonate. The melt is

taken up in distilled water and washed and treated with sodium carbonate to

yield a precipitate of alkaline earth carbonates. Silicates are removed by

dehydration with nitric acid; the carbonate is converted to nitrates. Radium

with barium is precipitated as a chromate; calcium is then separated by pre- |

I
l
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cipitation in nitric acid, and rare earth impurities are removed by adding a

acavenger solution. Strontium carbonate is precipitated and dissolved in

nitric acid. Yttrium carrier is added, and the resultant solution stored

_ _

for 90y ingrowth. The strontim is precipitated again and separated frem

70% nitric acid with the yttrium nitrate in the supernate. Yttrium nitrate

is finally converted into yttrits oxalate and collected on a glass fiber

filter for counting.

6.1 5 5 2 Airborne Iodine

The charcoal is transferred to a plastic scintillatien vial. The vial is

placed in the Autcmatic Ga=ma Counter (Packard Instru=ent Co. =odel 5975)

and counted. The time is recorded and the calculated concentratiens cor-

rected for decay.

6.1 5.5.3 Themolu=inescent Desi=eter (TLD)

The TLD c ystal is placed en the custal holder and the current read between
01h00 and 250 C. The reading is repeated and the second reading subtracted

from the first. The intiansit control reading is subtracted to obtain the
- net reading. The exposure in mR is calculated using the calibration curve,,

obtained with the TLD crystals exposed to a known source of radium.- -

6.1 5.5.4 Water

a. Gross Alpha and Gross Beta in Total Residue

The sample is evaporated in a beaker to a small volume and then trans-

ferred to a 2-in, stainle:is steel planchet, where it is completely evap-

orated. The planchet is then baked in the muffle furnace to a dark cherry

red color (550 C), cooled in a desiccator and the residue counted in a

Beckman Widebeta-II Proportional Counter. The gross alpha and beta activity

in the total residue is calculated in pCi/1, and corrected for efficiency,

self-absorption, and volume. .

6.1-15
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b. Gross Alpha and Gross Beta in Suspended and
~

Dissolved Solids

One liter of water is filtered through a kT-=m diameter, 0.8 micron pore

size, membrane filter.
.

.

The filter paper is dried, placed in the stainless

steel planchet, and a few drops cf solution consisting of lucite dissolved
. - - .

in acetone are added. When dry, the filtrate is counted in a Widebeta-II

Proportional Counter.

The filtrate is evaporated to a small volume, which is quantitatively trans-

ferred to a 2-in. stainless steel planchet, where it is ccepletely evaporated.

The planchet is then baked in the muffle furnace to a dark cherry red color

(550 C), cooled in a desiccator and counted,

Tritium (Direct Counting)c.

A 10- to 50-m1 vater sample is ecmpletely distilled. Three milliliters of

the distilled sa=ple and 18 ml of scintillation medium are transferred into

a vial and counted in a Liquid Scintillatien Counter for 8 to 12 hours,

depending on sample activity.

d. Strontium-90

An acidified sample of clear water, with stable strontium and calcium carri-

ers , is treated with exalic acid at pH 3.0 to precipitate insoluble exalates.

The oxalates are dissolved in nitric acid and strentium nitrate is separated

frem calcium as a precipitate in a 70% solution of nitric acid. The residue

is purified by adding iron and rare earth carriers and then precipitating

them as hydroxides. After a second precipitation with strentium nitrate

frca a 70% solution of nitric acid, the nitrates are dissolved in water,

precipitated as strontium carbonate, filtered, and counted. The precipitate

is then dissolved in nitric acid and the yttrium carrier is added, and
9cstored for ingrowth of Y. The strontiu= is precipitated again, separated

fron a 70% solution of nitric acid with yttrium nitrate in the supemate.

6.1-16
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6.1 5 5.T Milk

Iodine-131, Barium-lho, Cesiu=-137, Potassium h0, anda.
Stable Pottassium by Ga=ma Spectroscopy

An aliquot of the milk sample is poured into a Marinelli-type beaker and

counted on a k x h in. NaI (Tl) c:ystal. The isotopes are identified by

their specific energy peaks and their activities are calculated using the
.

simultaneous equations.

b. Strontium-89, Strontiu=-90, and Calcium

The sample is aged for at least 2 weeks to allow the 90Y daughter ingrowth.

Carriers are added to 1 liter of milk and then yttrium is separated from

strontium, barium, and calcium by passing the milk sample successively

through cation- and anion-exchange resin columns . Yttrium, which is re-

tained by the anien-exchange resin, is eluted with hcl and precipitated as

the oxalate. The precipitate is veighted to determine the recovery of the
9yttrium carrier and then counted for 90Y activity. The Sr level is cal-

culated from the data.

Strontium, bariu=, and calcium are eluted frem the cation-exchange resin

with a Nacl solution, diluted, and precipitated as carbonates. These car-

bonates are converted to ,ritrates and precipitated as strontium and barium

nitrates . The nitrate precipitate is dissolved and the barium is precipi-

tated as the chromate.

From the supernate, strontium is precipitated as the nitrate, dissolved in

water, and precipitated again as strontium nitrate. The nitrate is con-

verted to the oxalate, filtered and weighed to determine the strontium

carrier recovery, and counted for total radiostrentium. Total radiostrontium

and 90Y are counted in the Beckman Widebeta--II Proportional Counter.

The concentration of NSr is calculated as the difference between the activ-

.
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For counting total radiostrontium, 90Y, or both, each fraction is precip-

itated separately as an oxalate and collected on a glass fiber filter or

planchet.

. ..

. 6.1.5 5 5 Precipitation

a. Grcss Beta

Solids and liquids are placed in a beaker, evaporated to a small volt =e, and

transferred to a tared planchet for counting.

b. Tritium (Direct Counting)

The. same procedure described in paragraph 6.1.5.5.h, item e, is followed.

6.1.5 5.6 Botton Sediments and Soil

a. Gross Alpha and Gross Beta

The sample is dried, ground, and sieved. Between 100 and 200 mg of sa=ple

are placed into a 2-in. planchet and counted in a Beck =an Widebeta-II Prc-

portional Counter. The activity is calculated and corrected for efficienc/'
and self-absorption.

.

b. Gama Scan by Ge(Li) Detector
*

One-half to 1.0 kg of the sample is dried and ground, then put into 1-pint
. .

container, placed on the detector, and counted.

c. Strontium-90

The sample is fused with sodium carbonate and sodium hydroxide, then dissolved

in hydrochloric acid (HC1). T$e strontius is purified by removing the exist-

ing yttrium, using the tri-butyl phosphate (TEP) extraction method. It is

. held for 1 to 2 weeks to allev for new yttrium ingrowth, after which the

.TBP extraction is repeated to separate 90y. The 90Sr is counted and caleu-
90lated from the Y activity.

,

. .

'
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90ity for total radiostrontium and the activity due to Sr.

Calcium is determined from an aliquot of the cation-exchange colu=n eluent

described above. After dilution, calcium oxalate is precipitated and dis-

solved in diluted HC1. The exalate is titrated with standardized potassium

permanganate, and the calcium calculated.
_. . _ _ . _

6.1 5 5.8 Domestic Meat , Fish, Clams , and Wildlife
Gross Beta, Strontium-90, and Gam =a Scan

The flesh is separated from bones and ashed at h00 C; the benes are ashed

at 6000C. The same procedures are followed as for soil.

6.1 5 5 9 Food Crops and Vegetation -

a. Gross Alpha and Gross Beta

The sa=ple is dried and ground. Between 100 and 200 mg of the dry sample are

transferred to a stainless steel planchet and counted in a Beckman Widebeta-II

Proportional Counter, then corrected for efficiency and self-absorption.

b. Gama Analyses by NaI(Tl) Detector

Two to 3 kg of the sample are dried and ground. A 1-pint container is used

to hold h50 cc of the sample and placed on a 4 x h in. NaI crfstal detector.

It is ga=ma-scanned, using 512 channels of a Ga=sa Spectrc=eter calibrated

at 5 kev per channel. Gamma-emitters, if present, are identified by their

specific energy peaks.

c. Gamma Analyses by Ge(Li) Detector

Between 2 and 3 kg of the sample are dried and ground. A 1-pint container

holding h50 cc of the ' sample is placed on the detector and counted. The gam =a

spectrum is determined by using a h096-channel ga--a spectrometer with a

setting of 0 5 kev per channel. Ga==a-emitters , if present , are identified

by their specific energy peaks.

d. Strontium-90

6.1-19
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The ashed sample is dissolved in HC1. The strentium is purified by removing

the existing yttrium, using the TSP extraction method, and set aside for 1

to 2 weeks to allev for new yttrium ingroth. The T3P extraction is then

-

90Y, after raich the '0Sr is counted and calculated0
repeated to separate the

90from the Y activity.

6.1.5 5 10 Wine
Gross Alpha, Gross Beta, Strontium 90, and Ga==a Scan

One liter of vine or grape juice is completely evaporated in a beaker. A
.

few milliliters of sulfuric acid (H S0g) are added and digested over a hot2

plate, and ashed at 600 C. The sa=e analytical procedures used for vegeta-

tion sa=ples are followed.

6.1 5.6 Minimum retectable ceneentration

The nominal minimum sersitivity for the various analyses performed in this

program are listed in Table 6.1-3

,

s

|

|
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TABLE 6.1-3

RADIOCHEMICE ANALYTICAL SENSITIVITIES
(Page 1 of 3)

Tyne or Sample Analyses 411 suet Analysis Minimum Sersitivity *

Air
3 3Particulates Gross alpha 280 m 0.000hpC1/m

Gross beta 280 m3 0.001 pC1/m3

Airborne
131 3 3Radiciodine I 280 m 0.02 pC1/m

Ambient
Cassaa TID 1. 0 aren

Water Cross alpha, s.s?' 1.0 liter 0.2 pC1/1
Cross alpha, d.s.t 0.5 liter 0.5 pC1/1
Gross beta, s.s. ** 1.0 liter 0.3 pC1/1
ross beta, d o s.t 0 5 _ liter 0.6 pC1/1

g93r 1. 0 liter 1.0 pC1/1
90Sr 1.0 liter 0.5 PC1/1
40K (Flame photometry) 0.1 pCi/1
137 s (san =a) 3. 5 liter 3. 5 pC1/1C
137 s (chemical sep) 1.0 liter 0.5 pC1/1C
226Ra 1.0 liter 0.2 pC1/1
Tritium 0.25 liter 2.0 TU or

6.h pC1/1
131: (tema) 3.5 liter 3.1 pC1/1
131I (chemical sep) 2.0 liter 0.3 pC1/1

Vegetables er 5.0 g (ash) 1.0 pC1/g ash
09sr 5.0 g (ash) 0.1 pei/g dry

093r 5.0 g (ash) 0.007 pC1/g vet
90 r 5.0 g (asn) 0.5 pel/g ashS

90Sr 5.0 g (ash) 0.05 pC1/g dry
9%r 5.0 g (ash) 0.00h pC1/g vet
137 s (gacuna) 300.0 g (dry) 0.05 pC1/g dryC
137 s (gamma) 300.0 g (dry) 0.003 pC1/g vetC

' Minimum sensitivity (VS) is defined in equation (1) as the activity ceneentration in pC1/vol. which !:.

detectable under specific cenditiens of sample volume tacaground, counting time, chemical yieli.
correction factors (self-absor; tion) and counting efficiency.*

'04

Eff. * Ch.I x Vol. x 0.F. x 2.22 III
*

vbere minimum detectable activity (:CA) is defined in equation (2) as that amount cf activity in eeures
per minute (epm) v51ch, in the same counting time, gives a count rate that is different frem the taea-
ground count by 3 times the standard deviation of the background count.

b (2)MDA * 3 7
b

where: t *t
b g

count rate of background |3 *
counting time of backgroun. ,t *

|counting time of sample plus backgroundt *
g

''s.s. suspended solids.=

td.s. = dissolved solids.
|

.
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TABLE 6.1-3 (Page 2 of 3)

5 of Sample Analyses Aliquot Analysis | vinisua Sensitivity

Ce(11) Ntreter
3

Air lkkCe 3000 a 0.004 PC1/m
mj 0.0008 pC1/mParticulates ik1 Ce 3000

I 3000 m 0.005 pC1/mBe
3 3

103&2 3000 m 0.0006 pC1/3
3106g2 3000 3 0.00k PCi/m

0.0006pC1/mj3
137 s 3000 mC

95 r 30C0 m 0.0009 pel/m2
3 3

95Nb 3000 m 0.0006 pC1/m

tottom sediments and 137 700.0 g dry 0.06 pC1/g dryCs
"O

soil. g 700.0 g dry 0.70 pCi/g dry
.

Ce 175.0 g dry 0.5 pC1/g dryVegetation
I'lCrass Ce 175.0 g dry 0.2 pel/s dry
I* 17'.0 g dry 0.8 pC1/g dry510j

Ru 175.0 g dry 0.1 pCi/g dry
106Ru 175.0 g dry 0.5 pC1/g dry
131I 175.0 g dry 0.1 pCi/g dry
137Cs 175 0 g dry 0.1 pC1/g dry

Bottom sediments and ,131I 500.0 g 3.02 pC1/g dry
'CK 500.0 g 0.15 pC1/g drysoil
Calcium 0.1 mg/g dry

Bottczn crganisms Cross a:Sa 0.1 g 1.6 pC1/g dry
g-sssteta 0.2 g 1.k pCi/g dry
- Sr 5.0 g 1.0 pC1/g dry.
90Er frarma) 5.9 g 0.5 pCi/g dry
'37Cs(ganna)- g 0.1 pC1/g dry.

Yecetation Cross alpha 0.1 g (ash) 2.5 pCi/g ash
Orass Gross alpha 0.1 g (ash) 0.2 pC1/g dry

Crcss alpha 0.1 g (ash) 0.08 pCi/g vet
Gross beta 0.2 g (ash) 1.6 pCi/g ash
Gross beta 0.2 g (ash) 0.13 pC1/g dry
Cross beta 0.2 g (ash) 0.05 pCi/g vet

h3r 50 g (ash) 1.0 pCi/g ash
Sr 5.0 g (ash) 0.1 pC1/g dry

USr 5.0 g (ash) 0.Ok PCi/g vet
9 sr 50 E (ash) 0.5 PC1/g ash
90sr 5.0 g (ash) 0.05 pCi/s dry
90Sr 5.0 g (ash) 0.02 pci/g dry

W?t (gsma) 100 200 g (dry) 0.08 pCi/g dry
137Cs (CW.3) 100 200 g (dry) 0.03 pC1/g vet

' Vegetables Gross alpha 0.1 g (ash) 2.5 pC1/g ash
Tosatoes Gross sipha 0.1 g (ash) 0.25 pC1/g dry ,

Pumpkin Cross alpna 0.1 g (ash) 0.02 pCi/g vet i

Eggplant Cross beta 0.2 g (asn) 1.6 pCi/g ash
'

Red beets Oross teta 0.2 g (ash) 0.16 pC1/g dry
Creen beans Gross beta 0.2 g (ash) 0.01 PC1/g vet !

|

Meat & Fish Gross alpha 0.1 g (ash) 1.6 pC1/g dry or ash .

(muscle) - Oross alpha 0.1 g (ash) 0.02 pC1/g vet I
Cross beta 0.2. g (ash) 1.k pCi/s ash j

ross beta 0.2 g (ash) 0.01k pC1/g vet '

g9r3 5.0 g (ash) 0.015 pci/s wet i

90*r 50 g (ash) 0.007 pC1/g vet |

13ICs (gerina) 10.0 g (ash) 0.01 pC1/g vet
'0.K (gessna) 10.0 g (ash) 0.1 pC1/g vet
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TABLE 6.1-3 (Page 3 of 3)

Type of Sample Ar.alyses Aliquot Ar.alysis Mir.laus Sensitivity

e

Meat & Fish (bones) Cross alpha 0.1 g (ash) 0.8 pC1/g dry
Gross beta 0.2 g (ash) 0.7 pC1/g dry

ghr 5.0 g (ash) 0.5 pCi/g dry

Sr 5.0 g (ash) 0.25 pC1/g dry

Milk- Cross teta 1.0 liters 1.5 PC1/1
131I (garas) 3. 5 liters 3.1 pC1/1
131 I (chem. sep.) 2.0 liters 0.5 pC1/1
1LO3a-La Isams) 3.5 liters 3.1 PC1/1
137Cs (gn=ma) 3.5 liters 3.5 PCill
'0!C (asana) 3.5 liters 35.0 PC1/1093r 1.0 liters 1.0 PC1/1
903r 1.0 liters 0.5 pC1/1
Ca 20.0 ml 0.010 g/l

Bottom sediments Gross alpha 0.1 g 1.6 pCi/s dry
and soil ross beta 0.2 g 1.k pC1/g dry

ar 5.0 s 0.3 pC1/g dry
9%r 5.0 g 0.15 pC1/g dry
137Cs (gassan) 500.0 g 0.03 pC1/g dry

vegetation 95 .r 275.0 g dry 0.2 pC1/g dry7
Grass % 175.0 g dry 1.0 pC1/g dry

|
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6.2 APPLICMIT'S PPOPOSED MONITORING PP0 GRAM

6.2.1 RADIOLOGICAL MONITORING

6.2.1.1 Station Effluent Monitoring syste=

Unit No.1 of the Davis-Besse Nuclear Power Station vill be equipped with

inplant =onitoring devices to maintain continuous surveillance of radio-

activity levels in liquid and gaseous unit effluents and in selected process

streams . This monitoring system is designed to ensure compliance with the

requirement of the Code of Federal Regulations (CFR), Title 10, Parts 20

and 50, Regulatory Guide 1.21, and General Design Criterion 64. To supple-

ment the system there vill be a sampling program to obtain specific sa=ples

for laboratory analysis.

The continuous monitoring system is designed to perform the folleving func-

tions:

Continuously detect and record the radioactivity levels in alla.

'

unit effluent stres=s and in selected process streams before mix-

ing in the station discharge,

b. Provide cperating personnel with a continuous indication of the
-

gamma-e=itting radioactivity in selected unit areas during both

normal cperation and postulated abnor=al occurrences.

Provide audible and visible alar =s in the control roem for allc.

monitored points , and initiate protective functicns , as requireg,

on activity level increases exceeding release limits established

to meet station technical _ specifications.-

d. Provide redundant systems alleving the measurement of unit effluents ,

both at their point of release and at their potential activity

source points within the unit before mixing in the station dis-

charge. Separate, independent , and redundant instrt=ents are

'

6.2-1
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d. (continued)

provided for certain unit and process =easurecents to increase the

level of confidence in the =easurements. The monitors' ranges are

selected to accommodate all cperational modes, including transients ,

accidents, and post-accident conditions.

The monitors comprising the system are listed in Tables 6.2-1 and 6.2-2.

These tables list the process and effluent radioactivity monitors for liquid

and for gaseous and airbome isotcpes and particulate matter, specifying the

detector types , measurements ranges , and sensitivities according to the

predominant isotope in a particular system.

The only unmonitored gaseous effluent with any potential for release of

radioactivity is the ventilation from the turbine building. It is expected

that the turbine building gaseous activity vill be extremely lov. The only

potential source of activity in the turbine building would be through signi-

ficant primary tc secondary leakage, which would be detected promptly by the

steam system monitors.

The routine sa=ples taken for laboratory analysis which guide the operation

of the reactor coolant system, the makeup and purification system, the

chemical addition system, and the process steen system also provide a means
,

of monitoring these effluent streams. Many of these samples flow to a

central location in the auxiliary building so that access to the contain=ent

'

vessel for this purpose is not required during power operation. The results

of analysis are used for regulating boron concentration, evaluating the in-_

tegrity of fuel rods and the perfomance of the purification radvaste de-

minera11:ers, and regulating chemice; additions to the reactor coolant.

The sampling program is designed o sa=ple the reactor coolant system and

the reactor auxiliary systems during nomal unit power and shutdown operation.

'

i
r
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TABIZ 6.2-1
LIQUID RADIATION MCNITORS

pazimum

Required Back. Flavrate (gts)
System Meas ure. Sensitivity * *scre** Orcund Type of Menitored

OmaixPatien spets etee ?++e ye I*y a. ) fe* p a* er f t reeft
13t

Peactor coolant Os and 2. 3 x 10 1.6k x 10' 10 to 10 100 *as:xa 1$3
scintillaticaPurification gross game to

System, Failed 'fI'll"*
Fusi teteco r 1.6k x 10 2

0
Miscellaneow 13Ica 0.85 x 10 1.6k x 10*I 10 to 10 100 Oassna 70
Liquid s etatillation

Paaraate to * off-line
*#1.64 x 10

IN 0.61 x 10' 1.2 x 10*I 10 to 10 100 Samma MI

scintillatten
to eft-line

1.2 x 10'

0s 4 x 10 I 1.18 x 10*I 10 to 10 10 Carssa 'O137Cleen Ligde
Raetaste seint111stien

to eft-lin,

1.38 x 10

1 311 3 a 10' 1.04 a 10" 10 to 20 10 car:ta 7
seintillation

O Sff=1tne
41.ok u 10

3
Coronent III:s and 1.01 x 10 2 3 x 10-7 10 x 10 0.5 Oama 7.7 x 10
Osoling gross garra seint111stian
W at er to cff-line

2. 3 x 10'

6
Service Water k and 0.54 x to 1.2 x 10*I 10 to 10 3eg11 Osama 2 x 10

gible scintillationDisdiarse gross gazza to
Me ade r off-line

1.2 x 10'

1312 and 0 5h a 10 1.2 x 10' 10 to 104 Negli. Oasr:a k.8 x 10Station
Efflant gross ganan gible scintillationg* o f f-line

-21.2 x 10

1311 and 0.54 x 10 1.2 x 10~ 10 to 10 Negli. Gamma 9 x 10'Station
Intese canal gross samma gible scintillation
Terebay - to cff-line

1.2 x 10'

,

'Miniata detectacle sensitivity based on 99T confthnee Lewi for 0.662 MeV gama activity in mR/h backgrounds stated in the fifth column
of this table at standard pressure ant raient tesseratures.

6**Sct.e rense in pCL/ec for isotopic spectrometry analysis and in ga (1010 ) fer gress radioactivity.

|

.
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TABLE 6e2-2
GASEQUS AND AIRBORNE RADIATION MONITORS (Page 1 of 5)

wu..
net.i e4 i.e. n.me <aem

stesse meewe.
se i.tivier _

*a.** .reme w at me.itmee
h e en aset s -- e- e .ma ep ig t N* ,- er ?t ream

that Vent Partt entate 2.7 a 10*U 1.6 a W 10 to 10 0.5 evtag paper 6.3 to ?.1 a 10
U

amater to tape partieu.
1.6 a 10*y 1 ate niter.

esteeter Deta
sciatillation

I 312
1.a 10*

IMI 10 to 10 05 Fized earce.1,t 22 m t., niter-tune
10"* gamma eetatt1

Istian

Ih 2 a 10*I 1.75 a 10*I 10 to 10 05 note eetattue- 4.3 to 7.1 a 10"
0

to tie
1.75 a 10*8

e-w -t re,ts ease 1.3 a to-11 t.6 a 10-12 to u 10' 10 e tag paper set er,ueen2s
v el ti., te tape partiee

1.6 a 10*I late Mit'P*
esteeter beta
eetatiustion

U3 *

1.75 a 10*I 10 to 10 10 tete seimttue- Not at:11eeleIe 2.8 a 10 6

to tien
1.75 a 10 2

Cuemmer 1331e 9 a 10*0 2 a 10 10 to 10 0. 5 Gemma scintine- O ts 302
feeuw system ' to stan 15 (eere.)ansearse 0.2

3 2 a 10*I 1.'5 a 10*I 10 to 10 Beta sciattue- O to 102In
to ties 15 (sore.)

1.75 a 10*3

- analesett we 95Kr 1.4 a 10 2.8 a 10-5 10 to 100 100 la.11ee samma 50e*8e h to setatt11st seeDaeearee 2. 8

Ie 6.7 a 10*I 1.75 a 10*I 10 to 10' Grt.use was 50
to 3 setattuation

1.75 a 10

Foi imalias Partiestate 2.7 a 10-12 g,g a gg-J 10 to 10 0.$ Nottag paper 2 a 10tree. Innews matter to
erstem 1.6 a 10,7 tape parttem-

late n.ter.
detector, hte
sciatt netton |

! 1 a 10*II 10*U 10 ts 10 0.5 Fiaed earmi 2 a 10
I

la 12 m to
104

rg tt e r.et ector ,
gasma sesatille-
tian

Ie 2a O*I 1.*5 a 10*? 10 to ic4 0.5 Bets setettua- 2 a 10'
to tion

1.75 a 10*#

6-faatoacttee Farstewate 2.7 a 10-12 1.6 a 10-12 ;g te ;o g, , g,g,,,,,,, 3, , , ,g'.Unte ar 4 setter to tape partica.tanaws 1.6 a 10*I late niter.Systes
estector, beta
saintillet ton

a-

4
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TABLE 6e2-2 (Page 2 of 2)

Mantem
Astusree Best. riserate (sefe)

aretes menere- seastst etty*
h e --. t m sent s -4

_ hee **
, seems Type er metime

- ee n ( ar th ) %te- er *t ree.

131g g a gg-11 gg-11 10 to 10 0.$ Pined charasal h.4 a 10"0

Le 12 m to rtiter-detee.
104 ter sens acts.

tillstles

133Ne 2 a 10*I 1. 75 s 10-7 10 to 100 0.5 Seta estat111a- g
to ties b.h a 10

1.75 a 10 2

mammasal Pantentate 2.7 s 10 12 1.6 a 10-12 1C to 10 05 messa peser 9 s.10 g,p
6 h

Penetremise matter to tape paretem- p1ve 6 s 10
heem. Purse 1.6 a 10*I late filter * MCA*System

detector, seems

bete sciattile.
tien

I3I 1 a 10*II 10*IA 10 to 10 0.5 F1med merece;I 0

to 12 4 tog rtiter. detector.
10 sensa seist111.-

tien

I 2 a 10*I 1.71 a 10*I 10 to 10 05 Sete seist111e-
0se

to tt on
1.75 a 10-2

centrol pee. Perttewate 2.* a 1c*I3 1.4 m 10* 10 to 10 0.5 metag paper 2.9 s 10 'eeen3
Be rgeo ey easter to tape pantem systen
eeetiletten 1.6 a 10*9 1 ate filter.
Sretes esteeter. beta

setattilett:e

I3I 1 a 10*II 10*U 10 to 10 Ftsee e arscalI

is 12 m to filter htector.410 samme metat111e-
ties

IIk . 2 s LO*I 1.75 a 10*I 10 to 100 leta seistille-
to tiesI1.75 s W

8% tem so e-teo.e eersativity tened in 991 easttaeoce level f c 0.662 my seena settvity to aR/a hacesreads statet in ne rtrth setuses et this
taale et stae.ars presse est wesent teeperuwee.

0** sea;e rasse .a set.ev ror sect pse spectmetry analyste ene ta spe (13-;0 ) for sress restosesivtty.
e teos of eeolent sect eest.

*
,
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]
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In the event of a lcss-of-coolant accident, sa:ples of the recirculating

coolant are taken from the discharge of the decay heat removal pt ps. The

sampling system is manually operated on an intemittent basis under condi-

tions ranging frem full power to cold shutdown operation. In the event of

this type of accident, the sampling system is isolated at the containment

bounde/ by the containment isolation system.

During normal operation, liquid and vapor samples vill be taken routinely

frca the following points :

a. Liquid

(1) Purification deminerali::er inlet (reactor coolant)

(2) Borated water storage tank (local grab sample)

(3) Core flooding tanks

(h) Spent fuel pool (local grab sample)

(5) Steam generator secondarf side (secondary coolant)

'(6) Boric acid addition tanks (local grab sa=ple)

(7) Radvaste system (local grab samples)

(8) cooling tcwer blevdewn (local grab sa=ple)

.b. Vapor and Gas

(1) Waste gas decay tanks (local grab samples)

(2) Unit vent (local grab sample).

Many. of the sa=ples are collected in containers designed for use at full

operating temperatures and pressure and at flow velocities which ensure

-transport of suspended particles where appropriate. The sa=ple lines are_

purged prior to sampling to ensure that representative sa=ples are obtained.

The sampling frequency and the analyses are listed in Table 6.2-3.

To prevent any release ~ of dissolved radioactive gases in these samples , the

sampling station is equipped with a hood provided with an off-gas vent to the
.

'
*
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TABLE 6.2-3

PARAMETERS TO BE MONITORED AND SAMPLE FREQUENCY

ma gag mmer

1. ReactbrCoolant II 3 times /veeka. Cross Sata. Cama Activity I

b. Badiochemical Anagia Phothly (6)
e. I Determination t<i Semi annually
4. Tritta Crmeentration Einthly (6)
e. Chemistry (C1, y and 0 ) 3 times /weet (6)

2
f. Boros Concentratica 2 tisse/ week (7)

2. Sorated Water Storage Scron Concentration Monthly and
Tenh after each makeup

J. Core Flooding Tanks Beton Concentretim Monthly and
after esca maaeup

( 7)

b. Speat Fuel Fool Baron Caneentration L.ithly and

after each makeup
(8)

Cross Beta-4anse g* ivity Weekly (6)$. Secondary coolant a.
Iodine Analysis I6.

e. PR Weekly
4. Condactivity Weekly

6. Sorte Acid A411tica Baron Caneentration Weekly
Tanks

7. Miscellaneous Waste a. Crees Seta-Gemma Activity Prior to
Manitor Tau, release of esca
Detergent Waste b at ch
Drain Tank, and b. Oanna Isotopic Analysis Monthly (5)
Clean Wes*e e. Casuss 1can %nthly (5)
Manitor Tanks 4. Tritium Ccacentration Ponthly (5)

8. Weste Ces Locay Tarks a. Oama isotopic A: alysis Guarterly
b. Gross 3ama Activity Prior to

release of
each batch

1319 Station Vent Iodine an
b{asticulate

Weekly
Radioactivity

13. Cooling Tower Oross Bets Gama Activity Monthly
Blowdown

(1) When radionetivity level is greater inan 20 percent of the limits of the limits
of Tecmaical Specification 3.1.h the sacpling frequency shall be ir. creased to a
minism of once eacn day.

(2) I deterslaaticn will be started when gross beta . gama activity analyris indicates
greater than 10 C1/e1 and will be re etemined each 10 01/mi increase in gross
beta.gassa activity analysis. A radicceesicaA analysis f r this purpose shall
eensist of a quantitattse measurement of 951 of the radicnucliks in reactor coolant
with half-lives greater than D minutes.

(3) When gmse beta . gassa activity increases by a factor of twe aeove background, e
todine ana;ysis will be sale and perforfied thereafter when the gross beta gae:ma
activity Enemases by 10 percent.

(b) Aen iodine or particulate radioaetivity levels exceed 10 percent of limit in Tect..
alcal Specification 310 the sampling freg' ann.y small be increased to a minimum of
once each day.

(5) TMs analysia vill be perfomed on a noethly composite sample ande up of representa._
tive portions from esca baten. *

(6) Not applicable if reactor is in a cold sh13down condition for a period exceeding
the sample frequency.

(7) Applicable only when fuel is in the reactor.

(8) Appitcable only when fuel is in the spent fuel pool.
_

!
|

|

)
i
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radioactive materials that can be released to the environment. Inplant meni-

toring devices vill assure that these predetermined release limits are not

exceeded (see Section 6.2.1.1). However, as a precaution against unexpected

and undefined processes in the environment which might allev undue s:cumulation

of radioactivity in any sector of man's environment, a program for =cnitoring

of the plant environs is also included in the environmental technical speci-

fications . The operational surveillance program for the Davis-Besse Nuclear

Power Station Unit 1 vi.11 be iaitiated coincident with issuance of the Opera-

ting License. The Atomic Energy Ccamission (AEC) Regulatory Guide 4.1
't

(January 18, 1973) indicates that information obtained from such operational

monitoring programs vill be used in conjunction with inplant data en radio-

activity effluents to evaluate the effectiveness of measures taken to centrol

releases.

The Applicant has prepared recor= ended Environmental Technical Specifications

which have been submitted to the AEC for its consideration and use in pre-

paring the Envirencental Technical Specifications ultimately included as

Appendix B of the Operating License. The radiological program specified in

the Applicant's Environmental Technical Specifications vill be essential the

same as those. proposed for the precperaticnal program (Section 6.1 5).

However, scute changes in the program, such as in sampling location or fre-

quency, may occur as a result of infor=ation acquired during the precpera-

tional program. The emphasis of the operational program is to assist as re-

quired by 10 CFR Part 20.201 in verification of inplant effluent centrol, and,_

to obtain information which may be used to provide limited confir=aticn of

the estimates of population exposure as required by 10 CFR Part 50.36a and

General Design Criterien of Appendix A,10 CFR Part 50.

.

6.2-9
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radwaste area ventilation system. Liquid wastes from the sampling station

are drained to the miscellaneous liquid radioactive vaste disposal system.

In addition to those taken from the routine se;mple points, samples can also

be taken from the following points for monitoring equipment performance and

reactor end radvaste systems. The normal parameters that vill be monitored

with these samples are shown in Table 6.2-3.

a. Reactor Optional Sample Points

(1) Purification demineralizer outlet
(2) Makeup tank, liquid
(3) Makeup tank, gas
(4) Pressurizer vapor and liquid space>

(5) Pressurizer quench tank -
(6) Seal return coolers outlet
(7) Makeup filters outlet
(8) Primary water storage tank
(9)- Borie acid mix tank

(10) Lithium Hydroxide nix tank
(11) Reactor coolant drain tank

b. Radvaste Optional Sample Points

(1) Miscellaneous vaste evaporator storage tank
(2) Waste evaporator distillate
(3) Waste evaporator bot:ces
(k) Miscellaneous liquid vaste monitor tank
(5) Degasifier inlet
(6) Degasifier outlet

(7) Clean Waste receiver tanks
( 8) Primary demineralizer outlet
(9) Primary demineralizer filter outlet

(10) Clean vaste polishing demineralizer outlet
(11) Deborating demineralizers outlet
(12) Spent fuel pool demineralizer inlet
(13) Spent fuel pool demineralizer outlet
(14) Spent fuel pool filter outlet
(15) Boric acid evaporator distillate
(16) Boric acid evaporator concentrate
(17) Concentrate de=ineralizer outlet-

(18) Concentrate storage tank .
(19) Spent resin storage tank.

6.2.1.2 Environmental Radiolegical Menitoring

Detailed Environmental Technical Specifications, which will be made part of

- the ter=s of the Operating License, vill place limits upon the amount of |

''
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To accomplish this, the sampling frequency of the preoperational program is

generally maintained during the first fuel cycle in an attempt to verify any

' projected correlation between effluent and activity observed in environmental

media. After this period, the program vill be reevaluated to determine if

the sampling frequency and nicber of types of samples can be reduced.

6.2.1.2.1 Sampling Media, Collection Frequency and Analyses

Table 6.1-2 simmad:es the operational program as presently cenceived.

Figures 6.1-1 and 6.1-2 show sampling locations on and around the site and

station.

6.2.1.2.2 Analytical Sensitivity

The outline of the analytical procedures is presented in Section 6.15 The

corresponding analytical sensitivities for these analyses are listed in Table

6.1-3 The limits are presented in this table as nominal values and may

change, depending upon the availability of samples , counting time, and

development of improved techniques.

6. 2.1. 2. 3 Reporting of Results

The results obtained frem the operational envircnmental monitoring program

will be submitted in accordance with the requirements of the Enviren= ental

Technical Specifications. The beginning of the first reporting period vill

coincide 'with the issuance of the Operating License. In the initial report ,

all assumptions , parameters , and =ethods used to measure and report radic-

activity concentrations and radiation levels vill be listed. Changes in

these values vill be included in subsequent reports. If some analytical__

results are not completed in time to ecmply with the foregoing reporting

schedule, the report vill specify this fact. The missing data vill be re-

ported in the succeeding report.

6.2-10
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. The . format for reporting analytical results on samples of environ = ental =edia

vill include the following infomation.

a. Sample Type

For biological samples , species and common names vill be given, including

those of the tissue or material analyzed. For nonbiological samples , the

type vill be identified and the weight or volume sampled will be given

where appropriate.

b. Sample Locations
,

A sampling location vill be indicated for each sa=ple and a map showing these

locations will be supplied.

c. Collection Period-

Collection dates or periods will be listed with all samples.

d. Radioactivity

Only quantitatively identified rsdienuclides vill be reported. These are

radionuclides in which the 95% confidence limits are less than the net cal-

culated concentration. The radioactivity will be reported in units of con-

centration (i.e. , pCi/1 or pCi/g, specifying vet or dry weight). Estimates

of the error associated with the measurement of concentration will also be

. reported.
*

6.2.2 Chemical. Effluent Monitoring

The Davis-Besse Nuclear Power Statien Unit No.1 has been designed to provide

a ringle discharge of liquid process effluents to Lake Erie using a single

collection box and discharge pipe to facilitate monitoring and centrol.-

There is a drainage ditch to the Toussaint River that carries stem water

runoff. Certain floor drains from non-radioactive areas will be passed

through oil interceptors before discharging to the stars drainage system.

|
|

'
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The Davis-Besse Nuclear Pcver Station Unit No.1 has been designed to mini-

mize environmental impacts , and the anticipated environmental effects of

chemical discharges are insignificant (See Section 5.h). All water systems

utilize high purity water, potable water, or natural lake water; and no

chromates, other toxic =etals , or nutrient chemicals vill be used.

Nevertheless , all effluent streams vill be =cnitored for chemical discharges.

This monitoring program vill include monitoring for substances already

present in the intake water, since it is primarily these chemicals which will

be present in the discharge stream. In additien, the intake stream itself

vill be mcnitored for co:parative purposes. This program vill, in turn, be'

supported by the ecological monitoring program discussed in Section 6.2 5

The discharge pipe to Lake Erie vill be sa= pled using a ec=posite sampler

that ecllects a weekly ecepcsite sa=ple. The weekly testing, sa=ple type,

and analytical methods are listed in Table 6.2 h. Portions of the weekly

composite sa=ples vill be retained for further testing en a =cnthly basis.

The monthly testing, ss=ple type, and analytical methods are also listed in

Table 6.2-h.

The stozu drainage ditch to the Toussaint River vill be grab sampled on a

weekly basis. The testing that will be perforned is listed belev. Analyti-

cal procedures are the same as those listed in Table 6.2 h.

Weekly Tests en Storm Drainare Ditch

p2
Turbidity
Oil & Gregse-

Dissolved Oxygen

The analytical instru=entation and sensitivity of the various tests are

listed in the referenced analytical procedures.

.
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TABLE 6.2 4
| ;

SAMPLING AND TESTING SCIIEDULE WR STATION DISCHARGE PIPE
(Page 1 of 2)

9

Parameter Sample Type. Analytical Method
.

Weekly Tests

Chlorine Residual Grab Std. Methods ,13th Edition, 20bA (1971)
Conductivity Composite ASTM D1125-6h

"
Dissolved Solids Methods of Chemical Analysis of Water

and Wastes , U. S. Environmental Pzu-
tection Agency, P. 275 (1971)

Oxygen Grab Std. Methods ,13th Edition, 218B (1971)
pH ASTM D1293-65"

Phosphorous (as Pi Composite Std. Methods ,13th Edition, 223F (1971)
Suspended ' onds Std. Methods ,13th Edition, 22hc (1971)"

u

m - Total Volatile Solids Std. Methods ,13th Edition, 22hD (1971)"

b Total Solids Std. Methods ,13th Edition, 22h (1971) g"

Turbi dity Std. Methods ,13th Edition,163A (1971) k"

Monthly Tests

Alkalinity (as caw ) C MPosite Std. Methods ,13th Editicn, 102 (1971)
3

Ammonia (as N) Std. Methods.13th Edition,132B (1971)"

Arsenic Std.. Methods ,13th Edition,104A (1971)"

"B.O.D. Std. Methods .13th Edition , 219 (1971)
"Calcium Std. Mr thods ,13th Edition, 1100 (1971)

Chlorides Std. Methods ,13th Edition,112B (1971) |
"

Chromium Std. Methods ,13th Edition,117A (1971) j
"

C.O.D. Std. Methods ,13th Edition , 220 (1971) -"

Total Coliform Std. Methods ,13th Edition, h06 (1973 )"

"Total Hardness Std. Methods ,13th Edition,122B (1971)
"Iron Std. Methods 13th Edition,124A (1971)

.



I
TABLE 6.2 14 (Page 2 of 2)

.

Parameter Sample Type Analytical Method

lenthly Tests

Kjeldahl Nitrogen Com.posite Std. Methods ,13th Edition, 216 (1971)
Magnesium (Difference Between Total Hardness &"

Calcium Hardness)
"Manganese Std. Methods ,13th Edition ,128B - (1971)
"Mercury ASTM D 3223-73

Nitrate (as N) ASTM D992-71
"

- "Oil & Grease ASTM D2778-70 Using Carbon Tetrachlor-
i de

"Organic Nitrogen Std. Methods ,13th Edition , 215 (1971).
Potassium ASTM D1128-616"

4

"Sodium ASTM D1128-6144

Sulfate ASTM D516-68, Method C"
*

Zine Std. Methods ,13th Edition, Method @"*

[ 165B (1971) h
4:-

D
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No State or Federal monitoring requirements have been placed upon Unit opera-

tion; however, the above . described Chemical Effluent Menitoring Program is

expected to provide the analytical data to fulfill any future monitoring

requests 'of.these agencies.

6.2.3 THEPMAL EFFLUENT 10NITORING

All liquid thermal effluents from the Davis-Besse Nuclear Power Station,

Unit No.1, will be discharged to Lake Erie through a single collection box

and discharge pipe, allowing easy monitoring of the discharge stream tempera-

ture rise above ambient lake temperature (at). Temperature elements with a

range of 32 to 212 F and a sensitivity of 0.1 F vill be provided in the

intake canal, at the end of the intake pipe, and in the discharge pipe.

These measurements of ambient lake and discharge temperatures vill be read

continuously by the unit computer which will calculate at. The ambient lake

temperature, discharge temperature and at vill be legged hourly by the unit

computer.

6.2.4 METE 0ROLOGICAL MONITORING

Meteorological monitoring vill be provided by a 3ho foot free-standing meteor-

ological tower and a 35 foot satellite tower,'both ecmplying with Regulatory

Guide 1.23, and installed in the scuthwest sector of the site. Wind direc-

tion and speed will be measured at the 250 foct and 3ko foot levels en the free-

standing tower and at the 35 foot level on the satellite tower. Temperature

differences from 35 feet to 250 feet and 35 feet to 3ho feet and devpoint

temperature at 35 feet and 3ho feet are measured en the 3ho foot free-standing-

tower. Table 6.2-5 and 6.2-6 Present locations and specifications of the

equipment en the 35 foot satellite tower and 3ho foot tower. These two

towers became fully operational on August 1,197h and cne full year of data

from these towers will be available in the fall of 1975
|:

'
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TABLE 6.2-5 '
|

SENSOR LOCATIONS AND SPECIFICATION 3 '

Location of Sensor
Parameter O' 35' 250' 3h0' Performance Criteria

Wind Speed x* x x Accuraq: 5 1 0 5 mph
Starting
threshold: 0.6 mph

Distance
constant : - 5 0 ft

Range: 100 mph.

(Selectable)

Wind Direction x" x x Accuracy: 2300
Starting
threshold: 0.75 mph

Distance
constant : - 5 0 ft

Damping
Ratio: =0 5

Range: 00-5h00

Temperature x Accuracy: 5205C
(10 9 F)

Range: -200F to +
0100 F

Differential
Temperature x Accuracy: $ 10.1 C

(10.180F)
x x x Range: 6F

0Resolutien: 5 10.1 F

Dev Point x x Accuracy: 510500
( 10.9 F)

0Range: -20 F to
0+100 F

Precipitativ - x Accuracy: 2 2% for 1 in.
hr-

Resoluticn: 1 0.01 in ch

* On 35-ft satellite tever

6.2-16*
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TABLE 6.2-6

SENSOR MODELS AND MANUFACIURERS

Item Mfr. Model

Wind Speed / Direction C11 met Wind Directicn
(Horizontal) WD-012-10

Wind Speed WS-011-1

Translator 025-2

Temperature Endevco h470.114 Universal
Sig. Cond.

Endevco 4h72.2 RfD Bridge

Geotech M327 Aspirators

Rosemount 10hMB12ADCA four
wire RfD

Rainfall Belfort Tipping Bucket 5 h05H

NUSenics Rainfall Integrator
with Reset

Dev Point Cambridge 110SM (Hygremeter)

Multipoint Recorder Esterline-Angus E112hE

Strip Recorder Esjerline-Angus E1102R

'

,

,

_
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6.2 5 ECOLOGICAL ENITORING

The operational phase of the ecological monitoring program for Davis-Besse

Unit No.1 vill be a continuatien of the preoperaticnal programs and consist

of the following aquatic and terrestrial programs. The aquatic monitoring

program vill include sampling for the deteminaticn of chemical, physical,

and biological characteristics at selected locatiens established in the pre-

operation phase of the program and shewn in Figure 6.2-1. Samples vill be

collected monthly, during ice free periods, for water quality analysis ,

plankton, benthos, and fish studies in the vicinity of the 11take crib and

discharge structures in Lake Erie, and in the marsh area on the site. The

analysis and studies to be perfomed are smarized in Table 6.2-7 These

analysis and studies may undergo sc=e modification after evaluatien of the

data collected during the preoperational program. The aquatic =onitoring

program vill be continued for a minimum of two years after Unit No.1 begins

commercial operatien. At the end of this period the results of the progra=

vill be evaluated and the need for additional studies detemined. The

terrestrial monitoring program vill have two primarf objectives: (1) to
monitor the effect of the unit's cooling tower and other structues on mi-

grating birds, and (2) to monitor the effect of cooling tower drift en the

land in the cooling tower vicinity. During the migratorf periods (i.e.

April, May late August , September, and October), the areas around the cooling

tower and meteorological tower vill be surveyed veekly to detemine the

number and type of birds , if any, that have been killed by impacting en Unit_

Structures . The frequency of the surveys vill be incresced during periods

of maximum predicted hazard to migratorf birds as related to meteorological

conditions (i.e. frontal passage, icv ceiling, etc.) Potential effects

of cooling tcwer drift on terrestrial biota vill be monitored by
|

6.2-18-
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TABLE 6.2-7

AQUATIC ENVIRONMENTAL MONITORING PROGRAM

DAVIS-BESSE NUCLEAR POWER STATION UNIT NO. 1

Sampling
Parameter Analysis Frecuency Locatien

Water Quality pH Monthly 1,8,12
D.O.
B.O.D.
Temperature
Conductivity '

Transparency
Turbidity
Solar Radiatien
Total Alkalinity
Suspended Solids
Dissolved Solids
Ca
Mg
Na
Cl
NO

SOf
Total P
SiO2

Plankton Number & kind of .%nthly 1,3,6 ,8,9 ,
crganisms present 10,12,13,

1h,18

Benthos Populatien & generic Monthly 1 thru 20
composition

Fish Fish collected by the
following method vill
be identified, weighed
and measured.
4-5 minute trawls Menthly between 8

and 12
3-seines Monthly near shore
'-hoop net samp3e Menthly 21,22
'-gill net left Monthly 8,12

-

overnight
Ichtbyoplankten Monthly 8,12

counted & identified
.

b

*
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infrared aerial photography of the area surrounding the site. This photo-

- graph will be' taken annually in =id to late summer. In addition, meteor-

ological monitoring mits will be used to monitor solar radiatien, temp-

erature, humidity, evaporation, precipitation and soil temperature at two

locations en site; temperature and humidity will also be monitored at a

third location at Darby Marsh approximately 6 5 miles southeast of the site.

The terrestrial monitoring program may undergo some modification after

evaluating the data collected during the precperational program. The

terrestrial monitoring program vill be continued for a minimum of two years

after Unit No.1 begins commercial operation with the exception of the

infrared aerial photography which vill be continued for a minimum of five

years. At the end of these periods the results of the program vill be

evaluated and the need for additional studies determined.

6.2.6 O?ERATIONAL NOISE SURVEY

Once Davis-Besse Unit No.1 is operating at full-load conditions , a noise

survey will be conducted. The methods used to conduct this survey vill be

similiar to those used in determining the background noise levels (Section

2 9) and described below. At that time, the noise impact predictions (Sectien

5 7) can be verified and the final noise i= pact of the facility can be

asses sed.

6.2.6.1 Noise Instrumentation

The instrumentation used during the background noise survey consisted of the

following:
.-

a. Bruel and Kjaer Type 2209 Precision Sound Level Meter

b. Bruel and Kjaer Type 1613 Octave Filter Set'

Bruel and Kjaer Type klh5 Condenser Micrcphosec.

d. Bruel and Kjaer Type h220 Pistonphone

;

*
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This instrumentation meets the requirements of ANSI S1.h-1971 (1) and IEC

179 for a Type I or precirion sound level meter. A 1-inch condenser

microphone was used in order that accurate low' ambient sound level measure-

monts ~ could be made. The meter was acoustically calibrated using the B f. K

' Pistonphone prior to each measurement period to assure continued accuracy.

Fresh batteries were installed in the instrument daily. All measurements

were made. using an cpen-celled poJyurethane foam vind screen to attcauste the

effect of wind generated noise.

6.2.6.2 Data Collection Methods

In devising the methodology to be used for the noise survey, consideratien

was given to the method devised by the American National Standard Institute

which is designated to evaluate the noise in an urban or suburban area where

.

the ambient sound level results from the diffusica of several different noise1

sources. The survey periods and the number of sampling points were chosen in-

order to develop an accurate statistical statement of c=munity noise. Sound

measurements were made with the precision sound-level meter operated in the

A-veighted slow-re sense mode. The method used in recording each measu~2 ment

involved the observation of the meter once every five seconds. This was

repeated until a statistically reliable sample was obtained. The five-second

sampling results in a statistically independent sample because the interval
.

is considerably greater than the meter averaging time. During the survey,

hourly readings of the vind speed, vind direction, temperature, and dev

point were obtained from the onsite meteorological tower, and supplemental_

data including the barometric pressure were obtained frem nearby airports.

6.2.6.3 Noise Models

Sound is created when a pressure distrubance is propagated through the air

in the fonn of compression waves. Noise may be -defined as undesirable sound.
.

'
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The pressure fluctuation at a. point in space, due to sound waves, is mea'sured

in terms of the sound pressure level which is defined as

_

L = 20 log P (1)
P 10 po ;

|

vhere-

L = sound presmae level, decibels referenced to p (dbrep)
0

p = sound pressure, dyne 2/cm2

2P = reference sound pressure, dynes /cm
-

The reference sound pressure is taken as 2 x 10-h dynes /em which corresponds2

to the threshold of hearing.

Sounds are composed of many frequencies with a sound pressure level associat-

ed with each frequency, but only those in the frequency range of 20 to 20,000

j Hz are perceived by pecple. To provide a = ore detailed description of noise,

this vide frequency range is usually divided into octave bands whose uppers

- frequencies are twice the lover frequencies. Since the response of people

to sound is frequency-dependent, a sound is often =easured in ter=s of the '

.

2A-veighted sound pressure level (dbA re 2 x 10- dynes /cm ), which corres-

ponds to a weighting of the centributien of each frequency accc-ding to the
*

frequency response curve of the human ear.

The effect af unit operation upon the present environ = ental sound levels has

been calculated based upon the =ethods presented below, and the results are

presented in Section 5 71. The primary noise sources of the propcsed

facility include the heat dissipation system, transfoz=ers , turbines , pu=ps ,

and motors. The contribution of each to the a=bient sound levels has been

estimated and baa- d upcn their sound power level. The sound pcVer level of

a noise source, which is a =easure of the total sound energy radiated by the

*
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source per unit ti:ne, is defined by

L = 10 log 10 E
W (2)o

where
,

4 = sound power level, db re W

W ~ = sound power of the source, vates

W = reference sound power taken as 10-12 vatts

The sound pressure level defined by Equation (1) is related to the sound

power level of a point source with hemispherical sound wave radiation at a

distance r from the source by (4,5)

L =L -20 log r + 2 5 -A (3) .
P W 10.

where

2L = souid pressure level, db re 2 x 10~ dynes /cm.

P

r = distence frcm source, feet*

2A = Attenuatien effects , db re 2 x 10 dynes /cm

Atmospheric attenuation of sound waves is accounted for by A, which under

nomal atmospheric conditions is

A = 1 7 x 10' rf (h)

where

f = centerband frequency, Hertz
,

Equation- (h) accounts for the much larger attenuation of high frequencies

such that, .far from a source, only the lower frequencies are audible. Using

Equations (3) and (h), the expected sound pressure level in each octave

bank, at a distance r frem a noise source, may be detemined by using the

manufacturer's information en the sound power level of the source or esti-

mating it by other means. At any specified distance from the site, the

6.2-23.

.. .



_ _ _ _ _ _ __ _ _ _ _ _ _ _

-.

.

'

DB-1-

noise contribution of each noise seuru to the background level was de-

temined by first calculating the resu' tant sound pressure level in each

octave band, and then calculating the A-veighted sound pressure level. This

calculational procedure is performe<'. by the NUS computer program SOCON, which

uses as input data the coordinates and sound power levels of each noise

sou-ce and outputs the resultant A-veighted sound pressure levels at an

array of points around the site. The resultant values are then used to

construct A-veighted sound pressure contours on a site map. When compared

to the estimated background environ = ental sound levels , the noise impact of

the facility can be assessed. In evnuating the noise impact of the proposed

facility to areas beyond the site houndary, consideration was given to two

criteria. The HUD Noise Criteria ( state that levels belev h5 @A are

" acceptable" for centinuous 2k-hr expcsure, and levels up to 65. @A are

- "nomally acceptable" provided that 65 2A is not exceeded more than 8 hours

per day. *

The EPA proposed noise levels guidelines ( state that in residential en-

vironments the time-veighted day / night outdoor average level, belov which

no effects on public health and welfare occur due to activity and speech

interference, is 55 @A. Such levels also would protect the majority of the

exposed population against annoyance under moet conditions.

Stevens, Rosenblith and Bolt suggested another method that ecmpares the

ambient noise levels with the intruding noise. Since its introduction,

the method has baen shcvn to be valid by results of additional studies and

it is an approach commonly used by acousticians. It indicates that up to a

5 dbA increase in the a=bient vill usually not generate any complaints due

to annoyance. Up to a 10 @A increase =ay cause a slight amount of public

reaction.

6.2-eh'
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The above criteria refer to continuous, broad-band noise which denotes the

absence of 1:npulsive noises and pure tones. I::zpulsive noises are of short

duration, such as a sonic boom or a plane fly-over. Sounds with pure tenes

have a large portion of the total sound power concentrated in a narrow fre-

quency range. Both impulsive noises and pure tones tend to be :nore annoying

than broad-band noise.

.

eum

*
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T.0 ENVIRONMENTAL EFFECTS OF ACCIDE!!?J

71 PLANT ACCIDENTS INVOLVING RADIOACTIVITY

7.1.1. INTRODUCTICN

The Atomic Energy Co=miscion (AEC) requires the applicant for a construc-

tion or operating license for a nuclear power station to prepare a Safety

Analysis Report. This report provides a description of the design, and

verification by analysis, that the station systems are adequate to protect

the health and safety of the public under.all operating conditions. In-

cluded in the Safety Analysis Report are analyses of various possible

accidents under a set of very conservative assumptions and parameters

resulting in estimates of the upper limits of radiological doses to an

individual at the boundary of an exclusion zone and at the outer boundary

of the low-population zone.

The evaluation of the environmental impact of effluents frem a nuclear
,

power station includes considerations of both these that are released as

a consequence of normal operations and those that might reasonably be

expected to occur as a result of abnormal or accidental events. An eval-

untion of the potential impact of routine releases is presented in Sec-

tions 5.2 and 5.3. This section presents an assessment of the potential

impact from a series of sccidental events which vary in probability frca

"likely to occur at come time during the life of the unit" to " highly

improbable." The assessment is made within the framework of regulations

designed to provide health and safety protection to individuals who may
__

reside at the boundary of the station site, as well as keeping exposures
.

'to population groups as lov as practicable.
_,,

The analyses presented in this section include some of the same accidental
s'

events considered in the Safety Analysis Report but are performed using a

7 1-1
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set of assumptions, parameters, and methods generally accepted as being

amore realistic.

The postulated accidents and occurrences are divided into the nine accident

classes identified in AEC Regulatory Guide h.2, as shown in Table T.1-1.

The environmental impact of the postulated incidents is evaluated using the

assumptiens set forth in this regulatory guide. Class 1 events (trivial

inciden'ts) and Class 2 events (small releases outside containment) are
.

included and evaluated under the routine radioactive releases presented in

Chapter 5

.The occurrence of Class 9 accidents involves hypothetical sequences of

failures more severe than those postulated for the design basis for,

reactbr protcetion systems and engineered safety features. It is accepted

y that the probability of potential accidents in this class is sufficiently

remote, and therefore the environmental risk may be considered extremely

lov. Consequently, it is not necessary under AEC Regulations to discuss.

Class 9 accidents in the Environmental Report.
_

7 1.2 ACCIDE'IT An!OSPHERIC DISPERSION PARALTIER CALCULATIONS

7 1.2.1 Site Boundary X/Q Values

Cumulative frequency distributions of the maximum interval average for

site boundary X/Q values have been obtsined for the following interval
~

lengths: 1 hr, 2 hr,~8 hr, 16 hr, 72 hr (3 days), and 624 hr (26 days).

Plume centerline X/Q values were used for interval lengths of 1, 2, and
'.

8 hr. Sector average X/Q values were used for interval lengths of 16,

;72, and 624 hr.

The meteorological data upon which the derived cumulative frequency distri-

butions are based were collected onsite during the period December _1, 1969,
1
|

I *
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TABLE 7.1-1

CLASSIFICATION OF POSTULATED ACCIDEUTS.AND OCCURREUCES

No. of
Class Description Exemnles

1.0 Trivial Incidents Small spills and small
leaks inside containment.

2.0 h all Release Outside Spills, valve leaks and
Containment pipe breaks.

3.0 Radwaste System Failure Equipment failure, serious
malfunction, operater error. |

k.0 Fission Products to Fuel failures during normal
Primary System (3WR) operation. Transients out-

side expected range o'
variables. I

l

. 50 Fission Products to Ch.ss 4 and steas generator
: Primary and Secondary tube leak.

Systems (FWR)

6.0 Refueling Accidents Dropped fuel asse=bly,,

dropped heavy object onto
fuel.

70 Spent Fuel Handlin6 Dropped fuel asse=bly,
Accident dropped hea"f object onto

fuel, dropped cask.

8.0 Accident Initiation Events Reactivity transient, rup-
Considered in Desi n-Easis ture of primary piping,6
Evaluation in the Safety steanline break.

'' Analysis Report
,

1

9.0 Hypothetical Events Successive failures of
More severe than Class 8 multiple barriers normally

provided and maintained.

7 1-3.
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to November 30, 1970. Wind data vere obtained at a height above ground

of 20 ft. Vertical temperature lapse rates were measured by AT1k5'-5''

Both horizontal and vertical stability classes were assigned en the basis

.of AT measurements. Observations of calm were assi6ned the vind direction

of the first succeeding noncalm and a vind speed of 0.25 mph. Observa-

tions of "no data" were deleted to obtain a consecutive set of 7,168 valid

hourly observations, out of a possible total of 8,760. These data were

linked, end to beginning, to form an endless cycle.

Cumulative frequency distributions of the maximum interval average X/Q

values, for all interval lengths, were obtained for the boundary of the

site exclusion area, which (for Davis-Besse) is the same as the site

boundary. For each specific direction, the distance to the site boundary

vas taken to be the minimum distance from the outside, edge of the shield*
,

'' . building. The distances to the site boundary used in the calculations
s

are presented in Table 7.1-2. As there is nothing but water beyond the

site boundary for at least several tens of miles to the northeast, east-

northeast, and east, it is considered highly unlikely that a receptor

individual vill be at risk in these directions in the event of an accident.

For this reason, all vinds blowing toward the northeast, east-northeast,

or east at the site boundary sre assumed to result in zero values of

x/Q.

The required frequency distributions of site boundary X/Q values were

obtained by the following procedure, which was repeated for each interval
_

length: .

,

Hourly X/Q values were computed at the site boundary for eacha.

' hourly observation (either all centerline or all sector avera60).
t

71h
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(~ TABLE 7.1-2

DISTANCE BY DIRECTION TO TIIE SITE BOUNDARY

Direction Distance (meters)

NNE 730

NE 825

ENE 960
'

E 1210
_

ESE 1565

SE 1075 j

SSE 915

S 880
1

SSW 900

SW 965

WSW 830

W 815 ,

!

WNW 835

NW 870

NNW Th0

N 720

|
|

|
|

i

_

1
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b. The interval was alleved to begin at each of the 7,168 hourly
/

observations for which valid data vere available.

c. For each interval start time (7,168 possible start times) the

interval average value of X/Q in each of the 16 directions

was computed and the maximum interval average X/Q vas stored

in a master file.
~

d. After obtaining a complete set of maximum interval average

values of X/Q (one per possible start time, 7,168 altogether),

the calculated values were ranked from highest to lovest and

the various percentile values were obtained." -

The computed cumulative frequency distributions of the maximum interval

average for site boundary X/Q values are presented in Table 71-3

7 1.2.2 Population Dose Index Values

The median (50th percentile) population doses resulting from the acei-

dents considered have also been estimated and are presented in Secticn
,

7 1.h. For the purpose of estimating median population exposures result-

ing from accidents, cumulative frequency distributions of the product of
,

population and X/Q vere obtained for interval lengths of 1 hr, 2 hr, 8 hr,

16 hr, 72 hr (3 days), and 62h hr (26 days). -

Before these distributions could be obtained it was necessary to calculate

the sum of population times X/Q, out to a distance of 50 mi from the site,

for each valid hourly _ observation. These hourly values of population

times X/Q are denoted by the variable "PXQ" and were obtained by using the

following procedures:

*
The 50th percentile value, used to compute median doses in this chapter,

is defined as that _value which is exceeded 50% of the time. In this
,

analysis, the 50th percentile value is the 3,585th highest value in an
ordered list' of 7,168 values.

T.1-6 !
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TABLE 71-3

CUMULATIVE FREQUENCY DISTRIBIffIONS OF MAXIMUM INTERVAL AVERAGE
SITE BOUNDARY X/Q VALUES

Frac?. ion of Time 3Maximum Interval Average Site Boundary X/Q Values, sec/m
Indicated Value

Is Exceeded 1 hour 2 hours 8 hours 16 hours 72 hours 62h hours

0.05 4.h0 h* h.01 4 3.81-4 1 91-4 1.08 4 4.h5-5 |
0.10 1 9h h 1.81 h 2.00 4 9.92-5 7.10-5 4.30-5
0.20 8.2h-5 7.80-5 7.97-5 4.88-5 4.38-5 3.19-5
0.30 4.82-5 4.42-5 4.h7-5 2.87-5 3.12-5 2.56-5
0.40 2 75-5 2 76-5 3.03-5 1 92-5 2.33-5 2.31-5 y
0.50 4.85-6 1.39-5 2.01-5 1.32-5 1.78-5 2.18-5y g~

7 0.60 1.21 6 1.94 6 1.29-5 9 25-6 1.h7-5 1 91-5 Y
s P

0.70 zero 3 94-7 T.37-6 6.20-6 1.01-5 1.43-5
0.80 zero, zero 1.10 6 3.83-6 7.10 6 1.14-5

0 90 zero zero zero 1.31-6 h.06 6 8.06-6

" .61-h' E3.61 x 10-b3

Notes:
1. Centerline of the plume X/Q values used exclusively for interval lengths of 1, 2, and 8 hours.
2. Sector average X/Q values used exclusively for interval lengths of 16, 72, and 62h hours.
3. Meteorological data base is onsite data collected over the period December 1, 1969 -

November 30, 1970.

h. Horizontal stability classes were determined from vertical temperature lapse rates.
'

5 All vinds to the !!E, DIE, or E vere assumed to result in zero site boundary X/Q values.

26. The minimum building cross section is 3,129 m ,

|
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a. Sector averago X/Q values were computed at each of the 10 dis-
,

tancas corresponding to the geometric midpoints of the 10 annuli

into which the population within 50 mi of the station is

distributed,

b. Each of the 10 computed X/Q values was multiplied by the popu-

lation in the corresponding annulus, in the direction the vind

was toward.

c. The 10 products were summed to arrive at the value of FXQ for
"

each hourly observation.

After values of PXQ vere ecmputed for each of the 7,168 valid hourly

observations, cumulative frequency distributions of interval average

values of the population-X/Q product were determined for each of the

required interval lengths. T;.e following precedure was employed:

3. The interval was allowed to begin at each of the 7,168 valid

hourly observations.

b. For each interval start time (7,168 possible start times) the

interval average value of FXQ vas ce=puted by su= ming the

hourly values and Cividing by the interval length in hours.

.

After computing and storing the complete set of 7,168 intervalc.

average values of FXQ, the values were ranked and sorted from

highest to lovest and the various percentile values were
.

obtained.
.

The population distribution used as a basis for the calculation is that

projected for the year 2020. The computed frequency distributions of the

population times X/Q product are presented in Table 7.1 4. The 50th

percentile values of PXQ (in units of man-sec/m ) are used to esti-

mate median popula+ ion exposure in the same manner as 50th percentile

7 1-8
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TABLE T.1 h-

CUMULATIVF. FREQUENCY DISTRIBUTIONS OF POPULATION TIMES X/Q

Fraction of Time Interval Average Values of Population Times X/Q, man-sec/m
Indicated Value

Is Exceeded I hour 2 hours 8 hours 16 hours 72 hours 62h hours

*

0.05 1.43-1 1 59-1 1.63-1 1.31-1 1.h0-1 6 51-2

0.10 6.hh-2 7.h9-2 8.85-2 9 26-2 8 73-2 5 12-2

0.20 2.29-2 2.79-2 3 98-2 h.75-2 h.98-2 h.57-2

0.30 1.08-2 1.33-2 2.20-2 2 96-2 3.68-2 h.00-2
0

0.h0 5 34-3 6.85-3 1.25-2 1.81-2 3.06-2 3.68-2 y

0.50 2 74-3 3.61-3 7.40-3 1.21-2 2.33-2 3.h3-2
[
0 0.60 8.24-h 1.Sh-3 h.33-3 7.h6-3 1.83-2 3.26-2

0 70 1.06-4 3.33-4 2 h2-3 h.79-3 1.37-2 2.96-2

0.80 2 93-5 h.hh-5 1.06-3 2 95-3 9 35-3 2.63-2

0 90 6.36-7 5 28-6 1 96-4 1 54-3 5 58-3 2 32-2

-11.h3-1 E 1.h3 x 10

Notes:
1., Sector average X/Q values used exclusively for all intervals.

Population data applicable for the year 2020 used.2.
Meteorological deta base is onsite data collected over the period December 1, 1969 -3
Hovember 30, 1970.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ -
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values of r.aximum interval average of site boundary X/Q (sec/m3) are used

to estimate median maximum individual exposure.

7.1 3 DOSE CALCULATION METF.0DOLOGY

The radiological impacts of the postulated events are evaluated in terms

of radiation doses both to individuals and to the population within 50 mi

of the site. The following radiological doses were calculated:

Whole body dose, from external exposure, to an individuala.

at the site boundary

b. Whoie body dose, from external exposure, to the population

within 50 mi

c. Child thyroid inhalation dose at the site boundary

d. Adult thyroid inhalation dose at the site boundary.

The deses were calculated using the following equations:*

a. Individual Vnole 2cdy Dose

D = 0.259 x [ (E x Q ) x (X/Q)tg 1

b. Population Whole Body Dose
.

D = 0.259 x [ (E x Q ) x (PXQ)g 1 1

c. Child Thyroid Inhalation Dose

(D *
CI c,i * i* c,t * t

d. Adult Thyroid Inhalation Dose

D = { (DCF xQ x 3Ra,t * (g 1 t

.

7 1-10
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Where:
,

BR = Average adult breathing rate during the t time period
a.t

(see Tabic 7 1-5)
h

BR = Average child breathing rate during the t time period
ct

(see Table 7 1-5)

AI = Adult thyroid inhalation dose (rem)D

CI = Child thyroid inhalation dose (rem)D

D = Individual whole body dose (rem)
IWB

D = Population whole body dose (man-rem). g

DCF = Adult thyroid inhalai; ion dose conversion factor (rem /Ci)

(see Table 7 1-6)

DCF, = Child thyroid inhalation dose conversion factor (rem /Ci)

(see Table 7.1-6)
th

EY.i = Average g m disintegration energy of i hotope

(MeV/ dis) (see Table 7 1-6)
thQ = Curies of i isotope releasedg

(X/Q)t = 50th percentile nondirectional meteorological dispersion
th

coefficient at the site boundary for the t release

3period (sec/m )
.

(PXQ)t = 50th percentile nondirectiona1' meteorological dispersion
th

coefficient times population for the t release period

3(man-sec/m ) (see Table 7 1-h)

7 1.4 ACCIDEUT DISCUSSION

The following sections present a brief description of each accident,

including the basic assumptions used in the analysis, a discussion of the

likelihood of occurrence of the accident, and the radiological doses

?.1-11
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TABLE 7 1-5
<

AVERAGE BREATHING RATES

,

Breathine Rate (m3/sec)
Time Period Adult Child

0-1 hr 3.kT(-h)* 1.0h(-h)

0-2 hr 3.h7(-h) 1.Ok( h)

0-8 hr 3.47( h) 1.Ok(-4)

8-2k hr 1.Th(-4) 5 21(-5)

1-4 days 2.31( h) 6.9h(-5)

k-30 days 2 31( h) 6.9h(-5)
e

" .h7(-k) E 3.h7 x 10
-

3

resulting from the accident. Radioactivity concentrations in the reactor

coolant (primary system) and in the main steam system (secondary system)

which serve as the base or initial condition for all accident analyses

are given in Table 7.1-7 Only the iodine and noble gas concentrations

appearsincethereareonlygaseousreleasesassociatedwithgheaccidents
,

considered in this section. These concentrations are based on continuous

steady-state operation with the following conditions: ,

!

a. 2772 MWt power level

b. 0 5% failed fuel

c. 20-gpd steam generator tube leak i

d. Two-thirds of total secondary system flow passes through

a condensate polishing deminerali::er.

7 1-12.
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TABLE 7.1-6
?

HALF-LIVES, AVERAGE GAI.04A DISIUTEGF^?ynn E. ERGIES ANDT
IODINE IUHALATION DOSE CONVEt<SION FACTORS

,

Iodine Inhalation
Average Gamma Dose Conversion Factors

Half-Lives Energies Adult Child
Isotope Tis (hours) E (MeV/ dis) (rem /Ci) (rem /Ci.)*

I-1 31 1 93 (+2)** 0.375 1.48 (+6) 7.16 (+6)
,

I-132 2.28 2.29 5 35 (+h) 5.19 (+5)

I-133 2.1 (+1) 0.636 h.00 (+5) 3.62 (+6)

I-13h 8.67 (-1) 2.508 2.50 (+4) 2 51 (+5)

I-135 6.7 1.h57 1.2h (+5) 1.19 (+6)

Kr-83m 1.86 0.005
4

Kr-85m h.h 0.156

Kr-85 9.h3 (+k) 0.0021'

Kr-88 2.8 2.00

Xe-131m 2.86 (+2) 0.022
1

Xe-133m 5 52 (+1) 0.0239

Xe-133 1.26 (+2) 0.0455

Xe-135m 2.60 (-1) 0.hk

Xe-135 92 0.2k8
,

Xe-138 2.33 (-1) 0.932

..

'

Calculated on the basis of data in Reference 3
**1 93 (+2)E1 93 x 10+2,

.

7 1-13
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TABLE 7.1-7
' PRIMARY AND SECOIIDARY SYSTE'4 EQUILIBRIUM ACTI.VITY COIICENTRATICIIS*

Isotope Fri:ary, pCi/cc Secondary, pCi/r-

I-131 1.2h 1.02 (-6)**

I-132 6.20 (:-1) 6.30 (-7)

I-133 1.41 1.16 (-6)

I-13h 1.6h (-1) 1.22 (-T)

I-135 6.90 (-1) 5.65 (-7)

Kr-83m 1.00 (-1) 7 50 (-8)

Kr-85m 5.45 (-1) 4.18 (-7)

Kr-85 6.60 (-1) 8.75 (-7)

Kr-87 2 98 (-1) 2.20 (-7)
.

Kr-88 9 55 (-1) 7 20 (-7)

Xe-131m 6.10 (-1) 5 55 (-7) 1
-

Xe-133m 9 70 (-1) .7 55 (-7)

Xe-133 8.k5 (+1) 6.75 (-5) )
I

Xe-135m 2 5h (-1) 1.65 (-T) i

Xe-135 1 56 1.20 (-6)

Xe-138 1.82 (-1) 1.20 (-7)

* Based on: a. 2772 | Sit
b. 0 5% failed fuel
c. 20 Cpd primary to secondary leak
d. Two-thirds of the total secondary

system flow passes through a con-
densate polishing domineralizer ,

~i **1.06(-6) - 1.02 x 10

7.1-lh
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7 1. 4.1~ Class 1.0: Trivial Incidents
-

Radiosctivity release events this class are considered to be minor

perturbations of normal operalip conditions and are analyzed along

with radioactivity releae due to normal operation in Sections 3.5'

and 5.3

7 1.4.2 Class 2.0: Small Release Outside Containment

Radioactivity release events of this class are considered to be minor
.

perturbations of normal operating conditions and are analyzed along

with radioactivity releases due to normal operaticn in Sections 3.5

and 5.3

7 1.4.3 Class 3.0: Radvaste System Failure

Class 3 accidents are postulated to involve the release of radioactivity

to the environ =ent through a failure or malfunction in the radvaste sys-

tem. - The possibility of an equipment failure or serious malfunction is.

remote, due to the general design of the system, the quality control

associated with manufacture and installation of the components of the

system, and the in-service inspection performed on the systems. The pos-

sibility of an accident due to human error is small, due to the strict

a&ninistrative controls exercised during operation of the radvaste systems.

Thus, no radvaste system failure is anticipated during the life of the

station. Nevertheless, in order to demonstrate that failures in this

system vill not result in significant environmental impact, the fdllowing

hypothetical events are evaluated.

7 1.k.3 1 Equipment Leakage.or Malfunction - (Class 3.1)

This event includes equipment malfunctions and human error which may result

in the release of activity from the vaste processing system. The incident

is defined 'as the partial release of the liquid or gaseous contents of the

'
.

7 1-15
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; largest storage tanks in the radvaste system. Events involving the vaste.

gas decay' tank and the clean vaste receiver tank are considered separately

~below. Although it is possible to identify a number of combinations of

CPerator error and equipment malfunction or failure that might result in a

release of some or_ all of the activity stored in these tanks, this type of

event has a low probability of occurrenun.

7 1.h.3.1.1 Gaseous Release
'

This gaseous release is defined as an unspecified leak or malfunction

that results in the release of gaseous radioactivity. The parameters

and assumptions used in this analysis are:

25% of the average inventory of the largest vaste gasa.

storage tank is assumed to be released.

b. The airborne radioactivity released'from this tank is assume'd
,

to be released instantaneously to the environment without, ,

filtration.

The activity released to the environment as a result of this accident is
: given in Table'T.1-8.

The doses that would result from this accident have been calculated to
,

be as follows:
.

Thyroid (by Inhalation)
Whole Body Child Adult

Site Boundary Dose (ren) 1.5 x 10- 2 5 x 10'' 1.h x 10 ' . 1
~

-2Population Dose (man-rem) 2.2 x 10 __ ,,

T.l.h.3.1.2 Liquid Release

This liquid release.is defined as an unspecified leak or maliunction that

occurs in the clean vaste receiver tank, which is the largest storage tank
i

7 1-16
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containing radioactive fluids. The tank (the clean vaste receiver tank)/

is sized to hold 103,000 gal. This tank is located in the auxiliary build-

ing. The spilled liquid will be collected through floor drains and processed

through the miscellaneous radvaste system. No direct release of radioactive

liquid vill occur. The offsite dose is due entirely to volatilization of

iodines.

The parameters and assumptions used in the dose analysis are:

25% of the average inventory in the clean vaste receivera.

tank is assumed to be spilled.

b. A liquid / gas partition factor of 500 may be applied to the

iodines.

c. A release period of less than 1 hr is assumed.

The activity released to the environment as a result of this accident is

given in Table 7.1-8. From this table it can be seen that the released'

radioactivity will contribute to the thyroid inhalation doses only.

The doses that would result from this accident have been calculated

to be as follows:

Thyroid (by Inhalation)
Whole Body Child Adult

|1-6Site Boundary (rem) -

2.1 x 10 1.2 x 10--

Population lose (man-rem) -- -- --

T.l.h.3.2 Release of Waste Gas Storage Tank Contents - (Class 3.2)

This accident is defined as the sudden release of the contents from

one vaste gas storage tank. The assumptions used in evaluating the con-

sequences of this accident are as follows:

7 1-16
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g a. 100% of the inventory of one vaste gas storage tank is assumed

to be released.

b. The activity released in this accident is assumed to be released

instantaneously to the environment without filtration.

The activities released to the environment are listed in Table 71-8.

The offsite doses have been calculated to be as follows:

Thyroid (by Inhalation)
Whole Body Child Adult

-5 1Site Boundary Dose (rem) 6.0 x 10- 1.0 x 10 5.6 x 10
-

Population Dose (man-res) 8.8 x 10- -- --

7.1.k.3.3 Release of Liquid Waste Storage Tank Contents - (Class 3.3)

This accident is de*ined as the sudden release of the entire contents of

the largest liquid vaste storage tank, which is the clean vaste receiver

tank. As discussed in 7.1.h.3.1.2, no direct release of liquid vaste

to the environment occurs. Offsite dose results from volatili:ation of

radioiodines.

The assumptions used in the evaluation of the consequences of this accident

follow:

a. 100% of the clean vaste receiver tank is assumed to be

spilled.
,

b. . A liquid / gas partition factor of 500 may be applied to

the iodines.
.

c. The activity released from this tank is assumed to be I

released instantaneously to the environment without

filtration.

d.- A release period of less than 1 hr is assumed.
,

I

;

7 1-19
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The activities released to the environment are listed in Table 7 1-8.7

The released radioactivity vill contribute only to the thyroid inhalation

doses.

The calculated offsite doses are presented below:

Thyroid (by Inhalation)'

Whole Body Child Adult
'

Site Boundary Dose (rem) 8.h x 10 k.6 x 10-~

--

Population Dose (man-rem)
~

-- --

7.1.h.h Class h.0: Fission Products to Primary System (BWR)

Release of fission products to the primary system of a pressurized water

reactor does not, in itself, cause releases to the environment. Fission

product releases to the prtnary system in conjunction with steam genera-

tor tube leakage are discussed under Class 5.0.

7 1.h.5 Class 5.0: Fission Products to Primary and Secondary Systems

T.1.h.5.1 Fuel Cladding Defects and Steam Generator Leak - (Class 5 1)

Releases from these everets are included and evaluated,'along with routine

releases, in Secticas 3 5 and 5.3

7.1.h.5 2 Off-Design Transient That Induces Fuel Failures Above
Those Expected and Steam Generator Leak - (Class 5.2)

A transient is postulated that results in the instantsneous release of

0.02% of the core inventory of noble gases and halogens to the reactor

coolant.

Due to steam generator leaks, activity propagates throughout the secondary <

system. Release from the steam system occurs by the normal pathways of

system leakage, gla.mi seal condenser, and main condenser air exhaust.

Aesumptions and parameters used in the analysis are as follows:

a. 0.02% of the core inventory of noble gases and halogens is
,

!~ added to the activity initially present in the reactor coolant.

.

T.1-20 )
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The combined concentration is assumed constant for the

~f
duration of the transient,

b. Steam generator leakage of 20 gpd continues throughout the

transient.

c. Iodine partition factor in the steam generator is 1.0;

i.e. , no pa. -ition is achieved.

d. Secondary system leakage is 1,700 lb/hr with an iodine

partition factor (DF) of 1.0.

e. Gland seal condencer flow is 800 lb/hr, with an iodine

partition factor of 0.001.

|

f. All noble gases and 0.1% of the halogens in the steam

reaching the condenser (7 05 x 10 lb/hr) are released

through the condenser.
I

s. The entire transient is assumed to take place over a

9-hr period.

Activity released to the environment as a result of this accident is

given in Table 7.1-9

Mechanisms that can initiate fuel cladding damage during reactor transients

are: (1) . severe overheating of the fuel rod cladding, caused by inadequate

cooling, and (2) flux maldistribution.

Avoidance of fuel cladding damage, from abnormal operational transients, j

|
can be verified by demonstrating that the departure from nucleate boiling

]

ratio (DNBR) remains greater than 1.3 Maintaining a DNBR greater than 1.3

i

is considered a sufficient, but not necessary, condition to ensure that )

no fuel damage occurs.

A detailed analysis of all anticipated abnormal transients using very
,

conservative assumptions (Chapter 15 of the Davis-Besce Nuclear Power

7 1-21-
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TABLE 7.1-9 |

ACTIVITY RELEASE TO THE ENVIROUMENT
FOR CLASS 5.0 ACCIDENTS (CURIES)

Abnormal Transient Steam Generator
Isotope and Steam Generator Leak Tube Ritpture

I-131 1.16(-3)* 1.0h(-2)

I-132 6.66(-h) 6.73(-3)
'

I-133 1 31(-3) 1.h9(-2)
'

I-134 1.14(-h) 1 38(-3)

I-135 6.26(-k) 5.86(-3)

Kr-83m 1.36(-1) 8.bb(-1)

Kr-85m 4.13(-1) h.59

Kr-85 3.80(-2) 9.h3

Kr-87 7.hk(-1) 2 50

Kr-88 1.14 8.02

~Xe-131m 2.82(-2) 5 98

Xe-133m 8.14(-2) 8.17

Xe-133~ 4.60 7 33(+2)

Xe-135m 5.80(-1) 2.1h
.

Xe-135 3.26(-1) 1.31(+1)

Xe-138 2.06 1 53

.-

" -31.16(-3) E 1.16 x 10

.7.1-22
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Station Unit No. 1 Final Safety Analysis Report) has shown that a DNBR-

greater than 1.3 is maintained. The probability of fission product

releases above those small quantities released on a continuous basis

during normal operation is therefore considered to be small.

Using the assumptions stated, the following offsite doses have been

calculated:

Thyroid (by Inhalation)
Whole Body Child Adult

Site Boundary (rem) 2.8 x 10 3.0 x 10 1.6 x 10-5 |1-5 ~5

-2Population Dose (man-rem) 1.0x10 __ __

7 1.h.5 3 Steem Generator Tube Rupture - (Class 5 3)

A complete rupture of a single steam generator tube is postulated in this

accident. Since the reactor coolant pressure is greater than the second-

ary side pressure in the steam generator, radioactive reactor coolant is

transferred into the secondary system. A portion of this radioactivity

* is vented to the atmosphere by action of the condenser vacuum pumps. Low

pressure in the primary system would cause an automatic reactor trip and

actuation of the safety injection system. Final isolation of the affected

steam generator, by the operator, is assumed to be accomplished within

34 min. Assumptions and parameters used in this analysis are as

follows:

15% of the initial activity inventory in the primary coolanta.
.

system reaches the secondary system.

b. Before the defective steam generator is initially isolated at

330 sec, 1,978 ft of primary coolant leaves the primary system.

After initial isolation, the primary system coolant enters the

defective steam generator without spreading to the rest of the

secondary system.
|

!
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c. A steam generator iodine partition factor of 1 is used., . -

d. All noble gases and 0.1% of the halogens leaving the steam

generator are released to the environment through the condenser,

3e. The. primary system volume is 11,h50 ft ,

f. A release period of 8 hr is assumed.

Activity released to the environment as a result of this accident is also

given in Table.7 1-9

The potential for catastro' hic failure of a steam generator tube is con-p

sidered negligible. The pressures calculated to cause a rupture are far

'in excess of normal operating conditions. Furthermore, it is expected

that any failure would be preceded by cracking, caused by corrosion,

erosion, or fatigue. Any failure of this nature would produce prbnary-

to-secondary leakage, which would be detected by radioactivity monitoring

before tube strength is lost and a rupture develops.

Using the assumptions stated, the following offsite doses have been

calculated:

Thyroid (by Inhalation)
Whole Body Child Adult

Site Boundary (rem) 3.1 x 10- 2.7 x lo- 1 5 x 10-h- 1

-1Population Dose (man-rem) 1.1 x 10 -- --

7 1.h.6 Class 6.0: Refueling Accidents

Class 6 accidents are postulated to include refueling accidents inside

containment. To demonstrate the potential environmental consequences of

this type of accident, two refueling accidents are postulated and

evaluated:
i

a. A fuel bundle drop
)

b. A heavy object drop onto fuel in core.

(
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7 1.h.6.1 Fuel Bundle Drop - (Class 6.1)
r

A fuel bundle drop is postulated to occur as a result of the mishandling

of a spent fuel assembly inside the containment vessel. The accident is

assumed to result in damage to one row of fuel rods in the assembly. The

radioactivity released from the damaged fuel assembly will bubble through

the water covering the assembly where most of the radioactive iodine vill

be entrait.ed. The remainder of the radioactivity is released to the con-

tainment atmosphere where it is vented to the environment through the unit

vent. After isolation of the containment vessel, the containt:ent atmosphere

is purged through charcoal filters prior to release to the environment.

The possibility of mishandling or dropping a fuel assembly, with subse-

quent damage to the fuel rods, is minimized by equipment design and de-

tailed operating procedures. The fuel handling manipulators and hoists.

are designed so that the fuel assembly cannot be raised above a position

that provides adequate water depth for safe shielding of all operating

personnel. Thus, all fuel handling is underwater, both within the con-

tainment and in the spent fuel pool area. Adequate cooling of fuel during

undervater handling is provided by convective heat transfer to the sur-

rounding water. Other special pi ecautions include conservative design for

fail-safe operation of all handling tools and associated devices used in

fuel handling operations, as well as limitation of the motion of cranes

used to move fuel assemblies to a lov maximum speed. In addition, the

design of the fuel assembly itself would be expected to preclude extensive

damage to the fuel rods. Thus, damage to a fuel assembly during handling

is unlikely and assuming failure of an entire row of rods is a conserva-

tive upper limit.
-;
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7- The following assumptions are postulated for this accident:

The gap activity (noble gases and halogens) in one rowa.

(15 fuel rods) of fuel pins (208 fuel rods per assembly)

is assumed to be released into the water.

b. A 1-veek decay time before the accident occurs is assumed.

c. Iodine decontamination factor in water is 500; noble gases

are not retained by water.

d. The containment atmosphere is vented at a rate of 50,000 con

prior to isolation.

6 3e. The containment free volume is 2.83h x 10 ft ,

f. The containment is isolated within 10 see following the

accident.

g. After isolation, the containment is purged at a rate of

16,000 con through charcoal filters whose efficiency for
,

radioiodines is 99%.

.h. A release period of 8 hr is assumed.

The activities released to the enviromnent are listed in Table 7.1-10.

The resultant whole body and thyroid inhalation doses are as follows:

Thyroid (by Inhalation).

Whole Body Child Adult

Site Boundary (rem) h.6 x 10- 1.6 x 10- 1.1 x 10- |1
-1Population Dose (man-rem) 17x10 -- --

7 1.h.6.2 Heavy Object Drop onto Fuel in Core - (Class 6.2)

- This accident is assumed to result in damage from dropping a heavy object

onto the hottest fuel assembly. The same assumptions cpply here as those

used in the fuel bundle drop accident, with the exception that (a) 100 hr

of decay time is assumed before the object drop occurs, and (b) the whole

fuel assembly is assumed to be ruptured.

7 1-26
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TABLE 7 1-10-

ACTIVITY RELEASE TO THE ENVIRONMENT
FOR CLASS 6.0 ACCIDENTS (CURIES)

Isotope Fuel Bundle Drop Heavy Object Drop

I-131 1.07(-2)' 1.89(-1)

I-133 1.61(-5) 2.10(-3)
~

Kr-85 3 31(+2) h.59(+3)

Xe-131m 2.99(+1) h.89(+2)

Xe-133m 6.h6 2.10(+2)

Xe-133 1.89(+3) 3.80(+h)

Xe-135 3.06( h) 7 12(-1)

1.07(-2) E 1.07 x 10-2

The same design e.nd operating considerations would mitigate the possi-

bility and consequences of this accident as were discussed in Section

71.h.6.1 for the fuel bundle drop accident. Special lifting fixtures are

provided for safe handling of heavy objects, cuch as the vessel head and

internals over the core. Cranes and rigging are adequately sized for the

expected loads.

Table 71-10 lists the activities released as a result of this

accident.

The following offsite whole body and thyroid inhalation doses have been

'

calculated:

Thyroid (by Inhalation)
Whole Body Child Adult

-3 -3 -3 1Site Boundary (rem) 9.1 x 10 2.8 x 10 2.0 x 10

Population Dose (man-rem) 3.h -- --

,
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7.1.h.7 Class 7.0: Seent Puel Handline Accidents
'

Class 7 accidents are postulated to include spent fuel handling accidents

outside the containment vessel. This class of accident can occur inside

the auxiliary building or on the site grounds. In the case of the latter,

this would result in the release of radioactive materie.1 directly into the
.

environs if the fuel cask were breached.

In order to demonstrate the potential environ = ental consequences of this

type of accident, the three spent fuel handling accidents listed below

are postulated and evaluated.

a. Fuel assembly drop in fuel storage pool

b. Heavy object drop onto fuel rack

c. Fuel cask drep.
.

7 1.h.7.1 Fuel Assembly Drop in Fuel Storage Pool - (Class 7.1)

In this accident it is postulated that a fuel assembly drop cecurs as

a result of mishandling the spent fuel assembly in the auxiliary

building.

The possibility of a fuel handling incident in the auxiliary building is

equally as remote as that within the centainment vessel, as discussed in

Section 7 1.h.6.1. Design considerations and administrative controls
i

are essentially the same as those discussed earlier. Only one assembly

can be handled at a time and the design is such that the assembly is

continuously immersed.

Spent fuel at rest in the storage racks is positioned by positive

restraints in an always suberitical array (no credit taken for boric acid

in the water) and it is impossible to insert a spent fuel assembly in

other than prescribed locations.

.

|
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The followinE assumptions are postulated for this fuel drop accident:
9

a. The gap activity (noble gases and halogens) in one rov (15

fuel rods) of fuel pins (203 fuel rods per assembly) is

assumed to be released into the water.

.b. A 1-veek decay time before the accident occurs is assumed.

c. Iodine decontaminatien factor in water is 500.

d. 'The f: 21 handling area is vented at 20,000 cfb without a

charcoal filter prior to the accident.

3e. The fuel handling area volume is 620,000 ft ,

f. The ventilaticn system is isolated 10 see after receipt

- of the high radiation signal.

g. After the high radiation signal the fuel handling area is

purged through charcoal filters whose efficiency for

radiciodines is 99%.

h. A releace period of 2 hr is assumed. The released activities

are listed in Table 7 1-11.
.

The resultant whole body and thyroid inhalation doses are:

Thyroid (by Inhalation)
Whole Eody Child Adult

-b -5Site Boundary (rem) 3.2 x lo 1.3 x 10 91x10
-

Pc,mulation Dose (man-rem) 3.2 x 10-1 -- --

7 1.h.7 2 Heavy Object Drop Onto Fuel Rack - (Class 7.2)

This accident is defined as the dropping of heavy object onto the spent

'uel storage racks in such a manner that all of the fuel reds in anf

* * average assembly are damaged. Again, the spent fuel pool water would

- retain a large fraction of the halogen activity, with any escaping

i activity being exhausted to the unit vent through charcoal filters. The

spent fuel storage area is designed so that it is not necessary, nor is
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it possible, to carry heavy objects (such as a spent fuel transfer cask)
<-

over the fuel assemblies in the storage racks. Dropping a cask into the

spent fuel pool would require four independent, concurrent failures as

indicated below:

a. Failure of the mechanical stops

b. Failure of the electrical' interlock

c. Failure of a mechanical device on the crane, such as the hook

d. Failure of the safety slings.

The assumptions used in the analysis of the accident are the sa=e as in

Section 7 1.h.7.1, except as follows:

The gap activity'(noble gases and halogens) in one fuela.

assembly is assumed to be released into the water.

b. A 30-day decay time before the accident occurs is assumed.

t The activity released to the environment as a result of this accident is

given in Table 7.1-11.

TABLE 7.1-11

ACTIVITY RELEASE TO THE ENVIRON:EIT
FOR CLASS 7.0 ACCIDDITS (CURIES)

Isotope Puel Bundle Drop Heavy Object Drop Fuel Cask Drop,

I-131 1.27(-2)* 2.h3(-2) 2.h0

I-133 1 90(-5) -- --

Kr-85 3 31(+2) h.57(+3) 3.1h(+h)

Xe-3 31m 2 99(+1) 1. 09('+2 ) 4.02

Xe-133m 6.h6 8.76(-2) --

Xe-133 1.89(+3) 1.27(+3) 6.h6(-2)
I

'*
1.27(-2) 5 1.27 x 10'2 l

1

I.

~
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The whole body and thyroid inhalation doses have been calculated to be as
'

follows:

Thyroid (by' Inhalation)
Whole Body Child Adult

Site Boundary (ren) 2 5 x 10' 2 5 x 10- 17x10
~

-2Population Dose (man-rem) 6.5 x 10 ,_ __

7 1.4.7 3 Fuel Cash Drop - (Class 7 3)

In this accident it~is postulated that a fully loaded fuel cask is dropped

as it is being transferred out of the auxiliary building. It is asst =ed

that the fall is from such a height that the cask is treached and all of

the fuel rods are ruptured, releasing all of the noble gas gap activity

directly to the. atmosphere. Again, such an accident rarely would be

expected to occur because of design constraints and administrative con-

trols. In accordance with DOT regulations, the casks are designed to.

withstand a 30-ft drop onto an unyielding surface without rupture. Sincea

the cask can withstand any realistically assumed drop, and the assemblies,

are restrained within the cask, a radioactive release is only remotely

possible.

The following assumptions are postulated involving a fuel cask drop:

Gap activity from one fully loaded fuel cask (120-daya.

,

cooling and decay) is assumed to be released.

b. It is assumed that a fully loaded fuel cask contains

seven fuel assemblies.

c. A release period of less than 1 hr is assumed.

The released activitice are listed in Table 7.1-11.

The whole body and thyroid inhalation doses have been calculated to be as

follows:<
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Thyroid (by Inhalation)e-
'

Whole Body Child A' ult

-3 kSite Boundary (rem) 1.2 x 10-5 1.2 x 10 8.5 x 10 1

Population Dose (man-rem) 4.8 x 10- -- --

7.1.h.8 Class 8.0: Accident Initiation Events Considered in

Design Basis Evaluation in the Safety Analysis Report

' Class 8 accidents are postulated to include various events resulting in

a partial degradation of the primary and secondary coolant system pressure
f

boundaries. These accidents are evaluated in Chapter 15 of the Davis-Besse
,

Nuclear Power Station Unit No.1 Final Safety Analysis Report using highly

conservative assumptions and are used as design basis events to establish

performance requirements of the engineered safety features. The highly con-

servative assumptions used in the Safety Analysis Report and AEC Safety Eval-

uations' are not suitable for evaluating the environmental risks of Class 8

events because their use would result in an unrealistic overestimate of the

risks. For this reason, events in Class 8 are evaluated here using realistic

assumptions. To demonstrate the potential environmental consequences of '

Class 8 events, the following accidents are postulated and evaluated:

a. Small primary system pipe break

b. Large primary system pipe break

c. Break in instrument line, from primary system, that penetrates

the containment
.

d. Rod ejection accident

e. Large steamline break |

f. Small steamline break.

7.1.h.8.1 Small Primary System Pipe Break - (Class 8.1)

In this accident the rupture of a small pipe in the primary system,

causing a loss of reector coolant,-is assumed. An automatic reactor trip
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and initiation of the unit's emergency core cooling system vill occur as
/~ the primary system pressure decreases. Although no additional fuel failure

should occur, a certain amount of railoactive reactor coolant vill be

released to the containment vessel. Radioactivity will be partially

removed from the containment L mosphere by the containment spray system

and by'plateout on the containment structures. Nevertheless, some of the

remaining radioactivity in the containment atmosphere vill be slowly

released to the environment through minute leaks. Assumptions and param-:

.

eters used in this analysis are as follows:

a. The average reactor coolant inventories of halogens and noble gases

are released to the containment at initiation of the accident.
.

b. For the effects on. iodine of plateout, chemical addition sprays,

and gas / liquid partitioning, a reduction factor of 0.05 is applied

to the reactor coolant release.
t

c. Containment vessel leak rate is:

0 5% volume / day for 0 to 24 hr.
.

0.25% volume / day for 1 to 30 days.

d. For the first 65 see after the accident, all leakage from the con-

tainment vessel is assumed to be released without any treatment.

After 65 sec, it is assumed that 9h% of the containment leakagee.

is filtered through 99% efficient external charcoal filters.

f. A release period of 30 days is assumed. *

Initial reactor coolant inventories and time dependent releases of halogens
,

and noble gases for this accident appear in Table 7.1-12.
*

The loss-of-coolant accident is a design basis accident for the site.

Therefore, factors relating to the prevention Ltd mitigation of this acci-:

- dent.are thoroughly discussed in the Safety Analysis Report. Only a few
.

of. the more. significant considerations are summarised herein.

w, - 7 1-33
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TABLE 7.1-12
.

ACTIVITY RELEASE ~O THE ENV!E0hTENT
FOR CLASS 8.1 ACCIDE: TIS (CURIES)

Srn11 Prinary System Pine Ereak

Initial RCS* Release (Ci)**
Isotope Activity (Ci) 0-8 hr 8-2h hr 1 h days h-30 davs

I-131 2.36(-3) h.02(+2)t h.37(-3) 8.38(-3) 2.h8(-2)
I-132 4.71(-h) 2.01(+2) 4.16(-5) _-- ----

I-133 2.40(-3) h.57(+2) 3.1h(-3) 2.04(-3) 2.07( k)
I-134 5 70(-5) 5 30(+1) ---

----

I-135 918( h) 2.24(+2) 5 51( h) 6.49(-5) ----

Kr-83m 1.73(-2) 3.'26( +1 ) 9 20( h) - _ -__

Kr-85m 1.67(-1) 1.77(+2) 6.08(-2) 2.65(-3) ----.

Kr-85 3 56(-1) 2.1h(+2) 7 10(-1) 1,59 1.32(+1)
Kr-87 3.63(-2) 9.66(+1) h.61( h) __ __

Kr-88 2.2h(-1) 3.09(+2) 3.52(-2) 3.h1( h) ----

Xe-132m 3.26(-1) 1.98(+2) 6.32(-1) 1.27 5 05
Xe-133m h.98(-1) 3.1h(+2) 8.56(-1) 1.14 7.66(-1)
Xe-133 3.69(-1) 2.Th(+h) 3.91(-1) 1.36(-1) 2.67(-3)
Xe-135m' 6.hh(-3) 8.2 (+1) --- --- ----

Xe-135 6.32(-1) 5.05(+2) 5 3h(-1) 1.13(-1) h.99( h)
Xe-138 h.1h(-3) 5 90(+1) --- ---- ___

.<

# Reactor coolant system.

; ** Releases of less than 1.0 x 10~# Ci are negligible.

th.02(+2) = h.02 x 10+ .
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The unit is desi ned, fabricated, and constructed under a comprehensive6

f quality assurance program to ensure compliance with all applicable specifi-

cations and codes. All reactor coolant system components are designed and

fabricated in accordance with the ASME Boiler and Pressure Vessel Code,

Section III. The reactor coolant system is designed to withstand the loads

imposed by the design basis. loss-of-coolant accident and the safe shutdown

earthquake, specified in the Davis-Besse Nuclear Power Station Unit No.1

Final Safety Analysis Report, without loss of function required for
.

emergency reactor shutdown and emergency core cooling.

The major reactor coolant system components are designed for a h0-yr oper-

ating lifatime. Components are of materials that are compatible with cool-

ant chemistry. Fatigue analyses, based on conservative design cyclic

transients and primary stress combinations, have been evaluated in accord-

ance with the applicable codes. Overpressure protection is ensured by
(

ASME Code safety valves.

Engineered safety features act to control and mitigate the consequences of

a loss-of-coolant accident for the entire spectrum of break sizes. After

~ installation, the reactor coolant system is hydrostatically tested and

leak tested. A series of tests are conducted prior to reactor fueling,

during fueling, and following initial criticality.

Technical specifications,. operating procedures, and other administrative

controls, ensure unit operating conditions within-limits previously deter-

mined to be acceptable. An extensive in-service inspection program requires

periodic surveillance and inspection of safety-related equipment and

components during station operation.

From the above discussion it' is clear that this accident has a low prob-
.

ability of occurrence. g
.
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g-- Using the assumptions stated, the following offsite exposures have been

calculated:

Thyroid (by Inhalation)
Whole Body Child Adult

k 1-

Site Boundary (rem) 6.0 x 10- 4.k x 10 2 9 x 10
-3

__Population Dose (man-rem) h.3 x 10 __

T.1.h.8.2 Large Primary System Pipe Break - (Class 8.1)

The sequence of events for the large primary system pipe break is essen-

tially the same as that for the small break. However, because of the

more rapid loss of reactor coolant, additional fuel failures resulting

from clad overheating may occur. For this reason a source term equal to

the aversge radioactivi., .oventory in the reactor coolant, plus 2% of the

core inventory of halogens and noble gases, is assumed. All other assump-

tions are identical with those for the sna11 pipe break.

Initial reactor coolant inventories and time dependent releases of halogens

and noble gases for this accident appear in Table 7.1-13

The possibility that a large pipe break would occur is much less than the

possibility of a small' break. The critical crack length (the length of

crack that will propagate to rupture) increases as the pipe diameter and

wall thickness increase. A larger crack will also produce a greater amount

of leakage before rupture. This greater leakage makes detection easier

and allows more time for corrective action.
.-

Using the assumptions stated, the following offsite doses have been

calculated:

Thyroid (by Inhalation)
Whole Body Child Adult

Site Boundary (rem) 1.8 x 10- 1.8 1.1 1

-- -- jPopulation Dose.(man-rem) 8.7
|
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TABLE 7.1-13

ACTIVITY RELEASE TO THE EINIR0!i1GIIT
FOR CLASS 8.1 ACCIDEUTS (CURIES)

Larr'e Primary System Pire Break

Initial RCS* Release (Ci)**
Isotone Activity (Ci) 0 8 hr 8-2h hr 1 h days h-30 days

I-131 1.h9(+6)t '8 76 1.62(+1) 3.11(+1) 9 20(+1)

I-132 2.18(+6) 5 11 4.51(-1) 1 75(-3) -

I-133 2.88(+6) 1.51(+1) 1 98(+1) 1.29(+1) 1.31

I-134 3.66(+6) 3 9h 5 50(-3) ----

I-135 2.80(+6) 1.15(+1) 6.90 8.13(-1) 4.72(-h)

Kr-83m 1.65(+5) 8.76(+1) 4.67 6.01(-3) ----

Kr-85m h.92(+5) 4.66(+2) 1.69(+2) 7 39 8.72(-5)

i Kr-85 1.08(+h) 1.81(+1) 3.60(+1) 8.06(+1). 6.72(+2)

Kr-87 9 08(+5) 3.h1(+2) 4.34 3.41(-4) ----

Ac-88 1.37(+6) 9 93(+2) 1 56(+2) 1 51 --

Xe-131m 1.20(+4) 1 98(+1) 3.8h(+1) 7.72(+1) 3.07(+2)

Xe-133m 6.93(+h) 1.10(+2) 1.89(+2) 2 51(+2) 1.69(+2)

Xe-133 2.86(+6) 3.86(+3) 15.08(+3) 1.42(+3) 2 79(+1)

Xe-135m 7.06(+5) 5 52(+1) - ---_

Xe-135 3 52(+5) 4.k1(+2) 3 73(+2) 7 91(+2) 3.h8(-1)

Xe-138 2.Sh(+6) 1 78(+2) - - - ----

" Reactor coolant system.

-5** Releases of less than 1.0 x 10 Ci are negli6ible.

fl.h9(+6) = 1.h9 x 10+6 ,

7 1-37
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T.l.h.8.3 . Break in Instrument Line from Primary System that Penetrates<
t

the Containment - (Class 8.2)

With the exception of containment pressure sensing lines, instrument lines

are provided with isolation capability inside the containment. The acci-

dent has no environmental consequences.

7.1.h.8.h Rod Ejection Accident - (Class 8.2)

A highly unlikely rupture of the control rod mechanism housing must be

postulated for this accident to occur. As a result, minor fuel failures

would occur and reactor coolant would be released to the containment.

Sprays and plateout partially reduce the airborne fission product concen-

tration. Nevertheless, some of the remaining radioactivity is slowly

released to the atmosphere through minute leaks in the containment.

The sequences of events, and the assumptions used in the calculations for

( the rod ejection accident, are essr4tially the same as for the small break.

However, in addition to the average primary coolant radioactivity inventory,

0.2% of the core inventory of noble gases and halogens is released into

the primary coolant. The combined source terms, and hence the activity

releases for this accident, are presented in Table 71-lh.

The probability of failure of a control rod mechanism housing is considered

very small. A combination of conservative design, preoperational testing,

quality control, and periodic inspection gives this assurance.

Using the assumptions stated, the following offsite doses have been

calculated:

Thyroid (by Inhalation)
Whole Body Child Adult

-3 -1 -1Site Boundary (rem) 1.8 x 10 1.8 x 10 1.1 x 10 1

' Population Dose (man-rem) 8.8 x 10~ -- --

,
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TABLE 7 1-14
'

ACTIVITY RELEASE TO THE EIIVIR0!!EIIT
-

FOR CLASS 8.2 ACCIDEIiTS (CURIES)

Rod E.iection Accident
Initial RCS* Relcase (Ci)**Isotone Activity 0-8 hr 8-2h hr 1 h days h-30 days

I-131 1 50(+5)t 8.78(-1) 1.63 3.12 9 23
I-132 2.18(+5) 5 11(-1) 4 52(-2) 1 76(-h) --

I-133 2.88(+5) 1 52 1 98 1.29 1.31(-1)
I-134 3.66(+5)' 3 9h(-1) 5.51(-4) -- ----

I-135 2.80(+5) 1.15 6.91(-1) 8.14(-2) h.72(-5)

Kr-83m 1.66(+h) 8.80 .h.69(-1) 6.03(-h)
Kr-85m 4.9h(+h) 4.68(+1) 1.70(+1) 7.41(-1) --

Kr-85 1.28(+3) 2.13 4.25 9 50 7 92(+1)
Kr-87 9 09(+4) 3.42(+1) 4.3h(-1) 3.42(-5) --

Kr-88 1.37(+5) 9 96(+1) 1 56(+1) 1 51(-1) ---

Xe-131m 1.38(+3) 2.27 4.40 8.87 3 52(+1)'

Xe-133m 7 21(+3) 1.14(+1) 1.96(+1) 2.61(+1) 1 76(+1)
Xe-133 2.86(+5) 3.86(+2) h.09(+2) 1.h2(+2) 2 79
Xe-135m 7 07(+h) 5 52 -- --- ---

Xe-135 3 57(+4) 4.47(+1) 3 77(+1) 8.01 3 52(-2)
Xe-138 2.Sh(+5) 1 78(+1) --- ---

" Reactor coolant system.

-3** Releases of less than 1.0 x 10 Ci are negligible.

ti.50(+5) = 1.50 x 10+5

. .

3
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7 1.k.8.5 Large Steamline Break - (class 8.3).
f;

This accident is postulated as the complete rupture of a large steamline,

which would result in the release of secondary system steam to the

atmosphere.

As a consequence of this release, closure of the main steamline isolation

valve occurs and reactor scram is in'itiated automatically. Fadioactivity

available for release with the steam consists of that initially present

'in the affected steam generator, plus that which leaks from the primary

to the secondary system during the course of the accident, in addition to

that which is added frca the feedvater system.

The parameters and assumptions that vere used in this analysis are as

follows:

1,788 lb of primary coolant leak into the secondary sidea.

g throughout the assumed 9-hr duration of the transient.

b. A halogen reduction factor of 0 5 is applied to the primary

coolant source during the course of the accident.

c. A total of 163,500 lb of steam are released to the at=osphere

during the course of the accident (130,2ho lb from the steam

generator with the broken line and 33,260 lb from the unaffected

steam generator).

Activity release to the environment as a result of this accident is given

in Table 7 1-15
l' A steamline break is considered. highly unlikely. .The steam system valves,
J

I
.. !

fittings, and piping are conservatively designed; the piping is made of I

ductile material and is completely inspected prior to installation.

.

e
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TABLE 1-15
.'

ACTIVITY RELEASE TO THE EI."!IPOG:E:IT
FOR CLASS 8.3 ACCIDE!iTS (CL* RIES)

Large Steonline Break
Isotore Release (Curies)

I-131 T.0h(-1)*

I-132 L.55(-1)

I-133 8.0h(-1)

I-134 9 30(-2)

I-135 3 96(-1)

Kr-83m 5 70(-2)

Kr-852 3 11(-1)

Kr-85 6.37(-1)

Kr-87 1.69(-1)
(.

Kr-88 5.h2(-1)

Xe-131m h.ch(-1)

Xe-133m 5.52(-1)

Xe-133 4.95(+1)

Xe-135m 1.h5(-1)

Xe-135 8.87(-1)

Xe-138 1.0h(-1)

* -1T.0h(-1) E 7 04 x 10

(

|.
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After installation the entire system undergoes hot functional testing,
'

prior to fuel loading. During operation, chemical treatment is.used to

control deposits and corrosion in the steam generators and steam lines,

and reduce the possibility of stress-corrosion cracking and corrosion

fatigue.

- Using the assumptions stated, the following offsite doses have been

calculated:

Thyroid (by Inhalation)
Whole Body Child Adult

Site Boundary (rem) 3.h x 10 ' 1.8 x 10' l.0 x 10-
-

-2Population Dose (man-rem) 1.3 x 10 ,_ __

7.1.L.8.6 Staall Steamline Break

This accident has not been analyzed separately. The only assumption for

this accident that is different from those for the large steanline break

\ is that a halogen reduction factor of 0.1, instcad of 0.5, is used for

that portion of the accident when the steam generator tubes are covered

by-feedvater. Since, in the design of a once-throudh steam generator,

the tubes are only partially covered during normal operation, the uce of

a reduction factor of 0.1 is inappropriate. The environmental consequences

of the small steanline break are considered to be essentially the same as

those for the large steamline break.

7 1.5 SUMMARY OF ENVIRONMENTAL CONSEQUENCES
.

Section 71.h of. this report discusses the evaluation of the various

classes of accidents utilizing the assumptions set forth in AEC Regulatory

Ouide h.2. Table 7.1-16 summarizes for the various accidents the whole

body population dose within 50 mi of the site and the individual whole

, - body and thyroid doses at the site boundary.

71 h2
.
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r TABLE 7.1-16

SUMMARY OF DOSES RESULTING FROM ACCIDENTS

Whole Body Dose Thyroid Inhalation Dose
Site To Population Within at Site Boundary (Rem)

Accident Class %=r et e t ne Boundary ('am) 50 Milee (man-Rem) Child Adult

1.0* TRIVIAL DCILEETS - - - -

2.Q' SMALL REIZASE CLfISI E CONTADMENT - - - -

30 RAIMASTE SYSTEM FAIIL*RE

31 Equipment Leakage or Malfunction

Gases 1.5 x 10 2.2 x 10-2 2.5 x 10*j 1.b x 10'j
Liquids - - 2.1 x 10 1.2 x 10

3.2 Release of Waste cas Storage Tack 6.0 x 10' 8.8 x 10-2 1.0 x 10 5.6 x 10'3
contents

33 Release of Liquid Waste Storage - - 8.h 10 k.6 x 10
Tank Contents

b.0 FISSICE PRC%' CTS 13 PRIMARY SYSTEM (BWR) NOT APPLIOAB12

30 FISSICN PRODUCTS TO PRIMARY AND *

SECONOARY SYSTD6 (PWR)

5.1* Fuel Cladding Defects and Steam
Generator Lees - - - -

5.2 Off-design Transients that Induce
Fuel Tailure Above Those Expected

0 1.6 x 10''and Steam Generator Leak 2.8 x 10'I 1.0 x 10' 3.0 x 10
53 Steen Generator Tube Rupture 3.1 x 10'" 1.1 x 10-1 2.7 x 10 ' 1.5 x 104

6.0 REFUELING ACCIDENTS

6.1 Fuel Bundle Drop h.6 x 10 1.7 x 10'1 1.6 x 10' 1.1's 10
6.2 Reavy Object Drop onto Puel in Core 9.1 x 10'3 3.h 2.8 x 10-3 2.0 x 10'3

T.0 SPERT FUEL HANOLING ACCIDENT

( T .1 Puel Assembly Crep in Fuel Storage Pool 3.2 x 10-k 3 2 x 10*1 1 3 x 10' 9.1 x 10'I 1
T.2 Resq Cbject Drop Onto fuel Ract 2.5 x 10 4 6 5 x 10-2 2 5 x 10-k 1.7 x 10*k
7.3 ruel Cast Drop 1.2 x 10'3 k.8 x 10-2 1.2 x 10'3 8.5 x 10"

8.0 ACCIDDT IIITIATICE EYENTS CCESIOERE: *

IN CESIGN BASIS EVALUATION I3 THE
SAFETI ANALISIS REPCRT

8.1 taas of Coolant Accidents
Small Pipe Brest 6.0 x 10 k.3 x 10'3 k.h x 10 2.9 x 10
large Pipe Brema 1.8 x :. -2 8.T 1.8 1.1
Break in Instrumentation Line from
Primary System that Penetrates
Containment NOT APPLICABLE

8.2 Control Rod Accidents
Rod Ejection Accident (PWR) 1.8 x 10'3 8.8 x 10'1 1.8 x 10'1 1.1 x 10~1
Rcd Drcy Accident (BWR) NM APPLICABLE

6.3 Steam Line Breat Acci$ents
PWR

Small Bres* 3.k x 10*I 1.3 x 10-2 1.8 x 10'# 1.0 x 104

!arge Break 3.4 x 10-5 1.3 x 10-2 1.8 x 10'# 1.0 x 10#

BWR NOT APPLI?ABLE

e

Ine14ents inc1wied and evaluated under routine releases contained in Section 5.

k

T.1 h3
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It can be seen, from the standpoint of site boundary delivered dose, thatg
,

: the most severe accident is a loss of coolant accident involving a large

primary system pipe break (Class 8.1). This accident also delivers the

highest whole body population dose to persons living within 50 mi of the

station site. Thus, the maximum doses resulting from the various accidents

at the Davis-Besse site are as follows:

Individual Whole Body Dose 1.8 x 10" rem

Whole Body Population Dose 8.7 man-rem

Child Thyroid Inhalation Dose 1.8 rem

Adult Thyroid Inhalation Dose 1.1 rem

Title 10 CFR Part 100 sets forth reference limits of exposure resulting

from highly improbable accidental releases of radioactive materials from

a reactor facility. This regulation specifies a maximum individual whole

( body dose of 25 rem, at the exclusion boundary, during the 2 hr

immediately following a postulated release. As a frame of reference, it

can be seen that the maximum whole body accident dose to an individual is

about 0.07% of the 10 CFR 100 limit. The ssme regulation also specifies |1

a maximum individual exposure limit for the thyroid of 300 rem at the

exclusion boundary, in the same 2-hr period. It can be seen that the-

maximum thyroid inhalation exposure calculated herein is approximately

0.6% of the 10 CFR 100 limit. |1

c

7 1-hh
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12.b ENVIRONMENTAL APPROVALS AND CONSULTATIONS
~

12.1 LICENSES, PERMITS, AND OTHER APPROVALS

In order to operate and construct the Davis-Besse Nuclear Power Station

Unit No.1 several licenses per=its and other approvals are required by

Federal.. State, and other regicnal authorities for the protection of the

environment. The status of these licenses , per=its and other approvals is

shown in Table 12.1-1.

s.

*
.
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TABLE 12.1-1

LICENSES, PERMlTS, AND OTHER APPROVALS

LICENSES OR PERMIT REGULATORY AGENCY STATUS

Federal

Construction' Pemit U. S. Atomic Energy Commission Received March 24, 1971

Operating License U. S. Atomic Energy Commission Filed December 8,1972

- Dredging of Temporary ' Barge _ Canal U. S. Angy Corps of Engineers - Received August 4,1972

Construction of Offshore Facilities ' U. S. Amy Corps of Engineers Received March 27, 1973

Construction of Temporary Offshore U. S. Angy Corps of Engineers Received April 23, 1973
Construction Facilities

. Discharge Permit U. S. Amy Corps of Engineers Filed August 3,1972
.g- since transferred to USEPA and

-

y,N subsequently Ohio-EPAy
r- e-
N Aviation Lighting (without cooling Federal Aviation Administration Receive 7. May 21,1970

tower)

Aviation Lighting for cooling tower Federal Aviation Administration Received August 11, 1971

State

Approval of Water Pollution Control Ohio Department of Health Conditionally Approved June
Facilities 21, 1971 and Accepted by TECo

July 1,1971. General Approval
by OWPCB June 9,1970

State Water Quality Certification (401) Ohio Department of Health Re<:oived March 21, 1972

Potable Water Supply (Construction) Ohio Department of Health Received NoNert.ber 9,1971

Sewage Treatment Plant (w/o Surge Tank) Ohio Department of Health Received June 21, 1971
(w/ Surge Tank) Ohio - EPA Received May 28, 1974-
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TABLE 12.1-1

LICENSES OR PERMIT REGULATORY AGENCY STATUS

Installation building sanitary drain Ohio Department of Health Received July 27, 1971-

system

Water' Treatment _ Plant (Permanent) Ohio - EPA Received October 11, 1974

Building Permit Ohio Department of Industrial Received October 20, 1970
Relations

Crossing of State Highways

Transmission Lines Ohio Department of Highways Received March 3,1971

Railroad Spur Ohio Department of Highveys Peceived August 3,1971

Crossing of Ohio Turnpike with Ohio Turnpike Commission Received May 26, 1971
s Transmission Lines
P' '@
7 Local h
w

Building Permit Ottawa County Received October 14, 1970

Grade Crossings of Roads and Ottawa County Engineer Received August 30, 1971

Highways for railroad spur

Building Permit and Certificate of City of Oregon Received January 19, 1973

Occupancy for trancmission lines

,

e
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[ 12.2 NEETINGS WITH CITIZEN GROUPS

The Toledo Edison Company has actively been carrying on a pro' gram of public

information concerning the Davis-Besse Nuclear Pcwer Station. During 1972

the Applicant conducted over 73 informal talks and discussions which were

held throughout northwestern Ohio. This number exceeded 90 during 1973 and

by Novenber 30th 117 presentations had been given in 1974. A list of the
r .

locations where these presentations were given is presented below.

1972 g

Davis-Besse Conference Room Davis-Besse Conference Room
Toledo Perrysburg
Ayersville Tole do
Fremont Luckey
Genoa Archbold
Oregon Delta
Wauseon Elliston
Defiance Clyde
Perrysburg Frer.ont

( Woodville Oregon
Catawba Island Lakeside
Clyde Maumee

,

Port Clinton Oak Harbor
Holgate Rockey Ridge
Lyons Wauseon
Maumee Stryker
Montpelier Svanton
Oak Harbor Festoria
Findlay Port Clinton -

Rockey Ridge Elmore,

Tiffin 197h
Liberty Center Davis-Besse Ccnference Room
Delta Toledo
Waterville Fremont
Hieksville Bryan
Sandusky - Delta
Gibs onburg Wauseon
Vickery Woodville
Huron Sylvania

Gibsenburg
^

Lindsey
Green Springs
Liberty Center

The above presentation has been given to various citizen groups , church,
- social, business , school groups , and service, conservation, and sports clubs. ]
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