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1 • 0 Introduction and Summary 

Surry Power Station Units Nos. 1 and 2 have been evaluated with respect to 

their ability to meet the requirements set forth in Section II. D of Appendix I 

to 10 CPR 50, which states: 

"D. In addition to the provisions of paragraphs A, B, and C 
above, the applicant shall include in the radwaste system 
all items of reasonably demonstrated technology that, 
when added to the system sequentially and in order of 
diminishing cost-benefit return, can for a favorable cost­
benefit ratio effect reductions in dose to the population 
reasonably expected to be within 5 0 miles of the reactor. 
As an interim measure and until establishment and adoption 
of better values (or other appropriate criteria), the values 
$10 0 0 per total body man -rem and $10 0 0 per man -thyroid­
rem (or such lesser values as may be demonstrated to be 
suitable in a particular case) shall be used in this cost­
benefit analysis. 11 

The valuati<?n shows that radiological effluent control equipment beyond 

that now installed cannot be justified on the basis of the Appendix I 

specified cost/benefit analysis. 

Source terms used in the analysis are those presented in Reference 1. 

Details of the dose analyses are discussed in Sections 2. 0 and 3. 0. 

Results of the population dose calculations on a per unit basis are: 

Liquid Effluents 
Total Body 
Thyroid 

Gaseous Effluents 
Total Body 
Thyroid 

Present Liquid System Modified Liquid System 

44.5 man rem 39 • 9 man-rem 
64. 5 man-thyroid-rem 42. 2 man-thyroid-rem 

4. 50 man-rem 
11.1 man-thyroid-rem 

1 
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For the purpose of the source tenn analysis presented in Reference l, 100 

percent discharge of the liquid streams was assumed. Considering the popu­

lation doses resulting from the liquid effluent population, no additional treat­

ment systems can be justified using t~e value of $1000 per man-rem and man-

thyroid-rem as signed by the_ NRC . 

No additional HEPA or charcoal filtration of gaseous effluents can be justi­

fied to reduce the already low total body and thyroid population exposure 

due to these releases using the value of $1000 per man-rem and man-thyroid­

rem assigned by the NRC. 

2. 0 Population Doses from Liquid Effluents 

Calculations of population doses resulting from· radioactive liquid effluents 

from Surry Units 1 & 2 have been made using the NRC LAD TAP code using 

models, :parameter values, and assumptions as outlined in Regulatory Guide 

1.109 (March 1976). Table 1 provides LADTAP input data utilized. 

Liquid effluents from Surry Units 1 & 2 are discharged to the James River 

after dilution with the circulating water fl()W of _840, 000 q_pm per unit.·· A 

dilution factor of 10 was assumed .for dilution in the James River. Pathways, 

of exposure for significant population groups within 50 miles include internal 

exposure from invertebrate and fish ingestion, and external exposure while 

swimming, boating, or engaging in shoreline activities. Appropriate site 

specific use data for each of these exposure pathways wa~ dey~Iope? ·as-in:..·· 

put into the LADTAP program for dose analysis. Site specific LADTAP input 

data and resultant doses are discussed below for each pathway. 

2 
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Population exposure via fish and invertebrate ingestion was calculated 

separately for both sport harvest and commercial harvest. Table I provides 

an estimate of sport and commercial catches caught annually in the James 

River. These estimates were based upon a survey of the commercial catch 

on the James Fiver. (2) In this analysis, it was assum-ed that 100% of the 

commercial and sport catch were edible. For the sport catch, Regulatory 

Guide 1 • 1 09 makes the assumption that the total edible catch will be ea ten 

by the population within 5 0 miles of the Surry Station • In Regulatory Guide 

1 .109 the commercial catch is considered as part of the U. S. harvest. As 

a result the concentration in the commercial catch is distributed throughout 

· the U.S. in order to calculate the market dilution and hence the average con­

centration for population dose purposes. 

Published estimates of activity days per year for various water-related 

recreational activities for regions of the State of Virginia were analyzed to 

estimate the number of man-hours ·per year spent in shoreline activities, 

swimming, and boating by people within 50 miles· of the Surry Station. (3) 

Shoreline use was estimated at 2. 81 x 108 man-hours per year, swimming 

at 1.10 x 108 man-hours per year, and boating at 6.06 x 107 man-hours. per 

year. 

Liquid doses were calculated for three sets of source terms. These .source 

terms were calculated for variations in the treatment of the dirty wastes and 

steam generator blowdown (SGB). One set of source terms was based upon 

the present plant treatment methods of liquid radwaste; the second set was 

based upon the proposed modifications to the existing system which involves 

the treatment of steam generator blowdown by two mixed-bed demineralizers 

in series, and the third set was based upon installation of a new 15 gpm 

evaporator to replace the existing inoperable 6. 0 gpm evaporator. These 

3 
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three methods of treatment are given in Table 2 along with their associated 

population doses. It can be seen from Table 2 that the population thyroid 

dose for the present system (dirty wastes - two temporary mixed bed demin­

eralizers; SGB - no treatment) was calculated to be 64. 5 man-thyroid-rem. 

The population thyroid dose resulting from the proposed modified system 

. (dirty wastes - two mixed bed demineralizers; SGB - treated by two mixed 

bed demineralizers) was calculated to be 42.2 man-thyroid-rem, while the 

system with the 15 gpm evaporator replacing the two temporary mixed bed 

demineralizers results in a population thyroid dose of I. 67 man-thyroid-rem. 

Population whole body doses were calculated for the present system and the 

two augments indicated in Table 2. It can be seen from Table 2 that the 

reduction in whole body population dose from the present system to the. 

proposed system is minimal. The biggest reduction in the population whole 

body dose occurs when the mixed bed demineralizers are replaced by a 15 gpm 

evaporator and a rriixed bed demineralizer. However, the incremental reduction· 

in whole body dose cannot be justified when weighed against the total annualized 

cost of the evaporator alone. (See Table 3.) Therefore, the population doses 

were analyzed only for the thyroid. 

Table 3 present the total annualized costs for each of the two liquid radwa ste 

system augments. From this table it can be seen that no augment can be 
. . 

added to the existing system which is cost effective from a radiological dose 

aspect. However, two mixed bed demineralizers are going to be installed to 

treat the steam generator blowdown for the purpose of reducing the amount of 

secondary makeup treatment requirements . 

3. 0 Population Doses from Gaseous Effluents 

Population doses due to gaseous effluents from Surry Units I & 2 have been 

evaluated using the NRG GASPAR computer code and models, parameter values, 

4 
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and assumptions as specified in Regulatory Guide 1.109 (March 1976). · 

All standard GASPAR data were utilized, including dose conversion factors, 

food intake and production rates, stable element transfer coefficients, time 

delays, etc. All calculations were based on the projected year 1990 popula­

tion distributions as given in Table 4. 

The 0-50 mile vegetable and meat production estimates were based upon 

Virginia estimates. (
4

) The 0-50 mile milk production estimate was obtained 

from the Virginia Crop Rep9rting Service (
5

) and the North Carolina Agricultural 

Statistics. (G) 

Source term release rates were based upon ground level and mixed mode releases. 

The process vent qualifies as a mixed mode release. All other release points 

were considered ground level. The input meteorological data, including X/Q 

and D/Q values for ground level and mixed mode releases are provided in 

Tables 5 and 6 respectively. · All GASPAR input meteorological data include 

appropriate open site terrain correction factors in accordance with Regulatory 

Guide 1.111 (March 1976). Table 7 provides the remainder of the site specific 

GASPAR input data utilized, and a summary of the pertinent dose results. 

It can be seen from Table 7 that 7. 70 man-thyroid-rem resulting from operation 

of Surry Unit 1 or 2 comes from particulates and radioiodines. The output from 

the GASPAR calculations indicate that 72% of this dose results from releases of 

I-131 and about 14% results from releases of I-133. Table 2 .1-5 of the Surry 

Units 1 & 2 Appendix I Analysis showed that approximately 84% of the predicted 

I-131 releases and 81% of the predicted I-133 releases result from the steam 

generator blowdown flash tank. The steam generator blowdown cooling systems 

became operational in April 1977. This will eliminate this source of release 

and reduce the population doses approximately 75%. However, from Table 3 it 

can be seen that the venting of the steam generator flash tank to the main 

condenser would not be cost effective if considered only from a radiological dose 

aspect. 

5 
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ExEosure Pathwai 

Sport Invertebrate Ingestion 

Commercial Invertebrate Ingestion 
** Sport Fish Ingestion 

Commercial Fish Ingestion 

Shoreline Activities 

Swimming 

Boating 

Other Data: 

Plant discharge flow 

Shorewidth factor 

SO mile population 

* 6 1.05(6) = 1.05 X 10 

** 

** 

TABLE 1 

LADTAP INPUT DATA 

Delay. 
Dilution Factor {l) Time, hrs. 

= 

= 
= 

10 

10 

10 

10 

10 

10 

10 

840,000 gpm/unit 

0.2 

2.05(6) 

168 

240 

168 

240 

0 

0 

0 

Use Rate 

* 1. 05 (6) {kg/yr) 

2 • 10 (6) {kg/yr) 

6. 86 (5) {kg/yr) 

1. 37 (6) (kg/yr) 

2. 81 (8) {hrs/yr) 

1 • 10 (8) (hrs/yr) 

6. 06 (7) {hrs/yr) 

Note that the population dose resulting from sportfish ingestion assumes that all the sportfish caught 
within 50 miles of the plant are eaten by the 0--50 mile population. The dose resulting from commercial 
fish ingestion is based upon distribution of all commercial fish caught within 50 miles of the plant 
throughout the total U.S. harvest. The same holds for sport and commercially caught invertebrates. 

(1) A dilution factor of 10 was used to determine concentration of exposures for the 0-50 mile population 
doses. This factor was increased from 5 .which had been used for the maximum individual in the Appendix I 
Analysis for Surry Units 1 and 2 .. · 

,/,. 
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TABLE 2 

Liquid Population Doses Resulting From Treatment of Liquid Radwaste By Various Augments 

System Treatment 

Dirty Waste System 2 Mixed Bed Demineralizers 2 Mixed Bed Demineralizers Evaporator and Mixed 
In Series In Series Bed Demineralizer 

In Series 

Steam Generator Slowdown None 2 Mixed Bed Demineralizers 2 Mixed Bed Demineralizers 
Treatment In Series In Series 

Population Dose Population Dose Population Dose 
man-rem per unit man-rem per unit man-,rem per unit 

T.Body Thyroid T~Body Thyroid T.Body Thyroid 
Exposure Pathway 

* Sport Invertebrate Ingestion 3.73 ·2.27(1) 2.10 5.36 1.49(-1) 8.24(-1) 

Commercial 11\vertebrate Ingestion 2.56(-2) 1.43(-1) · 1.59(-2) 3~39(-2) 1.08(-3) 5. 32 (-3) 

** 6.-14 (-1) 3.49(-'2) 9.40(-2) Sport Fish Ingestion 1, 71 2.65 .1. 57 

** 6.02(-2) 7 .28(-2) 5.55(-2) 1. 69 (-2) 1.23 (-3) 2. 60(-3) Commercial Fish Ingestion 

Shoreline Activities 3. 84(+1) 3.84(+1). 3,59(:t-l) J. 59 (+1) 7. 38(-1) 7, 38(-1) 

Swimming 4,28(-1) 4.28(--1) 2.54(-1) 2. 54 (-.1) 6.88(-3) 6. 88(-3) 

Boating 1.18(-1) 1.18(-1) 7.01(-2) 7.01(-2) 1. 90(-3) 1. 90(-3) 

Total 4,45(1) 6.45(1) 3.99(1) 4 .22(1) 9,33(-1) 1.67 

* 1 . 
2.27(1) = 2,27 X 10 

** Note that the population dose resulting from sportfish ingestion assumes that all the sportfish caught within 50 miles 
of the plant are eaten by the 0-50 mile population. The dose resulting from commercial .fish ingestion is based upon 
distribution of all commercial fish caught within 50 miles of the plant throughout the total U ,S. harvest. The same holds 
for sport and commercially caught invertebrates. · 
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TABLE 3 

TOTAL ANNUALIZED COST AND INCREMENTAL REDUCTION IN THYROID DOSE 
· FOR AUGMENTS TO SURRY UNITS 1 & 2 GASEOUS AND LIQUID RADWASTE SYSTEM 

Incremental Reduction Total Annua~ized Cost 
Augment System In Dose (man-thyroid rem) ($10 ) 

SGB- two 50-gpm Mixed Bed· Liquid 44.6 137 
Deminera liz ers 

Dirty Waste - One 15-gpm Liquid 12 6 2 39 
co Evaporator 

Steam Generator Flash Tank Gaseous 11. l 16.3 
Vent to Main Condenser 

* Capital Recovery Factor based the cost of money being 10% per year. 
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TABLE 4 

POPULATION DISTRIBUTION WITHIN 50 MILES OF THE SURRY PLANT 

SlTE POPULArION DATA 
OrR 0.0-1. 1 ... 2: ;i •• ~. 1 •• 11. 11 •• i; •. 'i ... 10. 10 ... 20. 20 ... 30, 30,11110, 110,11'50, TOTAL 

"'.o, .o. .o. •O, •Oo t,b1tE+04 8,001-f+Ol 2,b66E+03 l!, 766f+03 4,1193E+OJ 3 1 404E+04 
Nl\lf•O, 7,000E+00110, •O • 6,000f.+00 'r 1 338E+Ol 5,38fiE+OJ 5,884E+03 b 1 96lf+OJ 3,827f+OJ l!,tt4tl!:+OII 
NE· •O, .o. .o. •0. b,OOOE+OO 1, 1 786E+01 b,740E+03 5,92.4E+03 6,3TOE+02•0, i!iOIOE+04 
Etff•O, .(I, .o. II (I I 110. i!,4HE+04 6,Z3qE+03 l,37bE+03 1.oonE+Oi! 5.024E+03 3, 71!E+o4 

E -0 0 .. 0. .. o • 110. l,IIOOE+Ol 3,884f-+04 l,llSE+Oll•Oo l,Otl}E+O~ 2 1 0711E+03 7,530E+OII 
ESf .. O, .o •.. .o. .. n • •O • 1,BOOE+OII l,1177EtOS 7o5b5E+OII 2, 325f.+04 3 1 4JOE+04 3 1 l89f+O':i 
SE .. o, .. o. .o. •0. .. o. q,4C}qf+03 5,1611E+Oll l,BHE•OS 2,983E.+05 l, 796E+ OS 7,2llE+O'.! 
SSf ... 01 .o. .. o. •O, 3,IIOOE+OI l,170fot02 6,59tE+03 2,21}5f.+Oll 11 1 111}':lf+OII 3,q1~E+04 1,l38E+05 
s .. o. ... o. 2,IOOE+Ol 11,800E+01 8 1 '500E+OI b,IBOE+02 l,275E+03 l,058f.+011 2.?.80f+OII 5,0HE+03 4,2111>E+OII 

ssi. .. o. .. o. ll 1 80llEtOl .. 01 61500£+01 ll 1 560E+02 2.11s,Et03 3,91}8E+O! l,579f+04 ·s,5t3E+03 2 1 8BE+OII 
SW •O, .o. ..o. .. (I, 7,200E+Ot 1 1580E+02 l 0 15C}E+03 2o41}5t+03 3,820f.+03 5 0 0lllE+OJ 1o292E+OII 
wsw .. o. .. o. q O b01lf + 02 t,700f+Ot 4 1 800E+OI 'i.s2or:+02 1 0 ?.btlE+OJ 3o3l 7E+03 t 0 834f.+03 4 08J2f+OJ l.263f+04 

., .. o. .o. .. o. 4el00f+Ol l 0lbOE+02 5,30oE+02 2,000E+Ot 3,0BSE+03 8 011Hf.+011 1 0 7'HE+OII l,257E+05 
W"lw .. o. ... o. ioO, •0, 2 0 800E+Oi?. 1 1 Hot:+02 ,.o7?f+o3 11,3osE+03 7 0 b58E+04 I 087lE.+O'i 2.b99E+O~ 
Nil .n, .. o. .. o. •O • .. o. 71 5bllft01 .3 1 b05E+03 4,l04E+03 2.2b5f+04 t,1"2f+O'I 1,522E+0'5 
N"IW•O, • o. .. o • 2o800F+OI 2,IOOE+Ol ?. 0298F.+011 1} 0 118E+03 s.sbqE+03 2.lblE.+03 3 0lbl1EtO! 4,324E+OII 

TOTAL. o, 7 0009F+OO I.029E+O! l,340F.+O? 7 1 470E+Ol t,711qf+05 ?. 085RE+05 3,35C}f+05 b.t02t+05 b,3l1E+OS 2,0IIOE+O& 
Of"ISI TY( /MUi') ·: l,OPE .. 04 

STH VEr.ETATION PRODUCTION, KGR 
DIR 0. 0 .. 1. 1 ... 2: 2 ... 1. 3, .. 4, 11. ,.5 • '::i,•10. 10 ... i!O, 20 ... 30, :rn •• 110 1 4.0 1 •'::iO, TOTAL 

"' .. n. .. o. ..o. •O, .. o. b,blnf+OII 2,100f+05 ll,OOOE+05 5,5001.:+05 6,IIOOE+OS l,BbbE+06 
N~f .. 0 0 .. o. "0. •II• 7 0tOOf.tOJ b,b10E+04 2,000E+OS 11,IIIOE+OS ~.,oor+os 6,0001!:+05 1ob211E+Ob 
NE •Oo .. o. .o. •n, b,400ft01 l, 1 blOE+OII ?.,300E+0'5 3,700E+05 6,lbOF.+04 T1940E+03 7111.i!Of+Q"j 
ENf•Oo .o. •O, •0, 110. b 1 blOE+OII. I, tOH+05 8 1800E+OII 6,lbOE+OII 11,BOOF.+0'5 8,057E+05 

E .. o, • o. .. o • .. n. •O • boblOf+OII l,BOE+OS 8 1 800E+OII t,200F+05 3 0200E+05 7,2'7lE+O'l 
ESE .. 0 0 .n, .o. 110. .. o. b,btOE+OII ..» 0650E+05 8,BOOF.+011 lotlOOF.+05 2.1100£+09 8,391E+0'5 
SE .n. .. n • .. n, .. Cl, .. o • l 1 300E+Oll 5 0 100E+04 2,bOOE+0'5 6.160£+05" 7·0q110E+0'5 i.7~bE+06 
SSf ,.fl• .. f). .o. "Oo •O, 6.blOE+Ol 2,SOOE+o,; 11 1 1llOE+05 b,160£+05 J 01}40E+05 2,1081!:+0b 
s .. o. .. 0 I .. o. •Oo •O • 5,900E+04 2,b50E+05 4,1110£+05 6,lb0£+0'5 '7,C}IIOE+0'5 2,175E+06 

ssw .. o, .o. 4 0 410E+93 h,lbOE+Ol 7,q_40E+03 t,,blOE+04 2,f>'10f+05 4o4tOE+05 b,160£+05 7.1}40f+0'5 2,i?.OIE+Ob 
. s" .. o .• .. o, l,100£+03-0, 7,qqnf+Ol bob10E+011·2,650E+05 4olll0f+0'5 6,lb0£+05 71 1)40E+0'5 2,193E+06 

wsw .. 0 0 .. o. .. o. ~.1oor+o1 7., q4 Of.+ 01 b,610E+04 2 0 f.50E+05 11.1110E+05 6,lbOt:+05 7,1}40E+05 2,t94fi'.+06 
w -n • .. o. .. o. t,850e:+OJ f>.400[+01 boblOE+OII 2.650E+05 11,410E+0'5 6.t60f+05 7,C}IIOE+O'I i!,19DE+Ob 

WNW-n 0 • n. .. 0. "n I .. o • J,300E+OII 11 300f+05 3,TOOf+OS 5ol}OOf+05 J 09110f+0S le9&7f+Ob 
Nill •0• ., n • .o. •O, •O, '5 0900E+04 ~,650E+05 411llOE+05 6,lb0f+05 70940E+0'3 2, 175E+06 
NNW•O, .. n • .. o. "{.). •O• 6o610E+OII ?. 0 b50E+05 ll 0200E+0'5 b 0 I bOf.+0'3 7.9110£+0'5 2,t6SE+Ob 

TOTAL o. n • 7.5tOE+03 l,?31f.+011 11. H?.ft04 9,117E+os l 1 UJbE+Ob 'i 1 612E+06 7,417E+Ob l,Ol!3E+OT 2,7&Tf+07 
DfNS!TYt /MU?.) ll I :3fiC,.0'.5 
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TABLE 5 

ANNUAL X/Q AND D/Q FOR GROUND LEVEL RELEASES FROM THE SURRY PLANT 

! snr AN~UAL X/Q nAU, SEC/Ml 
DIR- .O.O•l. 1 ... 2: · 2 ... 1. 3,•4, 4,.s: 5, .. 10. 10 •• 20. 20 •• 10. :50,w40 1 40,•50, 

N 4,400E•09 4,700E•06 l, 100f•06 t,400E•OY 6,i!OOE•07 2,600f.07 l 0 tOOE•OY 5,500E•08 3.600E•08 2,700E•OII 
NNP' 4,400!:•0'5 4, 7GOE•06 s,,ooE .. 06 9,200f•OT fi,tOOf.1107 -? 1 600f.,07 1 .• oooE .. o7 5,IIOOE .. 08 3,600E,.OII :1! 1 600E .. 08 
Nf 4,500[1105 4,800Ee06 l,JOOE•06 9,'500Ett0T 6,~00f.OT ~ 1 600E•07 t 0 lOOE.,OJ 5,600f•08 3,700[ .. 08 2,700£•08 
fNE !10001!:•05 2,l00Ea06 , .5ooe: .. n ll,lOOf•OT 2,TOOE•OT tol00fe07 4,bOOE•08 2 1 1lOOE•08 t,bOOE•08 l,lOOE1108 

f 1,800(•0" l,'900!!•06 6,tiOOE•OJ ~,600f•07 2.11oor .. 01 'l,'IOOf1108 4,000f .. 08 !,tOOE•OB t 1IIOOE.,08 t,OOOE.,08 
f.SI': 1 .• ,ooc-05 la'500E .. Ob 5,!00E .. OJ ~,'IOOf110T 1,qooE .. 01 7,800f.,0,8 :S,tOOF..,08 l,bOOE•Ofl 1.100E .. 08 7,800£,oQQ 
SE t.500[•05 l ,l,00f•06 15,'500E•07 !,OOOf•OT 1.11oor .. 01 8 1 lOOE•06 lolOOE•08 li700F.•06 l,lOOE•08 8,lOOE•O'I 
SU 1 obOOt•O'J l,fiOOf .. 06 5 1 b00E•OJ 3.ooOE•07 t ,9001!'•07 s,oooE .. os 3,200E .. OII t 1bOOf•OR t,100f•08 7,800f.,oQ9 

s t,,00[•0'> ,.~oor .. ob '5 1300E•OT P1'100f.,0'J t 1800E.1107 7.bOOE,.08 3.oooE .. 08 lo!'iOOf•OA l,OOOF.•08 7.~00f•09 
SSW ~. tooc: .. 01, 61i?.OOfw07 il 1flOOE:oo07 t1'500E•07 'l 0 IIOOEaOII J,BOOE,.06· l 0 SOOE•08 ·1,1>00E.•09 11.cioor .. 09 ],600f .. Q9 
SW 911100[0,0b '1.'iOOEw07 3,300E•01 t,IIOOE•07 1.200[ .. 07 11.sooE .. oa t.900£ .. 08 'l,TOOf,.09 b,400f .. Q'I 4,bOOf,,09 

...... WSW (l.2oot .. o& 6,!00Ea07 2.soOE•OT -l ,500E•07 9,'500E•OII ]1900f. .. 08 l,50Qf .. 08 7,BOOE•O'I 5,000E,.09 3,700f .. 09 
0 w .1, '500E•05 l,'500f.wOb 4,ll01)f .. ll7 2,400E. .. 07 l,500f•07 1, 0 JOOE.,08 ?.,500E•08 1,]00E.•08 8,200E•09 b,OOOEN09 

WNW l,800E•0'5 t,900f•Ob ~.40llf•01 '5,'500f.110T ?a'\OOE .. 07 9.IIOOf,.08 J.aooF. .. 08 ?.,OOOf•OII lo300E•08 'l 1300Ew09 
NW i.100[ .. 05 2,20DE•Ob 711100E•07 ~,200E•OT 2,AOOE•07 t,200Es07 11,600E•08 2,IIOOE•Ofl t,600E•08 1,2001::: .. 011 
NNW 1.1ooc .. os '\ 1600E•Ob l,300E .. Ob 1,000fttOJ ll,bOOE1tOT ! 1 000f.,Ol 7,900E .. Ofl ll 1 tOOE•08 2,700F.•08 21000E .. 0B 

SITE ANNUAL Of.POSITION DATA, M.,2 
DIR 0~0-1. 1 •• 2: !.•1. 3 ... q •. 11 ... 5. s ... ,o. 10,.20. 20,•30, :rn ... 110. 110 •• iso, 

N. 9,700f.•OA 7 1 100Ea09 2,IOOE•09 '1,900f11lO 5.900£.,lO 1,oooE .. 10 5,IIOOE"t I 2.000E•lt l,OOOE•ll b,200E•12 
NNf J,400f•07 l1000fw08 3~00l)f .. QQ 1,IIOOE•09 8 1IIOOE•lO !,800E11tO 7,800F.•ll 21900E•lt 1,SOOE•ll 8,900E•l2 
NE t,IIOOE,.07 l oOOOF.1!108 3,oooe .. oq lo400E•09 8 0 lOOE•lO z,, 0 aooE11tn 7 0 MOP:•lt 2 1 800l".•lt t 0 IIOOE•ll 8,800£ .. tz 
ENE b,11oor.os 11.eoof .. 09 1,11ooe .. 09 6o500EP10 l,'IOOf,.10 t,300E,,10 3 1 600F.•11 t 1 300E,.ll b,700f .. t2 ll 0 tOOE.•12 

E 6,000(•08 11,500E•09 l,!OOE .. Q'I 6,100f•10 3.600E•10 t,200f.,10 31300E•1l t.?.OOE•tl b,?.00f•l2' l,800E•12 
F.SE b,OOOE•08 ll 1 500Ea09 l,300f.•0'1 61200f1tlO 3,700f.•l0 t,200E.,l0 3,IIOOE•tl 1.200E .. 11 6,300E .. l2 '5,900E .. l2 
SE 1,11oor.oa o;.sooF. .. o9 labOOE•09 TobOOE,.10 11 1 500E•10 t,500E•l0 11.toof .. ·11 l 1 500E•lt 7,700E,"12 ll,700E•l2 
SSf ~,IIOOE•08. 61300E~09 1,eoor .. oq ll,b00f .. l0 5 0 lDOE•lO 1,TODE•tO 4 0 700E.,ll l,700E•ll s.eooE .. 12 5,IIOQf .. 12 
s 7,700(•011 ,.700Ew09 laTOOE•Oq ,,900f•l0 ll 1 bOOEwlO t,SQOEalO 4.300f .. tt lobOOE•ll 8 0 000E•l2 ll 1900E111il 

SSW ll,500E•08 3,300f .. 09 9,bOOE•IO ll1600f. .. l0 2.700f•l0 11.oOOf•ll 2,sooE .. tt 9 1 IOOE•l2 ll 1bOOE•12 ?.,90Qf .. 12 
SW 11.000( .. 08 l,OOOE•09 6,BOl)f..,10 11,200f•l0 2,500f .. t0 8,200E•tl 2,301\E"tl 8,300E•1?. llo200E•l2 2 1 60 Of ... 12 
WSW 11,IOOt•OII 3 0 tOOf.,Oq i,.so11e .. 10 4,200f•l0 2 0 500f .. t0 A1200f,.lt ? 0 !ooe: .. 11 8 0 100E•12 ll 1300E•l2 2,l>OOE•12 

w ~.11oor .. o~ 11,eoof.09 lo400fw09 l,,500E•IO '\,900E"tn t,300f,.tO 3,600f•11 1,300E•ll b,700f•12 11.toor .. 12 
WNW ,,oooE~08 ~.~OOE•O" l 0 500f.1109 7,100f.,10 lla?.OOfw.,10 ) ,IIOOE.,10 3,900E,,1l l ollOOE.,l l 7,lOOF.•12 ll,'300E,.t2 
NW 7,200f•08 '5 1 1100f,.O'I lobOOE•09 7,300[•10 4,300E•10 lollOOE•IO 41000E,.lt 1,500E•1l 7,"iOOE•l2 11,booe .. 12 
NNW t,ooor .. oe 5,300F.•O'* la900E•09 ,,200E•10 11,'\00E•lO lollOOf•tO 31900E•ll t,IIOOf11ll T0 lOOE•t2! 41'500E•12 
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TABLE 6 

ANNUAL X/Q AND D/Q FOR MIXED MODE RELEASES FROM THE SURRY PLANT 

I SIT! ANNUAL. MIQ nAu, SfC/M3 
I DIR 0.0.1. le•2: 2,•J. !.•4· 4,•5~ s.•10, 10 •• 20. 20 •• 10. 30,•40, 40,•51l, 

N s.6oof•llT z.sooE.oT l 1400f•OJ Ile 90 0E•08. •• 800f•08 '.1,500E1108 1,!0IJE•08 6 0 300E•09 4 0 lOOE•09 l 1 000E•09 
.NN! a.!OOC•OT ! 0 900E•07 l. 0 800E•OT l•200f•OT 8,CIOOE•08 4,400E•OII l 1 400E•08 7,300E•09 4,llOOE•09 J.'500f•09 
Nf l ,OOOE:•U l,'100f•07 l,IIOOE•OT l,l00fw07 8,200E .. o8 4,100E•06 l,IIOOE•08 6 1 900E•09 4,500E•09 l 0 300Ee09 
ENE 6 0 bOOt•O? 2.300E•07 ·1.li>OE•OJ 6,600f .. 08 4.700Ew08 2,400E•08 8 0 100E•09 4 1 lOOE•09 2,70DE!e09 2!,000f1109 

E 6 0 800E•07 2,300E•07 1.ooOE•Of 6,IIOOf,Ol\ tl,600E•08 !o30(1Ea0l\ 8~000E,.09 4 1 lOOE•09 ?. 0 600E•09 l 0 900f..,09 
f.SE ... TOOE•OT l,900E,07 8,200f•Oll ~,JOOE,,Ofl 3 0 70DE•OII 1.eooEaoe 7 0 2QOE•09 ! 0 JOOE•OQ 2,IIOOE•09 1,1oof. .. 09 
SE . T,"IOOE•OT lolOOE•OT 9.tOOf•OII '5,600E•08 llo000Ew08 t,90of .. oR 7,l00f•09 3 1 bOOE•09 2.300E•OQ 1.100E .. 09 
SSE 7,'.500E•07 2,?.00E•OJ 9,500E,.Oll '5,800f•08 11. oooe: .. 011 t,900E•Oll 6 1 700E.,09 '.5 0 400EN09 P.,200E•09 l 1 b00f.,09 

5 R,TOOf:•07 1 0 l00Ew0T l,IIOOEaOr IJ,400E•08 i;.qoor.oe ! 1 800f,,06 8 0 b00Ee09 4,ilOOE,,09 .? 0 800E•Olf 2.100[ .. 09 
SSW b,200E•01 i!!,OODE•07 6,900E•OII ~o900fe08 ti• !Ol'JE.,08 2,000E•08 b,bOOE.,09 ] 0 400f"09 2 0 200E•09 libOOE•09 
SW "i 0 llOOE•OT l,fiOOE•OT 1,AOOE•08 4,800f,08 3 0 "iOOt:.,08 t,70oE .. oR 5,600E•09 2 1 900E•09 l,900E•09 I ,tlOOf .. 09 
WSW 6,oooe:,07 I, YOOEeOT 1,IIOllF.•011 '!lo '.500f:e08 3.700E•08 l,900E•OII 6,lOOE,09 !,tOOE•09 2,000E•09 1,50DE•09 

...... w ,.1oor.01 2.300E'•07 1,000E,.01 bo700f•08 s.ooof .. os ?.,300E•08 7,500E.,09 3,800f .. 09 2,500E•09 t,IIOOE•Oq 

...... WNW i,,oooE.01 Z,300F•07 l,IOOE•07 6o600f•08 11.1ooe.011 a.!ooE .. oe ll,900E.,09 ll~SOOE,.09 3 0 000E•09 2,200f ... 09 
Nw 7,SOOE:•07 2,200f.QJ 1.ooOE•OT b,t100f•08 11,bOOE•08 2,'50CIE•08 9 1 200E,.09 4.700f•09 3,IOOf•09 2,200f•09 
NijW 11,II00f•07 l,900E•07 9,6001!•011 b1300E,.08 11 1 700E•08 2 .. 800f•08 9a800E•09 s.oOOE•09 3,!00E•09 2,IIOOf.,09 

SIU: ANNUAL DEPOSITION DATA, ~•2 
DIR . 0.0-1. 1 •• 2: ~.-1. 3,•11, ii ... s. 5,•10, 10 ... 20. 20 ... 30. 30,•ilO, 110 ... so. 

N t,01)0!•08 a.1oor.09 !,400E•10 1 .• sooE• to l 0 !00E•lO 5,800f,,11 2,IIOQE,.11 1.oooE•ll 5,900E•l2 41 l00f,,lZ 
NNf 2.ooOE•OB 2,200E1109 b,100E•l0 1,IIOOE•lO 2,200f.,l0 9 0 800fa11 1.sooe .. 11 l 1 600E•ll 9,!00E•12 6 1 il00f,,12 
Nf· ?.,900E•08 3 0 000E•O'I q 0 ()00f•l0 11.5oor .. ,o 2,'IOQf.,.10 t,200l:t•IO 4,300f .. ll l,900E.,ll l,lOOE•ll T,OOOflllilZ 
ENE l ,bOOt•08 t 0 700Ee09 5 0 200E•l0 2,bOOfttlO l 1 60DE•10 6,400f.•ll 2,300E•11 9,900E,.12 5,600E•l! l,TOOf.,12 

! l,7ooe•OII t,llOOE•O'I 5,300E•l0 2,600f•10 l,bOOf.•lO 6 1 400Eell 2 0 JOOE11lt 9 1 700E•l?. s.SOOE•l2 3,600E•ll! 
ESf 2~100E•08 2 0 200Ew09 6~500E•l0 3,200E•10 lo90QE .. lD T,ZOOE,,11 2,IIOOE .. lt 1,000E•ll 'So700E•l2 1 1 700E•U 
BE ?,500£•08 2,b00Ee~9 7,600f•IO !,700f•10 2.,oot: .. 10 B,500f.,ll 2.'IOl'JE .. 11 1,200E .. 11 6 0 700E•l2 tl,IIOOE•l2 
SSE 2,lODE•08 ?,lOOE•09 b,900E•t0. 1,IIOOE•IO 2.tooe .. 10 ,.eooE•lt !,700E•ll 1,i!oOE .. 11 b,SOOE•U 11, lOOE•12· 
s !,300f•OII !,6~0fe09 7,900E•l0 S,900E•l0 2.11001:"10 9,IOOE,,11 3,200fwll l,400!•11 7,900E•ll! 5 1 200Ew12 

!SSW l,500!:•08 l,800E•09 5~100E•l0 l!,600f•l0 l 0 600f•IO b, I OOf.1111 ! 0 tOOE•ll 9 1 i!OOE•1! 5,200E•U 3,400f•l2 
Sl'I t,100E•08 l,400E•09 ll~lOOE•lO 2ol00f•IO l,'IIOOEalO 4 1 80QE"ll l,600E•11 7,000E•lZ 3,90CIE•l2 2 1 600E•l! 
WSW t,500f•06 l,600Eu09 4 1 900f•10 !,400!!•10 I 0 '501,lf,,lO 5,11001:'"1 I l,900E .. II 8,000!•li! 11,'SOOE•l?. !,'1.00f,t2 
w ,.,ooe:.oe 1,11ooe.oci s,,ooF. .. 10 l!,800E•IO l,700f.,l0 b • 500E• ll a.:SOOF.•11 9a700E•l? 5,500E•l2 3,bOOE•l2 

WNW t,200!'.•0ll l 0 300E•O'I 11,000E•IO P.,OOOE•IO t 1 \00E11IO '5,200E•ll l,900l':•11 6,200E•l2 tl,700E•l2 l,l!OOE•li! 
NW !,50DE•08 2 0 400E•09 7,IOOE•lO ,.sooe .. 10 2 0 ZOOE•lO 8 ,200fe 1.I ~.800f•ll 1 1 ?00E,.ll b,'500E•H' 11,300£.,.12 
N~W 9,300E•OII •• 1,ooe.10 2,'IOOE•lO l,500E•l0 9 0 qooE .. at 4,500E•ll l,800f•ll 7 1 'iOOE•t2 4 0 !·OOh IZ l,000f .. l2 
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TABLE 7 

GASPAR INPU_TJ)ATA _ AND 
POPULATION DOSE RESULTS 

GASPAR Input Parameter 

Fraction fresh leafy vegetables grown locally 

Fraction of year cows, cattle, and goats o'n pasture 

Fraction of vegetable intake grown in garden 

Fraction of feed from pasture while on pasture 
. . 3 

Air water content, g/m 

0-50 mile vegetation production, kg/yr 

0-50 mile milk production, 1/ yr 

.0-50 mile meat production, kg/yr 

Value Used 

1. 0 

• 5 

0.76 

1.0 

8.0 

2. 77(7) 

6.05(7) 

5. 80 (7) 

* 

0-50 Mile Population Dose, man-rem/yr 
Exposure Pathway 

Noble gas plume immersion 

Ground plane 

Inhalation 

Total Body Thyroid 

3.35 3.35 

2 . 02 (-2) 2.02(-2) 

7.14(-1) 5.30 

I Vegetation ingestion 1.01(-1) 4. 76(-1) 

I 
I 
I 
I 
I 
I 

Cow milk ingestion 

Meat ingestion 

Non-noble gas totals: 

* 7 . 2.77(7)=2.77xl0 

12 

1.20(-1) 1. 58 

1.63(-1) 3.20(-1) 

1.12 7.70 

! 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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