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A. 1

APPENDIX A

A REFERENCE ENVIRONMENT FOR ASSESSING

ENVIRONMENTAL IMPACTS ASSOCIATED WITH CONSTRUCTION
AND OPERATION OF WASTE TREATMENT, INTERIM STORAGE AND /OR

FINAL DISPOSITION F A C I L I T I E S

The following reference environment was developed as an aid in assessing environmental

impacts associated with construction and operation of waste treatment, i nterim storage and/or
final disposition facilities . The reference environment concept is used to replace , where
app ropr i ate , the :riteria-type approach to generic environmental assessment.

The reference environment was develo ped primarily from data on existing p l an t  s i tes in
the midwestern Un i ted States . There is , however , no intent to endorse th is area or type of
env ironment for any nuclear fuel cycle facility . Since the reference environment is to be

used in a gener ic or hypothetical sense , references su pporting the descriptive material were

not considered necessary and are not included .

For assessmen t of environmental effects, it is assumed that each waste management

facility is located (independently, not colocated ) wit hin the reference environment.

Although an artificiality , analys is of impacts from waste management facilities centered

at the same locat ion simplifies calculations and permi ts direct comparison of impacts among

facil ities on the same environmental features.

LOCATION OF SITE

Regardless of the size of the site or purpose to which it is to be out , the center of
the site is assumed to be located 8 km west of the R River , about 13 km northwest of Town A

in County A , and 50 km northwest of a major metropolitan area (City G) in a mi dwestern state.

REGIONAL DEMOGRAPHY AND LAND USE

The reference env ironment is located in a region which is mainly rural , with the land
used ch iefl y for farm ing. The nearest comunities are A , about 13 km sout hest of the si te ,
with a popu lation * of about 2,000; B (population 400) about 16 km northwest; C (population

about 1 ,000) about 8 km east; D (population 1 ,100) about 16 km southwest; and E (population

3,000) about 16 km south . The closest large citites are F (population 40,000) about 32 km

northwest and G (population 1 ,800,000) about 50 km southeast.

The populat ion within a 16—km radius (800 km2) of the site is about 12 ,000 . S i m i l a r l y,

with in a 80-km radius of the site (20,000 km2) the populat ion is about 2,000,000 , of which
about 93% resides in the G metropolitan area (see Table A.l).

In Count y A , and in County B just across the River to the northeast , about 82’~ of the land

is used for farming. The main crops in these two counties, wh ich include all land wi thin 16 km

of the s i te , are soybeans , corn , oats, and hay . It is expected that these two counties will

rema i n largely agricu ltural and that the population distribution will not change significantly

with time .

* Populations are assumed to be those for the year 2000.
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A.2

TABLE A .1 .  Projected Year 2000 Population in Reference Environment

RANGE , km 1.6 3.2 4 .8 6 .4 8.0 — 16 32 48 64 80 TOTALS
N 0 4 4 18 160 210 1 ,115 3 ,641 2 ,137 1 ,209 8 ,498
NNE 0 4 4 14 26 157 986 3 ,350 4 ,185 1 ,872 10 ,598
NE 0 6 18 72 109 232 1 ,306 4 ,807 2 ,848 6 ,371 15.8~9

— ENE 0 4 12 72 145 333 2 ,025 2 ,577 8 , 743 6 ,209 20 ,220

E 0 4 12 145 537 993 1 ,321 9 ,094 6 ,344 14 ,195 32 ,645
ESE 0 4 20 353 118 610 3 ,400 50 ,482 123 ,104 163 ,155 341 ,246
SE 0 25 245 1,069 194 632 5,063 46 ,789 581 ,389 579 ,114 1,214 ,520
SSE 0 4 18 45 157 374 3,466 18,642 59 ,435 32 ,445 l14 ,58o

S 0 4 41 67 112 1,007 5 ,438 5 ,844 10 ,131 7 ,334 30 ,068
SSW 0 15 26 67 126 571 3 ,177 4 ,809 6 ,411 7 ,317 2~ ,S23
Sw 0 30 65 58 50 423 1 ,835 4 ,656 6 ,106 6 ,856 20 ,079
WSW 0 6 55 93 65 4 14 3 ,007 1 ,901 7,51 5 4 ,442 17 ,498

w 0 9 31 78 73 379 1 ,730 3 ,600 3 ,326 4 ,805 14 ,031
.?~W 4 8 8 44 29 332 1 ,662 6 ,495 6 ,493 5 ,984 2l ,C5~0 6 9 21 44 293 5,277 47,196 4,061 4,501 61 ,408

0 8 15 55 181 165 1 ,204 2,753 2,480 4,533 11 ,354

TOTALS 8 141 583 2,271 2,126 7,215 42,012 216,826 834,708 850,342 1 ,956,232

CUM TOIL 8 150 730 3,000 5,100 12 ,000 54.000 270,000 1 ,100 000 2,000,000 2 ,000,000
(rounded)

A wi ldlife refuge is located about 14 km northeast to 19 km north of the site. A state

park is located about 10 km west-southwest of the site , and a state forest and campground are
about 14 km northest of the site .

GEOLOGY

The area in which the reference sites are situated is assumed to occupy a terrace at an

eleva tion of 300 m above sea level (MSL). Several flat alluvial terraces comprise the main

topographic features in the vicinity . Many of these terraces are lower than that at the site

and l ie at an average elevation of 280 in above sea level and , in genera l , slope away from the
river at grades of 2 or 3%. The topography in the area of the site is essentiall y typical of
that in the region .

The rocks which unde rlie this region are classifed as pre-Cambrian and are very old.

Glac iation probably less than 1 ,000 ,000 years in age , as well as recent alluv ial deposition ,
has mantled the older basement rocks with a v~i- iety of unconsolidated materials in the form
of glacial mora i nes , glac ial outwash plains , glacial till and river bed sediments. This cover

of young soils rests upon a surface of gla cially carved deeper rock consistin o sequentially
in dep th of sandsto ne , shale and granitic rocks. The upper surface of underlying rock can
support unit foundation loads up to 73,000 kg/in2. The bedrock surface is irregular and slopes

genera l ly to the east or southeast.

The nearest known or inferred fault is 37 km southeast of the site. There is no indica-
tion that faulting has affected the area of the site in the last few million years . Within
the las t 110 years , onl y two earthquakes were recorded as having occurred within 160 km of
the sice. The first occurred in 1917 and had an intensity of VI on the modified Merca lli
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scale . The epicenter was located about 100 km northwest of the stie. The second occurred in

1950 and had an estimated intensity of V-V I and the epicenter located about 130 km north-north-

west of the site . For construction of facilities in this area the design basis earthquake

relates to a horizontal acceleration of 0.1 g.

HYDR OLOGY

Large supplies of groundwater are available from the R River outwash plain alluvium ,

glac ial moraine, and from underlying sands tones in the area . The general course of deep ground-

water flow is to the southeast. The regional gradient broadly parallels the trend of the topog-

raphy and the surface drainuge . The natural surface drainage of the immediate site area is

mainl y to the southeast , toward the river.

R River tributaries close to the site area are S Creek , 8 km northwest , and I Creek , 5 km
southwest. B River flows parallel to and east of the R River , joining the R 24 km downstream

from the si te area .

The groundwater levels near the site are relativel y flat and slope toward the river during

norma l river stages . During periods of high river flow , there may be some reversal of ground-
water flow near the river. These reversals would be of short duration and infi l tration of

water from the river limited . The gradient toward the river is re-established after the high

water recedes .

River flow information based on data from the R River gauging station is as follows :

Number of years of record 40
Average annual flow, 9./sec 120,000
Minimum recorded f low , f/sec 6,200

Maximum recorded f low , f/sec 1,300 ,000

Rive r flow and temperature data pertinent to the Reference Site are shown in Figures A.l

and A .2 respectively.

Flow duration data for the R River calculated in the vicinity of the reference site are

shown i n Fi gure A.3 . Based on these data , the flow is expected to exceed 50,000 f/sec 90% of
the t i me and 27 ,000 f/sec 99% of the time.

The average river velocity at the site varies between 0.5 and 0.8 in/sec for flows below

280,000 f/sec . The river drops about 3 m from 2.4 km upstream to 2.4 km downstream of the

site . Rapids frequently occur in this stretch of the river.

The I in 1000 years flood would be expected to reach 281 m MSL (mean sea level), and the
max imum flow of record (1965) was estimated to have reached 279 in MSL . Norma l river stage in

the vic inity of the site is about 276 m MSL , and the site grade is 300 m MSL.

A study was conducted to determine the predicted flood discharge flow and water level at

the s i te  result i ng from the “maximum probable flood as defined by the U.S. Army Corps of

Eng i neers . The max imum probable flood” was estimated as 10 million v/sec wi th a corresponding

peak stage of elevation 286 in MSL at the reference site . The peak level at the site would be

reached in about 12 days from the onset of the worst combination of conditions resulting in
the maximum probable flood.”
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FIGURE A l .  Dai l y Average and Extreme FIGURE A.2 .  Dail y Averaqe and Extreme
River Flow s at the Reference Water Temperatures at the
Site Reference Site

PU PC (NT OR T I M E 15 OW HAS

PERC ENT 01 TIME ROW HAS BEEN T.QUAIED OR EXCEEDED

FIGURE A .3. River Flow Duration Date
for R River at the
Reference Site

R River water chemical characteristics are given in Table A.2 .

The nearest domes tic water supply reservoir is the 0 Water Works Reservoir. This reservoir —

is located in northern G and is fed by the R River from an intake about 64 km downstream from

t he Re ference S i te area .

The groundwater table under normal conditions is higher than the river; thus groundwater

and runoff dra in to the river. There are numerous shallow wells supplying residences and farms

along the river terrace. The closest public water supply well is the A city well obtaining

water 72 m below ground level.

METEOROLOGY

The general cl imatic regime of the site is tha t of a marked continental type characterize d

by wide variations in temperature , scanty winter precipitation. normally ample summer rainfall,

and a general tendency to extremes irs all climatic features. Temperature data , obtained by
adjusting 54-year climatological summaries for 0 and B, indicate that Januar y is the coldest

-~~~~~~- -~~~~~~~-. - - - - -~~~~~ -. .--~~ 
.- 

~
-‘

~~~ ---- _
~~~----__- - -



A.5

TABLE A.2. R River Water Chemistry Summary of 12 Monthly Samples

Minimum Maximum Average Std . 0ev. No.

So lids-mg/ f
To tal 143 216 185 23 .2 12
Dissolve d 125 208 178 27 .8 12
Sus pended 1. 2 18.4 7.5 6.2 12

Hardness-mgh

(As CaCo 3)
Total 98 174 147 24.8 12

Calc i um 70 120 99 15 .6 12
Magnesium 28 58 48 9.9 12

Alkal i ni ty-mg/c.

(As CaCO3)

Total -91 165 140 24.3 12

Phenolphtha le in 0 12 1.8 4.1 12

Gases—mg/ f

Free carbon dioxide - -  - -  - -  -- --

Ammon ia—nitrogen (N) 0.0 0.09 0.02 0.03 12

An ions—mg/f

Carbonate (CO 3) 0.0 14.4 2.10 4.96 12

Bicarbonate (HCO3) 111 201 166 29.1 12

Hydroxide (OH) - -  - —  -- -- --

Chlor i de (ci ) 0.30 5.00 1.43 1.48 12
N itrate-nitrogen (N) 0.07 0.55 0.26 0.15 12

Sulfate (SO4) 6.3 13.5 9.5 2.2 12

Phospho rus-soluble (P) 0.012 0.057 A 0.030 0.012 12

Silica (SW 2) 3.2 12.5 7.7 3.3 12

Cations-mg/2.

Calcium (Ca) 28.0 48.1 39.7 6.28 12

Magnes ium (Mg) 6.5 14.1 11.6 2.4 12

Sodium (Na) 2.8 6.4 5.0 1.1 12

Total iron (Fe) 0.04 0.52 0.23 0.13 12

Total manganese (Mn) -- - —  -- -- --

Potassium (K) — —  — —  — —  — -  — —

Misce l laneous
Color (APHA un its ) 20 80 39 22 12

Turbidity (JTU) 1 .00 4.50 2.53 1.48 12

Ryznar index (AT 77 F) 6.64 7.86 7.21 0.377 12

Conductivit y (mmhos) 192 350 292 49.8 12

pH 7.40 8.60 8.15 0.308 12

BOO (mg/f) 0.9 2.5 1.4 0.58 12
Dissolved oxygen (mg / s )  8.0 15.0 10.6 2.1 11
Temp . (DEG. C) 0.0 23.0 9.69 9.03 12
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month , with average daily maximum , mean , and minimum temperatures of -6, — 11 , and —16 °C , respec-
tively. July is the warmest month , wi th corresponding temperatues of 28, 22 , and 16°C .
Table A.3 shows monthl y statistics.

TABLE A .3. Monthly Temperature Statistics (°C)

Jan Fe b March Apr ~~y_ June 
~~~ ~~~ ~~~ 

Oct Nov Dec

Maximum -6.1 -4.4 3.3 12.8 20.0 25.0 28.3 26.7 22.2 15.0 4.4 -3.3

Minimum -16.1 -14.4 -6.7 1.7 7.8 13.3 16.1 15.0 10.0 3.9 -4.4 -12.2

Mean -11.1 -9.4 -1.7 7.2 13.9 18.9 22.2 21.1 16.1 9.4 0.0 -7 .8
Extreme Max 15.0 16.1 27.1 32.8 40.6 39.A 41.7 40.0 40.6 32.2 23.9 17.2
Extreme Mm -38.9 -36.7 -34.4 - 5.6 —6.7 6.0 5.6 3.3 -5.6 —13.3 -27.8 -33.9

The number of days with maximum temperatures of 32°C and above is estimited to be 12. The
numbe r of days with a minimum temperature of 0°C or below and -18°C or below is estimated to be

168 and 40, respec tively. The January relative humidities at 7:00 a.m., 1:00 p.m., and 7:00 p.m.,
EST , a re est imated to be 76, 68, 70%, respectively. The corresponding humidi ties for July are
86, 55 , and 55. Monthly average humidities are shown in Table 4.4.

TABLE A .4. Mean Monthly Relat ive Humidity , %

~a June 
~~ ~~ ~~ Nov

74 75 73 66 62 66 68 70 70 66 73 78

The annual average rainfall is aliout 76 cm. The maximum 24-hr total rainfall for the
period 1 894-1965 for B was 12 cm and occurred in May. Thunderstorms have an annual frequency
of 36 and ale the chief source of rain from May through September. Snowfall in the area has

an ann ual  ave rage o f 110 cm, with occurrences recorded in all months except June , Jul y and
A ugust. The extremes in annual snowfall of record are 15-cm minimum and a 220—cm maximum.

Annually, the winds are predominantly from the northwest or from the south through south-

east . This bimodal distribution is characteristic of the seasonal wind distributions as well.

The average windspeed for spring is 11 km/hr , and for other seasons about 16 km/hr. The maximum

reported windspeed of 160 km /hr. reported in July 1951 , was associated wi th a tornado . Tornadoes

and other severe storms occur occasionally. Eight tornadoes were reported in the peX-iod 1916-

67 in County A. The theoretical expected frequency of a tornado striking a given point  i n th is
area i s S x lO~~ per year. For desi gn purposes a maximum windspeed of 580 km/hr is assumed to

be associated w ith tornadoes .

It is estimated that natura l fog restricting visibility to 0.4 km or less occurs about

30 hr/year. Icing due to freezing rain can occur between October and April , wi th an average of
one to two storms per year. The mean duration of icing on uti l i ty lines is 36 hr.
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Diffusion climatology comparisons with other locations indicate that the site is typical

of the reg ion , w ith relat ively favorable atmospheric dilution conditions prevai l ing. * Fre-
quency of thermal inversion is expected to be about 32 - of t he year , and the frequency of thermal

stabilities is l9~ sl i ght l y s tab le , 27 % s t a b l e , 20— neutral , and 34 unstable. The joint

distribution of windspeed , direct ion , and stab ility is given in Table A.5 .

TABLE A .5. Annual Average Joint Frequency Distribution , (10 m Hei ght) Percent of Occurrence

W IND S T A H I L I T Y  — ! ‘ . r T  O I P E C T I O N
S D E EO (M/S )  T Y P E  N’J E ‘.P E~~E U E S E  sE SOC $ OS ’ ~W . 5 0  0 W N .  F,~~ ‘140 I,

4 1 , 10 4 .02 0 ,110 .01 0 .0 0  .0 1  ,0l 0 .00 .02 . 02 0 , 00 0 • 00 .0 1 . 02 0 . 00 0 , 00 0 , 00
2 5 0  ‘ .9 0  .11 . 1 7  . 1 ?  . 0 7  .15 .11 .1 0 .25  • ? i  . 51 .os . 12 . 17 . 1 0  • 26
~ , 30 A , 2 7 .11 • 21 .22 .22 ~30 • 47  . 58 , 4 7  SO ,IJ 2 .1.1 .112 . 77  . o2 . 58
p .50 4 . 1 .4  • 97  ,~~ I .0’. , ?S . 72  , 73 1 . 38 . 6 2  , l 4  . 10 .09 .51 , b ”  .59 .14
9 . 10 3 0 ,00 O .1’0 P ,TI TT 0 .00 0 . 1.0 • 1.2 .02  .3 1 .117 0 ,00 .0~ .0’ . 19 . 17  ~~IA  .~~2

12 . 20 A ~ .00 0 . o c 0 . 0 0  O . O u  0 .~~~ U 0 .00 .v d  .1~ 3 , 0 0  0 , 00 0 . 00 0 , 00 0 .00 0 , 00 0 , 00 0 . 00

1 . 10  8 . 02 .02 . 32  ~04 .02 ~0? . 02 , 0 b  . 0 1  04 .1.4 . 0 1  0 .00 .~0 I  0 .0 0  0 , 00
2 . 0 0  9 , 00 . 04  , I b  , 05 . 12 .09 , Op . 15 .11 1’. . 12 .1° . 14 .1~ . 1 0  .16

~ . 30 B , 19 ~~~ . 05 .1 4  ~C 5 , T Q  . 14 ,23  .2 . 1 9  . 07 .23  ,lb .22 . 22 . 12
4,50 8 , Y~ ~~~~ ,0l . 01  .07 , 0 7  .05 .0 7  . 02  0 0 0  0 , 00  .14 .21 .2: .:‘ , cS
9 , 10 B 0. 00  0 . 1.0 11 , 00 0 .~~C . 0 1 0 , 0 0  .0 l  .0 2 . 0 1  ( 1 3  0 . 00 .0 1 0 .C 0  . 1 1  , ‘l 0 , 0 0  -

‘
1 2 . 2 0  B 0 . 0 ”  0 . 0 9  0. 10 0 . 0 0  0 . 3 0  0 . 3 0  0 .0 0  0 . 0 0  0.10 0 , 00 0 ,10 0 , 3 3  0 , 00 0 , 0: 0 , 3 3  3 . 10

1 . 10  C . 7? • “ l  , 0U 0 .00 0 .0 0  , P l  . 0 1 , D 1  . 0 1  0 . 00 , 00 . 0 1  , ‘2 0 , 13 0 , 00  .04
2 ,50  C .05 .10 , T ’l . 0.6 .0 7  ~07  .04  , T~ . 12 • 06 .00 . 10  , 07  . 09 .00  , 32
‘, 30 C . 1 1  . 14 , 07  . 04  ~07 • 05 , 17  . 12 , 05 ~~~ . 02 , l o  , l 7  ~.22 . 1 —  . 10
4 . 5 0  C .1’? .~~l , 0 U  .01  , 0.. , 05 , 0.1 . 0 7  . 0 1  , 0 1  p 1 .2  0 .00 • 17  .15 .0 7  . 04
~ .10 C .~~S 0 , 01. 0 .00 0 . 51. 0 , 0 0  0 , 01) 0 .03  .12  0 .00 0 , 00  . 111 . 1? . 02  . 07 1 , 0 0  0 . 10

12 , 20 C .01  0 • ”0  0 , 00 0 . 00  1, 00 0 , 00 0 .00 9 , 00 0 .1-0 0~~00 0 , 1.3 0 . 0 0  0~~X U  0 , 03  0 , 0 0 0 .00

1 . 10 0 . 1 1 . 1 4  • 22  .1.4 . 0 7  . 09 • 0 7  . 10 . 1 0  , 1-. , 1 o  . 11 , 07  . 10 .T~ . 23
2 .00 0 ,SA . 111  . ‘S .~~2 . “7 •

4
~~ , ‘7 .53 .32  3 . .‘1 .67  . ‘1~~ , 90 1 00 .b~~

~ , DO 0 ,~~3 .NA .42 1. 0 0  , 94 1 , 17  ,00 ,~~~~ ,‘Q ‘3~ ,3b ,72 1 , 30 1 , 45 1 , 30 .74
4 . 50 0 ,;I  .~~7 , T 9  .4 4 .61  6 l  . 37 . 35 .2 ”  ‘ 0?  . 10 , 38 1 .24 1 . ’0 , 74 , 73
9 . 11 0 . 9 ~~90  0 , 00 0 , 00  . 0 1  . 0 4  , 0 y  , 05  . 0? ‘X l  , 0 I  . 1 8  , 07 .21 . 10  • 02

12 .2 0 0 .0? 0 , 00 0 , 0 0  0 .10 0. 0 0  0 .C C  0 , 00 . 02 0 , 30 0 ’ 00 0 , OL 0 , 0 0  0 , 70 .1.1 0 , 3 , 0 1

1 . 10  0 , ‘ l  .0? , l I  . 15 , 117 , ?o , 0~ . 14 . 1 1  I X  . 10 . 12 . 0-9 . 17 • To , 0Q
2 , 50 0 . 51 . 1)0 , S .~~l ,57 . 72 . 3 3  .~~0 .71 , 4a 7 . 5? . 85 • ‘.0 , 75 ,~ e . 57
‘. 31. 0 . 0’ . 10  . Po  , 19 . 26 . 91 .89 1. 16 .5 7  I I I  , 3C .67 ~~~~ • 76 . 3 5  .22

U . 0 , 00 0~~00 . 1 1  .0 1  . 15 , 00 . 54 .00 , l 0  . 04 . 05 , 22 , 00  . 02 . 13
l , j o  E 0 .10 0 . 00 0~~f l 0  0 . C 0  0 .0 0  0 . 00  0 , 00  . 14 0 , 00  0 , 0 0  0 . 0 0  0 . 0 3  0 , 10 0 .00 0 .0 0  0 , 00

t 2 . 2o  P 0 . 10 0~~P 0  1.00 0 .~~0 0 , 00 0 , 00  0. 0 1 .0 1 0 .13 0 , 00 0 , 01. 0 . 0 0  0 . 00 0 , 00 0 , 00 0 , O C

1 , 10  , 0 .11  • 11  , 10  . 12 , 06 . 12 , 19 . 10  • l S  . 15  . 2 1  , 09 . 10 .21 . 15
2 , 59 . .72 . 1 5  . ‘2 . 40 , A b  , 50 • 45 .3 2 .~~5 . 3 5  . 8 3  • 37 . 67 • 1d . 25
. . 33 0 0 . 00  . 0 )  0 ,03 .02 • 1.5 , ?0 .1)0 .4 R .O o  , T ü  .05 , 10 , C-. . 17  . 1~ .31

P 1 . 0 1  0 . 01. 0 , 00 7 . 0 0  0 , 1)3 0~~00 • 0 A  . 0 1 .0 10 0 , 0 0  0 . 00  .0 1 0 , 00 0 , 00 0 . 1)0 0 .90
, l ”  F 9~~~f l 0  0 .0 0  0 .99 0 . 10  0 . 0 0  ‘.00 0 . 03 0 . 0 0  0 . 0 0  0 . 00  “ . 00 0 . 00 11 , 00  0 , 00 0 , 0 0  0 , 00

12 , 21. P . ”0  0 , 03. 0 , 00 0 , 15 9 .00 9 • O0 0 .00 0 , 00 0 . 0 0  1, 00 0 , 00 0 , 00 0 .1.0 0 , 00 0 .00 1, 00

1 .11 0 .0° .04 , 1 2 2 0 .11 , I Q  . 32  , 3 1  . 1 7  ‘ 3 1 , ISb . 33  , ?2 , 20 . 1 2  .11
2 , 50 0 . “S . 0 9  .17 .14 , 1 7  .32 . oO , 74 . 2 1  ~2 3  . ?R , 78 . 1 0  . 35 .3 6  .11

.1 .01 0 ,50 .3 . 1- 1 .5. .~~-0 .1’ .32 0 0 0  • O~ .91 0 , 00  . 12 • o’. 0 . 00
b~~50 0 0 .”-~ 0 , 00 0~~03 0 . 00  0 , 00 0 , 00 9 . 00  0 . 00 0 .00 0 , 00 0 .00 0 , 00 0 ,00 0 . 0 0  0 , 00 0 , 00
~ , I 0  0 0 , 60 0 , 00 0 , 00 0 , 00 11, 00 0 .00 0 , 010 0 ,00 0 , 0 0  0 , 00 0 .0( 1 0 , 00 0 , 00 0 , 00 0 , 0) 1 0 .00

1 2 , 20 0 p , o ~~~~ 0 ,00 0 .00 0. 90 0 , 00 0 , 00 0 .00 0 , 00 0 , 00 0 , 00 0 . 00  11, 00  0 , 0)0 0 . 00 0 .00

SU ’la BR Do~~A, FO B sT 4.9:L :”~~- ro ~~( £ B C 0 U

00,41.. P(0CF R. 0 8- 30 57~~5 0 0  15 ~ 7 , 45 5.~~0 
4,00 34 , 3 7  19 .~~8 1X , A A  7 ,~~o

* An investigation of the variations in atmospheric dispersion amonq a number of sites around
the nation was made to determine differences to be expected in radiation dose calculations
based on atmospher ic dispersion because of different synoptic conditions for different loca-
tions. For five of the eight sites studied it was determined that the maximum atmospheric
d ispersion coefficient at 1100 m and at 72 km from the point of release was not greater by
more than a factor of two over that of the reference site . It was no greater than a factor
of six for any of the other three sites studied . 
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TERRESTRIAL ECOLOGY

Vegetation in the area was originally identified as supporting a climax deciduous forest.
Farming has resulted in the removal of much of this forest. Remnants of the native climax

hardwood forest are found on the larger island , with some lesser stands in isolated pockets

along the river bank. Virtually all accessible virgin woodland areas in the region have been

bur ned , cut , and plowed .

Broad-leaved trees characteristic of the study site include oak , elm , basswood , maple and

hackberry. These species occur abundantly on the larger islands , with lesser stands in isolated

pockets along the rive r banks. The climax conumunity probabl y comprised maple and basswood .

Farming, grazing and l ogging activities , however, have caused considerable change from the

cl imax vegetation . Most areas which would be actually in use at the reference site (e.g.,
0 

bu i l d ings , parking lot) occupy land formerl y cultivated . There is no ev idence of the existence

of rare or th rea tened p l an t  spec i es at the reference si te .

The soil in the area is thin and varies from sand to silt l oam , w ith an underlay of glac i al
till. The water table in l ower areas is close to the surface , and du ring river flood these areas

are frequently inundated .

The numerous ponds , lakes and swampy areas bounding the site prov ide nesting ireas for

waterfowl . Most nest fairly close to water. A study conducted in C Coun ty showed that 60%

of the nests were within 20 m of the water and 90% within 50 m . The percentage of £uccessful

duc k nests in four county study areas is shown in Table A.6.

TA~3LE A.6. Percentage of Successful Duck Nests in Sev~on Types of
Cover from Four County Study Areas , 1957-1960

D E F 0 A ll
Cover Type N Perc ir~ N Perce r~t N Percent N Percen t N Percent

Alfa l fa 1 0 90 21 10 30 5 0 106 21
Undisturbed prairie 75 27 -- - -  -- -- - -  - —  75 27
Dry marsh 38 26 22 46 1 100 -- -- 61 34
Up l and  grass -- -- 57 40 19 21 10 40 86 36
Pasture  -- -- -- -- 1 0 15 40 16 38
So i l bank la nds —— -- -- -— 22 41 -— —- 22 41
Wet mar sh 105 46 -- -- 2 0 -- -- 107 4 5
Miscellaneous 8 38 -- -- -- -- 3 66 11 45
Wi ld hay - -  - -  - -  -. 3 33 3 100 6 67

All 227 36 169 31 58 31 36 42 490 34

The two most important nesting waterfowl species in the area are blue-wi nged teal and

mallards. The teal beg in nesting activities early to mid-May during most years . Mallards

start nesting earlier--April 20 to April 25. The production of d’.cks to fly i ng stage in a

three-county study is shown in Table A .7. The actual production of waterfow l at the reference

site is not known but Is probably similar to tha t reported for P County, which is located about

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
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TABLE A .7. Production of Ducks to Flying stage~~ Per Ac re
of Wetland in Three County Waterfowl Study Areas.
Average figures for the 4 years 1957-1960.

Study Area 
— _________

Item D(c) E

Average Production

Mallard 0.21 0.11 0.11
Bl ue-w inged Teal 0.24 0.37 0.27

Other duck s 0.43 0.08 0.05

All ducks 0.88 0.56 0.43

Highest Production Year~~
Mallard 0.25 0.10 0.22
Blue-w inged Teal 0.24 0.70 0.40

Other ducks 0.59 0.20 0.00

All ducks 1 .08 1.00 0.62

a . Product i on est ima ted on bas i s of s i x duck l i ngs per brood reac hi ng
fl y ing age .

b. Highest product ion occurred in the 0 Area in 1959, E Area in 1 959,
and F Area in 1960.

c, Product ion based on 1958, 1959 and 1 960 data.

160 km west . B i rd hunt i ng is mainl y directed at waterfowl , both jump shooting and hunting from

bl i nds . This portion of the river is not a preferred hunting area , nor i s i t  used to a s i gn ifi ca nt
extent as a resting area for migrating waterfowl . Some of the important waterfowl species are

included in Table A.8. Ruffed grouse are occasionally hunted , but there is l it t le  h u n t i n g  fo r

other birds.

Table A .9 lists wildlife considered threatened or endangered within the reference state .

The southern bald eagle nests along the Atlan tic and Gulf Coasts but moves northward after the

nesting season and is occasionally sighted in the reference state . The Arctic peregrine
falcon nests in the treeless tundra and mi grates southward through the midwestern states to the
Gulf Coast and South America. The prairie falcon , which nests in southern Bri t i sh Columbia
and Texas, is occasionall y si ghted in the area . The northern greater prairie chicken is also

present at the reference site .

Some important mamals include white-tailed deer, red fox , raccoon , red and gray squirrels ,
short-tailed shrews , red-backed and meadow voles , pocket gophers , white-tailed jack rabbits ,
beavers , and muskrats . A more comp lete list is shown in Table A .lO. Squirrel is the major

ani mal hunted in the area. A 1-day season for hunting deer with a ~un and a prolonged season
for bow and arrow hunting suggest a l imi ted deer riopulation . There is also some hunting of fox

and raccoon.

Some important fur-bearing animals include raccoon, mink , mus krat , beaver , and fox . Other
wide-ranging fur-bearing mnaninals will probably occur in the vicinity from time to time , espec ially
the coyote, bobcat and possibly the river otter~
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TABLE A .8. Species Composition of Duck Population as Calculated

from Hunters During 1957 Season in D County

Species N Percent
Mallard 92 13.5
Pintail 12 1.8
Shoveler  6 0.9
American Widgeon 39 5.7
Black Duck 2 0.3
Bl ue-winged Teal 128 18.8

Green-winged Tea l 53 7.P
4 Wood Duck 7 1.

Redhead 108 15 1
Canvasback  44 6.4
Lesser Scaup 1 03 15.2

R ing-necked Duck 57 8.4

Ruddy Duck 20 2.9
Surf Scoter 4 0.6
Bufflehead 4 0.6

Tota l 679

TA BLE A.9 . Wildlife Considered Rare , E ndange red , or
Threatened With i n the Reference State

Sou thern bald  eagle
Arctic peregrine falcon

Prai ri e fa l con
Northern greater prairie chicken

TABLE A. lO. Some Important Manoimals that Probabl y Occur
i n the Vic i n i ty of the Re ference Site

Opossu m Red Squ i rrel
Mole Gray Squirrel

Shrew Fox Squirrel

Ba t Pocket Go pher
Raccoon Beaver

Weasel Muskrat

M ink Harvest  Mouse
Bad ger Deer Mouse

Skunk Vole

Red Fox Jum p i ng Mouse
Coyote Wh it e t a i l  Jac k rabb i t
Bobcat Cotton tail Rabbit

Ground Squirrel Whitetail Deer

Chipmunk

_sa-.i - -~~~~~~ --—-—--z-, r ..~~...... r - -------- ,~r , r  — _ _____ ,,~
__,_____________...il~
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A QUATIC ECOLOGY

The ecosystem in the R River near the reference site is very diverse and is capable of

alterat ion with no apparent damage. Studies of the river have shown the presence of over
40 species of algae , more than 70 species of invertebrates , and 25 spec ies of fish. This
region of the river does not have a discrete phytop lankton population. Supended algal forms

are mostly associated with perip hyton populations and provid e a source of organisms for recruit-
ment of colonization of new substrates. However , some of the abundan t  a lga l  species  a re p lan~
ton ic and may represent a true phytoplankton (or potamop lankton ) population . Diatoms of genera
Melos ira ,, Stephanod iscus and Asterionella are most abundant during the warmer months. Other

suspended algal forms present in lesser but significan t abundance were green algae (Chlorophyta -

Ank istrodesmus , D i cto~~~~~rium , Cruc igenia and Scenedesmus ), brown flagellated algae (Cryptophyta

çy~ptomonas and C.,roomonas), an d blue-green algae (ç~~~~p~~~~ 
- Aphanizomenon) . Chlorophyll

pi gments representing these suspended algae are concentrated near surface. Highest levels

recorded for this region of the river were between 40 and 50 iiq/ Q (September). There was no

evide nce that these concentrations were associated wi th spatial or temporal differences in

water temperature . Vascular aquatic plants are scarce , found mostl y i n the backwater  areas
where current velocities are low.

The dominant species of attached algae , based on collections made on artificial substrates

in  Jul y and August  of 1970 , include the blue-green algae , Chroococcus minimu s , C . m i nor ,

Phormidium fareolarum, Ocil latoria geminata; the green algae , 1~eoclonium spp .; and the

dia toms , Cocconeis pj~çentu1a , C. p~çjç~jj~~, D i atoma j~~re, Fragill a spp. Melosira varians ,

Nav i cula  tr i pu nctata, N. spp. and Nitzsch ia spp. Algal productivity, ac indicated by pigment

measurements (chlorophyll ‘ a ”), was at a minimum in winter , reac hed a max i mum in September ,

fo l lowed by a marked decrease i n ea rl y Octobe r and a co ns i derable in crease i n la te Octobe r and
ear ly November. No clear reason for this pattern of periodicity can be offered . Differences

in pi gment concentration in the attached algae from different locations were noted , but  these
were not cons istent throughout the season; i.e., stations having comparatively low concentrations

du ring one part of the year would have the highest levels at other times . Chlorophyll ‘a ”

pi gment concent rations ranged from 0.3 to 13.4 ~ig/cm
2. Reported average values for chlorophy l l

‘ a ” in some other streams in the United States are 185 ~g/cm 2 i n V a l l e y Creek , M in nesota ;
2.2 .g/cm2 in the Columbia Riv 3r , and 30 ig/cm 2 in the Logan River , Uta h. The annual range in

the Columbia River was 0.36 to 5.4 mig/cm2. Based on these values , the pigment  concentrat i ons
of attached al gae in the upp °r R River are fairly typical of other temperate zone streams .

Al gal bi omass determinations made at 14 different locations were relatively constant

thr oug hout t he sumer and f a l l , with a range of 0.2 to 0.37 mg dry weight cm2.

Biomass values for other U.S. streams range from 0.42 to 2.5 mg/cm2. The annual range for

the Coluni ’ a R iver was 0.06 to 1.0 mg/cm2. Cell density varied from 1600 to 1 ,700,000 ce l l s / cm 2

in the same period . Studies on the attached algal comunities show a rather wide natura l

seasonal and annual variation , which may limit their value in defining postoperational environ-

mental changes .

Insects are the dominant group in the benthos of the river near the reference site . The

two major habitats are best described in terms of bott om substrate , which i n turn is a reflection

_ _ _ _ _ _  -~~~ -~~ --- -~~ -~~~~-~~~~ - -- -
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of current velocities . The first type is stable and productive and is composed of sand , gravel
and rubble. The major invertebrates in this area are the caddisflies (Trichoptera ) and mayflies
(Epheineroptera). The second type has a bottom composed of silt and muck , and is usually
representative of areas of low or rapidly fluctuating current velocity . Dipterans , isopods
and beetles (Coleoptera ) are dominant in this area . There is a marked difference in the
numbers of species found near shore as compared to the offshore areas. Qualitative shoreline
c o l lect ions produce representatives of 66 genera of invertebrates , whereas a qual tative
anal ysis of offshore river bottom fauna produced representatives of only 25 genera .

Table A .tl shows the seasonal variation in abundance of the major groups obtained in the
quantitative study of the river. The caddisflies (Trichoptera ) are the most consistently
numerous group in the main river. The 1969 average annual biomass for the major benthic
Or~aniSms was abou t 2 g dry weight/m 2. - 

-

TABLE A.l l . Percentage Composition of Invertebrate Populations
at all Transect Locations , R River  nea r the
Reference Si te
Trichoptera Ephemeroptera Diptera Others

Feb 1 969 43,73% 34.53% 8.44% 13.30%

May 6.94 0,31 92.68 0.07
June 21 .62 9.38 68.48 0.53

July 61.12 11 .70 26.50 0.68

Aug 59.28 19,46 19.95 1.31
Sept 75.14 11.23 11.11 2.52
Oct 41.42 6.57 35.05 16,97
Nov 24.75 3.91 49.30 22,05

TOTAL % 41.75 12.14 38.94 7.18

Feb 1970 52.47% 8.89% 37.53% 1, 11%
May 51 .53 1.57 45.71 1 .19

June 53.34 11.79 34.23 0.64
July 78.76 8.61 12,12 0.50

Aug 57.13 28.23 13.38 L26

Sept 63.08 19 68 16.27 0.97

Oct 43.74 8.82 25.93 21 .52

Nov 16.70 6 08 63 - 65 13.57

TOTAL % 52.10 11 .71 31.10 5,10

The presence of fairly abundant populations of caddisflies and mayflies in the benthos

of the R River near the reference site indicates that the river at this point is relativel y

unspoiled compared with downstream areas. The stonefly population in the reference site area

is low in number and diversity and may be an important index of future environmental stress.
The stonef lies make up less than 5% of the bottom invertebrates , and one genus , Ne~perla ,

comprises more than 80% of the stonefly population .

~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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In the section of the R River from about 1 km above the si te to 6 km dow nstream , the
b i gmouth sh i ner , sand s hi ne r, spotfin shiner and blunthead minnow were the most abundant species

near shore (see Table A .12). The smallmouth bass was the most numerous game fish in this

habitat although comprising only 2.5% of the population. Crappie and bullheads were rarely

obta ined in shoreline collections , made w i t h  0.8 cm 2 or 1.6 cm2 mes h se in es . The rela tive
numbers of the several most numerous species often di ffered markedly in areas close to each

other , indicating a species perference of habitat. No information is available on the dis-

t ri but i on of these f i shes  dur i ng w i nter, but they probabl y seek the deep, slow wa ter a reas
dur i ng the per i od of i ce cover.

TABLE A .l2. Fish Collected by Shoreline Seining near t.e Reference Site

Total Percent
Species Catch of Catch

Bigmo u th Sh i ner - N otrop i s dorsal i s 1400 29.4
Sand Shiner - N. stramineus 987 20. 9
Spotfin Shiner — N. spilepterus 793 16.6

Blunthead Minpow - Pimephales notatus 568 11.9
Johnny Darter - Etheostoma nigrum 262 5.5

White Sucker - Catostomus commiersoni 164 3.4

Longnose Dace — Rhinichthys cataractae 156 3.3

Conimion Shiner - Notropis cornutus 155 3.3
Smn allmii outh Bass — Micropterus dolomieui 117 2.5

Hornyhead Chub — Hybopsis bigutta 95 2.0

Sho rtnose Dace — Rh i n i ch thys at ra t u l u s  24 0.5
Northern Creek C hu b - Semo ti l u s  19 0.4

atromacul atus
Spottail Shiner - Notropis hudsonius 11 0.23

Redho rse - Moxos toma sp p. 8 0.17
Cra ppie — Pomoxis sp, 2 cO.1

Bull head — Ameiurus spp. 1 - 0,1

Golden Sh in er - No temi gonus ~~y~oleucas 1 < 0,1

Capture with electrofishing gear permitted study of the fish populations inhabiting the

main river channel . A portion of the population was tagged for recapture to permit estimates

of population and of the degree of movement in the river. Sumer (June to Septe,umber) fish

populat ions in the reach of the river from 2 km upstream from the site to 8 km downstream are

made up mostly of rough fish (see Table A .l3). The apparent increase in the proportion of

game fish to rough fiSh w~~h time may not be rea l , but the result of sampling variation . The

cyprin ids , northern redhorse and ..orp, a re by f ar t he most abunda nt species found offshore i n
the river near the reference site . The redhorse is frequentl y the only species found in the

shallow riffle areas with gravel and stony bottoms . The domi nance of the redhorse is clearly

the result )f favorable river characteristics: swift current , shallow depth , stone and gravel

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 
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TABLE A .13. Fish Captured by Electrofishing in a Six-Mile Section
of River near the Reference Site

1969 I
of  s t i r ~a t~ d

Number To tal To ta l
- - - -  —~~ - -- ~~~~~ ~ ~~~~~~t ion

No rthern Redhorse

Moxo ,  tol d macro 1l p~ dotuni 861 51 .2 33 , 316

Carp

C1p~1nus ~a rp1o 443 !6.1 21 )1.6

Silver Redhorse

Moxoctona an i su r ur u 1 1 2 6.6 3 .576

B lack  Crapp ie
Pomo v i s  ni~~romac u 1atu s  101 6.3 2 ,361)

4)r i te Sucker

cato - tOUr US conrirr erson i 66 4 .0 2 ,210

Sma l imou th Bass

Micr qpterus dolonTleul 41 2.7 1

W al  l ove
33 1 . 0 1

Bullhea d

A nrej u rus spp. 10 0 .5 179

Rock Bass

Am b I qpjJ t ru~~~ tr i s 7 fl . 4

l3urbot
Lota 1 9 3 ,) 1 0.05 143

6rrrt)ri .rro P e

ru, l u c i u s  1 0.05 161

Pe rch

Perca F lddo i . n- - -  - -

P,owf In

A mi a c a l v a  - -  - -

bottom. Ca rp are most commionly found in the deep, slowl y flowing poo1s , but  no t necessa ri ly
conf i ned to these areas. The game fish , wa l l eye, sma l l m o u t h  bass , crappie , rock bass an d
northern pike , inhabi t areas where there is cover in the form of submerged brush , piled
stumps and boulders .

Because of their more specialized and localized habitat preference , these game fis h we re
probably not sampled by electrofishing in the same proportion as some of the rough fish with

less restricted habitats . The population estimates in Table A. 13 were adjusted to compensate
for this difference. The limited suitable habitat for the game species may be one of the

factors l imiting their numbers in this area . The re i s no ma rked m i grat i on of fi sh in t hi s
part of the river.

The age versus length of fish collected by electrofishing near the reference site is given

in Table A. 14. This method of collection tends to be selective for the larger animals; hence

the data in Table A .l4 may be biased because of this. The age structure in the rough fishes 

-~~~~~~~~~~~~ - -- - ~~~~~ 
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TABLE A .14. Rela tionship of Age to Length of Fish Captured by Electrofishinq
near the Reference Site

Northern 51 1 ,- s  r ’ d l l m O ~~~h

- 
Redhorse r r , 6 o r i -  

- - 
W o l  lej s 

Aqe , Lenqth , L n r q t ’ r  , Lenqt ) I enrjtb .
Y ear Number non 

- 
Nurr-Lrr r ..T18L ‘,-~~ber mm Numbe r nno Su rs te r  ninr

18 227 .8 u - -  0 - -  15 158.2 2 225i . 5
2 100 275.2 3 1-3 7 .0 3 n O . 3  6 .11.7 11 271 .8
3 113 378.0 3 380.7 26 405.5 19 353~~7 9 285.9

4 478 429.8 5 41r 1 . 4 02 44r .5 15 304 .9 9 327.7

5 513 455.2 33 43 .3 157 ls . 2 1 1 363.9 12 355.0

6 110 466.9 57 503.0 137 4 17 . 6 c 444.5 8 3.1.6

‘ 
7 19 477 .8 3-1 491 . 1 ~ 1 491 .8 1 403_ U 4 372.0

8 6 488.3 15 5 18 33 18 522. 1 1 552.0 2 433.0

9 3 527 .3 1 0 5311 . 6 8 52U .8 0 - -  0 - -

0 0 - -  U - -  1 741 .0 0 -- 1 470.0

1 1  0 - .  0 - -  0 - -  1 673.0 0 --

shows a definite dominance of two or three consecut ive year classes . This is not apparent in

the game f i sh , possibl y as the result of small sample size and/or cropping of the dominant age

classes by sport f i sh i ng .

No d i et anal yses of the f i shes i n the rive r near the s i te were made , but  the important
food items can be inferred from studies of other areas. In regional lakes , large northern

p i ke , w a l l e y e  and bass had a d i et com posed ma i nl y of fish; black crappie consumed about 4O~
i nsects , 21% p l a n t  and 6% c rustacea ns; the d i et of the b l ack  bu l l head  was made up of mo l lusca ,

cr ustaceans and plants . Primary foods of the northern and silver redhorse in an Iowa stream

were immature chir onom i ds , mayfl ies and caddisflies. The diet of a regiona l la ke popu l a t ion
of spotta il shiner was ma in~j small crustaceans , ch i rono mi ds and a lgae . A l t h o u g h  f i shes are
select i ve in  the i r d i et , food a v a i l a b i l i ty is controlling in diet composition. All the food

i tems , wi th the possible exception of crustaceans and vascular plants , are abundan t in  the
river near the site .

Several spawning areas are known to exist within a 10-km section of the river (including

tributaries) near the reference site. Smallmouth bass (Micropterus dolomieui ) spawn in the

shallow regions of the river and its tributaries near the reference site. Burbot (Lota iota)

spawn ing areas also occur in a few deeper locations within this 10-km region of the river.

Al though these spawning areas are sparsely distributed wi thin the reference site region , fish

eggs and larvae are potentially vulnerable to environmental changes .

Of the fishes known to inhabit the river near the reference site , two species are con-

sidered threatened . The hornyhead chub ~~~~~~ bigutta ), considered rare , inhabits the
s hallows of the r iver. The other is the bonefin (Amin calva), considered rare and endangered;

it inhabits the deeper regions of the river.

Alt hough sizeable populations of fish are present in the river near the reference site ,

no comercial fishing is conducted due to obstructions in the stream that limi t the use of

_ _  _ _  - -- -~~~~~~~ . - - -- -- - - --
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comercial fishing gear. The sport fishery for walleyes , northern pi ke, smallniou th bass and

crappie has an estimated annual value of about $345,000 in the 50-km stretch of river from

the site downstream. This fishery is supported entirely by na tu ra l  product ion.

Fishing and other recreational uses of the river , such as boating and canoeing , are
present ly limi ted by the lack of public access to the river. No actual measurement has been
made of the amount of boat ing on the river or of canoeing, a recreation that is increasing

near the reference site . Based on casual observation , there is an average of about 14 canoe

trips weekly in this part of the river during summer. Motor boating in the summer is limited

to those few individuals who are familiar with the summer l ow-water channels.

PATHWAY PARAMETERS RELEVANT TO RADIOLOGICAL DOSE CA LCULAT IONS

Rad iation exposure of man via airborne pathways may include that from radiation emitted

from overhead plumes and ground-level clouds ; direct radiation from radionuclides depos i ted on

the ground; inhalation of radionuc lides released to the atmosphere ; and consumption of foods

produced from vegetation upon which radionuc lides have been deposited or which have been grown

in soils on which deposition has accumulated . Such foods may i nclude vegetables from local
gardens; m ilk from cows foraging on pasture grass; or meat from animals raised on pasture and

feed grown in the vicinit y of the plant. These pathways are illustrated in Figure A .4.

Radiat ion exposure of man via surface water pathways may include that from ingesting

radionuc lides with drinking water , consum ption of aquatic foods , and direct radiation from

sur face waters received through shoreline activities or swimming or boating, as illustrated

i n Fi gure A .4.

For the m ilk and home garden pathways , the nea rest dwe l l i ng is ass umed to be a fa rmhouse
adjacent to the site boundary southeast of the main p lan t where the maximum ground-level

atmospheric dispersion factor (
~/Q’) i s about  3 x lO ’

~ sec/rn 3 for ground-level releases and

1.5 x io
_8 

sec/m3 for tall stack releases. A milk cow is assumed to be kept at this farm and

ma intained on fresh pasture 7 months of the year. It is assumed that a garden is kept for

vegetables ; however , there are no large truck gardens in the area .

For the farm-crop-irrigation pathway, it is assumed that about 82% of land in the vicinity

of the site is farmed . Production is essentia lly 60% soybeans (0.7 kg wet weight/In2) 30% corn ,

~ oats and other grain (0.35 kg wet weight/rn ) and lO~ hay (1 .5 kg wet we i ght/m ). For dose

c a l c u l a t i on pur poses , it is assumed that 10% of the average flow rate (~.l2 k-7/sec ) of the

R River in the vicinity of the plant site is drawn from the river during June, Jul y and August
2for ir r ig a t i o n  of 250 km

Fo r t he rec rea ti onal and aq uat i c food pat hwa ys , it is assumed that in the vicinity of the

p lant a “max imum individua l ’~ may spend 100 hr/yr swiminy or boating and may spend 500 hr/yr

obtaining 10 kg of fish and 10 kg of fresh water mol lusca . Aquatic foods are assumed to be

consumed within 24 hours of the time they are harvested .

For pathways to the population , it is assumed that 85% of the 2 million residents wi thin

80 km of the site obtain their drinking water from thn R River. Travel time to the con-  u°ir r

1~ ‘ ma xim um individual” is an individual whose habits tend to maximize his or brur dose.

~~~~~~~~~~~~~~~~~~~~~~~~~
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FIGURE A.4. Radiation Ex posure Pathways to Man

from a point on the river nearest the site is taken to be 48 hr. It is assumed that on the

average each person will spend 5 hr/yr swimming and 10 hr/yr boating or fishing downstream

from the site . The average per capita fish consumption for this area has been estimated to

be 1 .1 kg/yr. It is assumed that 10% of this consumption is from fish obtained downstream

from the s i t e .
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APPENDIX B

DOSE* CALCULATIONS AND RADIOLOGICALLY RELATED HEALTH EFFE CTS

DOSE TO REGIONAL POPULATION

Ca lculational models and parameters used in evaluating the radiological dose from both

chr onic and accidental releases of gaseous and liquid effluents from the facilities and
processes investi gated in th i s study have been selected to give  a real i st i c but conservat ive
appra isal. These models represent the state of the art , keeping in m ind that , because of the

natural variability of the input parameters , excessive sophist ication does not necessarily

lead to more accura te results.

- 

, 

Chronic Releases

Air Concentration

The concentrations of rad ionuclides released in the atmosphere from these facilities were

estimated using a Gaussian ode1J~~ Meteorolog ical data on the joint frequency of occurrence
of wind speed , wind direct i on , atmospheric stab ility and release parameters such as hei ght  and
veloc ity for a pa r t i cu la r  plant were taken from the reference environment. The hori zontal

and vertical dispersion parameters , a and a , were taken from curves derived from the work of
(2\ y Z

Pas qu i l l  and modi f ied  by Gifford .’ /

A i r Submers i on Dose

Air concentrat ions were estimated for each of 16 sectors. For these sectors the center-

l ine ground level dose was calculated for ten downwind distances from 0 to 80 km. Radiation

doses to skin and to total body were estimated from these air concentrations.

Both photons and beta particles can contribute significantly to the external dose to

skin . The beta dose contribution is easily calculated using a semi-infinite cloud model .

This model can be used because the range of beta particles in air is short compared to the

di mensions of plumes considered. The galira dose calculation is more complicated because of

the relatively long range of photons in air. To properl y determ ine the gamma contribution it

is necessary to perform a space integration over the plume volume . The integration technique

used in the reactor accident analysis computer program SUBD0SA~~ is employed here except that

the plume width is determined by sector boundaries rather than by a Gaussian concentration

grad ient. The contribution of gamma radiation to total-body dose was estimated by calculating

the tissue dose at 5 cm depth. An occupancy factor may be used to account for the fraction of

the year a person is exposed to the cloud. Also a shielding facto r may be employed to correct
for any shield ing by buildings or structures between the recipient and the cloud.

Inhalation Dose

The a ir concentrations derived as described above were used along wi th the breathing
rate and dose factors to estimate the dose through the inhalation of radionuclides dispersed
in the air.

* In accordance with common practice , the term “dose ,” when applied to individuals and popula-
tions is used in this report instead of the more precise term “dose equivalent” as defined
by the International Commission on Radiation Units and Measurements (ICRU).

~ ,
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The b rea th ing  rate is the vo lu me of air ta ken in by an individual per unit time . A
,alue of 0.23 IL/sec was used in this study . (4)

The inhalation dose factor is given in uni ts of rem/yr per Ci/yr intake and is dependent
on the complex transport , retent i on , and elim ination of radionu clides through the respiratory
and gastro-intestinal tracts. The model of the respiratory tract adopted by the Task Group on
Lung Dynamics forms the general basis for the calculation of th is dose factor.~

5
~ The computer

code jsed for the calculations was DACRIN .~
6
~

Ground Contam i nat ion Dose

Radionuc lides from the air may settle on the ground , where they can accumulate during the

time of the release. These can be a source of radiati on that will irradiate an individual or

populat ion groups.

This dose is determined using the 1) air concentration , 2) depos ition “velocity ” of the

radionuc lides traveling to the surface from the air , 3) an exponent ial expression which accounts

for the accumulation of the radionuclide on the ground over a certain time period , 4) a dose
factor , and 5) an occupancy factor.

The deposi tion “veloc i ty ” given in terms of ni/sec is highly dependent on surface roughness ,

w i nd speed , and particle size . Based on many experimental studies , values of 0.001 ni/sec for

part icles and 0.01 rn/sec for iodine gas were selected for use in this report .~~~

The time over which the radionuc lides accumulate in the soil is dependent on the lifetime

of the facility releasing the material . In this study a value of 30 years is used , which is

cons dered to be about the average lifetime of a nuclear facility .

The dose factor for the dose from ground irradiation is calculated by assuming that a

receptor is 1 m above a large , nearly un iform , th i n sheet of contamina tio n. (7
~
8) 

~ , factor

of 0.5 to account for dose reduction due to ground surface roughness is also included in dose

factors . These dose factors have units of rem/hr per pCi/rn2 of surface.

Inges tion of Food Crops

Food crops may become contaminated by deposition of radionuc lides directly f rom the a i r
or from ir rigation wa ter upon the plant surfaces or by radionuc lides taken up from soil pre-

vious lv contatnin~ ted v 1a ai r or water. Many factors must be considered when calculating doses

via 4ngesti ir of these foods. These factors account for the movement of radionuclides from

release to the rr’.eptor and form a complex sequence .

Equa t ‘ ons used to calculate such doses are given in two parts: the first accounts for

direct depos~ tion onto leaves and trans loLation to the edible parts of the plant , wh il e the
second accounts f I r  long-term accumulation in the soil and root uptake.

For sprin k ler irr igation (and for dep osit ion of airborne mater ia ls)  both parts of the
equation are used , wrile onl y the part dealing with root uptake is required for ditch irriga-

tion. Tables of transfer factors and pl ant uptake factors are stored in files in the program

F000.(m) The program can handle nine crops and their pathways to man. The output of the

program lists the concentrations of radionuclides in the food crops and the fraction of the 
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concentration from each part of the equation (i.e., leaf or root). It also lists the dose to
each organ from each nucl i de/crop combination , with a summa ry of total dose s from a ll crops
and nuclides combined.

The nuc l i des 3H and 14 C are treated as special cases in the FOOD program. The concentra-
tions in the initial environmental media (air or water) are calculated on t.h~ basis of the
specific activity of the nuc lide in the naturally occurring stable element.

Ingestion of Animal Products

Five products -—milk , eggs , beef , pork , poultry--are included in the FOOD program. The
concentrations in the animals ’ feed are first calculated as discussed above for huma n food
crops.

The equation , the values of animal feed and water consumption , and a listing of the trans-
fer factors (fraction of each day ’s intake appearing per liter of milk or kilogram of eggs or
meat) are given by Baker et ~~~~ The output of FOOD lists doses to various organs by nuc lide
and food type and summarizes total dose from all nuclides in milk , eggs , and meat (beef , pork ,
and poultry).

Accumulated Doses from Foods

A computer program , called PABLM , was written to calculate cumulative radiation dose to
people from the ingestion of food. A total of eight food categories (leafy vegetables , other
above—ground vegetables , root vegetables , fruit , grain , eggs , milk , and meat) can be selected
with corresponding consumption rates , growing periods , and irri gation rates or atmospheric
dilution parameters assigned by the user. Radionuc lides may be deposited via water used for
irrigation or directly from the atmosphere onto vegetation or the ground for the expected
operating life of the facility . Dose cormoitruents to the total body and six internal organs
from 186 radionuclides can be accumulated for a specified dose period. However , computer core
space limi tations restrict input considerations to only four organs and 75 radionuc l i des. A

summary of cumulat ive dos e and percent contribution by nuclide for each food type is calcu-
lated. Radionuc lide concentrations in soil , plants , and animal products are also calculated .

Accidental Releases

External Dose from Passing Cloud

The dose to individuals exposed to a passing cloud of accidentally released radionuclides

consists of external and internal components. The external radiation doses are calculated
using the computer code SUBD0SA ,~

3
~ and the spatial distribution determined by the methods

described in Meteorology and Atomic Energy~~ and code XOQDOQ~
2
~ for a semi -infinite cloud.

External exposure results from both gamma radiation and beta particles emitted from radio-
nuclides while they are airborne and external to the human receptor. This dose is dependent

not only upon the type of radiation ; i.e.,  gamma or beta , but a lso upon the energy of the
radiation and the spatial distribution of the airborne radionuc lides with respect to the

receptor. The type and energy of radiation are characteristic of each radionuc lide.
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Because the range of beta particles in the air is only a few meters, the air concentra-
tion at ground level is sufficient to calculate the doses resulting from beta-emitting radio-
r.uclides. Ground-level air concentrations are not sufficient , however , for calculating the
dose from gamma radiation. This is due to the relatively large range of gamma radiation in
a r .  This range varies according to gamma energy and can be as long as a few hundred meters.
As a result , the dose from external exposure to gamma radiation during cloud passage depends
upon the air concentration at distances up to a few hundred meters. Thus the height of release
has much less effect on gamma dose than it does on beta dose , particularly at close distances.
As before for air submersion doses, both beta and gamma radiations contribute to skin dose; but
only gamma radiation contributes to total-body dose (calculated at 5 cm depth).

Internal Dose from Passing Cloud

Inha lation doses are calculated using the same models and codes as used for chronic  re lease
except for increased ventilation rate (0.35 IL/sec).

Dose to Biota Other Than Man

The doses to terrestrial and aquatic animals living within the infl uence of the nuclear
facilities described in this report were not calculated separately. Two recent comprehensive
reports (1I

~
I2) have been concerned with radioa ctivity in the environment and pathways to biota

other than man. Depending on the pathway being considered , terrestrial and aquatic organisms
will receive either about the same radiation doses as mar or somewhat greater doses. Al though
no guidelines have been established to set acceptable limi ts for radiation exposure to species
other than man , it is generally agreed that the limits established for humans are also conserva-
tive for these species .(13)

The literature relating to radiation effects on organisms is extensive , but very few studies
have been conducted on the effects of continuous low-level exposure to radiation from ingested
radionuc lides on natural aquatic or terrestrial populations. The most recent and pertinent
studies point out that , while the existence of extremely radiosensitive biota is possible and
while increased radiosensitivity in organisms may result from environmental interactions, no
biota have yet been discovered that show a sensitivity to radiation exposures as low as those
anticipated in the area surrounding fuel cycle plants. The BEIR Report~

’14
~ states in summa ry

that evidence to date indicates that no other living organisms are very much more radiosensi-
tive than man. Therefore , no detectable radiological impact is expected on the aquatic biota
or terrestrial mammals as a result of the quantity of radionuclides to be released into the
River R and into the air by fuel cycle plants.

Direct Radiation from Transportation

The method used to calculate the dose to persons along the shipping route from a vehicle
(15)

L 

conta ining a shipment of radioactive material follows that developed in WASH 1238.

The equation used to estimate population doses incorporates several factors that integrate
the dose to an individual as the radiation source passes his location. The formula then

integrates the dose to all persons within a designated population distribution. The factors
considered are radiation source strength , velocity of the transport vehicle , population density
In areas of exposure to passing source , attenuation factors due to gamma interactions with air ,
and buildup factor to account for the contribution of scattered radiation.
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The Department of Transportation ’ s regulations limit the radiation level allowable outside

the transport container rather than restrict the contents . Consequently, the shipping con-

tainers are designed and loaded with that regulatory limit in mind. For this calculation ,

based on the regulatory limit of 10 mrem/hr at 1.8 m (6 ft) from the surface of the vehicle , the

ma ximum radiation dose rate at 3 m (10 f t) from the apparent center of the source was estimated
to be 10 ‘nrem/hr. 0~~ The radioactive shipment on the vehicle was considered to be a point
source for distances from the source of 100 ft or more .

- 

4 
The length of time an individual spends near a source is a determin ing factor in the

tota l dose received; thus the velocity of the source is important . It was assumed that a long
haul , maximum weight motor carrier shipment averages 1160 km (720 miles) per day and that a
carload rail shipment averages 320 km (200 miles) per day . Based on a uniform distance traveled
each day and uniform distribution of persons along the route , the cumulative radiation dose to
the population is the same whether the vehicle is always moving at a constant rate of speed or
is standing still part of the day.

It was assumed that the average population density is 127 persons per square kilometer
(330 persons per square mile) in the United States east of the Mississippi River and in California ,
and 42 persons per square kilometer (110 persons per square mile) in the other midwestern and
western states. It is further assumed that no people live within 30 in (100 ft) of the railroad
or highway right-of-way. The dose to persons farther than 800 m (2600 ft) is negligible. The
population was assumed to be uniformly distributed between 30 and 800 m on each side of the route
and grouped at 30 m (100 ft) intervals. Since the nuclear power facilities under consideration - 

-

are assumed to have useful life times of 30 years , the 70-year cumulative dose from transportation
of wastes from a given facility is approximated by multiplying the annual dose by 30.

DOSE TO WORLDWIDE POPULATION

Worldwide population doses were calcu lated for the three radionuc lides that are considered
to be the major contributors to total-body dose rates and long-term dose comitments : 3H ,

and 85Kr. A constant world population of 6.4 x lO~ persons was used for this analysis.
This value , which is based on a United Nations projection , was reported by Kil lough (~

6) for
the year 2000. It agrees wi th the value of 6.3 x lD~, which is derived from the method of the
Environmental Protection Agency (EPA)~ ’~~ using projections based on a 1970 population of
3.56 x 10~ persons and an annual growth rate of 1.96.

A different method was used to determine the quantity of each of the radionuc lides to
which the population was exposed . For 3H , dispersion was calculated using a seven-compartment
model that considered diffusion into and out of latitudinal bands . The exposure of the popula-
tion was calculated using assumed diets whose concentrations of tritium were related to those
in loca l surface waters. A specific activi ty approach was used for 14C in which the concentra-
tion of 14C per gram of carbon in people was assumed to be equal to that in atmospheric carbon
dioxide . It was assumed that 85Kr diffused readily across latitudinal bands so that in a few
years the concentration was uniform throughout the world’ s atmosphere . The dosimetry for

Kr is based on external exposure of the body to a semi -infinite cloud containing this radio-
nuc lide , wi th no accumulation wit hin the body or in any environmenta l reservoirs other than the
ai r. 
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Although the met ud for each radionuc l ide is different , each probably es timates the
populat ion dose to wi th i n an order of magnitude. Additional uncertainty is therefore intro-
duced when doses from a ll three radionuc lides are totaled. Moreover , care must be exercised
in comparing the relative contributions of these three radionuclides because of the different

methods and because of the uncertainty i nherent in each.

Each of the three methods is discussed below.

Tritium

Tritium and tritium oxide released to the environment mix rapi~ 1y with the ambient water

and become par t  of the hydrologic cycle. Tritium rains out or is was led out of the atmosphere

almost entirely in the hemisphere in which it is released. Transport across latitudinal bands

even i n the same hemi sphere , i s slow .~~
8) As a resul t , the tritium released from facilities

in the United States 11 reach peak environmental concentrations in the 30° to 500 band of

the northern hemisphere where most of the world’ s population resides .

Baker~
1
~~ has ca iLuia ted the radiation doses received by local 80 km (50-mile radius),

regional (eastern United States), and worldw ide populations from a continuous release of 1 Ci/yr

of tritium to the atmosphere usirg the ‘box ” model of Renné et al. (18) The facility releasing

the tritiu rn was assumed to be located in the Midwest. Although the magnitude of the dose to

the local population is sensitive to the specific site chosen , the regional popula t i on dose
should be similar for most midwestern sites. In add i t ion , the world population dose depends

upon the latitude band and not the long itude of the release point.

Baker ’s ana lys i s  i ndicates  tha t for a cons tant  world popula t ion  of 3.8 x l 0~ perso ns ,
the collect ive pcpu lation dose rate , at equilibr ium with a continuous release of 1 Ci/yr of
3H , was i x io

_2 
man-rem /yr for all three population groups combined. Less than lO of this

dose was rece i ved by persons resid i ng w ithi n 80 km of the p lan t s i te but about ha l f  was
received by the eastern U.S. population during the initial pass of the trit ium released from

the mi dwestern site. The actual dose to the regional U.S. population from a trit um release

to the atmosphere could range from nea r zero for plants situated on the eastern seaboard to

values approximately equal in magnitude to the equilibrium worldwi de population dose for

pla nts s it uated i n the Wes t or M i dwest .

I n Bake r ’ s model~~~ the tri tium content of water and food consumed by the world ’s popu-

latio n was assumed to be related to , bu t not necessarily as high as, the tritium concentration

in the surface waters of the appropriate latitude band. Even so, the population-weighted

average su rface water concentrations are hi gher than those obtained in the simpler model used

by the EPA ,~
17 ”~°~ which assumes mixin g of the 3H in the circulating ocean water of the

northern hemisphere. As a result, Baker ’ s calc ulations of dose to the world population

(exclud ing the United States ) are about seven times greater than those estimated by EPA .

* The calculated U.S. population dose , however , i s onl y two times higher for the Baker model
than for the EPA model. The net result is that the combined world populatio n dose (including
the U.S. popu lation~ is about three times higher via Baker ’ s model than via the model used by
EPA . 
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For the comm ercial waste management study, the methods used by Baker were adopted wi th the
exc eptions of changing the world population from 3.8 x l0~ persons to 6. 4 x 1O 9 persons and
us ing a release time of 30 years in place of a continuous release ou~ to equi l ibr ium. The
result ing dose factors per unit release are summarized in Table 8.1.

TABLE B .l. TDtal-Body Dose Factors , Accu mulated Dose Factors ,
and Dose Commitment Factors for the World Population
(6.4 x 109 persons), man-rem per Ci/yr released(a)

Accu mu la ted
Dose Factor 

_ _ _ _ _ _  
Dose Fac tor Dose Commitment

Rad ionuclide (l/l)(b) (l/30)(c) (70/30)(d) Facto r :7o/i~~
( e )

3H 4.7 x l 0’~ 6.8 x 1O~~ 2 .4 x lO~ 8.2 x l0~~
‘4C 2.4 7.2 x 10 1 4.0 x 1O 3 1 .7 x io2
85Kr 3.1 x l0~

’
~ 4.1 x lO~

’
~ 1.4 x lO .’2 7 x 1O ”

~

a. Exclusive of contribution to eastern U.S. population dose fr3ni first
passa ge of FRP gaseous effluents if FRP is located in the Midwest or
West.

b. World popu lation dose in first year after a 1-Ci release (instantaneous
‘~qui librium ) .

c. Annual world population dose in the 30th year (year 2000) after 30 years
of continuous release of 1 Cl/yr.

d. Seven ty-year accumulated dose to the world population from 30 years of
release at 1 Ci/ -~r follow ed by 4fl years exposure to the residual environ-
mental contamination.

e. Sevent—, -year dose commi tment to the world population from a i- y e a r
release of 1 Cl/ yr to the environment plus continued exposure ~o the
resio il environmental contamination.

Carbon -l4

Mos t l4 r released to the atmosp here from nulear facilities will be in the form of carbon

dioxide (C02), with possible traces of organic compounds released from certain specific pro-

cesses within the nuclear fuel cycle. Ctter mixin g wit l the existing CO2 ii the atmosphere ,

the 14 C02 can either become incorporated directly in plant material Cr wa~ ed out  of the

atmosphere onto land or water surfaces.

Most analyses of the long-term radiation doses to la -l e pop ulation groups from 14C in c l ude
the following assumptions:

1. Carbon-l4 is released to the atmosphere as CO2.

2. It mi xes rapidly with all carbon in the world’ s atmosphere ‘.2 x ~0
l7 g (320 ppm C02 ) .

3. Mechanisms that remove carbon into less i.c es slhl e Sinks -‘j’ n as tee deep ocean or that

d ilute the 14C02 with increased CO2 reu ses from future a s sil - t ’ ,el combustion can be

ignored.

4 . The spec i f ic  ac t iv i ty  (that i~~. act ~ v ’~~ “f  
14C per us ,t wF iuht of carbon ) in the tis sues

ot  man eventuall y equilibrates w ith tha t in the atrir ~serc .

- 
_
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More complicated models are possible. Machta~
2
~~ dev eloped a seven-compartment model for —

CO2. similar to the one discussed for tritium. It was further modeled by the EPA~
22’23~ for

use in predict ing radiation doses to large populations from 14C injected into the troposphere
by the nuclear industr y. The EPA model was used only to predict the specific activity of

in the troposphere including , however , the correct ions mentioned in assumption 3. Assumption

4 was then used to calculate dose to man . Reference 23 includes an estimate that 99% of the
l4~ intake by man is via food and only 1% via inhalati on .

K i l l o u g h ~
16
~ further modified the EPA seven-compartmen t model to incorporate newer data

on diffusive vertical transport of CO2 in the deep ocean and the relationship between the

concentration of inorganic carbon in the ocean surface waters and the partial pressure i f

dissolved CO2. The computer code developed to implement the resulting model is documented in

detai l .~~
6
~

For purposes of the commercial waste management analysis , the conserva tive model outlined

in assumptions 1 through 4 was adopted . This model was also adopted by the Nuclear Regulatory

Comission (NRC) in its testimony at the Allied General Nuclear Services (AGNS) reprocessing

plan t license hearingsJ24~ By comparison the doses calculated using this simp le approach are

about 25% higher than those calculated by EPA, (23) 50% higher than those estimated by Baker ,0~~
and nearl y seven times higher than those obtained by Ki l1o ugh .~~

6) The comparison with Killough
i s not , however , straightforward because of the assumptions of growing population and increas-

ing CO2 concentrations used by that author.

Dose Convers ion Factors for Carbon-l4

The ass umpt ions tha t the spec ifi c act i v ity of ‘4C per g ram of ca rbon i n man e v e n t u a l l y
reaches equ ilibrium wi th that in the atmosphere and that there are 16.1 kg of carbon in the

70-kg body of Reference Man~
4
~ lead to the derivation of dose and dose commi tment factors as

d iscussed in the following paragraphs .

At a release rate of 1 Ci/yr over 30 years the accumulated quantity of 14C in the environ-
ment will be 30 Ci. At the end of an additional 40 years there will still be 30 Ci in the
env i ronment. Diluting 30 Ci in the 6.16 x 1017 g of carbon in the atmosphere O6) y i elds a
specific activity of

(30 Ci x 1012 pC ifCi)/(6.l6 x 1017 g) 4.87 x l0~~ pCi/g (1)

The dose rate (OR) factor after 30 years of release can be calculated from the following
equation : (25)

DR = 0.0187 CE rem/yr (2)

where

C concentration in body (pCi of ~
4C per g of body tissue ) (3)

= (4.87 x 10~~ pCi of 
14C per g of C) (1.61 x 1O 4 9 of C)!

(7 x l 0~ g total body) (4)

= 1 .12 x 10~~ pCi/g (5)

E = 0.0538 (MeV/dis) . (rem/rad), (6)

0.0187 = (0.037 dis/sec per pC i) (3.156 x l0~ sec/yr) (1.602 x 10
.8 

g . rad/MeV ). ( 7)

- ~~~~0~ — —~~~~~~~~~~- .-------.
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Therefore

DR = (0.0187) (1.12 x 1O~~) (0.0538) (8)
= 1 .13 x io

_8 
rem/yr per person (9)

For 6.4 x 10~ persons, the worldwide dose rate factor thus becomes 72.1 man-rem/yr after the
re lease of 1 Ci/yr for 30 years.

The 70—year dose commitment (DC) factor , wh ich is the sum of the dose during release and

the dose after reLiase has stopped , i s c a l c u l a ted as fol lo ws :

DC = [(0 + 72.1 man-rem/yr)/2] (30 yr) + [(72.1 man-rem/yr) (40 yr)] (10)
= 3970 man-rem per 1 Ci/yr released for 30 years . (11)

These dose factors are summarized in Table B .l .

~~yp ton-85

When krypton-85 is released to the atmosphere it will mix rapidly with the atmosphere in

the hemisphere in which it is released. After about 2 years it will also be fairly well mi xed
throughou t the world’ s atmosphere . For purposes of this analysis , the refore , s imple  un i fo rm

wor ldwide  mix in g of 85Kr in the world’ s atmosphere has been assumed. Similar assumptions have

been used by the NRC in its testimony for the AGNS fuel reprocessing fac i l ity a t Barnwe l l (2 6)

and the EPA ir its projections of population dose commitments from the nuclear industry .~~
7
~
20)

The Nat ional Council on Radiation Protection and Measurements has published a discussion

of the behavior and significance of 85Kr in the atmos phere .(27) In that  repor t a comparison
was made be tween the popu l a t io n ex pos ure es ti mate s made by de ta i led model i ng of 85 Kr d i spe rs i on
a nd es ti mates assum i ng un i fo rm m i x in g i n the world ’s atmos pher e.

The model used i n t hi s a nal ys i s i gnores the h i gher concent ra t i ons near the sou rce a nd
dur ing the first pass through the latitudinal band where the release occurs . As a result ,

the model underestimates the local and regional dose at short times after the release.

Howeve r , the net effect on the worldwide dose from long-term accumulated dose commitment

ex posure is small-about 10 to 20’~,, depend i ng on whet her the nuclear  fac i l i t y  i s si ted i n the
Mi dwest or on the East Coast. The rapid mixing across the equator makes separate accounting

of the northern and southern hemisphere population doses unnecessary .

pose Conversion Factors for Krypton-85

The world’ s at mos phere con ta i ns 3.96 x 10 18 m3 of air at standard temperature and pres—

sure .~ 27) The concentration of 85Kr at any time is simp lj t he cu m u l a ti ve amount  released
(corrected for radioactive decay) divided by the vc’lume of the atmosphere. For a continuous

un iform release rate of 1 Ci/yr the concentration (Cr) of krypton becomes

C~ = [(1 Ci/yr) (1012 pCi/Ci)/(3.96 x 1018 m3)~ .1 l - exp(-~ t)[/A (12)

= (2.53 x lO~~) ([1 - ex P( -A t n /Aj  pCi /rn3 per Ci/yr released (13)

_ _ _ _  _ _ _
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where

X = radiological decay constant for 85 Kr (14)
= 0.0648 per year , (15)
= years since start of release. (16)

Fo r 30 years of con tin uous release ai. I Ji/yr the expression [1 - exp (- -tfl/) becomes
13.2. This indicates Lii,~i. at that time 13.2 Ci remain in the environment out of the total of
30 Ci released. The concentration (C30 ) the n become s

C30 = 2.53 x lO~~ (1 3.2) = 3.341 x lO 6 pC i/ni3 per Cl/yr. (17)

The concentration during the next 40 years after the release has stopped is this 30th yea r
co ncentrat i on cor rec ted for ~~~~~ Thus the total time-integrated concentration (TIC) is the

r. 
- sum of the combined expressions for concentrat ion during the two time periods (0 tO 30 years

and 30 to 70 years). This  y i elds the fol low i ng equa ti on :

TIC = (2.5~ x io~ ) (l/X 2) [,\t1 + exp(-\t2) 
- exp(-~~t)]

(pCi.yr/m3) per Ci/yr release (18)

where

t1 = time over which release occurs , (19)

= time over which dose is calculated, (20)

= t2 - t1 . 
(21)

Fo r t 1 
= 30 years and t2 = 70 years the expression within brackets becomes 448, which yields

a time-integrated concentration of

1 .13 x lO~~ pCi .yr/m
3 per cl/yr (22)

Unl ike 3H and 14 C, wh ich emit only low-energy beta part icles during their radioact ive
decay , 85 Kr emi ts a gamma photon in a sma ll percentage of its iecays . These photons plus a
small contribution from bremsstrahlung associated wi th the beta decay are capable of i rradiat-

* 85ing the total body during external exposure to Kr disper- d in air. Krynton-85 is not

significantly absorbed into the body during inhalat ion and this pathway makes a negligible

contribution to the total-bod y dose .~
27
~

So ldat , et. a l.. have calculated the te -booy dose factor b r  a persu ti immersed in a hal f-

infinite cloud of 8~Kr io be 2.2 x l0~~ mre - ~er gCi/m 3 (1 .9 x io 8 rem/yr per pci,m 3).(28)

Combining this dose factor and a constant world population of 6.4 x l0~ persons with the

ex pression for concentration (C30) yields the w~rld population total—body dose rate in the

30th year as fol lows :

[3.34 x lO 6 ( pCi / rn3 ) per (Ci/yr ) ]  (6.4 x l0~ persons)
[1.9 x io 8 

(re 1/vr ) per (~.Ci / m3 )] (23)

= 4 .08 x l0~~ man-rem /yr per Cl/yr released for 30 yea rs .

* Defined as the layer of tissue l ying 5 cm below the surface of the skin.

_ _ _ __  _
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1
The accumulate d 70-year dose is

[1 .13 x lO~~ (pCi•yr/m
3) per (Ci/yr)] (6.4 x lO~ persons) —

[1.9 x l0 8 (rem/yr) per (pCi/rn3)] (24)

= 1.38 x l O 2 man- rem/7O years per Ci/yr released for 30 years .

Dose Convers ion Factors for System Anal ys is

The nuclea r fuel cycle faciliti es in place and operatin q will change year by year. To

obtain a realistic assessment of the long—te rm population dose commitment s , ca lc u l a t i on if th e
dose commitment from eac h yea r ’ s operation followed by a summation of these yearly value s is
necessary. This can best be a’ cessed by deriving population dose corimitment factors for a

one-year unit release.

Because of the nature of the three radionuclides involved in the world population dose

estimates (3H , 14 C , and 85Kr), there is no long—term accumulation in the body . Hence , each
year ’s release and resulting dose commitment can be treated independently of the others . -

‘

The following expression relates the 70-year dos€ . commi tment (from ~ 1 -year chronic

release) to the dose in the fi rst year.

R = (l/;’,2)[- t1 + exp(-~ t2) - exp (-~~t)] (yr)
’ (25)

whe re

t1 = 1 year , (26)

t = 70 years , (27)

= t2 
— t1 

= 69 years , (28)
r radioactive decay constant (ln2/ha lf-life). (29)

The ~, lues of this ratio for 3H , ‘4 C , and 85 Kr are q iven in Tab le 8.2. Table B.2 also

includes the dose commi tment factors per unit release obtained when these ratios are applie c’

to the first-year dose (item 1/1 from Tible 0.1).

TABLE 8.2. 70-Year World Population Dose Commi tment
fr om a 1-Year Chronic Release, man-rem /7O
yea rs pe r Ci /yr released

Rad i onucl i de ~atio ”~~ Dose Comm i tment Factor~~
17 8.2 x 1 0 ~~
69 1 .7 x 102

85Kr 15 4.7 x l 0~~

a. Rat io of 70-year dose commi tment from a 1 .year chronic
release to the dose in the year of re lease.

b. Seventy-year dose commitment to the world population tron
a 1_ year release of 1 Ci to the environment plus continued
exposure to the residual environmental contamination.
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Using these dose factors and annual releases of 3H, 14C, and 85 Kr from wa ste management
faci lities , estimates of worldwide population dose can be obtained for the evolving fuel
cyc le systems .

RADIOLOGICALLY RELATED HEALTH EFFECTS

The radiation dose to man from ingestion , inha l a t i on , or external exposure to specified

quantit ies of rad i onucl ides can be calculated with reasonable confidence. Estimates of the
amounts of radioactive material that may be released from Comercial Waste Management (CWM)
operations , however , and fractions reaching man via various environmental pathways are not as
well defined. The relationshi p of dose to so-called “health effects” is even less well defined .
Thus, estimates of “hea lth effects ” that may result from rad iat ion ex posure conseque n t to CWM
act iv i t ies can der ive only from a chain of estimates of varying uncertainty. The usual
practice in ma king these estimates is that i f an erro r i s to be made , i t w i l l  be made i n a wa y
intended to overprotect the individual . As a result , if the chain of estimates is long,
considerable overestimation may be made in the final value.

Because expected releases of radioacti ve materials are small , and the rad iation dose to
an y i nd i v i dual  i s sma l l , the effects conside red are long-delayed somatic ,~nd genet i c effects ;
thes e wi l l  occur , if at a ll , in a very small fraction of the persons exposec Except as a

consequence of the unusually severe accident involving larger doses , no poss ibility ex is ts  for
an acute rad iation effect. The effects that must be considered are cancers that may result

from whole body exposures , and more spec ifically, from rad i oact i ve mate ri als  de pos ited i n
lung, bone , and thyroid; and genetic effects that are reflected in future generations because

of exposure of the germ cells.

Knowledge of these de layed ef fects of low doses of radiation is necessar i ly  indirect. Th i s
is because their incidence is too low to be observed against the much higher background m ci-

dence of similar effects from other causes. Thus , for example , it is not possible to attribute

any s peci f ic  number of h uman lung  ca ncers to the p lu ton i um that  i s present in every one ’ s

lungs from weapons—test fallout , because lung cancers are known to be caused by other mater ia ls
present in much more ha zardous concentrations , and because lung cancers occurred before there

-; 
was any p lutonium. Even in controlled studies wi th experimental animals , one reaches a low
incidence of effect that cannot be distinguished from the level of effect in unexposed animals ,

at exposure levels far higher than those predicted to result from CWM activities. Hence , one
can only estimate a relationship between health effect and radiation dose , bas i ng th i s es ti mate

L 

upon observations made at very much higher exposure levels , where effects have been observed

in man , and carefully studied animal experiments.

An a l ternat ive approach involves direct comparison of the estimated radiat ion doses from
CWM ac t i v i t i es  wi th  the more accurately known radiat ion doses from other sources. This avoids
the most uncertain step in estimating health ef fects (the dose-effect relat ionship) and provides
a compar ison wi th firmly establ ished data on human exposure ( i .e . ,  the exposure to nat’~ral 1y

occurring radiation and radioact ive mater ia ls ) .  Some people prefer to judge a r isk ’ s
acceptability on knowledge that that r isk is some cer ta in f rac t ion  of an unquant i f iab l e,  but
unavoidable , natural risk , than to base this judgernent on an absolute es t imate  of future deaths
that might be too high or too low by a large factor . Because of thl ’se judgmental problems it
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is the practice in this Statement to compare estimated radiation exposure from CWM activities

w ith natu ra l l y occur ri ng ra d i a t i on expos u re as we l l as to indicate estimates of cancer  dea ths
and genetic effects.

LATE SOMATIC EFFECTS

Recently much l i terature has dealt wi th the prediction of late somatic effects of very
low-level irradiation. This literature is not reviewed in detail here because it is recent

and read i l y ava ilable. Instead, the var ious dose-effect relationships that have been proposed

are brief ly considered and just i f icat ion is given fo r the range of va lues  emp loyed i n th i s
Statement.

Two publications have served as the bas i s for mos t recen t ef for ts to quant i fy la te
somat ic effects of irradiation. These are the so-called BEIR Report, i ssued in 1972 by t he
Nat ional Academy of Sciences as a report of its Advisory Committee on the Biolog i cal Effec ts
of Ionizing Radiati ons;~~

4
~ and the so-called UNSCEAR Report , a repor t to the Gener a l Assembl y

by the United Nations Scientific Committee on the Effects of Atomic Radiation , most recentl y
revised in l977.(29)

Both the BEIR and UNSCEAR Reports draw their conclusions from human effects data derived

from med i cal , occupational , acc idental , or wart ime exposures to a variety of radiation sources:

external x-irradiation , atomic bomb gamma and neutron radiation , rad i um , radon and radon

daug h te rs , etc. These observations on humans were, of course, the result of exposures to

relatively large total doses of radiation at relatively high dose rates. Their extrapolation

to the low doses and dose rates of concern to us is acknowl edged by the BEIR Report as “fraught

w i th uncer ta i nt y” (p. 7). The BEIR Report concludes , howeve r , tha t the assumption of a linear

• relations hip between dose and effec t, extending to zero dose with no thres hold dose below which

no effects a re pred i cted , “ i n v i ew of its more conservative impl icat ions, . . . warrants use
in determining public policy on radiation protection. ” But it further cautions that “expl i c i t
ex planation and qualification of the assumptions and procedures involved in such risk estimates

are called for to prevent their acceptance as scientific dogma ” (p. 97).

The BEIR Report makes estimates of both absolu te risk (cancer deaths per unit of radiation

exposure ) and relat ive r isk (percentage increase above normal incidence of cancer deaths per
unit of radiation exposure). And for each of these approaches it assumes either a 30-year or
a duration-of-life interval following the latent period , dur ing which risk remains elevated for

non-leukemic cancer. Separate risk estimates are derived for the in utero , 0-9 years , and 10+

years age periods , reflecting presumed age di fferences in the sensitivity to radiation. The

derivation of these risk estimates and their application to the U.S. population is summarized

in the BEIR Report (p. 169) where the number of excess cancer deaths per year in the U.S.

popu la t ion , because of continual exposure at a rate of 0.1 rem/yr . is estimated as:

• 1726 for the absolute risk model with 30-year risk plateau

• 2001 for the absolute risk model with duration-of-life risk plateau

• 3174 for the relative risk model with 30-year risk plateau

• 9078 for the relative risk model with duration-of-life n s F  plateau. 
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It is of interest to note that the exposure rate of 0.1 rem/yr employed in these estimates is
in the range of place-to-place variations in dose received from natural radiation sources in

the continental U.S.

The BEIR Report risk estimates are shown in Table B.3 , converted to a man-rem bas is.

Th is conversion involved dividing the risk estimates of Table 3-1 , page 169 , of the BEIR

Report , by 20,000,000 , since the U.S. population , taken as 200 ,000,000, if exposed to 0.1 rem/yn ,
receives a total annual exposure of 20,000,000 man-rem . The BEIR Report provides estimates

for leukem i a and fo r “all other cancers; ” the “a l l  other cancers ” category is further subdivided

for the absolute risk model as applied to those aged 10 or more . Values for bone and lung

cancer are shown in Table B.3 as though the apportionment applied to the total population .

It is important to note that the approx imately five—fold range of values for total cancer

deaths predicted by the four different BEIR Report models do not define a range between maximum

and minimum possible values. They are merely four estimates , based on d if feren t assum pt i ons .
between which it is not possible to make a confident choice based on present knowledge.

The Env i ronmental Protection Agency (EPA) in its Environmental Analyses of the Uranium

Fuel Cycle~~
0
~~

2
~ chose single risk estimates , based on the BEIR Report, which it considered “the

best ava i lab le  for the purpose of r isk—cost  benefit analyses , [while cautioning that] they cannot
be used to accura te ly  p red i ct the numbe r of cas ual i t i es .” (Ref . 31 , p. C-l4) These EPA risk

est imates , expressed as cancer deaths per million man-rem , are also listed in Table 13.3. The

der i vat i on of these numbers is ~not de ta i led i n the EPA publ i cat ions , but they continue to be

used by the EPA and have been adopted by others.

The Reacto r Safety Study (RSS) of the Nuclear Regulatory Commission (Rasmussen Report )

included an effort by an Advisory Group on Health Effects to update and extend the

conc lusions of the BEIR Report .’
~~~ Among the 17 members of th is Advisory Group were five who

also had served on the BEIR Commit tee .  The RSS de ri ved three c lasses  of r i sk es tim a tes: a n
“upper-bound estimate, ” a “central estimate ,” and a “lowe r-bound estimate .” In contras t to

the different BEIR Report risk estimates , the RSS estimates do purpo rt to establish a range

within which the true v :lue should be found . The RSS risk estimates for organs of interest to

t h i s  Sta tement , an d as applied to low-dose exposure , are listed in Table 8.3. The details

of the temporal exposure patterns , age distr ibut ions , and computational approaches en~ 1 oyed in

the B E I R  and RSS Re ports are not i de nti cal , and t~ e risk estimates are therefore not strictly

comparable ; but errors from this source are neg ligible in comparison to the other uncertaint ies

i n v o l v e d .

In arriving at upper—bound estimates , the RSS ,ldo two s ign i f i can t  ~ha jrs in BEIR

assumptions and modified several numerical values or the basis of newer data . The “relative

r i sk model”  of the BEIR Rei ort was eliminated and all estimates were based on the “absol ute-

r isk model; ” and the plateau period Fri expression of non—l eukemic cancer followi ng postnatal

exposure was taken as 30 years. the durat ion-of -life plateau option of the BEIR Report was

dropped. The rationale for these changes are p r e s e n t ’d  in t i RSS Report. The nojor r h a n r - ~

resul ting from new ‘late was a 40’ reduction in the leukemia risk of in utero exposure ; t h i s ‘es

based upon revised dosime try provi ln i by the authors of Ir public at io n f r o  whi ch t i :  B E r ~

L. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ • _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _
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estimate was primarily derived. The upper-bound estimates shown in Table 8.3 are taken
directly from Table VI 9—4 , p. 9-33 , of th e RSS Repo rt ,’

~~~ except for the thyroid cancer
r i sk ;  th i s i s der ived f rom a “case ’ estimate of 134 per million man-rem modified by a
mortal ity estimate of 10% (Ref. 33, p. 3-26 and 9—27).

The RSS central estimate “modifies the upper-bound estimate by correcting for risk reduction
caused by both the ameliorating effects of dose protraction and the lesser effectiveness of very
sma ll acute dose s ” (Ref. 33 , p. 0- 7).  This correction acknowledges the preponderance of data
from ex perimenta l stud ies , which indicate that the dose—effect relationship is not linear and

that low doses of low LET (linear energy transfer) radiation delivered at low dose rates
afford a significant opportunity for repair of radiation damage . The RSS discusses and references

the extensive radiobiological literature on this subject and concludes that at doses bel ow

10 rem , or at dose rates below 1 rem/day , a “dose-effec tiveness factor ” of 0.2 is justi fied

(i.e., for a given total dose the dose effectiveness in producing a “health effect ” is less

at smaller dose rates). This was still considered a conservative position , the RSS 4dvisory
Group on Health Effects being “of the unanimous opinion that the dose bffL ’, t i v e n e  s ‘ a’  t m

they recommended probab ly overestimate the central estimate ” (Ref . 33, p. 9 - 2 2 ) .  rt should

be recognized that some may not agree in applying such a factor in the human case. wh~ ’’ ‘he

very limited data do not entirely support the RSS positionJ34~ *

Finally, the RSS acknowledges in its l ower—bound estimate the possibi 1it~ thd ’ a threshold
for cancer induction may exist. While a threshold for primary radiation effects ~ the molec ular

level is considered unlikely on theoretical grouids , the mechanisms by which .urh effects

become expressed as cancers are not understood , and available data in no way ore lude the pos-

sibility of a threshold for these expressed effects. The RSS calculat as its l ower-bound

— 
estimate assuming a 10- or 25-rem threshold dose , either of which is larger than most doses
pred icted to occur to an individual from CWM ac t iv i t ies .

The most recent and mos t thoroughl y documen ted estimates of cancer risk from radiation

exposure are those contained in the 1977 UNSCEAR Report .~
2
~~ These values are listed in Table 8.3.

The UNSCEAR Report cautions that these values are “ . . . derived essentially from mortalities

induced at doses in excess of 100 rad. The value appropriate to the much l ower dose levels

invol ved in occupational exposure , and even more so in environmental exposures to radiation ,

may wel l  be subs tant i a l l y less; . . . “ (p. 414). Also shown in Table B.3 are the risk esti- .

mates ~dopted in the 1977 Recommendations of the International Commission on Radiological

protection ,~~
5
~ wh i ch we r~ based primarily on the UNSCEAR Report.

For this Report , a range encompassinq commonly used cancer risk factors has been
emp loye d , as indicated in Table B.4. While the possibility of zero risk at very low

exposure levels is not excluded by the available data , the lower range of risk estimates
in Table 8. 4 are considered “re a l i s t i c ” est i ma tes , appropriate for comparison with the

estimated r isks o ’ o the r  energy tech nolog i es. The upper part of the range are ‘ cc’r,servative ’

est imates, more appropriate for C ddiation protection considerations . In this context one

should recall the admonition of the National Council on Radiati on Protection and
Meas tirenent : (36 ) The NCRP wishes to caution governmental policy-making agencies of the

unreasonableness of interpreting or assuming ‘upper limit ’ estimates of carcinogenic risks

* The EPA disagreed wit h the ~.2 dose rate effectiveness factor, and concluded that the RS~80
,

— centr,, l estima te of late somatic effects “may be underestimate d by a factor of 2 to 10.”

- —_ --——•--~~~~~~ - -~~~—~~~~~
-

~~~
. --- — — - -— ----
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TABLE 8.4. Health Effects Risk Factors Employed in
th i s Statement

Predicted Inc idenc e
Type of Risk per 106 Man-Rem

Canc er from:

Total body exposure 50-500
Lung exposure 5-50
Bone exposure 2-10

Thyroid exposure 3-15

Specif ic genet ic effec ts
to a l l  genera t ions  from :

Total body exposure 50-300
L

at low radiation level s derived by linear extrapolation from data obtained at high doses
and dose rates , as actua l ris k s , and of bas ing unduly restr ict ive pol icies on such an
interpretation or assumption ” (Ref. 36, p. 4).

GENETIC EFFECTS

It is known that genetic effects result from alternat ives wit hin genes , cal led mutations ,
or from rearrangements of genes within chromosomes. There is no radiation—dose threshold for
the production ~of mutations , but repa ir of damage to genetic material can occur during exposure
at low dose rates . This information is reviewed and discussed at length in the 1977 UNSCEAR
Report. (29)

The conventional approach to this prob lem has been to estimate a “mutation doubling dose ,”
i. e., the radiation dose required to double the existing mutation rate . The BEIR Report
concludes that this doubling dose for humans lies in the range of 20 to 200 rem. The UNSCEAR
Report considers additional experimental data and opts for a single value of 100 rem. Given

a numbe r for the doubling dose , if one can assume that radiation-induced mutations have the

same effect on health as normally occurring mutations , and i f one knows the bu rden of huma n

ill health attributable to such normally occurring mutations , one can direct ly est imate the

genetic effect of any given radiat ion dose. Unfortunately, it is not clear that radiation-
induced mutat ions are equivalent in effect to normally occurring mutations. Nor is there any

confidently accepted quant i f icat ion of the human ill health attrib utable to these normally

Occurr ing mutations.

Four kinds of specificall y recognized genetically associated diseases are usually
distinguished.

1. Autosomal dominant disorders are those caused by the presence of a single gene. The most
common examp les are : chondrodystrophy (abnorma l cart i lage development), osteogene sis
imperfecta (abnormally brittle bones), neu rofibromatosis (disease characterized by multi-

pie soft tumors), eye anomalies including congenital cataract , and polyd actylism (more
than 10 fingers or toes).~~~~ i t i s genera l l y, agreed that these disorders will double in

frequency if the mutation rate is doubled.~~
4
~

I?9) 
There is some disagreement on their

normal frequency of occurrence: the ear l ier  data ,(38) emp loyed in the BEIR Report ,
indicate a 11 norma l incidence, while a more recent study of Doughty and Tnimb le ,~~~



- - 

~~~~~~~~~~~~~~~~~~ - -

B.18

indicates an incidence of something less than 0.1%. These new data have not been fully

accepted , however , and the 1977 UNSCEAR Report continues to employ the 1% normal incidence
figures. (29)

2. Multifactorial (irregularly inherited ) disorders have a more complex and ill-defined
pattern of inher itance. These diseases include a wide variety of congenita l ma l formations

and const itutional and degenerative diseases. Their normal incidence in the population was

estimated in the BEIR Report to be about 4% (14) however the newer data of Doughty and Trimble
suggest an incidence as high as 9—10 percent .(29) The BEIR Report states that , “The extent
to wh i ch the i nc i dence of these d i seases depends on muta t ion  is not known ” but assumes a

“mutatio ,ial component” of 5 to 50% (p. 56). The 1977 UNSCEAR Report employs a sing le

figure of 5% ana considers 10% to be an upper limi t (ref. 29, p . 429). Newcombe has argued

that “the bulk of the most directly pertinent experimental studies thus fail to demonstrate

any important effect of i rradiation on the i rregularly inherited diseases , or on general
health and well being, ” and concludes that “the collect ively numerous irregularly i nher i t ed
diseases of man are unl ikely to be substantially increased in frequency by exposure of

h is germ plasm to radiationJ~~~

3. D i sorders due to chromosomal aberrations i nclude diseases characte rized by changes i n the
number of chromosomes , a r m  the structural sequence within chromosomes. It is generally

agreed tha t these diseases will show little increase as a result of low-level , low-LET

ir rad i a t i o n , and they were not quantitated in the BEIR Report. The 1977 UNSCEAR Report

includes a numer ical estimate for such effects .

4. ~ppntaneous abortio ns are known to occur as a result of chromosoma l effects , often so earl y
in pregnancy as to be undetectable. Such effects have been generally excluded as not a

relevant health effect.(14)

In addition to the above specifically identifiable genetic effects , the re may wel l  be
genetic influence on other unquantifiable aspects of physical an’s mental ill health. The BEIR

Report assumed that two-tenths of this “ill health” was due to genet i c factors related to
mu tat i on , acknowledg ing that “it may well be less, bu t few would argue that  i t i s much h i ghe r ”

(p. 57). Using this factor and a mutation doubling dose of 100 rem , one c a l c u l a t e s  an even tual
0.2% increase in “ill —health ” as a consequence of conti nudl exposure to 1 rem per generation .

Such ill-defined effects cannot be quantitatively com,iared to specific genetic effects , or

carc inogenic effects , nor can they be stated on a man-rem basis.

Table 8.5 summa rizes the BEIR Report and UNSCEAR Report genetic risk estimates. The EPA

has employed an estimate of 300 genetic effects per million man-rem ,~~~ as has also the Medical

Research Council in England .(40) The newer data on the normal frequency of autosoma l dominant
d i sorders ,~

3
~~ and Newcombe ’ s evaluation of the si gnificance of mult ifactorial disorders ,~~~

lead to an estimate for total genetic effects of only 10 per million man-rem. All of these

estimates are for tota l effects , to be experienced over all future generations.

A range of 50-300 spec i f ic genetic effects to all generations per million man-rem was

employed in this Statement. The l ower value recornendcd by Newcombe has not been generall y

_ _ _ _ _ _ _ _  --~~~~~~~ -_ _ _ _ _



_ _ _  -

~~ ~~~~~~~~~~~~~~~~~~~ T~TT~

• B .19

TABLE 8.5. Estimates of Genetic Effects of Radiation Over all Generations

BEIR UNSCE A R
Type of Effect Report(14) Report(29) EPA~

31’ Newcombe ~~~
Autosomal Dominant

Disorders 50-500 100 10
Chromosoma l Disorders 40
Mu l t i factorial  Disorders 10-1000 45

Total 60-1500 185 300 10

accepted and the upper end of the BEIR Report range seems too hi gh in the light of newer

ev idence discussed in the 1977 UNSCEAR Report. As in the case of the somatic risk estimates ,

the lower end of the range may be considered more appropriate for comparitive risk evaluations ,

while the upper end of the range may be appropriate to radiation protection considerations.

SUMMARY

All estimates of health effects , as quoted elsewhere in  th i s Sta temen t, employ the risk

factors summarized in Table B.4. No special risks are considered to be associated with any

sp eci f ic  radionuclide except as reflected in the calculation of their dose equivalent (in

rems) in the various tissues of concern. However , because of their particular significance,

effects attributable to certain radionuc lides (tritiuni , 14C , 85K , and plutonium) are discussed

sepa ratel y on the fo l l o w i ng pages .

SPECIFIC CONSIDERATION OF HEALTH EFFECTS FROM TRANSURANICS

Data relev ant for predict ing speci f ic health effects from transuranics have been cnns idered
elsewhe re, in great detai l. (4l 43) On l y the k i nds of data a v a i l a b l e  and the approaches tha t
m ight be taken if specific transuranic health effect predictions were desired are considered

here .

Experience wi th Transuranic Elements in Man

No serious health effects attributable to transuranic elements have been reported in man.

There are extensive data , howeve r, on exposure of man to transuranic elements. Such exposures

arise from two main sources: the worldwide pluton iu m fallout from atmospheric testing of

nuclear weapons and other devices , and the accidental exposure of persons working with trans-

uranics. Since these exposures have produced no effects distinguishable from effects caused by

other c auses , the information is useful in health effects prediction only as an indication
that unusual or unexpected ly severe effects are not to be anticipated ; i.e., such nega ti ve
data ca n be used onl y to set an upper limit on possible effects.

~~perience with Na Rad at on in Man

A lpha-emitting elements are a natural part of man ’ s environment. He has l ived wi th these
internall y deposited radioelements and with radiation from other natural sources throughout the

h istory of the species. It is of some relevance to note that inhaled naturally occurring

alpha -emitting radionuc lides contribute an average annual dose of about 0.1 rem to the lung,

~‘lliL1L - - _______  - - ~~~~~•~~.____ --  •~~~~~~~~~ -- ~~~~~ . .~~ 
.
~~~~~~
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and that naturally occurring alpha emitters in bone contribute an average annual dose at bone
surfaces of about 0.04 ~~~~~~ While these doses cannot be related to any measure of specific
effects, they have been at least “tolerable ” on the evolutionary scale , and therefore slight
increases can hardly have catastrophic effects.

Data from Experiments with Animals

Direct information on the toxicity of transuranic elements is avai lable only from studies
in experimental animals. The radiobiological literature suggests that the biological effects
observed in such animal experiments will at least qualitatively approximate those that would
occur in man exposed under the same conditions. Based on extensive data from severa l anima l
species , it is concluded that the most probable serious effects of long-term, low—level exposure
to transuranics are lung, bone, and possibly liver tumors . Most of these data are from
experiments with plutonium , but can probably be applied to other transuranics with less error
than is involved in many other necessary assumptions. While quantitative extrapolation from
animal to man involves considerable uncertainty , the animal data suggest tumor risks per

mil lion organ-rem of 60 to 200 for ~~~~~~~~ and 10 to 100 for bone.~
42 ’4~~ These est imates

are compared with others in Table B.6.

TABLE 8.6. Comparison of Transuranic Health Risk Estimates

(Tumor deaths per million organ-rem)

Risk Estimates Based on
Data from Humans Risk Estimates

PEIR (14) Based on Data
High(a) Low(b) MRC(43) Mays(46) from Animals

Lung tumors 100 16 25 60—20O~~~
Bone tumors 17 2 5 4 lO-lOO ~~
Liver tumors 20

a. Re lat ive risk model with lifetime plateau. (39)
b. Absolute risk model with 30-year plateau .(39)
c. Data from Ref. 45
d. Data from Ref. 42,46

Da ta on Effects of Other Types of Radiation on Man

Inferences concerning the effects of transuranic elements in man may be drawn from informa-
tion avai lable on the effects of other forms of ionizing radiation in man; e.g., data de ri ved
fr om medical , occupati onal , accidental , or wartime exposure of human s to different radiation
sou rces , including external x-radi ation , atom i c bomb gamma and neutron rad i at i on , radium ,

radon and short-lived radon decay products , etc. Such information has been sumarized in the

BEIR and UNSCEAR Reports , as previously described. Eng land ’ s Med ical Research Council (MRC),

cons idering much the same information covered in the BEIR and UNSCEAR Reports, derived ri sk

estimates speci f ica l ly  applicable to plutonium.~
4
~~

Also of interest are recently accumulated data on the carcinogenicity of 224Ra in human

bone. (47
~

48) These data are part icularly re levant to r isks from plutonium , since 224
Ra is
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predominantl y an alpha emitter c d , because of its very short half -life (3.64 days), irradiates
onl y the surface la yer of bone , in much the same manner as plutonium dose. From these 224 Ra
data , Mays(46) has estimated a bone cancer risk of 4 per million bone-rem.

Table B.6 compares tumo r risk estimates from these several sources. Quantitative applica-
tion of these data to the very low exposure levels involved -in population exposure resulting

from commercial waste management practices is uncertain , however , the k i nds of da ta presented
in Table B.6 are reassuring because of their general agreement , and because they predict no 

• 
-

unusual incidence of effects not contemplated in the selection of the general risk estimates
used in this Statement.

SPECIFIC CONSIDERATION OF HEALTH ErFECTS FROM KRYPTON-8 5

• The radiolog ical significance of 85Kr was reviewed in a recent report of the National
Council on Radiation Protection and Measurements (NCRP).~

4
~ Most of the discussion in this

appendix deri ves from that report, which should be consulted for details or for more extensive
citation of the literature.

Because krypton is virtually inert chemically, it is not metabolized. Exposure of humans
results from 85Kr in the atmosphere external to the body, from 85Kr inhaled into the lung, and
to a much smaller degree prom 85Kr dissolved in body fluids and tissues . Over 990 of the decay
energy of 85Kr is in the form of a relatively weak beta ray (mean energy, 0.25 meV) which
l imits the hazard from external exposure. There is general agreement that the dose to the
sensitive cells of the skin from external exposure is about 100 times larger than the dose to
the lung or any other internal organ. (49-52)

rhe NCRP Report~~~ considers four categories of delayed effects from long—term exposure
to l ow-level environmental concentrations of 85Kr. These are : 1) genetic effects, 2) over-
all circinogen ic effects, 3) carcinogenic effects on skin , and 4) possible interaction of

ionizing and ultraviolet radiation.

Estimation of genetic and overall carcinogenic effects of 85Kr exposure involves no
unusual features . Dose to gonads and to tota l body have been considered essentially identical
by all who have considered the ~~~~~~~~~~~ Genetic and carcinogenic risk factors chosen
for genera l application in this Statement (Table 8.4) should be appropriate to 85Kr.

Carcinogenic effects on skin do constitute a unique problem, however , since the human
exposure dose from 85Kr is 1 00—fold higher to the skin than to any other tissue. Dose-response 

. -

data on radiation—induced skin cancer are limited , but suggest a threshold-type response; cer-
tainly the skin is less susceptible to radiation carcinogenesis than are many other tissues.
The BEIR Report, ’

~~ after review of the available data , concludes that “numerical estimates
of risk at low dose levels would not seem to be warranted .”

As a consequence , neither dose to skin nor estimated health effects that might result
from low-level skin i rradiation are presented in this Statement. (It may be noted that skin

cancer is perhaps the most easily controlled of all mali gnancies and rarely fatal.)

The possibility of interaction between the radiation from 85Kr and solar ultraviolet

r ad ia t i on , the latter of wh ich is considered to be responsible for most human skin cancer,
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was raised in the NCRP Report.~~~ There is no direct evidence for such inter artion , but the
possibility was thought to justif y further epidemiologica l and laboratory -tud ies .

SPECIFIC CONSIDERAT TON OF HEALT H EFFECTS FROM TRITIUM

Al though trit ium is subject to the uncertainties involved in any predicti on (If eff ec t s  at
dose levels far below those for wh ch there are expe nir1el t,~l - i m t ’ , the r e l a t i v e l y  un if o rm dis-
tributi on of hydrogen throughout the body and our understanding o + the - m i - t a t e  ism • ‘ h V G Oq er

and water by the body do provide more confiden t dosimetry thar is av’.~il able for most other
radionuc lides. If there is special concern about C n it i u l l  efi m:v , it r ’la t ’~s primaril y to tr e

difficulties of preventing its release to the environment , and to it wor ldw id ,- cistributi on

4 and availability - to man following release. Many aspects of the biolo gical concerns for tritium

in the biosphere are reviewed in the proceedings of a ssrnpo~~iuII on tri e suL~~e c t , held in

There has been some concern that tritium incorporated in org ’.nic compounds , ei t r l er o’-ior

to or following ingestion by man , might present a substantial is increased hazard. Such an

increased hazard might be due to: (a) prolonged retention o~ the t riti um-contain ir g compound ,

(b) enhanced biological effectiveness of the radioactive disintegration due to conversion of

the hydrcgen atom in a vital molecule to a helium atol l- (transmu tation effect), or (c)  a n
enhanced radiation effect due to orig in of the beta ray within a vital molecule. If the h:.-dro-

gen of all molecules in the body were uniformly labeled with tritium , th i s would adct perhaps

50t~ to the whole body radiation dose from body water alone. Any larger increased radiation

dose from organically bound tritiu m could occur only if tritium were prefere ntially incorporated

or reta in ed , in comparison with ordinary hydrogen. This possibility was reviewed by Weston

who co ncl ud ed tha t , “it is apparent that large kinetic isotope effects are often found for

tritium—labeled compounds. In tricer experiments utilizing tritium , observed rate constants

could easily differ by an order of magnitude from those for the analogous unlabeled compound.

If tritium from a source of HTO at constant specific activity is incorporated into a biological

system by i rreversible chemical reactions , it will be discriminated agains t~ and the trit ium

level in the biological system will remain lower than that of the source. Conversel y, kinetic

isotope effects in the back exchange to remove trit ium after incorporation will favor retention

of tritium in the biolog ical system .”~~~ 
-
‘

Although rather large isotope effects occur in individual chemical reactions , the ove ra l l
ef fec ts i n b i olog ical organisms seem relatively small , as discussed by Shtukkenbe rg .(56

’)

Thompson and Ballou ~~~ compared tritium and deuterium in rats , as did Glascock and Duncombe .(58)

The effects were small , as they were -in a study of al gae .~~
9
~ I t  the refore seems reasonab le

to assume , as was done in the dosimetric calculations for this Statement , that tr itiu rri will
behave like ordinary hydrogen; any error introduced by such an assumption will probably over-
estimate the effects o~ tritium .

The significance of transmutation effects has been a controversial subject , but there now

appears to be agreement on the following conclusions , as expressed by Feinendegen and Bond :
“The e f fec ts  of in tracel lu lar  tr i t ium are overwhelming l y due to beta irradiation of the nucleus.

Transmutation effects do not produce a measurably increased effect under most conditions and
are detectable only, if at all , under highly specialized laboratory conditions. The origin of

- .• 
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tritium beta tracks in , or the ir close juxta pos i t i on to , the DNA molecu le  does not a ppea r to
enha nce the degree of soma tic ef fects . (60) Studies of the induction of gene mutations in

m ice also indicate no substantial transmutation effect, (6fl

Conce rn has been expressed for the case in which a developing female fetus is exposed to

elevated body water levels during oocyte formation; tritium incorporated in these germ cells

would be retained until ovulation , and th i s mig ht constitute a special genetic hazard .(62)

Osborne, howeve r, has estumated (63) that in such a circumstance , less than 0.2t of the initial

dose rate to the nucleus ori ginates from trit ium incorporated in DNA , and that it would be

30 year: before the initial dose from body water was equaled by the cumulative dose from DNA-

incorpora ted tritium.

It would thus appear quite certain that tritium incorporated into organic compounds poses

no suL~stanti ally increased hazard beyond that accounted for by its contribution to whole body

dose.

Tritium is a pure beta emitter of very weak energy--l8 .6 keV maximum. The linear energy

transfer (LET)  of such a wea k beta is higher than that of more energetic beta , x— , or gamma
radiation , and much experimental effort has been devoted to determining whether this hi gher
E~ i~ reflected in an increased relative biological effectiveness (RBE). The international

Comm issio n on Radiolo gical Protection (ICRP) in its 1959 report on Permissible Dose for

Internal Radiation~
64

~ used a qua lity factor of 1.7 for tritiuni, the va lue employed in the
dosimetric calculations for this ‘ tatement. RBE studies were reviewed by vennart ,(6S~

) 
who

concluded “that a value of QF different from unity of either tritium or other s-emitters is

hardly justi fied , ’ and the ICRP reduced the tritium quality factor to unity in 1969 , an action

concurred in by the National Council on Radiation Protection and Measurements .(66) Mo re
recently, there has been further evidence presented to justify a value hi gher than un ity .(67~

68)

Of particular interest are studies of Dobson et ~~~~~~~~ on the su rv i val of female  ge rm c e l l s
i n young mice expo :ed to a continuously maintained level of tritium oxide in body water. These

stud ies seem to indicate an increasing RBE with protraction of exposure , wit h the suggestion

of a limiting RBE value of about 4 at very low doses. It is important to note , howeve r , t hat
an increasing RBE at very low doses for the relatively high-LET beta radiation from tritiu rn ,

is (on theoretical grounds , at least) more likely due to a decreased biological effectiveness

of the reference , low-LET radiation , than to an absolute increase in tritium effectiveness.

With specif ic regard to the RBE for genetic ef fects , the induction of mutations by tr i t ium
in mice has been recentl y studied at Oak Ridge Nationa l Laboratory . (6

~~ The report of these
studies presents the following conclusion: “Thus , if absorbed dose to the testis is accepted

as meaningful for purposes of comparison with gamma or X-rays , the . . .  po int est ima te of
re lat ive biolog ica l effect iveness (RB E) for postspermatogonial germ-cell stages is c lose to 1 ,
with fairly wide confidence intervals. The point estimate of RBE for spermatogonia is sli ghtly

above 2, with confidence intervals which include 1 , and there remains the suggestion that the

distribution of mutants among the seven loci may differ from that produced by gamma rays . (6fl 

~~~~-.--- .•-~~~~~~- ---
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In summary , it may be concluded that research on both somatic arid genetic effects attrib-
uted to tritium has failed to produce results markedly different from those which would have

been predicted from a general knowledge of ionizing radiation. It may then be assumed that
the conventional methods of estimating radiation dose and biological effect, ~s employed in
this Statement, are appl icable to tritium.

SPECIFIC CONSIDERATION OF HEALTH EFFECTS FROM CARBON—l4

Th e r ad io logic al s ign if i ca nce of 14C has received much attention because carbon occurs
everywhere in nature, inc luding man; 14C has a long hal f—l i fe , 5 730 years ; and weapons tests
ha ve signif icantly increased global ‘14 C le ve ls .~~~~ Only recent ly has attention been directed
to the considerably smaller 14 C releases tha t may be expected from the nuclear fuel cycleJ72’73

~

As with tritium , there is concern that transmutation effects (i.e., effects resulting from

the conv ersion of a carbon atom to a nitrogen atom in a vital molecule) may increase the health
r i sk from 14C beyond that attributable to the beta—radiation dose. This is of particular con-

cern with regard to genetic ef fects. Di rect experimental data to settle this question are not

ava ilable. In his original article (1958) calling attention to health risks from 14C, P a u l i n g
concluded , “that the special mechanism involvin g 14 C atoms in the genes themselves is less

important than irradi~ t ion in  caus i ng genet ic damage .”~
74
~ Totter, Zelle and Hollister , rev iew-

ing the then avai lab~ data , concluded that , “subject to large uncertainty , the transmuta tion
effec t of 14C atoms co nta ined in the genetic material of the human body could lead to about

the same number of gem tic mutations as t he radiation effect from

The general problem of t r a n s m u t a t i o n  effects  has receiv ed much  recent study, and the
occurrence and importance of such effects has been clearly demonstrated for 32~~(76) Less work
has been done with 14C, an d reported results are not entirely consistent. In studies with

Drosophila (fruit f l ies),  Lee and Sega observed little, if any , mutagen ic effect from 14 C-

thymid ine incorporated in sperm .~~~ They co nc l u ded that , “if transmutation of 14 C is muta-

genic at all , it is less effective than 32P (in similar experiment r ’j by two orders of magni tude ” ;
and that , “for practical purposes in considering mutagenic hazar ’ ,s or tox ic i ty  effects due to
chromosome breakage , only the beta radiation of 14C needs to be considered. ”

On t he ot her hand , McQuade and Fr iedkin  observed tw i ce the frequ ency of ch romosome breakage
in onion root tips after administering thymidine with ‘4C-labe l ing in the methyl group, as with
14C-label ing in the 2 position. This seems to imply a differential transmutation effect, s ince
the labeling position should not influence beta—radiat ion-induced e f fects J78~ There is , in

an y case , no ex per imental ev i dence for a t ransmutat i on effec t tha t i s man y ti mes large r than
the radiation effect, al though such claims have been made on theoretical grounds .~~~ There-

fore, based on what appears a preponderance of informed opinio n ,(76~
77) th,s report does not

consider the possibility of 14C tra nsmutation effects.

___________________  __________________  •
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Append ix C

SOCIOECONOMIC IMPACT ASSESSMENTS

C .l APPROACH TO ASSESSMENT OF SOCIOECONOMIC IMPACTS

The soc ioeconomic impact analysis developed in this report gives particular emphasis to

changes in local employment and population attributable to the construction and operation of

a waste management facility . A model for projecting individual components of population and

employment change over the life of the facility has been constructed. In addition , changes
in demands for public services that are closely related to population and employment change

are examined .

Each of the alternative waste management facilities considered genera tes socioeconomic

impacts through 1) the employment requirements of construction and operation , 2) the demand

generated for locall y supplied material and service inputs , 3) the secondary economic growth

generated by the project, and 4) the public revenues resulting from project opera tion . T he
f i r s t three of these impact sources affec t the character and magn it ude of p ri vate and publ i c
serv ice demands of all kinds; the fourth affects governments ’ ca paci ty to prov i de publ i c
serv ices. In addition , project labor demands affect local labor markets by competing with

labor employed in other activities in the site region and through a reduction in local

unem p loyment .

For pur poses of estimating socioeconomic impacts associated with each of the reference

waste management fac i l iti es , only the employment requ i rements associated with facility con-

struction and operation are considered . Other attributes of each alternative are not con—
side rad for three reasons. First , employment requirements more directly affect impact
categories than do other input requirements or revenue generation. Examples of impact
categories directly affected by employment and population change are demands for housing,
education , and health services. Second, locally supplied material inputs are likely to
contr ibute only minimally to the local socioeconomic i mpacts of the facilities in question .

Cons idering the rural or semirural locations of the sites , most mate ri al i npu ts a re ex pec ted
to be imported rather than locally supplied . Finally, tax structures and prospective
revenues vary widely across potent ial sites , making it difficult to provide estima tes of
revenue impa cts in a generic study .

C .1.l Socioeconomic Impact Categories

The identif ication of socioeconomic impact categories for this report has been guided
by several considerations. The first of these is the legal requirement under the National

Environmental Policy Act of 1969 (NEPA). The Act itself , as well as subsequent interpreta-
tions by the courts and clarification by the Council on Environmental Quality , has prov i ded
a minimum guide as to what must be treated in environmenta l impact statements. According ly,
this report examines in considerable detail the impact of waste management strategies upon
population concentration and population composition. Second , changes in population and
employment are emphasized because of their certainty or inevitabi lity . In contrast , the
identification of more precise categories of impacts depends upon which mitigating strateg ies
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are adopted. In a generic study, espec i a l l y, the adoption of specific mitigating strategies

cannot be anticipated. Finall y, the report adopts impact categories for which objective and

creditab le forecast ing m ethodologies are ava i lab le  and it neglects categories for which
impact forecasts could be only speculat ive. For example, the report does not attempt to
eva luate impacts related direct ly to menta l i l l n e s s , juvenile delinquency, educa ti onal
attainment , or quality of life .

The generi c nature of the study l imits its abil i ty to provide specific estimates for

some categories of impacts . Important site-specific attributes essential to an estimation

of more specific impacts include economic composition and tax structure of the site corn-

nm unity, availability of community assistance funds to compensate affected communities, and

ex tent of prior capacity utilization or excess capacity in capital-intensive public service

areas suc h as utilities and transportation. Lacking such information , i t is no t poss i ble to
pred i ct accura tely how a major popula ti on add i t ion  to a commun ity would af fec t req ui reme nt s
for new sc hools , hospitals, roads, water treatment facilities , a nd other comm un i ty serv i ces .
Neither is it possible to judge the fiscal capability of the community to provide the

se rv i ces ca l led  fo r by the new popula ti on , or the likelihood of taxes or community impact

ass istance being available to compensate for the additional cost of these services. For

these reasons , the re port ’ s trea tmen t of i mpac ts beyond po pula ti on a nd emplo ymen t change i s
l imited to an indication of the project-associated demand for various categories of public

services that either are likely to have distributional impacts (especially upon the native

population , which does not benefit from project operation and construction) or are closely

l inked to changes in demographic components included in the forecasting model. These ser-

v ice requ irement estimates are based upon observed per-capita serv ice ratios in the three
reg i ons co ns i dered .

C . l . 2 Impact Forecasting : Population and Employment

A refined population projection model is used to genera te a distribution of population

by age and sex over time . The analysis provides for a projection of the baseline population

in 5—ye ar increments beginning with the assumed construction start—up date in 1980 and

running throug h the operation phase of the project, which varies in duration depending on

the faci lity being anal yzed. The in-migrant employees and dependents associated with the

project are estimated and distributed residentially throughout a commuting region. Migrants
are allocated to the site county with a gravity model that takes account of distance , m i —
tia l ‘)opulation distribution , and housing availability . The numbers of migrants who take up
residence in the Site county are then projected , separa tel y from the basel i ne , over the sa me
period.

In this study , impacts result solely from in-mi grant primary and secondary * employment

and assoc ia ted dependents who re locate in the s i te  county. Persons who commute to the s i te

* Primary employment is that emp l oyed directly by the pro.iect in question; secondary employ-
mm’ ent is indirectly caused by primary employment. The components of secondary employment
arc described in greater detai l  in Sectiog ç .1.3. [For a fuller discussion of these
concepts , see Richa rdson ( i )  and Mertaugh .~

2 ) ]
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count y from residences outside the county are assumed to have no measurable or important

i mpacts on the site county except , perhaps , on the provision of improved transportation

systems , which are not considered in this anal ysis .* Additionally, wo rkers  an d t he i r
famil ies who resided in the s i te count y pr ior to the p roject and rema i n there whi le employed
on the projec t exer t no new impacts on the coun ty.

The size, rate of grow th , and age and sex composition of the project-related migrant

population are projected over the life of the project. The size and age structure of this

population varies over time as a result of employment turnover and replacement and reloca-

tion of workers formerly employed on the project. Assumptions rega rding the standard

componen ts of population change (fertility , mortality , and net migration) are also incor-

porated in the projection model . They , too , influence the size and structure of the popu-

lation over time.

The projection of regional baseline population and employment begins with a population

projection that uses information regard ing the age/sex composition of the local population

in the site reg i ons and recen t pat ter ns of ne t m i gra t i o n , a l so  d i f fe ren ti a ted by age and
sex . T hese reg ional baseline projections provide estimates of the population change that

the respective site reg ions are likely to experience in the absence of waste mmma nagement

facilities. The population data are transformed into labor force estimates through the use

of the 1976 national labor force participation schedule for males and females of each adult

age group. This labor force provides a portion of the manpower to meet employment demands

of the project , depending on skill distribution , l eve l s  of u nemp loymen t, and availability to

work on the project.

The projection model disti n guishe s primary and secondary employment resulting from

construction and operation of waste management facilities. The mi grant and nonmigrant

components of primary and secondary employment are estimated from available labor supply and

known employment requirements for each of the project alternatives using the projection

model . Innovative features of this model are that it explicitly incorporates the elements

of worker disp lacement from other regional jobs to project construction , excess mi gration ,

dependent additions to local labor force, turnover in the project operational staff , and
propensity to leave the area after job separation.

C.l.3 E~pjoyment Multiplier Derivatio n

The accuracy of the primary and secondary employment estimates is critica ’ to the

quality of the impact forecasts provided in this report. Primary employment is actual

employment in construction and operation of the facilities. Estimates of primary employment

requ i rements for each of the technical alternatives are shown in Table C .l.

Seconda ry employment is the labor force generated by a project but not directly en-

ployed on the project. Although secondary employment is often described simply as “house-

hold serv ing ,” or meeting the consumption needs of the primary project labor force , there

* See Kasarda (3) for evidence that suburban population growth produces growth in central
city service functions.

_ _ _
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TABLE C. l. Manpower Requirements (in man-years per year) for Construction and
Operation of Selected Waste Management and Production Facilities
and Reference Facility Components

Mean Annual Mean Annual Impact
Construct ion Operation Forecasts :

Facility Employment(a) Employrnent(b) Table No.

FRP production facilit y 1630 1 000 C.6-C. ll

FRP waste management reference system
HLLW vitrification 165 54 C .12-C.l7
Fuel res idue packag i ng w i thout compaction 38 15
Failed equipment packaging 55 13

4 Inc ine rat ion of general trash and combustible
waste 35 52

ILW and LLW cement immobilization 35 7
Group I I I  f i lter modu le FRP 29 4
Dissolver off-gas treatment 75 22
Vessel off-gas treatment 82 9
Krypton storage (Phase I) 194 26
Fuel residue storage 1 30 4
Outdoor surface storage LLW 2 3
Indoor subsurface ILW 65 6
Water bas i n storage of SHLW 290 60

Total T1~~ 275

FRP combined system 2825 1275 C .18-C .23
MOX FFP production facility 571 300 C.24-C.29

MOX FFP waste management reference system C.3O-C.35
Fai led  equ ipment packaging 4 5
TRU LLW incineration 14 7
LLW cement imobilization 34 2
Outdoor surface storage of LLW 2 2

Total 16
MOX FFP combined system 625 316 C . 36—C.4l
Independe n t spent fuel storage fac i l i ty

(ISFSF): once-through , prompt disposal C.42-C.47
Vent off-gas treatment 17 5
Spent fuel storage modified for packaging 800 150
Spent fuel packag i ng 533 146

Total 301
Extended fuel storage system (ISFSF , SFPF , and DSCF) C.48—C.53

Vent off-gas treatment 17 5
Spent fuel storage (ISFSF) mod ified for packaging 800 150
Spen t fuel packag i ng (SF ,PP colocated w i th I SFSP) 533 146
Dry caisson storage (DCSF) 340 60

Tota l 1690 361
Retrievable waste storage facility (RWSF) C.54-C.59

Sealed cask storage for SHLW 800 127
Fuel res i due subsur face storage 168 7
11W indoor subsurface storage 88 22
LLW outdoor surface storage 4 8

Total 1060 164

Waste repository, sal t formation : U and Pu Recycle 1570 1000 C.60-C.65

Waste repository, salt format ion: once-through 1430 688 C.66-C.71

Waste repository , granite: U and Pu recycle 3140 1200 C.72-C.77

Waste repository , granite : once—throu gh 4290 800 C.78-C.83

Waste repos itory, shale: U an d Pu recycle 1860 1000 C.84-C.89

I 
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TABLE C . l .  (Contd )

Mean Annua l  Mean Annua l  Impact
Construct i on Operat i on Forecasts :

Facil ity Employment(a) Employment(b ) Table No.

Was te repository, shale : once—through 2000 722 C.9O-C.95

Waste repository , basalt : U and Pu recycle 3710 1170 C.96-C .lol

Waste repository , basal t: once-through 5290 760 C .lO2-C .lO7

a. Const ruction manpower estimates were obtained from DOE/ET-O028 expressed as total man-years
for the duration of construction . Mean annual construction employment was derived by
dividing the total manpower estimates by the assumed duration of construction to yield
average person years per year as follows :

• FRP - 4 years

• MOX-FFP - 3.5 years

• ISPSF - 3 years

• ISFSF , SFPF an d DSCF - 10 yea rs

• RWSR - 15 years
• Repository - 7 years .

Since the projection methodology utilized in this impact forecasting procedure is based on
a 5-year construction period , var iation in the actual duration of construction is difficult
to handle. See Section C .l.5.3 for further discussio n of this issue.

b . Operation manpower estimates were obtained from DOE/ET-O028. For the waste management
facilities, these est imates  in c luded  operato rs , radiation monitors , and ma intenance and
cra ftsmen . In order to take accoun t of superv isory and other ove rhead and adm i n i strat i ve
personnel , a cons tant factor (1.87), derived from cases where complete data were provided
by f i e l d  person nel , was used to inflate the data obtained from DOE/ET-OO28.
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are at least two distinct economic processes linking primary to secondary employment. The

f i rs t  of these i s i nd i rec t emplo yment ex pans ion , wh i ch occurs as pla nt construction creates

demands for l oca l ly  supp l ied  ma ter i a l s . The secon d de term i na nt of seco ndary em p lo yment
expans ion is the stimulus to output and employment resulting from s pend i ng and successive
respending of the wages and salar ies of primary employees.

To transform these primary employment estimates for construction and operation into

secondary employment estimates , a technique for secondary employment est imation developed by
Stenehjem and Metzger~~ at Argonne Na tional Laboratory has been utilized.

This technique combines the simplicity of economic base analysis and some of the

industria l disaggregation of input-output analysis. * Stene hjem and Metzger provide a set of
region and industry group_ specific ** seco ndary emp loyment multipliers for each of 21 regions

in the contiguous United States. Each multip lier is estimated by a cross-sectional regres-

s i on of employment data by county and represents the change in secondary employment that is

expected to accompany an exogenous change in employment in the respective industry groups.

The advantages of this technique are that it 1) is easily implemented , 2) distinguishes

between major industry groups, 3) includes the experie nces of counties with diverse indus-

trial mi xes and at different sta les of development, and 4) accounts for regional differences

affecting secondary employment generation.

The source of the secondary employment multip liers used in deriving population and

employment impact projections differs according to the projection series in question. For

the construction phase (1980 to 1985) for each facility alternative , the “expected impact”

multi plier is the Stenehjern_Metzger reg ional multiplier for manufacturing and construction

employment for toe respective reference sites. The “maximum impact” multiplier for con—

stru tion is the m ax iinu~n of the regional manufacturing and construction employment multi-

pl iers  reported by Stenehje im m and Met~ger; it is , therefore , the same magnitude for al l  three
s i tes .

The industry group breakdown adopted by Stenehjem and Metzger in estimating their

regression emp loyment multipliers does not offer a viable category for plant operation. For

* Economic base analysis discerns two major components of employment and output in a region :
basic or export industries, whose output is sold primaril y outside the reg ion and is
therefore independent of local demand conditions, and nonbasic or “household-serving ”
industries, whose output is pr jm~rily loca lly sg ld and depends upon local demand condi-
tions elaborated in Rich ard son (1) and Merta ugh .(2) Growth of total regional output and
emm m p loyr iment is characterized by economic base analysis as being narrowly linked to exogenous
changes in demand for the output of export industries. According to this view , growth of
export indu str ies is the source of all regional output and enmploym~rnt growth , bringing
into the reg ion ex te rna l  funds w h i c h  are then spent and respent for locally provided goods
and seryice s . A major def iciency of economic base analys is  is i t s  artificial distinction
of only two cate gor ies of output d r id employment. Essent ia l l y ,  al l  basic industrie s in a
region are assumed to be iden t ical in their characteristics affecting secondary employment
and output generation. But important differences among basic industries in a region may
lead to sizable errors in secondary employment estimates derived from economic base
a nal ysis. Input-outp ut ana lysis . in which production technologies for all the industries
of a region are represented in an input-output mm ia trix. fully accounts for such industry
differences , but is unwie ldy and expensive to implement.

**T he industry group tha t represents constr uction in the model combine s n ma nuf a c t i r i ng  and
construction.

~~~~~~ -. - - - - - - -
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this reason , the simple economic base multiplier was used as the basis of the employme nt

estimates for the operation stage of each of the facility and process alternatives. These

multi p l iers , again , are taken from Stenehjem and Metzger ,~~~ and were calculated fronm

county employment data . The expected impact multiplier in each case is the simple economic

base multiplier for the site county, and the m aximum impact multiplier is the maximum of the

simple economic base multipliers for all the counties in the respective site states (see

Table C.2 for a detailed presentation of these multipliers).

TABLE C.2. Emp l oyment Multipliers

Impac t Reference S it e
Work Phase Condition Southwest Midwest Southeast

Cons truction Expected~~ 1.7 0.6

Maximum (c) 1.7 1 .7 1.7

Operations Expected (d) 1.4 1.0 0.7

Max im um ( e )  4~2(f) 2.5 3.2

Source: E. J. Stenehjem and J. E. Metzger , A Framework for_Projectin ~
p)oyri~ n t and Pop u la ti o n Chagges_Acc o m~p~~ ne~gy~peve lopment , pre-

pared for the Assistant Administrator for Planning Analysis and Evalua-
tion , U.S. Energy Research and Development Administration , Argonne National
Laboratory , A rgonne, IL , August 1976.
a. Regional multip liers for manufacturing and construction.
b. The reg ional multiplier for the Southeast site region was zero ; the

lowest nonzero multiplier for a nearby region was substituted here.
c. The largest of all the estimated regional multipliers has been applied

to each reference site to represent the nmaxi mim u tm m i m im pact condition.
d. County—specific simple multiplier representing the reference site

county .
e. Largest county multiplier for state containing reference site.
f. Largest county multiplier considered too large (>17) conmpared with

other sites; therefore substituted next-largest county multiplier
for site state.

C.l .4 Social Service Demmmands

Primary and secondary labor force and associated dependents who reside in proximi ty to

the construction site will require the support of a wide range of social services. ln tem - r n t

in this stud y focuses on demands (expectations) for social serv ices by toe in-m mmi ..~rar t

population residing in the site county .

The mechanism by which in-mi grant population size and age compos ition are ‘~rar s1ated

into social service demand in the model is a set of social service ratio mult ipliers

(Table C.3). These multipliers are expressed as a ratio of units of the service to un its of

a relevant population . The product of these ratios and the projected net i n— mm ~igran t project

population will provide a measure of new demand for selected services over time .

There are severa l assumptions and important limitations related to this procedure.

Although it is clear from casual observation that large p oLu lations have larger , more com-

plex social service infrastructu re’, than small populations , it is not necessaril e clea r how
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TABLE C.3. Social Service Impact Demand Ratios by Site

Social Service Southwest Site Midwest Site Southeast Site

Health
Phys icians/ lOO0 1

~~ 1 1.3 0.9

Nurses/l000(b) 2.6 5 2.9

Dentists /l000(’) 0.3 0.6 0.3

Hospital beds/1000(d) 3.3 5.9 3.7

Nursing care beds/l000 aged 654(e) 40.8 105.1 38.3

Educat ion

Teac hers/lOO students: (~8(f) 4.3 4.3 4.3

Teac hers/l00 students: 9_ 12 (f) 5.3 5.3 5.3

Classroom space: sq. ft ./lOO students 9—12 (9) 15 ,000 15 ,000 15 ,000
San it at i on

Wa ter treatment: gal/person/day (9) 150 150 150

Solid waste : collection vehicles/l000 (9) 0.1 0.1 0.1

Solid waste: garbage men/l000 (g) 0.3 0.3 0.3

Liquid waste: gal/person/day (9) 100 100 100

Fire and Police

Flremen /l000(9) 0.7 3.7 0.7

Policemen /l000(9) 2 2 2

Recreat i on
Playgrounds : acres/1000(9) 1 1

Neig eborhood parks: acres/l000(9) 0.8 0.8 0.8

Co,risunity parks: acres/l000(9) 1.2 1.2 1.2

Social Problems

Crime index: crimes /i~ o~(h) 58.4 43 46.4

Government

Adminis trative utaff/l0 ,000(9) 9 9 9

a. Act ive nonfederal phys icians providing patient care in state containing site. AMA Center for Health Servi ,es
Research and  Development. Distribution of Physicians in the U.S. , 1973. Table 9, G . A . Roback , ed. , American
Me d ical Assoc i a tion , Chicago . IL, 1974 . As cited in the U.S. Department of Health , Educat i on , and Wel fa re,
ealth: United States 1975. DHEW Publication No . (HRA )76—l232 , Public Health Service , Health Resources Admini-

s trat ion . National Center for Heal th Statistics . Rockv i l l e , MD , 1976 ( h e r e i n a f t e r  r e f e r r ed  to as NRA 7 6 - 12 3 2 ) ,
Table 8.1.12.

b. Reg istered nurses employed in nursing in state containing site. American Nurses Association , Stat i s t ics Depar t-
ment , 1972 Inventory of Reg istered Nurses, Kansas City, 1974. As cited in NRA 76-1232 , Table 8.1 .19.

c. Active nonfederal dentists in state containing site. U.S. Department of Health , Educa ti on , an d Welfare ,
Division of Dentistry . Bureau of Health Manpower , Hea lth Resources Adm inistration. As cited in HRA 76.1232 ,
Table B .I.15 .

d . Nonfedera l and nonprofit hospital beds in state containing site , 1973. U.S. Department of Health , Education ,
and Welfare. National Cen ter for Health Statistics , Hospi tals: A County and Metropolitan Area Data Book, 1973,
Roc kv l l le , MD , 1976 .

e. Beds In nurs ing care homes , personal care homes with Or without nursing, and domiciliary care homes in state
containing Site , 1 973 . Na ti onal Center for Heal th S ta ti s t i cs , un published data from the Master Facility Census.
As c i ted in HRA 76-1232 , Table 6.11.6.

f . Na tional teacher/student ratios. U.S. Bureau of the Census , Statistical Abstract of the United States: 1975
(96th edItion , Table 211: Public Elementary and Secondary Teachers , 1974), Washington , DC, 1975.

g. E. 3. Stenehjem and J. E. Me tzger , A Framework for Projecting Employment and Population Changes Accompanying
Energy Development, Phase II , report prepared for the Assistant Administrator for Planning and Anal ysis and
Evaluatio n , U.S. Energy Research and Development Adm i nis tra ti on , Argonne Na tional Laboratory, Argo nne, IL,
Oc tober 1976.

h. Numbe r of “ i ndex cr imes ,” referring to seven major offenses known by the police , in state ~onta ining site.
U .S. Department of Justice , Federal Bureau of Inves tigation . Crine in the United States: 1975, Uniform Crime
Reports, Was hington, DC , 1976 .

I
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popu lation fluctuations over time are translated through political and fiscal mechanisms

into changes in the quantity or quality of services provided. As a case in point , a careful

study of the impact s of the construction of a large steel facility in a rural community

concluded that even a 10% increase in the local population resulted in no si gnificant - -

difference in publ ic expenditures for most social services compared with similar neighboring

communities experiencing less than 2% growth in populati on.~~~ It w i ll not only be ass umed
that popu lation is directly related to service demand by way of the ratio multiplier , but

also that t h is relat i onshi p i s descr i bed by a con ti nuous funct i on that i gnores bot h econo mi es
of scale and the discrete nature of services. Stenehjem and Metzger (6) focus on population

size as one of the more important of 11 primary variables determining social service pro-

vision , but they emphasize the importance of unique local conditions in influencing this

relationship between changes in population and changes in service levels.

The selection of an appropr iate ratio multiplier is problematic , espec i al ly i n a
generic study . The actual demand for services involves a balancing of local expectations

with potentially hig her expectat ions on the part of the in-migrants. It is difficult to

es timate eit her local s tandards  or standards ex i st i ng i n the m ig rants ’ communities of origin

that could be said to properly represent their respective demand. In this study, the county

is taken as the unit of ana lysis, and standards for communit ies wi th in these counties may
vary cons iderably from the county average. State standards wi l l  be utilized where available

and either national or other empirically estimated standards where state data are lacking.

In-m igrants will probably expect a higher level of services than is likely to be provided in

the re lat ive ly  rural reference sites , s i n c e most of these construct ion and ope ration wo rkers
w ill be coming from nearby urban areas where more adequate serv ices are ava i lab le .  The
s tate ’ s level  of service  prov i sion thus becomes the best e st i i , .~’te of the in-migrants ’

serv ice demands. The use of a ratio multiplier also assumes that added incrementa l service

demands are distributed uniformly throughout the area——clearly a simplification of reality.

Finally, these multipliers will be applied to in—migrant populations only, and w i ll no t 4
reflect the unique demands for service support exerted on the site county by the facility

itself.

Serv ice demands take the form of new capital and operational requirements. The former

refers to the need to expa nd a system ’ s capac ity by adding buildings and equipment. The

la tter refers to the addition of personnel within an existing capita l structure. Personnel

needs can be sat isfied more readily than capital needs as, for example , teac hers versus
schools, or doctors versus hospitals. The use of ratio multipliers in a generic study

ignores the extent to which a system is operating at or near capacity . A system forced to

expand capacity will suffer larger impacts than one that can absorb new demand with existing

excess capac ity . The multiplication of these ratios and net new in-migration can only

estimate .he size of new demand , not how that demand will be met by the systenm . Projected

i mpacts are, then , onl y potential , or im plied , impacts .

_ _  — -—--- -~~~ - — _ _ _ _  - — - -
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C .l.5 Limitations to Approach

The approach adopted is limited both by the nature of the task and by the methodology

employed . Some of these limitations are discussed in some detail elsewhere in this appen-

dix; therefore , the more important issues in this regard are briefly presented here.

C .l .5 .l Focus of the Study

This is a generic study of socioeconomic impacts . In this context it is not possible

to use i nformation on service system capacity to absorb additional impacts ; to analyze local

tax structures and specific fiscal impacts ; or to anticipate mitigating strategies that

might be adopted in response to impending impacts. The objective of this study is to

-. 

- 
forecast the demographic structure from which impacts are derived and to estimate demand for

services. The accuracy of impact forecasts will depend upon the model ’s specifications and

on the validity of the assumptions i ncorporated in the model . The assumptions are judg-

men tal and are presented in Table C.4. (See ~ittenger~~ for a discussion of standards by

which to evaluate forecasts of this type.)

C .l.5.2 Sensitivity Tes ti ng

The model used in this analysis has not been subjected to extensive sensitivity test-

ing. Therefore , it is not possible at this time to specify precisely how parameters of the

model (for example , fertility rate , secondary employment multipliers , distance elasticity in

the gravity model) affect the forecasted level of output--namel y, the size of the in-migrant

population at a future time . In any case , mult ivariate models are complex and subject to

interaction effects , such that the specification of precise relationships between parameters

and output values may not be possible. While it would be convenient to say that a doublir m g

of employnment demand on the project would result in a doubling of impacts , it is not clear--

in the absence of Sensitivity testing--that the relationship between input variables and

forecasted impacts is linear.

C.l .5. 3 Pr~j~pt ion Methodo logy

The projection methodology is based on a 5-year projection cycle, as opposed to a

1— year cycle, due to greater ease in data handling and i mm iplenmentation of the model. There

are , however , severa l inherent drawbacks associated wit ri this approach.

First, the construction phase of the project is constrained in this model to the first

5-year period (1980 to 1984). Construction , howeve r , may be completed in less than 5 years.

In addition , for certain storage facilities, the construction of facility components depends

upon the volume and rate of flow of wastes to be managed . Th is means that construction

activities may be spread out over a long period while those facilities first constructed are

in the maintenance or operation phase. These difficulties are dealt with by estimating the

niean person-years per year required for construction and by assuming that all construction

is completed during the 1 980 to 1984 period. In the few instances when construction is

planned to take place after 1 985, the constru ction employment in the later period is absorbed

into the operation empl oym iment estimate for purposes of im im pact forecasting.
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The second problem here is that construction employment is differentially phased over

the construction period such that a marked peak occurs about two-thirds of the way into

project construction. The use of the mean person-years per year during the first 5-year

projecti cn cycle essentially ignores the peaking of employment. However , i t i s reaso nab le
to assume that workers who come onto the job during peak periods of c~~struction tend to be

specialists who are transient with respect to their employment histories. They have a

particularly low probability of residing in the site county and are most likely to commute

to work. If these assumptions are correct , then mean employment is a good , unbiased esti-

niator of construction employment.

C .l.5.4 Leyel of An al~Lsi s

The last limitation to be discussed reflects the level of analysis chosen for this

generic study . Based on the relative availability of secondary data , the county has been

adopted as the unit of analysis. Impacts are felt and managed ~t different levels , all the

way from the nation to the household. But most of the i mportant socioeconomic impacts

l i kel y to be generated by the construction and operation of waste management faci litie5 ~i ll

be exerted at or below the county level. Once demographic effects and service demands have

been forecast at the county level, individual communities or school districts , for example ,

can read i l y assess the l i kel ih ood of loca l i zed effec ts an d develo p miti ga tin g stra teg ies

acco rdingly. In the context of a county-level analysis , it is also apparent that the total

effects attributable to a project are not being addressed. Some portion of the total

project—induced impacts will accrue to other counties and communities within the impact

reg ion (and perhaps outside the region also). While the methodology adopted here could ,

with minor alteration , address to tal reg ional impacts , attention is limited to impacts on

the county containing the site.

C .2 REFERENCE ENVIRONMENTS

A gene ri c assessme nt of soc i oeco nom i c i mpac ts i ncorpo ra tes the assum pti on that a
va riety of sites may ~e under  cons id erat i on for develo pmen t of n uc l ea r was te manage ment
facilities. Since the potential sites may differ considerably in terms of their distinguish-

ing characteristics-- especially population size, composition , distribution , industrial

composition of the labor force , and ava ilability of social services ——it is necessary to

exa mine the potential effects of energy facilities on a number of alternative sites. For

exa mp le , it is reasonable to assume that a hi ghly urbanized community offering a wide range

of services to residents w iil experience fewer negative effects from the construction and

operation ot a project than will a sparse ly populated rura l community. In the latter , eve n

a relatively small project could produce disruptive effects.

In addition to considering alternative reference sites, it is also necessary to assess

the effects of severa l types of nuclear waste management facilities. T hese fac i l i t i es
differ substantially in terms of the number of workers needed for construction and opera-

tion , the potential hazards created through storage and transportation of noxious materials ,

and the amount of land occupied. It is thus reasonable to expect that socioeconomic impacts

will differ in type and degree according to the facility in question.

—.— --— .-~~~~~~~~~~~~
-

-
-~~



- - - -  

~~~~~~~~~~~~ 

- 

•

C. 16

C.2 .l C r i t e r i a  for Reference S i te Select i on

Three reference sites were chosen from a larger number of possible locations for

nuclear waste facilities on the basis of several cri teria.

• Geolog ic conditions: One reference site offers sufficient salt deposits to be used as

a waste disposal facility . Another is underlaid by granite.

• Popula tion size: The three sites vary markedly in terms of the total number of inhabi-

ta n ts at the s it e and in  the sur round i ng region .

• Population distribution: The three sites exhi bit variations in population density and

4 degree of urban ization.

Although it was not feasible to consrder a sufficient number of alternative sites to exhaust

all poss ible combinations uf the above criteria , the t hree s it es selec ted fo r anal ys i s
permit an assessment of a wide range of variation in impacts to be expected.

C.2.2 Characteristics of Reference Sites

I n order to emphasize that the reference sites are hypothetical , they are labeled

Midwest , Southeast, and Southwest. Each reference Site consists of a single county . The

region within which the county is located is defined as the aggregation of all counties

falling substantially within a 50—mile radius of the Site. If more than half of a county is

included within that 50—mile radius , it is included in the reg ion.

Reg ional populations are important for assessing Site impacts because a sizable portion

of the project employees may commute to work from regional localities. Fifty miles repre-

sents the maximum commuting distance that most workers are willing to undertake. Further-

more , population redistribution wi thin the region may result in project-related impacts. j .
Summary data for the site counties and surrounding regions are presented in Table C.5.

Two types of comparisons can help in  interpreting these data . First , there are ma rked
d ifferences among the sites , whether based on county or regional comparisons. Second , the re
are i mportant differences between the county and reg ion for each site . From the population

data it is evident tha t the Southwest and Midwest regions are highly urbanized i- - hen compared

w ith the Southeast region . Differences among the three counties are even greater. While

the Midwest site falls within the most urbanized region , the county containing tha t site has

the smallest urban component. In fact, each site county is less urbanized than its cor-

responding region , reflecting the likelihood that disposal sites will be situated away from

urban centers and densely settled areas. The density figures also support this observation.

The sites vary dramatically in terms of population change over the 1965 to 1970 period ,

with the Southwest site showing a marked decline, the Midwest site showing a comparable

i ncrease , and the Southeast site remaining relativel y stable. F rom 1970 to 1975 a l l  s it es
gained population , and the differences among the rates of change are smaller than in the

preceding 5-year period. These changes over the aec~de can be attributed to two components:

natural change and net migration . Natura l change is the difference between bir ths and

deaths. Net migration is the difference between the number of persons moving into an area
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and the number moving out. Each site has experienced an excess of b i r t h s  over deaths , thus

serv ing to moderate the population loss due to emigration from the Southwest and Southeast

sites over this period while increasing the growth experienced by the Midwest site . Pop-

ula tion change has important consequences with respect to the capacity of a site to absorb

im pacts. Counties which are experiencing rapid population growth may be more likely to plan

to accommodate excess demand on local services than would counties that are not growing. On ‘
~

the other hand , counties which are losing population may have underutilized service sectors,

which would then be available to serve the needs of project-related in-migrants.

While the Southwest county has a high urban component compared with the Midwest county ,

i t i s onl y one—fifth as densely populated. In the Southwest reg i on mos t people li ve i n
towns just large enough to qualify as urban by the U.S. Census Bureau (2500 or more). The

r nearest metropolitan center (population 50,000 or more ) is over 100 miles from any part of

the Southwest region. The Midwest region , however , contains a very large metropolitan

center, though the site itself is primarily rural.

Looking briefl y a t the da ta rela ted to employment , it ~s apparent that the Midwest site
residents enjoy the hig hest standard of living . This is true for both the county and the

region and is reflected by relatively high family income , low perce ntage of unemployed , and

low perce n tage be l ow the pove rty level (defined for 1975 by the U.S. Census Bureau as $5500

for a nonfarul fami ly of four). In contrast, almost one-fourth of the Southeast site resi—

dents are below the poverty level , and the median income for the Southeast region is less

than two-thirds that for the Midwest region. Similar reg i o nal d ifferences a re ref lecte d in

the data presented on education. The Southeast site residents are substantially less

educated than residents from the other two sites- -a condition to be expected from the more
rura l character of the Southeast site .

Housing variables are critical because they reflect the ability of a community to

ade qu a tely acco mmoda te a substant i a l population influx. Vacancy rates and housing condi-

tions determine the ease with which the incoming workers and their families can find ade-

quate , affordable living space. In this regard , the Southwest site is apparently best

situated to accommodate a population influx. It has a higher vacancy ra te and its housing

units are both newer and in better condition than are those at the other two sites. In

addition , a ver y hi gh proportion of the Southwest site housing facilities is connected to a

pu blic sewer service .

The three reference sites selected are each distinct in terms of demographic , economic ,

and social service characteristics. If the waste management facilities to be considered are

to result in si gnificant socioeconomic impacts, this should be evident at one or more of

these Sites.

C . 3 WASTE MANAGEM ENT REFERENCE SYST EMS

The model used in this generic study postulates that social and economic impacts are

caused by the settlement of new migrants in the site county . Therefore , nrojection of the

in—migrating , pro~ect-re1ated popul at ion is based on a determination of the construction and

operation ~~‘ power require ’ ’ents sps- cif ic to the waste mana geii’€’n t system to be built and
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operated . A fuel reprocessing plant, for example, can be configured in a variety of ways,

depending upon the size and types of facilities whic h will manage waste by-products. The

m ajor systems and their alternative configurations to be analyzed include the fuel reprocess-

ing plant (FRP), the mixed-oxide fuel fabrication plant (MOX FFP), the i ndependent spent

fuel storage facility (ISFSF), the extended ~pent fuel storage system (ESFSF), the

retrievable waste storage facility (RWSF), and waste repositories in three geologic media

for two fuel cycles..

In the case of two systems , the FRP and the MOX FFP , waste management represents only

a part of the tota l facility. The manpower required to construct and operate the production

co mponen ts o f these two sys tem s w i ll be ana lyzed separatel y. It will then be possible to

integrate this projection with the respective waste management reference alternative to

determine the impact of waste management both alone and relative to the tota l impact attri —

butable to the whole facility .

Eac h of the major systems is assumed to have a construction period lasting a maximum of

5 years (1980 to 1984) and an operational life expectancy prior to decomm issioning ranging

fronl 25 years for the waste repository to 35 years for the ISFSFs. The manpower require-

moments associated with decommissioning are typically smaller than those for operation; given

uncertainty in the timing, nature , and duration of the decommissioning phase , their require-

ments are not treated specificall y in this study .

Table C.l depicts the size of the construction and operation employment for each

reference waste management system and its component facilities. This table indicates how

colocated facilities are aggregated to produce the employment inputs to the impact forecast-

ing model. The employment estimates for 15 different waste management systems will be

examined over each of the three reference sites , producin g 45 separate forecasts of impacts

(Tables C.6 through C.l07).

C.4 THE FORECAST ING MODEL

The demographic forecasting model uses a cohort-component projection Illethodology . This

technique precisely forecasts the size and structure (age and sex) of the population. Such

precision is a critical aspect of the model , since impacts are viewed as being responsive to

changes in both of these demographic variables. The initial projected population serves

both as a comparative baseline and as a source for a portion of the future project labor

force. Employment demand associated with the project is met in part from the baseline

population and in part f r o m  new in-m i grarmts. The following description deals first wi th  the

construction phase of the project (1980 to 1984) and then with the operation phase (fro~
1985). A brief discussion of Output from the model concludes this section.

Figure C .l illustrates the princi pal components of the demographic forecasting model ,

and shows the interre lationships of demographic and economic characteristics of both the

impact reg ion and the site county . The determination of employment-generated in -migration

and the projection of baseline and project populations over time , as outlined ir Figure C .1 ,

are discussed in the following sections. 
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C.4.l Cons truction Phase

The model first determines the size of the regional population in 1980, which is the

s tar tup da te for cons truct i on . T hese f i gures are pr ojec ted fro m 1970 ce n sus data thr o ug h

the use of independent assumptions about the future course of the three components of popu-

la tion change: fertility, mortal ity , and net m i grat i on . Speci fi cal ly , fertility is assumed

to converge from the observed 1970 state rate to a replacement or zero-population-growth

level in 1990; mortality is assumed to remain constant at the state level in 1970; and net

m igration is assumed to converge to zero in 1990.

The select i on of a sc hedule  of migr a ti on ra tes for toe i n i t i a l  per i od , 1 980 to 1 984, is

subject to substantially more error than is the case for rates of fertility and mortality .

The selection of assumptions regarding future trends in net migration is even more diffi-

cult. Part of the difficulty is that net mi gration , being responsive to economic oppor-

tuni ties outside of the project under investigation , subsumes all future opportunity in the

reg ion , including other construction activity .

Migration rates for counties by age and sex are available for the period 1960 to

l970.(8) More recent rates are available from the U.S. Census for counties /~~ but these

da ta do not provide sufficient detail on age and sex to construct a fully disaggregated

model . The p roble m i s furthe r ~~mp 1icated by the fact that migration patterns at the county

level have departed significantly from historical trends .~~~

A comparison of aggregate, county-level net migration rates across the two time periods

illustrates the pronounced trend toward rura l net in-migration. Table C.5 presents these

rates as 5-year rates , assuming that net mi gration changed in a linear fashion between 1 960

and 1970. To attribute an age/sex structure to the new rate pattern , the site county

migration rate for 1970 to 1975 was matched with that of another county (or set of counties)

that had the same rate in the 1 960 to 1970 period. In addition , counties chosen were of the

same relative rural/urban character in 1960 to 1970 as the site county was in the 1970 to

1975 period.

The age/sex compos ition of net migrants for the matching county (county group) was then

adopted as the appropriate age/sex composition for the site county . Although the overall

rate of net migration is allowed to change over time (convergence to zero by 1 990 is the

best guess in the absence of more information), the age/sex structure of the changing rates

remains the same . Tha t is, each age/sex specific rate changes by proportionately the same

amoun t un ti l a l l reach zero by 1990.

The size of the regional labor force is determined according to the labor force par-

ticipation schedule observed throughout the United States in 1976. It is assumed that the

project construction labor force will be filled sequentially as follows . The first source

of labor for the project is unemployed construction workers in the region. The number of

workers available from this source is estimated by multiplying the proportion of the region ’ s

1970 labor force that was in construction by the total regional labor force. The number of

unemployed is projected as the product of construction labor force and the regional unemploy-

ment rate in 1975 , inflated by the ratio of national unemployment in construction to national

— — —— 
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une m ployment in all industries . Finally, an estimate of the proportion of unemployed

const ruction workers availabl e to work on the project is applied. The result indicates the

com ponen t of the construc ti on la bor force that  i s made up of une mp lo yed local constru c tion

workers. Reduction of local unemployment is usually interpreted as a positive impact.

If this component does not satisfy the project employment demand , the next source taken

in-to account is the construction workers in the reg ion who will leave other jobs to work On

the project. It is necessary to estimate the proportion of these “displaced’ workers who

will be replaced by mi grants , since it is only the migrant component that produces the

impacts of concern .

If demand for the construction labor force is still unmet , then it is assumed that

migrants from outside the region will fill the remainin g jobs. In addition , an assum pti on
is made regarding project -induced excess migration --migrants who come to the reg ion

seeking employment on the project but are unsuccessful in obtaining such jobs. The total

primary construction employment migration is thus composed of new mi grants who work on the

project , migrant replacements for local workers who are displaced from other jobs , and

excess migrants to the site county who are unable to find work on the project.

The second important migration component includes migrants responding to secondary

emp loyment opportunities arising from project construction. Secondary employment expansi on

is computed by applyin g a multiplier to project construction employment. The migratory

component of the secondary labor force is also computed in a residual fashion. A fixed

proportion of the region ’ s unemployed labor force, less those who will be employed in the

primary construction labor force , is assumed to be available for secondary employment.

Residual demand is assumed to be met by mi grants. It is also assumed that a portion of

these migrants will be spouses of primary construction workers.

The model next allocates the primary and secondary migrant labor forces to the site

county using a residential allocation mlmo d el * that incorporates housing vacancy rates and

* The resid en t i al a l loca ti on model (“ gravity model) as applied in this study assumes that
in—migrants will choose their residence i n  direct proportion to the population size of
the county of residence and inversely proportional to the distance between the project
site and the count y of residence. The population size of county i is weighted by the
proportion and condition of vacant housin g units in the county . The form of the model is:

M = ~LJ
1 

~~~

where : M 1 proportion of in-ml ligrant s residing in county i

Pj population size of county i

Di = distance f rom site to center of county i
- = distance exponent (see Table C..4)

= housing vacancy rate in CO u n t - 5

proportion of housing in good condit ion
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housing quality in communities in the site county as indicators of the residential attractive-

ness of the site county . This model also incorporates the assumption tha t secondary workers

will locate closer to the site than will pri ~ary workers. Estimates of the number of

dependents who will accompany primary and secondary workers are based , respectively, on -
~~

construction worker studies~~~ and U.S. national data/~~ To expand these numbers into age

distributions of workers and dependents , age and sex schedules . which are derived from the

same sources as the dependency multipliers and which indicate how many males and females are - - -

in each five-year age group fronm ages 0 to 4 through 85 and over , are then applied to the

trimary and secondary construction migrants.

The result is an age/sex profile of the migrant construction employment for 1 980.

These wor kers a~-e assumed to remain on the job until 1985, at which time it is assumed that

a portion enters secondary employment with the operatior l phase of the project , and a portion

settles in the reg ion without further involvement in the project. The proportion of primary

construct ion workers remaining in the site county after 1985 is assumed to be a function of

the level of net migration experienced in the county , a summary indicator of employment

op~iortunitie s in the area , and the expressed preference of workers to remain in the area as

reported in a recent survey .~~~ Out—migrating construction workers are assumed to be

accompanied by their dependents. The proportion of secondary construction workers that

remains in the site county depends on the demand for secondary operation employment as

discussed below .

C.4.2 Operati on Phase

In 1985 , the operation labor force is assumed to replace the construction labor force . - 
-

Leca u~e of the special ized skill requirements for primary operation work , it is assumed that

all of these work’ers mi g— a te from outside of the region. In addition , it is assumed that

all primary operation workers are males. Application of a modified gravity model (described

above) determines how many workers are allocated to the site county. These wo kers are

assunmed to be acc3mpanied by their spouses and other dependents and to reside in the site

county at the o u t s e t  of the operation phase in 1 985.

The operation phase is expected to last from 25 to 35 years , depending on the type of

f~cility . This relatively long period necessitates the consideration of social , economic,

and demographic forces which will alter the composition of the operation employees over
* ime . Specifically, the projection of the migrant labor force over the operatior phase

- ‘t ;orp o ites job turnover (fronl separation and retirement) and replacement in ad n ition to
- ‘e standard projection components of fertility, mortality, and migrat ion. Additionally,
- - - .‘ ‘-ojection is complicated by the fact that workers leaving the project will also be

- ~o leave ~ne site county . That is, some of those who no longer work on the project

~n rie area and some will leave.

- ‘ ‘ ‘ Ci ~cike tur nover and replacement into account properl y in the projection

dry ‘ u treat three components o~ the labor force separatel y. These

- - . rs, their spouses , and their other dependents. Turnover and

‘a’~ d into the model for two reasons. First , it is untenable to
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assume that all employees will stay on the job for 25 to 35 years , d i sregard i ng re tir emen t

and separation other than  th rough  death (w h i c h  i s  taken into account through the mortality

schedule used in this projection). Second , replacemen t of deceased , sepa rated , and re tir ed
employees will have a significant impact on the age distribution of project workers over

time . The reasons for- treating these components of turnover separately are : 1) only

emp loyees of the p roject are su bject to separat i on and ret i rement , 2) spouses are linked to

the employees by an age-specific set of multipliers, and 3) other dependents of these
emp loyees are di rec tly affecte d by pr imary la bor force changes until age 20, at which time a
port ion of them is assumed to leave the county . (Other dependents aged 25 and above operate

independently of prima ry employment , subject onl y to the preva i li ng forces of fertility ,

mortality , and migration that apply to the baseline population during this period.)

All prima ry operation employees are assumed to be male. The gravity model that deter-

m ines the s i ze of the site count y migran t male emp loyme n t p roduces onl y the total s i ze of
this component. In order to treat this population in the projection model , it is necessary

to dete rm in e bo th it s age d i str i but ion  and the number and age/sex di strib ut i on of a l l
assoc iated dependents . The age distribution for the primary operation employment males was

derived from the distribution of civilian labor force males who lived in a different house

in a different county in March 1976 as compared with their residence in March l975.~~~ A

smoothed age distr ibution in 5-year intervals from 15 to 65 years old was derived by fitting

a cu rve to the cumulative age distribution as determined from the U.S. Census report ,~~~
which reported only five age groups in the labor force years.

The number of spouses accompanying this labor force is determined by nm ultiplying age-

specific nm ultipl i ers times the male age distribution. These multipliers indicate the pro—

portion of the male civilian labor force classified as intercounty movers who had a spouse

present in their new residence by age of the male mover. The spouses obtained in this

fashion assume the same age distribution as their husbands. This process assumes that both

husban ds and their wives are in the same 5-year age interval .~~

The U .S. Cens~is provides information pertaining to the number of persons per male

family head by age of the male head who was classified as an intercounty mover. A lthou ~h

these data are not specific to members of the civilian labor force , it is assumed that the

number of dependents for all males who are heads of households is distributed in a similar

fashio n. Dependents other than spouses include children of the primary male as well as

other related individuals who live in the same household.

The age distr ibution for males is derived from the tota l numbers of intercounty male

movers who are no t i n the labor force by ~~~~~~ Since the ages considered run from 16 to

65+ , an additional age and sex distribution for ages 1 through 14 was determined from

U.S . Ce n sus da ta ,~~
2’ Table 5) which provides a complete age distr ibut ion for intercount y

movers by sex. Five—year age intervals in the labor force years are determined by fittin g

* In fact , wives  a re , on the average, about 3 years younger than their husbands but this
distinction is not considered critical in the context of this 5-yea r projection model .
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a curve to the cumulat ive age distribution determined for the abridged age categories as

prov ided. Persons above age 65 are distributed in 5-year intervals th ough 85+ by taking

the U .S. life table proportions of the stationary population at age x who survive to age x+b

and m u l t i pl y ing by the nu mber of pe rsons a t age x . The female age di s tri b uti on was de ri ve d
in a similar fashion , except that the female age distribution for spouses in the labor force

yea rs was com posed of in tercount y fema le  move rs no t in the la bor force and not c lass i f i ed as
marr i ed , spouse present .

These computations provide a complete component profile of the in-migrating primary

operation employees , their spouse s, and their ot her dependents in 1985 . In addition to the

primary operation emp l oymen t and its components , the model projects the secondary employment

effects ge n~rated by the operation phase of the project. An empirically derived secondary

employment multiplier is applied to the primary operation employment. Secondary operation

emp l oyment is assumed to be met sequentially, first by the nonmi grant component of the

ava ilable secondary construction emp loyment in the region. Secondary construction employ-

men t is assumed to be associated with primary construction employment. This association is

maintained for that portion of primary construction employment remaining in the region after

term ination of the construction phase in 1985. Only those secondary workers who have

beco me “d isenfranchis ed’ by the departure of a portion of the primary employees are con-

sidered to be available for secondary operation employment. Other unemployed workers in

the reg i on are then cons i dered for any rema in in g pos i t i ons .

Compu tat i on of the unem plo yed labor  force i n the reg i on i n 1985 i nvolves  a pp li ca ti on of
t he une mp lo yment ra te es ti mated for 1985 to the projected 1985 basel in e labor  fo rce . I f
thi s sou rce sa ti sf i es the dema nd , then a portion of migrant secondary construction employ-

ment is projected to remain in the region. Th i s fi gu re i s calculate d i n a fash i on sim i la r

to primary construction employment that remains; however , a different assumption regarding

the proportion staying is used , based on a survey of nonconstruct ion workers in an area

experiencing construction activity .~~
1)

I-f the demand is stil l not sat isf ied , then  mi grant secondary construction employment is
drawn upon.  An y res i dual  unemplo yed m i gran t seco ndary co nst ru c ti on employment i s also
subjec t to the above assumption about the proportion remaining in the reg ion. Finally, if

new mi grants are needed to satisfy the remaining demand for secondary operation employment ,

the model assumes that they will be added to the migrant secondary constm -uction employment

in the region in 1985.

T he prim ary and secon dar y ope rat i on emp l oymen t are next distributed to the site county

accord ing to a gravit model specifying residential location. Members of the operation wo~
force are assumed to res i de closer to the s it e tha n a re cons truct i on wor kers , because of
the longer time they can expect to be on the job. Although the primary operation employment

is ass umed to be all male , the model allows for a portion of the secondary operation employ-

ment to be composed of females. The female component is first filled by spouses of both

primary and secondary operation workers. Their participation rate is the same as the over-

all female labor force participation rate. That is, if 45~i of the seco ndary ope rat i on

i::. ~~~~~——~~-~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~ - -—-~~~~~~
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employment demand is met by females , then 45 of the spouses of primary and secondary male

employees will be considered first for those position s. If more female positions remain ,

then new in-migrating females are assumed to fill them. These additional female labor force

members are assumed to be unm arried ini tial ly. This assumption substantially simplifies the

model , since it is assumed that additional females are not accompanied by dependents. These

women w ill , howeve r , be subjected to the same rates of fertility and mortality as the

s pouses of male emp l oyees .

To ob ta i n an age d i stribut i on for s in gle female emp loyees , data on never-married

females of the civilian labor force (who are intercounty movers) is multiplied by the dif-

ference between female employment demand and the number of mo articipant spouses. Labor farce

participation for these women is concentrated in younger ages compared with the particip s-

tion of spouses , whose childbearing competes with labor force participation. The incorpora-

tion of female labor force participation by spouses reduces the effective in-migrating

populat ion, since some families account for two members of the labor force.

The model next projects the resulting popu la t ion  forward in 5-yea r intervals , taking
into account fertility , mortality , job turnover, retirement , and employment rep lacen lent.

From this point on , the primary and secondary mi grant employees and their dependents are

treated identically in the projection routine. Each of the three components (employees ,

spouses, and dependents) is survived forward 5 years. The baseline fertility schedule is

applied to spouses and female dependents; births during the 5-year projection cycle are

survived forward ; surviving births to both components are distributed by sex usin g the

baseline sex ratio at birth; these births are added to the dependent age/sex distribution i n

the 0 to 4 age categories . An age-specific schedule of job turnover is applied to the

employees and their spouses. This schedule assumes that hig her rates of job separation

occur at younger ages and decrease until retirement age , which is set at age 65. At that

time , all project employees are assumed to retire. Spouses continue throughout the projec-

tion to be associated with their employed husbands i n  the same proportions indicated by the

distribution of multipliers by age. Although this assumption fails to take differ ential

mortality by sex into account , the resulting errors are small. For employees and their

spouses two new age distributions are produced . T hese in volve emp loyees and s po u ses w ho do
not turn over during the projection cycle and those that do. The dependents are Ilmore

com p l i ca ted to take i nto account , since it is not possible to derive a one-to-one cor-

respondence between employees and their dependen~s by age as the projection moves forward .

The best approxi mation of the dependent turnover age/sex distribution can be obtained by

multiplying the dependent age distribution by the proportion of the male enmp loyn lent turning

over in that period . Those who remain on the job are obtained as a residua l .

Given the turnover/stayer split for each of the three components , the next step is to

determine what portion of each of the turn over components remains in the site county and

what portion leaves, since only those migrants who stay will continue to exert impacts

locall y. A factor based on the estimated level of net migration in the region--a proxy
-easlire of economic opportunity in the area --is multiplied by each of the turnover coni-

ponents to determine the portion of each component that will remain in the site count~ .
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Dependent children are treated differently at this point. Upon reaching age 20, a fixed

proportion of dependents in the 20 to 24 age category is assumed to emigrate , independent of

parental residential mobility. Employees who leave the job during the 5-year projection

period due to separation or retirement are added to employees who die during the period.

These persons are assumed to be replaced by new in-migrant workers with the same age and

dependency characteristics as the initial 1985 employment. The replacement male employment

is multiplied by the age-specific snouse multiplier schedule to obtain the new spouse age

di stribution and by the age-specific dependent multiplier schedule to obtain the number of

new dependents . These dependents ar-e distributed by age and sex according to the orig inal

age-and-sex—specific proportional age distribution.

It is now possible to define the tota l number of migrants associated with the project

in 1985 , or at the end of any future projection cycle running from year t to year t + 5, in

terms of the three components of employment: spouses and dependents , the subsets of each

component representing turnover stayers and nonturnovers , and turnover replacements.

Summing across these groups provides the total migrant age and sex distribution at yea r

t + 5.

The subsequent projection cycles beg in repeating at the point at which each component
is subjected to the survival schedules . The only difference is that the turnover stayers

are no longer subjected to turnover and replacement. They are , howeve r, subject to fer-

tility , morta lity , and net migration rates for the period in question . Nonturrovers and

replacements continue to be subject to these schedules , as well as the specified schedules

of turnover , leav ing and staying, and replacement.

C.4.3 Model Output

Output from the model provides two projections for each combination of reference si te
and facility as shown in Tables C.6 through C.95. The first projection provides a most

probable estimate (expected i mpact) of future employment associated with the project and is

based on the most likely value for each variable component in the model , based on prior

research and best judgment. The second projection incorporates a set of extreme but plausible

assump tion s that serve to maximi ze the forecast of the project-related in-migrant population

(maximum impact). The len s confidence that can be placed in a given assumption , the wider

will be the range between the expected and the maximum impact estimate ; this range will

in crease w it h the l eng th  of the p roject i on per iod , reflecting dimin i shing confidence over

tine irm the result. Some estimates are considered sufficiently accurate that they will

remain unchanged (e.g., mortality). Others incorporate wide variation (e.g., distance

exponent in the gravity model). The true va l ue of the projected outcome is assumed to fall

within these limits , t hough th i s method c l ea rl y is biased toward the high end of impact

estimates. This is considered appropriate since policy intervention must be designed to

dea l with maxi mll unl impacts. The accuracy of the projected output may also be influenced by

unforeseen changes in volatile component relationships, policy accommodations to estimated

or experienced impacts , and by misspeci ficat ion of component relationships and assumptions.
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Projected population and employment are presented in tabular form for four 5’year time

periods, inc luding the construction phase (1980 to 1 984); the beginning of operation (1985

to 1989); one pe’i od dur i ng operation (2000 to 2004); and the last period of the operation

phase , which varies between the pericds 2010 to 2014 and 2020 to 2024, depending on the

facility . Baseline projections for the site county are shown , along with project in-migration

projections , and combined baseline plus project projections.

In addition, stat i s ti cs a re included for these th ree project i ons to i ll u s tra te changes
in age composit ion (median age and dependency ratio) and sex composition (sex ratio) , Rates

of population growth for each of the three projections are computed over four time periods.

C,5 PRESENTATION OF SOCIOECONOMIC EEFECTS
4

“ 
T hi s sec ti on presen ts an assess ment of the demog rap hi c and soc i al se rv i ce impacts on

1-’ the reference sites resulting from construction and operation of the selected nuclear waste
~~. management facilities , Although only a limited number of indicators for each type of impact

are considered , the data provided should be sufficient to determine whether significant dis —

continuities in demographic structure will occur and what the notentia l effects will be on

local soc ial service systems (see Tables C.6 throuqh C.107),

C .5,l ~perational Indicators

. The baseline population is the site county population projected forward from 1970, The

numbers given represent the population size expected in the absence of the project.

. Project in-migration includes primary and secondary employees , their dependents ,

migrant replacements for displaced workers , and excess migrants . These in-migrants are

presented cumulatively and represent active members of the project labor force (plus

dependents and secondary employees) as well as former employees of the project who have

decided to remain in the site community.

. Med i an a _ie is a summary measure of the age composition of a population. Half of the

population is older than the median age and half is younger. Variation in the age

composition of a population over time is reflected in increases or decreases in the

med i an age .

. The dependency ratio represents the ratio of child “dependents ” aged 0 to 14 plus adult

“de pendents ” age 65 and over to th e ‘working age ” population aged 15 to 64,* This

ratio also reflects the age composition of the population . It is designed as a proxy

to a nonworker to worker ratio and , as presented here , represents an approximation to

the number of dependents supported by 100 members of the labor force , The higher the

dependency rat io , the greater the deiiiands placed upon the economic resources generated

by the labor force.

. The sex ratio is represented by the number of males in the population per 100 females.

• Annual rate of population grow th , expressed as a percentage , is calculated by the

formula,

* The labor force is usually assumed to include persons aged 16 and over. In this study the
popul atiun is classified i nto 5-year age groups. Thus , the working-age pI”S ’S’S~ 1a tion is assumed
to beg in with the group aged 15 to 19. Labor force participation rates for this group range
from about 4R for civilians aged 15 to 17 to about 68 for c i vi l i ~ ’i~ aged 1~ and 19.
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P
100 ln

r =  —

t

where : )‘ = annual rate of population growth

P
2 

= population at time 2

P1 
= population at time 1

- P t = the number of years in the interval

4 
As an aid in interpreting the tables that follow , it can be noted -.‘iat a doubling of

A the population in 5 years would produce an annual growth rate of 14

Social se rv i ce dema nds are assessed fo r a var i ety of se rv i ce sec tors , including health
~~a’ (nurses , dentists , hospital beds , and nursing care beds), education (teachers, kinder-

garten through grade 8, and grade s 9 throug h 12 , as well as class room space), sanitation

(water treatment , l iquid waste volume, solid waste volume , sol i d was te col lec ti on
person nel , and sol id waste vehicles), fire and police protection , recreation (playl jround

area and neighborhood and community park area), and government administrative stdff.

In addition , a soc ial problems index, based upon seven representative crimes , is used ,

Estimates of these service demands are derived by multiplying the volume of project in-

migration by a ratio of the service unit to the relevant unit of population . The

service multi pliers are presented in Table C.3.

C.5.2 Analytic Procedures

The demographic and social service impacts are examined for several time periods. The

number of intervals and their duration vary according to the waste management facility being

considered. For all facilities, construction is assumed to take place during the 5—year

period from 198’l to 1984, and construction impacts are averaged over tha t length of time .

The period of planned operation begins in 1 985 and its duration varies , rang ing from 20 years

for same a waste repositories to 30 years for fuel storage facilities. In each case, impacts

of facility operation are reported for two intervals; that is , 1985 to 2000 and 2000 to 2005,

2010, or 2015 , depending on the facilit y .

Impact forecasts are made on the basis of two sets of assumptions regarding the impact

condi ti on , reflecting the probability that new project employees and their dependents will

settle and remain i n  the site county . The expected impact condition is based on the most

probable configuration of these assumptions. The rr3xinium impact condition results from an

extreme but plausible set of assumptions. Migrant settlement in the site county in excess

of the maximum impact cond itior i is considered highly unlikely. These two sets of assump-

tions regarding impact conditions are specified in Table C.4.

Several types of comparisons are possible for purposes of assessing impacts , First .

for the demographic data , contras ts can be made between 1) baseline and expected values ,

2) baseline and maximum values, and 3) expected and maximum values. The first two of these

comparisons reflect impacts on the site county due to the oroject , while the third reflects

a difference in the degree of impact due to variation in the assumptions of the model .

~~~~~~~~~~~~~ -~~~- - , — ‘ - -
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Al though extensive sensitivity testing of the model has not been attempted , it is evident

p that two sets of assumptions, which vary by impact condition , have a major effec t on projec ted
employment size. These sets are the regional employment multipliers (Table C.2) and the

distance exponent in the gravity model (Table C.4).

A second type of comparison involves assessing social service impacts in terms of the

add itional demands placed on the site cormiunity ’ s ex isting service capabilit ies , that is ,

personnel , fac i li t i es , volume , etc. These data are presented for bo th “expected” and
“maximum ” impact conditions, and differences between the two values can also be evaluated.

As a thi rd method , each of the measures menti oned above can be compared ac ross t he
th ree si te coun ti es i n order to determ i ne whe ther dif ferences in project i mpacts can be
at tri buted to diff erences among s i te cha rac teri st i cs . These compar i sons can be made for
both “expected and “max imum ” impact conditions. Two factors are of particular importance

here. As indicated in the description of the three reference sites (Table C.5), the size of

the unemployed construction labor force in each region varies greatl y. To the extent that

the project employs available unemployed workers , forecasted employment in—migration will be

reduced . In addition , the allocation of reg iona l in-migrants to residence in the site

county is a function of the number of competing destination counties and their size. Since

the Southwest region contains only a few counties , none of which are metropolitan , a su b-

stantia l portion of all regional in-migrants will be allocated to the site county. This is

not true for the other two regions. For these reasons , larger impact s can be expected to

occur in the Southwest site.

Fourth s tempora l comparisons can be made for each site county . In this way it will be

possible to determine whether impacts associated with a project are likel y to be fel t more
acu tel y at one or anot her stage of the project .

A fifth comparison involves differences of impacts between the construction and opera-

tion phases of the project. Such comparisons can be specific to sites , facility types , and

impact conditions , Results will suggest which of the two phases may be of greatest corcern

for a potential site .

Finally, the socioeconomic impacts associated with , for exa mple , the waste management

component of a major reprocessing facility , can be cons i dered ‘in terms of how large the
waste management impacts are relative to impacts associated with the entire facility . This

type of comparison is only applicable in the case of the fuel reprocessing plant (Tables C.6

through C.23) and the mixed-oxide fuel fabrication facility (Tab’ es C.24 throug h C.41). All
‘ other facilities examined are devoted entirely to waste management ,

C.5,3 Forecasted Impar~ts and, retations

Socioeconomic impacts are derived from the magnitude of employmen t demand for COnStr’~,..

tion and operation. In addition , variations in impact s are a function of sit €- -~spec ’

characteristics and assumptions internal to the projection model , Thu s , sii r i 1~~r 
‘
~~ ~~

.‘ -

employment demand will produce similar impact forecasts fir a g i ven ‘c ’ ’ ’ ~nd ~~~~~~~ 
‘ ‘

tion. The Southeast and Midwest sites are relativel y s im i lar ‘ ?~~ - ‘ ‘ ~ s ’~~
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that are most critical in affecting the projections. These characteristics include avail-

ability of local labor force, secondary employment multipliers , prox imity of a metropolitan

area , and number and demogra phic diversity of counties in the commuting region. Character-

istics of the Southwest site consistently result in larger forecasted impacts , while the

Midwest site results in the smallest impacts .

Ano ther contributor to impacts is the time pattern of project-associated employment

change. For example, a large employmen t buildup followed closel y by rap idly decl i ni ng
p rojec t em p loy m ent demand can cause ser ious reg i onal economic and soc ial d i srupt ions . The
fol low i ng anal ys i s thus g i ves emphas i s to the di fferences among s it es and ove r ti me
for the facility combinations. The waste management systems for the fuel reprocessing plant

and the mixed-oxide fuel fabrication plant are hypothetical , since they cannot exist apart

from the pr imary facility itself. In the same way, the produc t ion facil ity i s always
colocated wi th a waste management component. These facilities are distinguished in this

analys is to facilitate both comparison of waste management options across facility com-

binations and examination of waste management as a part of a whole system.*

Identical facilities at each site imply the same employment requirement. However ,

s ince the Southwest s it e has a substa n tially smaller unemployed construction labor force

pool to draw labor from (390 persons versus 10,660 for the Midwest site and 2420 in the

Southwest site), primary project employment generates a larger secondary employment com-

ponent than do the other two sites (Table C.4). This effect is reinforced by the fact that

there are fewer counties , and no metropolitan counties , in the Southwes t reg ion competing

for the residency of regional in-mi grants . Thus, the size of the projected in-migrant

employment for construction is a complex function of employment demand , model assum p t i ons ,

and site conditions. Data for the construction period (1980) presented in the even-numbered

Tables C.6 through C.l06 reveal that project in-migration is aporoximately a constant fraction

of primary employment during the construction phase. This relationship is especially evident

for the Southwest site. For the Southeast and Midwest sites, oroject-associated in migration

unde r expected impact conditions is less than primary construction employment demand throughout

the employment range investigated here (54 for the MDX FFP waste management reference system to

5290 for a waste repository in basalt — See Table C.l). In the Southwest site , in contrast , pro-

ject-associated in-migration exceeds primary construction emoloyment demand for both impact con-

ditions , except in the expected impact condition for the MDX FFP reference system (Table C.30).

The projected in-mi grant impacts during the operation phase are determined by a more

complex process. All pr imary operation employment is assumed to be in-migrant , wh i le

* Strictly speaking, the waste and production components of the FRP and MOX FFP are not
add itive in this model . That is, if employment statistics for colocated waste and pro-
duct ion facilities were combined and processed together , the projected impacts would
dif fer from the sum of their parts . In fact, in each time period and for each impact
cond ition the combined facilities lead to larger impact forecasts than an addition of
the separate effects. The projected differences between these two types of estimates
increase over time , such that at the later time periods a linear combination of the waste
and production componen ts underestimates true impacts by up to 50%, depend i ng on the
site and impact condition.

L — 
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secondary operation employment is derived froi~ several potential sources (see Figure C.l).

The projected in—migration in 1985 also includes construction workers and their families who

have dec ided to remain in the region after project construction.

The follow ing sections treat successively each of the facilities , wi th reference to

Tables C.6 through C.l07.

C .5.3.l Reference Fuel Re p rocess i ng Plan t

The Reference Fuel Reprocessing Plant (Tables C.l2 through C.17) will be analyzed in

some detail to serve as a model for interpretin g all of the tables. Employment demand

associated with the construct 4 on and operation of the fac i li ty i s s hown on the fir st row of
each even-numbe red table for each site . Projections of the size of the site county baseline

population are shown on the second row. The next row indicates the total cumulative projected

numbe r of in-migrant employees for each set of impact condition assumptions. These figures

i nclude pr imary and secondar y employment, the employee ’s dependents , and , from 1985 on ,

persons who have separated from the job and continue to reside in the site county . The

fourth row shows the projected baseline population with cumulative project-related persons

added in. The fifth row provides a primary indicator of impacts ; namely, it shows the

num ber of project-related persons who reside locally as a percentage of the total population

at that time.

Table C.14 demonstrates that expected project-related in-migrants during construction

represent a small portion of the total population (0.9%). In the Midwest site , this portior

is even smaller (0.1%), beca use of fewer in-migrants and a larger population base. The

la rgest effects occur in the Southwest site (Table C .l2), where projected construction- ohase

in-migrants represent 7.6% of the combined project and baseline population. The relative

impact under maximum impact conditions is the same in the Southeast and Southwest sites ,

though the absolute magnitude of the Southwest maximum construction phase in-migration is

more than twice that for the Southeast site (5520 vs. 2615).

The last section of T,ible C.l6 gives the annual rate of population growth for both the

basel ine and for project in-migrants for selected periods. The expected increase in project

personnel between the 1980 construction period and the first 5 years of operation in 1985 is

401 (436 minus 35). This represents a high annual rate of growth over the 5-year period

(50%). However , the project has little effect on the overall rate of qrowth in the baseline-

plus-project duri ng that period (3.8% versus 3.7% in the base line without oroject effects

added in). The high rate of growth in the project in-mi gration is a consequence of the

small start ing population (35). Since the absolute number of in-mi grants is small relative

to the baseline , the impact on overall growth rates is small. Table C .12 shows that the

expected number of project in-migrants actually declines by almost 35°’ (from 3654 to 2382)

between 1 980 and 1985, an annual rate of decline of 8.6%. This leads to a slower rate of

growth (although at a higher level of population) than the region would have experienced

without the project during this period . The notential exists for a serious boom-bust type

of adjustment problem. This problem could also arise after 2015 during decomissionin q,

al though the model does not address this process . Of course, not all of the 3106 expected

-~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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project-related personnel forecast for 2015 would leave upon decommissioning. A significant

portion of them are persons who retired or separated earlier and opted to settle in the site

county.

The middle section of Table C.l2 provides some insight into the effects of the project

on the age and sex structure of the population. (Refer to Section C.5.l of this report for

a definition of the measures used here.) For certain categories of social-service impacts,

the age structure of the in—migrants is as important as their number in determining the

types of socioeconomic effects they will exert. In terms of observable trends in age struc-

ture , i t is apparent that the median age is forecast to rise in each baseline population--by

7.0 years in the Southwest site and by 8.3 years in the Midwest site--during the interval

from 1980 to 2015. This rise occurs because 1) a population ages primarily because of

decl ining fertility , and 2) it is assumed that replacement fertility will be achieved by

1990 (2.1 children per woman in the childbearing ages). In addition , net migration is zero

by 1990, so tha t fertility is left as the principal factor affecting age structure for most

of the projection; mortality is assumed to remain constant throughout.

For every site and facility studied here , the med ian age of project in-migrants is

lower in 1980 than the respective baselines (by from 2 to 7 years) and rises more rapidly

over time to exceed the baseline median age, usually by the year 2000. The more rapid and

extens ive aging of the project—related population can be attributed to those persons who

elect to remain in the county after employment and to the continuing process of out-migration

of young dependents. Addit ional interpretations of variations in age structure can only be

based on more extensive sensitivity testing of the model .

Fluctuat ions in age structure , as reflec ted by changes i n med ian age and dependenc y,
ap pear to be affected only somewhat by the size of the employment demand (compare Tables C.l8

through C.23 with C.30 through C.35, where construction emoloyment i s 2825 and 5~ respec-
tively). Site characteristics aooear to have a larger effect in this regard . Further , the

dependency ratio tends to peak in the early operation phase. It is clear that construction

workers are less l ikely to bring young or old family members with them during construction

than during operation. Later in the operation phase , the dependency ratio declines well

below basel ine levels as retiring and separated workers are replaced by new , younge r persons

of work ing age. Declines in the dependency ratio are usually interpreted as beneficial for

a community; tha t is, as implying higher per-capita levels of income , sav ing, and expend i-

tures.

The greatest demographic differences between project and baseline populations appear to

be in the sex structure of these two populations. In the baseline for each site and each

time per iod , there are more females than males (sex ratio <100). The opposite is true for

the project population , in which males outnumber females by as much as 50%, especially

during construction. The sex ratio tends to decline over time as the effect of an initially

all -male prima ry construction and prima ry operation labor force is diluted by subsequent

fertility , mortal ity , and migration. The proportion of male project workers with spouse

present is normall y lower than the proportion of all males in the baseline population with

L. ~~~~~~~~~ ___ 
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Ispouse present. Note that the impact conditions (expected vs. maximum) appear to have less

influence in determining variation in age and sex structure characteristics than does the 1
magn itude of project employment.

Before turn ing to social service demands, one add itional comparison will be made

between the FRP reference system and the production facilit y without a waste management H

component (a hypothetical construct , Tables C.6 through C.l l) to determine how much of the

total impact (combined effect) is due to the waste management component. As illustrated by

this example, it is particularly troublesome to determine how to separate the effects of the

waste management component of a complete facility , given the observed interaction effects.

The manpower requ i rement for the production facility exceeds the requirement for the

waste management reference system for both Construction and operation (Table C.l). The

manpowe r requirement for waste management as a proportion of the total combined system is

42% for construction and 28% for operation. In 1 980, the expected number of in-migrants for

the FRP waste management reference system in the Southeast site (Table C.14) is 192 persons;

however , the comparable number of migrants for the FRP wi thout waste management (Table C.6)
is 310 persons. The sum of these parts (502) is 131 short of the projected total for the

combined system (Table C.20). In every comparison , the narts will be less than the whole.

An anal ysis of waste management in the FRP as a percentage of waste plus oroduction

components shows that the range during construction is from 21% in the Midwest site [expected

impact condition , 35/(35 + 130), compa re Tables C.8 and C.l4) to 44% in the Southwest site

[maximum impact condition , 5520/(5520 + 7631), compare Tables C .6 and C.l2]. The range

during the final period of operation is from 22% in the Midwest site [expected impact

condition , 575/(575 + 2093), compare Tables C.lO and C.16] to 32°’ in the Southwest site

[expected impact , 3087/(1087 + 6697), compare Tables C .l0 and C.16). Clearly, manpower

requiremen ts attri bu table to waste management i n a larger FRP system are not cons i stent
predictors of the proportionate demographic impacts associated with waste management.

Finally, social service demands are derived from a set of ratio multipliers (Table C.3)

appl ied directly to the project in-migration figures , except in the case of education and

nursing care , where age-spec ific information is used. Each odd—numbered table from C.7

throug h C.107 indicates how many units of each social service will be expected by the new in-

migrants. The seriousness of the impacts is both a function of the magnitude of the expecta-

tions and of the willingness and capacity of the site county to meet these expectations.

The FRP combined system produces the largest impacts of any of the waste management

systems (Tables C .l8 through C.23); for the Southeast and Midwest sites thesO impacts are

manageable under the expected impact conditi on , wh i le for the Southwest si te they are severe
(Tables C .l8 and C.l9). Without more detailed information on a comunity ’ s ability to

prov ide services at the levels indicated , for example , in Table C.19 , it is difficult to say

where the most severe impacts are likely to be concentrated . A general assumption that all

service Sectors in rural communities are operating at maximum capacity would provide one

basis from which to make such judgments.
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Some services will be more difficult and more costly to supp l y than others . For
example, 31 hospital beds (1980 expected demand , Table C.l9) might equal the capacity of

many existing rural hospitals. The building of a new hospital may exceed the fiscal capacity

of a rural area and be virtuall y i mpossible to finance. It is often difficult to attract

qual ified physicians into long-term rural practice. Education provides another example:

although~teachers are generally more readily ava ilable and less costly than are doctors or

nu rses, the add ition of 60 to 89 elementary level teachers (Table C.19) would strain most

rural communities. Policemen typically are hired locally, requ iring a substantial invest-

men t of timi and money in training and support structures. As many as 18 new policemen

(Table C.l9 , expected condition) could represent a large burden for many communities .

Certai nly the levels of social disruption suggested by additional levels of crime attrib-

utable to project-related personnel (536 crime s in the expected condition , Table C .19) would

necessitate expansion of social control capabilities.

In the absence of site-specific data , costs of the serv ices have no.t been included . A

complete understanding of the burden these service demands might represent to a community

would also have to consider nonmonetary costs contained under the heading “auality of life .

Specification of social service demands is only a first step in the assessment of impacts .

The level of demand defines the potential ” for impacts and alerts planners and local

officials to service sectors requiring attention , and it provides rough limits on the

magn i tude of anticipated effects.

C .5.3.2 Reference Mixed-Oxide Fuel Fabrication Plant

In contrast to the FRP system, the MOX FFP reference system requires the smallest

emplo yment input of all the systems examined (construction , 54; operat ion , 16). Forecasted

impacts are trivial for each reference site, i mpact condition, and time period (Tables C.30

through C.35). The MOX FFP without waste management (Tables C.24 through C.29) also pro-

duces relatively small impacts for each site and time period . Only the maximu m impact

cond ition in the Southwest site (Tables C.24 and C.25) forecasts impacts that might require

spec ial consideration.

The MOX FFP is a system, like the FRP , which can be conceptualized in terms of its

waste ma nagement and production components . In terms of manpower requirements for the

combined system (Table C .l), waste ma nagement requires only 9% of the total work force for

cons truction and 5% for operation. Forecasts of relative demographic impact during con-

struct ion range from less than 1% (Tables C.24 and C.30) to 11% (Tables C.28 and C.34),

using the method descr ibed in Section C.5.3.l for the FRP . During the latter part of the

operation phase, forecasts of relative effects attributable to waste management range from 2%

to 5%.

C.5.3.3 Reference Independent Spent Fuel Storage Facility :
Once—Through , Prompt Disposal

The forecasted effects of the construction and operation of the ISFSF are presented in

Tables C .42 through C.47. In this facility, demand for operation manpower is small relative

to demand for construction manpower ~30l vs. 1350). Thus , a s~ar~ decl ine in demographic
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impacts associa ted wi th the transi tion from the construction phase to the operation phase

might be anticipated . This potential for boom-bust impacts can be examined for each site .
In the Southeast site (Table C.44) expected impacts , in both absolute and relat ive terms,
are small. In add ition, the transition from construction to operation results in littl e

change in demogra phic impacts in spite of the disparity in manpower requirements during

these two periods .

The annual rate of population change between 1 980 and 1985 is small , amounting to +l .7~’
per year under expe cted impact conditions and -3.3% per year under maximum impact conditions .
These small , relative changes are based on substantially different populati on sizes. The

ga in of project-related personnel from 1980 to 1985 under expected conditions is 21 nersons

(from 234 to 255), wh ile under maximum conditions a loss of 475 persons (from 3090 to 2615)

is sustained. Relative impacts (line 5, Table C.44) are substantial in each time ~eriod under

maximum im pact conditions (ranging from 10.2% to 13.7% of the baseline plus project). The

reason that the anticipated boom-bust effect is not large is that most of the manpower

requirement is met through local sources . In fact, reduct i ons i n local unemployme nt are an
i mportant benefit (positive impact) attributable to the project.

This effect is even more pronounced in the Midwest site (Table C.46) where large

numbers of unemp loyed construc tion workers are ava i labl e. Since operati on workers are all
assumed to in-migrate , there is a large relative jump in the number of in-migrants from 1980

to 1985. Even though the annual rate of growth is 49.6% per year , the absolute numbers are

so small relative to the baseline population (less than 1% in the expected condition) that

the baseline rate of growth is only slightly altered by the project (3.7~ versus 3.8~).

The most notable example of the potential impact of a rapid decline in project-related

in-m igrants is seen in the Southwest site (Table C.42). Under both impact conditions , rela-

tive impacts are likely to be significant during both construction and operation. In addi-

tion , substantial decl ines in the numbers of in—migrants resident in the site county occur

between construction and operation under both impact con itions. Nevertheless, in neither

th is site nor in the other two sites does the decline in resident newcomers equal the

decl ine in manpower demand for the project between construction and operation (78% fewer

persons required during operation). In fact, at the Midwest site (Table C.46) resident in-

mi grants actually increase during this period. Clearly, the Sou thwest site represents a
management challenge in terms of the numbers of new persons who must be accommodated and

specifically in terms of the magnitude of service demands that will be placed on the com-

munity . The Midwest and Southeast sites are much less severely affected by the presence of

these facilities , except for the maximum impact condition in the Southeast site . Tables C.45

and C.47 confirm that the level of implied social service demands should be manageable.

C.5.3.4 Reference Extended Fuel Storage System

Th is waste storage system has the same component facilities as the prior example (Sec-

tion C.5.3.3) with the addition of dry caisson storage , which adds significantl y to the

construction manpower requirement (Tables C.48 through C.53). This addition increases the

potential for the boom-bust type of impacts . The relative magnitude of the resident project-

related personnel is substantial in the Southeast and Southwest sites, reachinq one-sixth of
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the basel ine plus project population during the operation ohase under maximum impact assump tions.

The effects in the Midwest site (Table C.52) are only moderate at best--the most notable

exception being the rapid increase in the size of the in-mi grant population from construction

to operation (36% per year). Yet the relati ve increase is from 0.2% of baseline-plus-project

to 0.8%, a trivial impact when the affected population size is taken into account. That is ,

the la rge basel i ne populat i on should easily be able to absorb demog raphic im pacts of thi s
magn itude . An additional consideration in this regard relates to the way in which county

level impacts are exerted at the community level . The operating prin ciple is that impacts of

a given magnitude may be trivial when spread out over a large population base , but the same
magni tude of impact imposed upon a small local community could be a serious problem.

- 

- 
C .5.3.5 Reference Retrievable Waste Storage _ Facijj~~
Demographic impacts associated with this facility are quite manageable at all sites

(Tables C.54 through C.59). Under expected impact conditions for the Southeast and Midwest

sites , in—migrants relative to the baseline are less than 1% throughout the life of the

project. In the Southwest site (Table C.54), impacts are moderate under both impact condi-

tions. An examination of Table C.55 suggests that the areas of potential difficulty for the

Southwest site involve the need for additional teachers and classroom space and the likely

need for greater social control facilities. Crimes in the range of 150 to 250 imply increased

social disruption in communities wi thin the county , especially when considering that the

figures presented represent county-level average forecasts. The crime rate will certainly

concentrate at higher levels in some parts of the county and not others . It is not possible

in this generic study to pursue this line of inquiry , but clearl y the potential exists for the

greater concentration of forecasted county-level impacts in some subareas more than in others .

C .5.3.6 Waste Repositories

There are eight waste repository Options incorporated in this study ; they involve four

geolog ic media (salt , granite , shale, and basal t) and two fuel cycles (U and Pu recycle and

once-through). Construction manpower demand ranges from 1430 to 5290, and operation manpowe r

demand ranges from 688 to 1 200 (Tables C.60 through C.l07). The once-through cycle tend-; to

have a larger construct ion man power demand than is true for the U a nd Pu recycle . T he oppos it e
is true fDr operation manpower requirements . For each of the four disposal media , operat ion

employment for the once-through cycle is less than the employmert requirement for the U and Pu

recycle . Of the eight waste repository facilities analyzed in this study , the repository in

basal t, once-t hrough cycle , requires the largest construction labor force (5290 persons). Even

a construction work force of this magnitude is judged not to produce significant impacts at

either the Southeast or Midwest sites (Tables C .l02 and C.l04). Project-related in-m inrat ion

whic h exceeds 10 percent of the corresponding baseline population is considered to produce

significant impacts . As a percent of projected baseline population size , the poten tial for

significant impacts under each of the waste repository facilities is much greater in the South-

west site. In this site, the expected number of in—migrants during construction is typ ically

over tbre-~ ti mes the level of primary employment demand. For example, the construction of

a waste repository in basalt , once-through cycle, produces a level of in-migration at about 9

percent of the baseline population (Table C.70) and a substantially larger relative in-migration

for a was te r~’pository in basal t, once-t hrough cycle (28 percent of baseline , Table C.106). 
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The Southwest site is subjected to these relatively large impacts primarily because there is a

scarc ity of skilled available local labor. The maximum i impact condition produces substantially

larger project-induced in-migrant flows for each site and disposal medium compared wi th the

expected conditions . Very severe impacts are forecasted for the Southeast and Southwest sites

under maximum condit i ons , though the likel i hood of their occurance is not great for two reasons .

First, the manpower estimates and model assumptions have been set to produce an up per bound on
social impacts . Second , in-migration at these levels would produce unacce p table local imbalances
in service structure , wh ich would result in greater turnover on the project and increased out-

migration from the site county . These kinds of feedback effects are not modeled in the forecasting

procedures used here . Social service demands are particularly large under both expected and

max imum impact conditions at the Southwest site for most of the waste repository facilities .

Service demands are uniformly large under maximum impact assumptions. Heavy demands for social

serv ices during the construction and operation phases will be difficult for rural communitie s

to deal wit h , even gi ven anticipatory plann i ng .

A final comment regard ing the waste repository options is that they involve uniformly large

numbers of persons residing at the site county after the year 2000, especially under the maximum

impact set of assumptions. Deconinissioning is not directly addressed in this study , but i t is
clear that potentially disruptive effects could ensue from the phasing out of a waste repository .

In the Southwest site, for example, several of the waste repos it ory al ternat i ves generate a
large influx of project—related persons by the end of the operation phase. For example, 14,837

persons are forecast under expected impact conditions and 20,904 un der maximum impac t cond i tio n;

fo r a reposito ry i n basalt , once-t hrough cycle (Table C.l06). Though many of these persons have

lo ng since left the project and have other means of support in the area , many others may be

forced to leave , g~ven inadequate or unacceptable employment opportunities after decommissioning.

C.5.4 conclus ions

Each site varies in the size of the projected baseline population for the site county.

The la rger the basel in e populat i on, the greater the capacity of that population to absorb new

in-migrants with minimal impact. Thus, for a given level of project in-migration , the Midwest

sit e wi ll exh i b i t the smalles t impact and the Sou thwest si te wi ll exhib i t the largest . The

manpower that can be obtained regionally will directly affect manpower that must in-migra te

from outside the region to fill jobs. Thus, impacts are favorable on two counts : unemployment

is reduced with a com m ensurate rise in community per-capita income , a nd the vo l ume of project-
related in-migration is curtailed , resulting in a reduction of new social service demands on

the community .

I n conclus i on , the critical determinant of the potential for socioeconomic impacts is the

nature of the site in which the project is to be located. Even with a large manpower require-

ment (a waste repository in basalt once—through cycle , needs 5290 construction workers), in-

migrants amount to less than 3% of the wi th-project county baseline in the Midwest reference

site ~Tahle c.lfl6). In :om’~ar sn,’, a project with only one—fifth of the construction manpower

requirement (retrievable waste storage facili ty needs 1060 construction workers ) produces

employment in-migration almost three times as large in absolute size when maximum differences

in reference site characteristics are allow ed to take effect (Southwest site , Table C.54 vs. 

—. ,— ~~~.--- -- — - ————— ---~~~~~~-— -—~——- ~~~~~~~~~~~~~~~~~~~~~~
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Mi dwest site, Table C .l06). Differences in this same example between impacts relative to the

basel ine population are even greater (6.7% versus 1.9%). The data produced in this generic

study should prove useful to planners who are interested in estimating a probable range of

socioeconom ic impacts associated with the development of nuclear waste management facilities.
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APPENDIX 0

RELEASE/DOSE FACTORS AND DOSE IN 5 YEAR INTERVALS TO

REGIONAL AND WORLD WIDE POPULATION FROM
*REFERENCE INTEGRATED SYSTEMS

The 70 year dose commitment to the regional population of the reference environment was

calculated for unit release (1 curie) of specific radionuc lides from release points at various

waste management facilities. Through use of a computerized dose accumulation program , dose to
the reg ional population was accumulated for the several integrated systems described in Section

10. The computer program used for the compilation is described in DOE/ET-0028. The release

points used are presented here in Tabl e 0.1. Release/dose factors for these release points are

given in Tables 0.2 through 0.6, which present the population dose (2 million persons) for

selected organs of reference in man-rem er curie released from each site. Exposure pathways

included in the dose factors are air submersion , inhalation and ingestion of foodstuffs . A
one-year release time was assumed with a 69-year dose period for a total dose commi tment time
of 70 years (for a facility operating lifetime of 30 years this technique generates in effect
a 100 year dose commitment).

Doses to the regional popu laticn for the various integrated systems are presented in
Tables D.7 through 0.35.

Seventy year dose commi tments to the world wide population were also calculated for annual
releases from the var ious integrated systems . Th is dose was based only on release of H , C ,
and 85 Kr . The dose factors giv a the /0 year dose commitment to the worl d wide population in
man rem per curies released. The factors are : 3H - 8.2 x lO s ; 14C — 1 .7 x 102 and
85Kr - 4.7 x lO~~.

Doses calculated for the world wide population are presented in Tables 0.36 to 0.41 for
the various reference integrated systems .

TABLE 0.1. Radion iiclide Release Points

Release
Facil i ty Eleva ti on , m

FRP ma in stack 110

MOX-FFP stack 20

Repository stacks 120

ISFSF , RWSF , ESFSF 45
Ground level releases 0

* See p. D.l.43 for tabulations of dose for a low power growth scenario.
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D.2

TABLE 0.2. Unit Release Dose Factors for FRP Main Stack

Dose to Ofg~n of Reference (man- rem/C l)
Nuc lide Total Body Bone Lungs Th~ThT~3H 4.2E-04 0 4.2E-04 4.2E-04
l4~ 2.9E—02 L4E-O1 2.9E-02 2.9E-02
41 Ca 2.OE-O1 L9E+OO 1.5E-03 0
51Cr 2.7E-04 2.3E-05 3.2E-03 2.9E-04
54

Mn 4.8E-03 7.OE-04 3.6E-01 7.OE-04
55Fe 1.7E-03 4.9E-03 2.OE-02 7.3E-09
59Fe 1.8E-02 4.OE-03 l.5E-O1 LOE-03

3.3E-03 0 L5E-01 0
- - 

4 
1.2E- 02 2.1E-03 2.4E+O0 2.1E-03

- r 
59Ni 1.OE-02 6.1E-02 3.2E-02 0

1.5E- 02 4.6E-O1 8.6E-02 0
85Kr 1.7E-06 1.7E-06 1 .7E-06 1.7E-06
90Sr 1.1E+O 1 4.6E+O1 4.4E+00 1.8E-11

8.3E-04 7.1E-02 2.3E-02 6.OE-08
1.3E-02 4.9E-O1 2.6E-O1 3.1E-06

95Zr 2.5E-02 9.4E-02 2.7E-O1 6.IE-04
93m Nb 7.IE-03 1.OE-01 1.2E-O 1 7.1E-08

— 7.1E-03 L9E-02 7.3E-02 6.3E-04
106R 4.3E-03 3.3E-02 2.5E+O0 7.3E—05
11Om A9 5.9E-03 8.7E-03 1.2E+OO 2.4E-03
123Sn 6.4E-04 2.SE-02 1.8E-05 3.8E-04
125Sb 4.OE-02 1.2E-O1 7.2E-O1 3.8E-04

LI l2S mTe 1.5E-03 9.4E-03 6.2E-02
l27m

Te 4.5E-03 3.6E-02 2.3E-O1 1.1E+0O
4 127Te 2.7E—05 1.2E-04 L1E—03 2.7E—02

129 9.9E-O1 3.5E-01 3.5E-02 7.8E+02
134 Cs 2 .9E—O1 1.6E—O 1 4.4E-02 1.3E— 03
131Cs 1.7E—O 1 2 .1E-O1 3.5E-02 2.OE—06
144Ce 2.2E-02 4.1E-O1 2.OE+0O 1.5E-05
147~~ 2.6E-03 6.8E-02 L9E-01 0
154Eu 7.4E—02 1.1E+DO 3.3E+OO LOE-03
155 Eu 4.9E—03 4.4E-02 2.3E-O1 4.2E—05
18~~ 2.5E-05 7 .1E—04 7.6E-02 0

F 3.OE+0O 4.3E+O1 1.4E-’-03 1.6E-07
236 w .

~ 5.5E-O1 8.9E+OO 3.4E+02 0
237 u 6.2E-05 6.6E-05 6.IE-05 6 IE-05

4.6E-01 7.8E+0O 3.2E+02 0
238 P~ 6.8E+O1 1.4E+03 4.1E+02 1.3E 06

8.OE+O1 1.7E+03 3.9E+02 1 .3E—0 6
240Pu 8.OE+O1 1.7E+03 3.9E+02 1.1E- 06
241 Pu 9.8E-O1 2.4E+O1 6.8E-O1 0
241~~ 6.3E+O1 9.1E+O? 4.2E+02 1.8E-05

6.2E+O1 8.9E+02 2.9E+02 2.9E-06
243Am 6.2E-’-Ol 9.2E-+02 4.OE+02 1.1E-0 6
242Cm 1.1E- ’-OO I .7E+O1 1 .2E+02 4.OE .08

3.OE+O1 4.8E+02 4.1E+02 1.1t-06
245Cm 6.9E+O1 1.1F +03 4.OE+02 2.3E -05

L _ _ _  _ _ _ _ ___________________________________________________________ — — ~~~~ — - —-—- -.
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D.3

TABLE D.3. Unit Release Dose Factors for MOX-FFP Stack

Dose to Or~~~ g~ Reference (man-rem/Cl)
Nuchde ~~~~~~~~ Bone Lungs ~~~~~d3H 1.1E-03 0 1.1E-03 l .1E-03
l4~ 7.7E—02 3.8E—O1 7.7E—02 7.7E-02
41Ca 5.2E-O1 4.9E+0O 4.OE-03 0
51 Cr 7.4E-04 6.IE-05 8.5E-03 7.7E-04
54Mn 1.3E-02 1.9E-03 9.6E-O1 1.9E-03
55Fe 4.5E-03 1 .3E—02 5.4E—02 1.9E—08
59Fe 4.6E-02 1 .1E-02 4.OE-O1 2.7E-03

8.6E—03 0 4.1E-O1 0

3.3E-02 5.6E-03 6.3E-OO 5.6E-03
59 N1 2.8E-02 1 .7E-O1 8.6E-02 0
63 Ni 4.OE-02 1.2E+O0 2.3E-01 0
85Kr 4.6E-06 4.6E-06 4.6E-06 4.6E-06
90Sr 2.9E+O1 1.2E+02 1.2E+O1 4.8E-11

2.2E-03 8.2E-02 6.2E-02 1.6E-O7
3.5E-O? 1.3E+OO 7.OE-O1 8.2E-06

952r 6.6E-02 2.5E-O1 7.2E-O1 1.6E-03
93m Nb L9E-02 2.7E-O1 3.1E-01 1.9E-07
95 Nb 1.9E— 02 5.OE-02 1.9E-O1 L7E— 03
106RU 1.1 E-02 8.8E-02 6.6E+OO 1.9E-04
flOmAY 1.6E—O2 2.3E-02 3.2E+OO 6.4E-03

1.6E-03 6.7E-02 4.9E-05 1.OE-03
1. OE-O1 3.4E-O1 1.9E+OO 9.9E-04
4.OE-03 2.5E-02 1.6E-O1 1.OE+OO

l27mTe 1.2E-02 9.6E-02 6.2E-O1 2.9E+OO
‘27Te 7.3E-05 3.2E-04 3.1E-03 7.2E-02
129~ 2.6E+0O 9.2E-O1 9.2E-02 2.OE+03
134 Cs 7.5E-01 4.OE-O1 1.2E-01 3.4E-03
137 Cs 4.6E-O1 5.6E-O1 9.3E-02 5.2E-06

6.OE-02 1.1E+OO 5.3E+O0 4.OE-05
147~~ 6.8E-03 1.8E-01 5.OE-O1 0
154 Eu 1.9E-O1 3.OE+OO 8.8E+OO 2.8E-03

— 
155 Eu 1.3E—02 1.2E— 01 6.OE-01 1.1E— P4
lB5~ 6.7E-05 1.9E-03 2.OE-O1 0

8.IE+OO 1.1E+02 3.6E+03 4.2E-07
1. 4E+Oo 2.4E+O1 9.2E+02 0
1.6E-04 1.7E-04 1.6E-04 1.6E-04
1.2E+OO 2.1 E+01 8.4E+02 0

238 Pu 1.8E+02 3.6E+03 1.1E+03 3.5E-06
239 Pu 2.1E#02 4.4E+03 1.OE#03 3.SE-06
240 Pu 2.1E+02 4.4E+03 1.OE+03 3.OE-06

2.6E+OO 6.3E+O1 1.8E+OO 0
1. 7E+02 2.4E+03 1.1E+03 4.7E-05

242C Am L8E+02 2.4E+03 7.7E+02 7.8E-06
243~~ 1.6E+02 2.4E+03 l. IE+03 3.OE-06
242 Cm 3.OE+OO 4.5E+O1 3.1E+02 1.1E-07
244 Cm 7.9E+O1 1.3E+03 1.1E+ 03 2.9E-06
245 Cm 1.8E+02 3.IE+03 1.lE+03 6.1E-O5

- --~~~--~~~~~- -- -.-~~~~~~ ------ ~~~~~~~~~~~~~ --—~~ ~ ,-
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TABLE 0.4. Unit Release Dose Factors for Repository Stacks

Dose to Organ of Reference (man-rem/C l
Nuc lide Total Body Bone Lungs ~ yroid
3H 3.8E-O4 0 3.8E-04 3.BE-04

2.6E-O2 1.3E-O1 2.6E-02 2.6E-02
41Ca 1. 8E-Ol L 7E+OO 1 .4E-03 0
51 Cr 2.5E-O4 2.IE-05 2.9E-03 2.7E-04
54

Mn 4.4E-03 6.4E-04 3.3E-01 6.4E-04
55Fe l.6E-O3 4.5E-03 1.9E-02 6.7E—09
59Fe l.6E-O2 3.6E-03 1 .4E-O1 9.2E-04
58Co 3.OE-03 0 1 .4E-O1 0
60Co 1.1 E-O2 1.9E-03 2.2E+OO 1.9E-O3
59N1 9.4E-03 5.6E-02 2.9E-O2 0
63N1 1.4E-02 4.2E-01 7.9E-O2 0

I - 85Kr L6E-06 1.6E-06 J .6E-06 1.6E-06
905r 1.OE+ 01 4.2E+O1 4.OE+OO 1.6E-1 1

7.6E-04 2.8E-O2 2.1E-02 5.5E-08
1.2E- 02 4.5E-O1 2.4E-O1 2.8E-O6

952r 2.3E-02 8.6E-02 2.5E-O1 5.SE-04
93m Nb 6.5E-03 9.2E-02 1 .1E -O 1 6.5E-08
95Nb 6.6E-03 l.8E-02 6.7E-02 5.8E-04
106RU 3.9E-03 3.OE-02 2.3E+O0 6.7E-O5
11OmA9 5.4E-03 7.9E-03 1 .1E+0O 2.2E-03

5.9E—04 2.3E—O2 1 .7E—O5 3.SE—04
1255b 3.6E-02 1 .1E-OJ 6.6E-Ol 3.4E-04
l2Sm T 1. 4E-03 8.6E-03 5.6E-02 3.4E-01
l2lm T 4.1E— 03 3.3E—02 2.1E-0 l 1.OE+00
127Te 2.5E-05 1.1E-04 1.OE—03 2.5E—02
129k 9.OE-O1 3.2E-Ol 3.2E-02 7.OE+02
134Cs 2.5E-O1 l. 3E-O l 4.OE-02 1.2E-03

J. 6E-O) 1.9E-O1 3.2E-02 l.BE-06
144Ce 2.OE-02 3.8E-O1 1.8E+OO 1.4E-05
147Pm 2.3E-03 6.2E-02 l.7E-O1 0
154Eu 6.8E-02 1.OE+OO 3.OE+OO 9.5E-04
155Eu 4.5E-03 4.OE-02 2.1E-Ol 3.9E-05
J85w 2.3E—05 6.5E-04 7.OE-02 0

2.8E+OO 3.9E+01 1.3E+03 1.4E-07
236u 5.OE-O1 8.JE+O0 3.2E+02 0

5 7E-05 6.OE-05 5.6E-05 5.6E-05

4.3E-O1 7.2E+OO 2.9E+02 0
238 PU 6.2E-’-Ol 1.2E+03 3.8E+02 1.2E-O6
239Pu 7.3E-’-Ol 1.5E+03 3.6E+02 L2E-O6
240Pu 7.3E+O1 1.5E+03 3.GE+02 1.OE-O6
241 PU 9.OE-O 1 2 .2E+O1 6.2E-01 0
241~~ 5.?E+O1 8.4E+O? 3.8E+02 1.GE-05
242mAm 5.6E+O1 8.2F+02 2.7E+02 2.7E-O6
243 Am 5.7E+O1 8.4E+O? 3.6E+02 1.OE-06
242Cm 1.OE+OO 1.51401 1.1E- ’-02 3.7E—08
244Cm 2.71+01 4.41+0? 3.71+02 9.9E—O7
245Cm 6.3E+O1 1.OE+03 3.71+02 2 .11—05

-— ~~~~~~~~~~~~~~~~~~~~~~ . .—~ -
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TABLE 0.5. Unit Release Dose Factors for ISFSF , RWSF , ESFSF Stacks

Pose to Org~n of Reference (man-rem/Cl)
Nuc lide Tota l Bo~~ Bone Lungs ~Th~~~jd3H 8.61-04 0 8.6E-04 8.6E-04

5.9E-02 2.9E-01 5.9E-02 5.9E-02
41Ca 4.01-01 3.71+00 3.11-03 0
51 Cr 5.71-04 4.7E-05 6.5E—03 6.OE—04
54Mn 9.6E-03 1.4E-03 7.31-01 1.4E-0.~55Fe 3.4E—03 9.9E—03 4.2E-O2 1.5E—08
59Fe 3.61-02 8.1E-03 3.1E-01 2.OE-03
58Co 6.61-03 0 3.1E-O1 0

4 60Co 2.5E-O2 4.3E-03 4.8E+O0 4.3E-03

F 
59N1 2.1E-02 1.21-01 6.51—02 0

r 63Nj 3.1E-02 9.31-01 1.81-01 0
85Kr 3.5E-O6 3.5E-06 3.5E-06 3.5E-06
90Sr 2.2E+01 9.2E+01 8.9E+OO 3.6E-11

1.7E-03 6.2E-02 4.7E-02 1.2E-07

2.71-02 9.91-01 5.3E-O1 6.21-06
95Zr 5.01-02 1.9E-O1 5.5E-01 1.21-03
93mNb 1. 4E-02 2.11—01 2.4E-OJ 1.4E-07
95Nb 1.41-02 3.81-02 1.5E-01 1.31-03
106Ru 8.6E-03 6.8E-02 5.OE+OO 1.51-04
l1Om A9 1.21-02 1.8E-02 2.4E+O0 4.9E-03
‘23 Sn 1.3E-03 5.2E-02 3.7E—05 7.71-04
125Sb 8.OE-02 2.5E-01 1.5E+00 7.51-04
l2Sm

Te 3.OE-03 1.9E-02 1.21-01 7.61-01
l27mn Te 9.2E-93 7.3E-02 4.7E-01 2.2E+00
127Te 5.6E-05 2.4E-04 2.31-03 5.51-02
129 i 2.OE+00 7.1E-O1 7.01-02 1.61+03

5.8E-O1 3.OE-O1 9.11-02 2.61-03
137Cs 3.5E-01 4.2E-Ol 7.11-02 4.01-06
144 Ce 4.51-02 8.41-01 4.01+00 3.01-05
147Pm 5.2E—03 1. 4E-01 3.BE— 01 0
154Eu 1.51—01 2.3E+OO 6.71+00 2.1E— 03

1.01-02 8.91-02 4.6E-O1 8.61-05

5.2E-05 1.4E-03 1 .51-01 0
232w 6.2E+OO 8.7E+01 2.81+03 3.2E-07

1.IE+00 1.81+01 7.OE+02 0

1.21-04 1.31-04 1 .21-04 1.21-04

9.5E-01 1.6E+01 6.4E+02 0
238Pu 1.4E+02 2.8E+03 8.4E+02 2.61-06
239Pu 1.61+02 3.4E+03 7.9E+02 2.61-06
240 Pu 1.61+02 3.4E+O3 7.9E+02 2.3E-06
241 Pu 2.OE+0O 4.8E+O1 1.41+00 0
241Am 1.3E+02 1.91+03 8.4E+02 3.6E-05
242m~ 1. 21+02 1.81+03 5.91402 5.91-06
243Am 1.3E+02 1.9E+03 8.01+02 2.31-06
242 Cm 2.31+00 3.4E+O1 2.31+0? 8.21-08
244Cm 6.01+01 9.71+02 8.31+02 2.21-06
245 Cm 1.41+02 2.31+03 8.2E+02 4.71-05
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TABLE 0.6. Unit Release Dose Factors for Ground Level Releases

Dose to Organ of Reference (man-rem/Cl
Nuclide ‘t~~il Body 8dii~ ~~~~

2.01-03 0 2.01-03 2.01-03
1 .3E—01 6.61-01 1.31-01 1 .3E-O~41 Ca 9.01-01 8.41+00 7.01-03 0

51Cr 1.3E-O3 1.01-04 1.4E-02 1.31-03
54Mn 2.2E-02 3.21—03 1.61+00 3.2E-03
55 Fe 7.81-03 2.21-02 9.4E-02 3.31-08
59Fe 8.01-02 1.91-02 6.9E-O1 4.6E-03
58CO 1.51-02 0 7.01-01 0
60Co 5.7E-0~ 9.71-03 1.1E+O 1 9.7E-03
59N1 4.71-02 2.8E—D1 1.5E-O1 0
63N 1 7.OE-02 2.lE+O0 4.01-01 0
85Kr 7.9E-06 7.9E-06 7.91-06 7.91-06
90Sr S.OE+01 2.IE+02 2.OE+01 8.2E—11

3.8E-03 1.4E-O1 1.1E-01 2.71-07
6.11-02 2.2E+OO 1.2E+O0 1.41-05

952r l .lE- 01 4.21-01 1.21+00 2.8E—03
93m Nb 3.31-02 4.61-01 5.31-01 3.2E—07
95Nb 3.3E-02 8.6E-02 3.3E-O1 2.9E-03
99Tc 1.51-02 3.61-02 1.81+00 0

2.01—02 1.5E-0 1 1.11+01 3.3E-04
11Orn ~9 2.7E-02 4.OE-02 5.5E+O0 1.11-02
123Sn 2.9E-03 1.21-01 8.4E—05 1.7E-03
125Sb 1.81-01 5.71-01 3.31+00 1.71-03
125’

~Te 7.01-03 4.31-02 2.8E-O1 1.71+00
l27m Te 2.1E-02 1.6E-O1 1.11+00 5.OE+O0

1.31-04 5.61-04 5.21-03 1 .2E-Q1
129~ 4.5E+O0 1.6E+O0 1.61-01 3.5E+03

1.31+00 6.9E-01 2.11-01 5.9E-03

7.91-01 9.61-01 1.61-01 9.01-06
144Ce 1.01-01 1.9E+O0 9.01+00 6.81-05

1.2E-02 3.11-01 8.61-01 0
154Eu 3.41-01 5.21+00 1.51+01 4.8E-03
1551u 2.2E-02 2.01-01 1.01+00 1.9E-O4
18S~ 1.2E-04 3.2E-03 3.51-01 0

1.41+01 2.01+02 6.31+03 7.2F-07
236u 2.51+00 4.OE+O1 1.61+03 0
237U 2.91-04 3.01-04 2.81-04 2.81-04

2.11+00 3.61+01 1.41+03 0
238PU 3.11+02 6.2E+03 1.91+03 6.OE-06
239PU 3.7E+02 7.6E+03 1.81+03 6.OE-06
24O

~
, 3.61+02 7.61+03 1.8E+03 5.21-06

4.51+00 1.11+02 3.11+00 0
241~~ 2.91+02 4.21+03 1.91+03 8.OE-05
242m4m 2.8E+02 4.11+03 1.31+03 1.31-05

L 

243 Arr 2.81+02 4.21+03 1.81+03 5.21-06
242 Cm 5.11+00 7.71+01 5.31+02 1.BE— 07
244 Cm 1.4 1+02 2.21+03 1.91+03 4 .9E- 06
245 Cm 3.11+02 5.25+03 1.81+03 1.11-04
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TABLE 0.6. contd

Dose to Organ of Reference (man-rem/Ci)
Nuclide Total Body Bone L~gg~~ Thyroid

8.OE+00 2.4E+02 1.3E+03 5.1E-06
21081 7.3E—03 1.31—02 1.61+01 0
224Ra 7.21—01 3.6E+00 7.81+01 3.4E-05
226Ra 1.9E+03 2.9E+03 3.71+03 2.6E-05
227 AC 5.1E+02 8.2E+03 1.OE+04 1.6E-06
228Th 6.9E+01 2.01+03 6.51+03 8.21-06

2.2E+03 4.61+04 9.11+03 8.31-05
3.3E+02 1.I E+04 1.61+03 1.6E-06

232Th 8.51+03 1.21+04 2.2E+O3 0
231 Pa 9.01+02 2.11+04 2.4E+O3 6.7E-05
233Pa 3.51—03 1.71-02 1 .8E—01 6.6E-04

2.6E+00 4.3E+O1 1.71+03 0
234 w 2.6E+00 4.2E+01 1.6E+03 3.21-07
235w 2.31+00 3.8E+01 1.51+03 4.31-04

• 237Np 3.1E+02 7.OE+03 1.6E+03 5.11-05
239Np 5.31—04 3.21-03 l.7E—02 3.51-04
242 PU 3.5E+02 7.OE+03 l .7E+03 6.41-06
243~ 2.BE+02 4.2E-’-03 1.81+03 5.11-06 

---
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S In addition to the J0 5000 GWe-yr scenario , doses to the regiona ) population were calculated

~ by 5-year intervals and accumulated for a slow growth electric -power scenerio of about 6,500 GWe-yr
for the once-through option and Uranium and Plutonium Recycle with prompt disposal . These doses
are presented in Tables 0.41 through 0.49. Similarly doses to the worldwide population were

- calcula ted for the low growth scenario and these are presented in Tables D.50 and Da51 for the
once-through option arid Uranium and Plutonium Recycle resoectively.
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APPENDIX E

RESOURCE AVAILABILITY

Se l ected resources were reviewed in the literature to provide a perspective for waste

managemen t impacts on resources .(~ s2s 3s4) The rev iew emphasized consumption rates , sources , and
near- and long- term availabili ty of reserves . The rev i ew also considered types of usage as they
may relate to the needs of nuclear waste management. Other pertinent environmental require-

ments for resource production were also considered .

‘S CEMENT

4 In 1975 , the Un i ted States produced 60.6 million MT of Portland cement, a ch~ef binding
agent i n conc rete an d mortars. Forty-eight percent of the cement is produced in six states:

~~l 
Texas , Califo rn i a , Pennsy lv an ia , Mich i gan , Missour i , and New York . Consumption of Portland

cement in 1975 reached 63.8 million MT. Imports for that year amounted to 3.3 million MI, 43~
of which came from Canada , l7~ from the Bahama s , 12% from Norway , 11% from the Un ited Ki ngdom ,
and l7~ from other sources .

Sixty-six percent of the Portland cement produced is used for ready-mixed concrete , 15%

for concrete produc ts such as block , pipe , and prestressed precast concrete , 8~ by building

ma terial dealers , 7~- by highway contractors , and 4% by other contrac tors , government agenc ies

and for miscellaneous uses .

World production figures for Portland cement in 1975 were 614 million MT. There is no

recycling of Portland cement , because raw materials for making the cement are abundant in most

countries . Many domestic companies reported reserves of raw materials exceeding 100 years at

present annual capacity, while others reported reserves of 25 to 100 years . The United States

dema nd for cement is predicted to grow at 3.2% per year; world demand is predicted to grow at

2.7 per year.

Manufacturing Portland cement is one of the most energy-intensive industri ~ s in the

United States . One ton of cement uses an average of S.C million BTU of fuel energy and

124 kWh of electric ti in preluction . Shortages of petroleum and natural gas and sharp

increases in a l l  fuel cos ts have i mpelled v irt uall y all ceme nt produce rs to co n s id er us in g coal
as a primary fuel. Energy costs compr ise 40 or more of the direct production costs of manu-

facturing cement.

cHRoM IuM - 

-

Domestic production of chronii te ceased in 1961. However , the Un i ted States continues to

be one of the wor ld1 s leading consumers of this resource. In 1975, U.S. chromi te consuI -Iption ‘ 
-

reached 816.3 thousand MI, while those of chromium ferroalloy s amounted to 290.2 thousand ‘S-IT .

Imports of Chromite (averaging 3O~ chromium content) for that year were L2 million MT . h~ r1~
percen t of these imports came from the Republic of South Africa, 2J- from the U.S.S.R . , 17- . f ro~i

the Ph ill ip ines , lb from Turkey , and 8- from othnr sources. Ferrochroni um imports (typically

vnra -I in g 55 chromium cintent) of 263 thousand MT originated from the Re~uh lic of South A fric a

(35~.-- ), Souther Rhodesia (18 ), and Japan (ll ~.), with 36 coming from other sources .
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Both domestic scrap and imported scrap were recycled in the production of stainless steel .
In 1975, the estimated chromium content in purchased stainless steel scrap amounted to 13% of

the total chromium demand . Consumption of chromium by end use was as follows : construction ,
22%; transportation , 16% machinery and equipment , 14%; refractories , 14%; and all ot her uses ,
34% .

World product ion figures in 1975 for chromite totaled 6.7 million MT; world reserves are

estimated to be 1 .7 billion MT. Domestic resources are low grade and represent only a 4 to 5

year supply . Most of the world resources lie in the Eastern Hemisphere , primarily in the

Republ i c of South Afri ca and Southern Rhodes i a .

. 

- 
Demand for primary chromium is expected to increase at an annual rate of about 2.1% through

p 
1980. Along with other consumin g countries , the United States must continue to rely on imports

I. 
of chromium . Internationa l relationships in the future will influence the United States supply

and demand pos i tion , as they have in the past.

COPPER

Refined copper product ion in the United States in 1975 was 1.36 million MT. Principal

copper-producing states were Arizona (57%), Utah (1 3%), New Mex ico (10%), Montana (17%),

Nevada (5%), and Mi ch i gan (5%). Consumpt ion of copper in 1975 was 1.36 million MT. Copper

imports for the year totaled 77 thousand MT. Exports totaled 154 thousand MT. Thirty-three

percent of the imports were obtained from Canada , 22% from Peru, 17% from Chi le , 6% from the

Republ ic of South Africa , and 22% from other sources

Recycled old scrap deri ved from obsolete end use i tems comprised 23% of 1975 copper con-

sumpt ion. The 320,000 MT of consumed old scrap (recoverable copper) compares with the con-

sumption of 496 ,000 tons of new scrap derived from fabricating operations. Of this total ,

brass mills consumed 42%, smel ters and refiners 53%, and other categories 5%. Most copper is

consumed as refined metal. The use of copper (prima ry and old scrap) is estirnateL to be 52%

elect rical , 17% const ruct ion , 14% indus trial machinery , 10% transportation , 2% ordnance and

5% miscellaneous.

Total world mine production figures for 1975 were 6.9 million MI; world reserves are esti-

mated to be 408 million MT. Identified copper resources are located principally in western

North America and South America , central Africa , southeastern and central Europe and the U.S.S.R.

Domestic copper demand is expected to approximate an average growth rate of 35% throug h 1980.

L EAD

Un i ted States product ion of refined lead i n 1 975 was about 577,000 MT. Secondary lead pro-

cljction was 493,072 MT. Missouri supplied 83% of this metal in 1975, with Idaho contr~buting

8% of the total , Colorado 4% and Utah 2%. Domestic consumption of lead was approximately

1 ,116 ,336 MT in 1975. Imports of refined lead amounted to 91 ,581 MT . 29% of this coming from

Canada , %4-~ from Peru; 19% from Australia , and 11% from Mexico , wi th other sources contri bu ti ng

1 7-~.

Old scrap (450,779 MT) furnished 86. of total secondary recovery of lead metal and alloys .

Old and new lead sc ra ps , mostly from batteries , accounted for 48% of domestic production and

- - — — - - 
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47% of total consumption . The transportation sector was the major end user of lead , 53% as
batteries and 16% as gasoline additives . Electrical uses totaled 7%; amunition , 7%; paints ,
6%; construction , 4%; and other , 7%.

World mine production figures for lead in 1975 totaled 3.4 million MT; world reserves are
estimated to be 145 million MT . The prospect for discovery of additional resources at a rate

that exceeds consumpt ion is favorable. Domestic demand for lead is expected to increase at an
annual rate of about 1.5% through 1980. The domestic resource base , augmented by recent develop -
ments in Missouri , appears adequate to suppl y the domestic component of primary lead demand at
competit ive prices .

NICKEL

United States mine production of nickel in 1975 was 14,965 MT. Plant product ion of refined
metal from domestic ore was 11 ,791 MT. Domestic consumption of nickel in 1975 reached 131 ,515 MT.
Imports contributed 154,190 MT in 1975, 68% of wh ich were obtained from Canada , 8% from Norway ,

6% from New Caledon i a , 5% from the Dominican Republic , and 13% from other sources .

In 1975, production of secondary nickel was estimated to be 52 ,606 MT , wh ich accounted for

28% of the total nickel consumed . Of the scrap consumed , 60% was estimated to be old and 40%
to be prompt indus trial. Major end uses of nickel were as follows : transportation , 22%; chem ical

industry , 15 %; electrical equipment , 12%; construct ion , 10%.

World mine production figures for nick t~ in 1975 reached 745 ,100 MT, with world reserves
estimated at 54 million MT. Demand for nickel is expected to increase at an annual rate of

about 3% through 1980. Domestic mine production of nickel should remain at the level of the

past 5 years and continue to supply approximately 8% of the primary nickel consumed. The

United States should be able to obtain all the nickel it needs from relativel y secure and

d iversified foreign sources.

NITRIC ACID

In 1975, u n i ted States production of fixed nitrogen reached 11.8 million NT , wh ile consump-

tion totaled 11.5 million MT. Imports and exports of fixed nitrogen were approximately equal ,

amount ing to l.l 9~5 and 1.106 million MT , respectively. The fixed nitrogen produced and con-

sumed in the United States included 7.4 million MT of nitric acid , bear i ng a nit rogen content
of 1 .5 million MI. Abou L tnree-fourtns ot rixeo nitrogen is used as a tertilizer; other uses

a re in plastics and explos ives . Nitrogen is not recycled or recovered after use.

World production of fixed nitrogen for 1975 was estimated at 46.9 million MT; resources of

nitrogen in the air are for all practical purposes , unl imi ted. Total reserves for the production

of all forms of elementa l and fi xed nitrogen are , therefo re , also un limited , because natu ral
nitrates are essentially ident ical with the manufactured compounds . Demand for fi xed nitrogen - 

-

is expected to increase at an annual rate of about 4.4%.

PETROLEUM

Un i ted States production of crude oil in 1975 amounted to 3 billion barrels. Figures for

the le ading producing states (in million barrels) were : Texas , 1 ,222; Lou i s i ana , 657.6;

Ok lahoma , 1 61.4. Wyoming, 129.5. Domestic demand for petroleum products was ~~~ estimated
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5.9 billion barrels. Imports supplie d 36.6~- of domestic demand. Thirty-two percent of crude

oil imports were obtained from Canada , 14% from N i geri a , 12% from Venezuela and 11% from Saudi

Arabia. Petroleum products were i mported from Venezuela (28-~), Netherlands Antilles (l9- ~),

V irgin Islands (13%), and Canada (10%).

Principal end uses of refined petroleum products and their percentages of total consump-

ti on were : fuel , 89%; petrochemical feedstock , 6%; as phalt and road oil , 2%; mi scellaneous
uses , 3%. Consuming sectors used the following percentages of petroleum products in 1975;

traspo rtat i on , 54~ ; household and cormiiercial , 18% ; industrial , l9~ ; and electr ical gene ra ti on
- ., and utilities , 9%.

_4 Worl d crude oil production in 1975 was 19.3 billion barrels , with world reserves total i ng
-~~ 

712 billion barrels. Estimates of potentially recoverable crude petroleum resources , i nclud i ng

~~- ‘ 
heavy o i ls , vary from 2.0 to 4.5 trillion barrels. In 1975 , Afr ica became the largest regional

- 5- 
source of U.S. crude petroleum imports , with Ni ger i a becom i ng the pr inc ip al coun try of ori gi n ,

- replacing Canada . Canada has been cutting crude oil exports to the U.S. and has announced plans

to phase out exports entirely by 1981 . Demand for petroleum is expected to rise at an annual

rate of about 4.5% through 1 980. Imports will continue to rise , assuming an even greater role

~ 
in supplying increased demand.

~ ELECTRICITY

~ 
The total United States net production of electricit y in 1976 was 2 ,037,415 mi ll i ons of

I kWh , an increase from the 1975 f igu re of 1,917 ,638 millions of kWh . The projected production

~ 
fi gure for 1985 i s 3 ,960,000 million kWh , with demand for electricity rising at a growth rate
of 5.7-6.2%.

, The sources used to generate electrical power in 1976 and their respective contri bution s

- 
(1 975 figures are in parentheses) were coal , 46.4% (44.5%); oil , 15.7% (15.1%); gas l4.4~- (l5.6~ );
nuclea r, 9.4% (9.0%); hydroelectric , 13.9% (15.6%), and 0.2% (0.2%) from other sources .

I 
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APPENDIX F

ENVIRONMENTAL MONITORING

F .O INTRODUCTION

The env i ronmental monitoring of commercial radioactive waste management facilities has

several general objectives:

. the description or characterization of the environment prior to the establishment of the

facilities. This characterization is necessary to provide a baseline for the evaluation

of facilit y-induced environmental changes and to supply needed information for the develop-

~ 

. ment of facility desi gn features that will produce minima l environmental effects.

~
, • the development of data to veri fy compliance wi th state and Federal regulations and stan-

~*. 
dards . Both radiolog i cal and nonrad iolog i cal poll u tant measurements w i ll be requ ir ed to
assu re that facility releases and the resulting environmental concentrations are within

acceptable l imits.

• the determination of the effects of plant construction and operation on natura l populations

of plants and animals. The emphasis will be on spec ies of recognized value to man , or on ‘S

those that are rare or endangered .

The suggested moni toring programs that follow are designed for normal facility construction

and operation and will probably be inadequate for evaluating consequences of accidents or unusual

events , e.g., a meteor str ike on a waste repository . Although the reference environment

(Appendix A) was considered in the development of the monitoring programs , the env i ronmental
informa tion about the reference site is incomplete. Consequently, the monitoring program design

may require modification to accomodate additional information from this site , or to accomodate

site specific requirements for facilities that may be located elsewhere .

The gene ri c treatment of env i ronmen tal mon it ori ng is more difficult in some discip lines

than in others . For example , rad i olog i cal moni tor i ng deals w i th relat i vel y few and generall y
accepted radiation pathways to man , and is guided by recognized radiation limits and standards .

On the other hand , for ecolog ical monitoring no limits have been established , a nd the s tanda rds
require development on a site-specific basis. Usually baseline information is also needed before
ope rat ional mon i to ri ng progra m s can be des i gned. Therefore , the monitoring programs presented

here are examples that may undergo marked change before they can be applied.

The kinds of monitorin g that wil l be discussed are radiological , meteo rolog i cal , water , air ,
and soil , a nd ecolog i cal . Programs w i ll be mutua l ly sup por ti ve and where a ppropr i a te th e same
sampling locations and sampling frequencies will be ~ised . The reference waste management

facilities covered in the monitoring program include the fuel reprocessing plant (FRP), the
m ixed oxide fuel fabrication plant (MOX FFP), the independent spent fuel storage facil ity
(ISFSF), the extended spent fuel storage facility (ESFSF), the retr i ev able waste s torage
facility (RWSF) and the geologic (salt) repository .
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F.l RADIOLOGICAL MONITORING

The radiological environmenta l monitoring programs have the following specific objectives:

• evalua tion of the adequacy and effectiveness of plant radiation containment and effluent
control systems

• detection of rapid changes and definition of long—term trends in the concentration of

rad ionucl i des i n the fac i lity env i ronment

• assessment of the radiation doses (actual or potential) to man from radioactive materials

released by the facility or the estimation of the probable limits of these doses

S collection of historical data of environmenta l releases of radioactivity to discover

~; 
previously unconsidered exposure modes and pathways

• detection and evaluation of offsite sources of radioactivity that contribute to the site

backg round radiation

• compar ison of the applicable radiation standards wi th the measured or estimated radiation

doses .

All env i ronmental radiation measurements should supplement the adequate control and in—pla nt

monitor ing of effl uents except for long-term accumulations of contaminants from sources too low

to be conven iently measured. The time lag between sample collection and analysis , and the

generall y low concentrations of radioactive nuclides in most environmental samples make it

unw ise to rely completely on these measurements as an action signal.

The typical environmental surveillance programs described in this section are based on

Regulato ry Guide 4.8
(1) 

(including Nuclear Regulatory Cormiiission staff-proposed revisions of

Jul y, 1977) and have been modified to stress the critical and potential accident pathways for

the waste mana~ement facilities considered in this document. Program design cri teria from

ERDA-77—24~
2’~~ were used to def i ne measurement frequencies , nucl ides , and media; numbers and

locat ions of measurements and samp les ; and an estimate of quality assurance requirements .

These criteria follow:

4 If the total environmental dose comitment of site orig in exceeds ei ther a) 1 man-rem/yr to

the whole body or specific organ dose of individuals or critica l population groups or

b) 100 man-rem/yr whole body dose per one million population wi thin an 80-km (50-mi )

radius of the release points (or centroid of a cluster of release points), then every

exposure pathway that may contribute more than 10% of a total environmental dose comi tment
a Qf site origin , as determi ned by site—spec ific exposure pathway analysis and either

pred icted or historical release rates should be routinely measured .
‘I

I For dose calculation , actual measurements on two media for each critical radionuclide/

pa thway combination are sufficient. One of the pathways may be the effl uent stream.

• Background or control ’ location measurements should be taken for those critical nuc lide /

pathway combinations that use environmental measurements in dose calculation .

~~~~lllI _ _-  _ 
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• If reasonabl y achievable, routine measurement techn iques for dose calculation should have

minimum detection limits no higher than those equivalent to the dose criteria given above .

; 
• Sampling or measurement intervals for each critical nuclide/medium combination should not

exceed twice the half- life of the nuclide to be measured.

• Where significant periodic variations in environmental concentrations may be expected ,
samples or measurements should either be continuous or at an interval less than half the

expected peak-to-peak interval .

• Gross activity analyses should be used only as trend indicators , unless supporting analyses

~ . 
show a reliable relationsh ip to specific radionuclide concentrations or doses.

;-. • Samples of wildl i fe (fish , game birds and mammals) used for dose estimation should be

collected during norma l fishing and hunting seasons .

The numbers of sampl ing l ocations and sampling frequencies du ring the initial phase of

facility operation are conservative and later may be reduced or eliminated based on accumu-

lat ive monitoring experience with effluent releases , local dispers ion phenomena , and local
exposure parameters . Baseline or preoperational monitoring usually beg i ns two yea rs befo re
the start of facility operation and at about half the intensity of the operational program .

Figure F .l- 1 shows the reference site and the location of samp l ing and measurement instru-

mentation that may be used in the monitorin g program design for an FRP . Prevailing winds are

assumed to g i ve the hi ghest annual mean a i rborne concentrations from stack releases from e i ther

the north or southeasterly directions. The farm with the nearest cow providing milk for human

consump tion is located just offsite at location “M ,’ but the residence with the hi ghest annua l

mean concentration of airborne effluents is assumed to be just offsi te at location L. Location ~ -

H , 20 miles to the west , is a control station. Althoug h no routine offsite releases of radio-

active l iquids or solids are planned , nearby tributa ry streams and the R R i ver are sampled to
detect poten tial leaks of radioactive materials to ground or surface waters . No attempt is

made to show sampling loca tions for other waste management facilities. However , ths~ same
general c ri ter i a , as indicated in the example above , apply to other facilities and are modified

only to acconinodate different crit ical pathways and nuc lide releases.

Detection capabilities , shown in Table F .l-l , are based on those given in Regulatory Guide

~~~~~~ and supplemented by those currently available from a comercial radioanalytica l

laboratory.

F.2 METEOROLOGICA L MONITORING

The meteorological monitoring program for the reference waste management facilities has the

follow ing objectives :

S provide a clirnatologica l history of the various meteorologica l parameters that are needed to

determine site-specific meterological trends

S determine the atmospheric transport and diffusion characteristics of the site

S aid in the assessment of consequences of continuous or periodic releases of radiological

and nonradiolog ical pollutants to the atmosphere-

~~~~~~ -~~ -- ‘ - 
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TABLE F.l —l . Detection Capabilities for Radiolo g ical Environmental
Sample Analysis

Lower Limit of Detection (LLD)~~~Milk and Airborn e Foods or
Water Part iculate 3 Vegetation Soil

. Analysis (pCi/i.) or Gas (~Ci/ m ) ~pC i /kg , Wet) (pCi/kg , Dry )
Gross Beta 2 1 x 10

3H (HTO) 300 (b)
54Mn 15 150 50
59Fe 30 300 100

58’60Co 15 150 50
65Zn 30 300 100
85Kr 15
895r (c) 10 5 x lO~~ 10 150
9OSr(C) 2 1 x lO~~ 2 30
95Zr-Nb 15 1 x lO

_2 
150 100

106 RU Rh 15 1 x 1O
_2 

150 100
129 1(c) 2 0.3 10 -

l31 1
(c) 0.4 7 x l0 2 2

134 ’137 Cs 15 1 x b a.? 150 100

~
40Ba-La 15 1 x 10 2 150 100

U~totai~~~ 2 1 x lO a.2 50 30 ~ -

Pu—Al pha~
’
~ 0.01 5 x l0~~ 5 1

Ganna - TLD 0.5 mR
- Cont i nuous Moni tor 1 x lO~~ mR/h

a. The nominal Lower Limit of Detection (LLD) is defined in HASL 300 (Rev. 8/74),
pp. D-08-Ol , 02 , 03 at the 95% conf idence level . The LLD levels are decay corrected to
the end of the total sampling period . The LLD for radionuc lides analyzed by gama spectro- ~ 

-

metry will vary accord ing to the number of radionuclides encountered in environmental
samples .

b. Dependent on moisture content , with same LLD as HTO in water.
C. After chem~cal extraction.

S provide real-time meteorological data for estimation of probable doses to man as a result

of accidental atmospheric releases of radionuclides .

The models used to desi gn the environmental meteorological monitoring programs are Nuclear

Regula tory Comission (NRC) Regulatory Guides ~~~~~~ and ~~~~~~ Informa t i~ n from NRC
Regulato ry Guide 1.23 (6) is used to define location of sensors , measurement frequency, mainte-

nance procedures , and reporting frequency. The program can be modified by the technical

opera ting specifications for any given facility as discussed in NRC Regulatory Guide

The following program design criteria are used to define measurement frequencies , number
and loca ti on of i nstrume nts , and an estimate of quality assurance requirements:

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ --- - - ~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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F. 6

• Basic monitoring programs consist of an onsite meteorologi cal tower with at least two levels

of instrumentation for measuring wind direction , wind speed , and a ir temperature . The lowe r

and upper sensor levels should prov ide measurements at 10 meters and 60 meters , respec tively,

above fac ility grade. At sites where fogging or icing may be caused by an increase in

atmospheric moisture from facility operation , a sensor for measu ring dew point temperature
should be l ocated at the 10-meter tower level .

S Data should be recorded on digita l recording devices whose output is computer compatible.

Data entry to the digita l system should be electronically averaged for a period of 15 minutes.

• Starting speed of the anemometer should be less than 1 mph.

• If thermistors are used to sense ambient temperature , then an i ndependent set of ma tched
thermistor pa i rs will be required for measurement of temperature difference between the

two sensor levels.

4 Minimum recovery rate for each sensor should be 90%. The use of redundant sensors and/or

recorders or an extensive inspection program are acceptable means to achieve the 90% data

recovery rate . The sensors should be electronically calibrated quarterl y with a full

system calibra tion (physical and electronic) conducted semiannually.

• The base of the tower should be at or near plan t grade with sensor levels representative of

pollutant release levels.

• The tower should be located in the direction of prevailing winds , as determ ined by genera l
climatolog i cal documents , and at a distance of 5 bu ilding heights away f rom the fac i li ty
bu ildings . This siting minimizes any building i nfluence .

S The tower should be located so that its instrum~. ~at i on would not be influenced by local
vegetation or topographical features.

Ins trument accuracies are defined by Nuclear Regulatory Comission Regulatory Guide 1.23 (6)

and are l isted below :

Meteorologi cal Parameter Accu racy

W ind direction ±5° arc
) Wind speed ±0.5 mph

Ambient temperature ±0.5°C

Temperatu re difference ±0.1°C

Dew point temperature ±0.5°C

Meteorological mon itoring should begin two years prior to facility startup and be coordinated

wi th radiologica l and ecolog ical monitoring . Operational monitoring will depend on results

obtained in the pre-operationa l program and will vary among the several waste management facilities.

F.3 WATER SOILS AND AIR MONITORING

The monitoring of water , soils and air near radioactive waste management facilities has the

follow ing object i ves:
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• determination of preoperational data to define the normal air , water , and soil character-
istics of the site

S detection of rapid changes in surface water and air quality and definition of long term
trends in air , water, and soil contaminant levels

• estimation of the concentration of actual or potential hazardous chemicals in human food

pathways , and in the aquatic and terrestrial environments

. collection of historical data on environmental releases of hazardous materials to discover
previously unconsidered pathways and modes of exposure

S comparison of air , water , and soil quality parameters with applicable state and Federal
standards

~. 
- • identification of types and relative amounts of environmental pollutants originating

from sources other than the waste management facility .

The mon itoring of nonradiologica l pollu tants will be coordinated with the radiological

monito ring program and , as far as pract i cal , the same sampling locat ions and frequencies will

be adopted for each program. In addition to these objectives , the monitoring program will
indicate necessary control or mitigating measures , and will prov ide evidence of no impact where

insignificant levels of contamination are found.

The following criteria are used to define measurement frequencies , number and location of
samples , and an estimate of quality assurance requirements :

• Pathways should be routinely monitored if significant releases to air and water of chem~ca ls
and heat could reasonably be expected to occur.

• Where significant random or periodic variations in environmental pollutant concentrations
may be expected, sampling should either be continuous or at an interval less than half
the peak-to-peak interval.

• Measurements of surface water temperatures and water quality should include worst case

conditions (i.e., low flow and maximum ambient temperature).

• Monitoring locations and sample types and number should be similar during preconstruction ,

pre-operational and operational monitoring.

. For facilities that are judged to have little or no release of contaminants to soil or

water during operation , no monitoring is reconiiiended except for baseline charact2r iza-
tion or construction stage .

Detection limits for some of the parameters that are often measured in water and air
monitoring are given in Table F.3-l.

Air quality monitoring, includ ing both baseline and operational measurements , w ill be based

on very site—specific features and state and Federal requirements. Because of the uncertainties
in the scope of necessary specific facility air monitoring needs , specific air monitoring programs

are not presented in this discussion . Little or no air monitoring may be required because of
the anticipated low level s of air contaminants released by the several waste management facilities.
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4 TABLE F.3-l. Detection Limits for Nonradio logical
Environmental Water Samples

Detection (a)Parameter Limi t - ppm
Chloride (Cl ) 1
Dissolved oxygen (DO) 0.05
Iron (Fe) 0.02
Arsenic (As) 0.002
Cadmium (Cd) 0.002

Chromium (Cr) 0.02

a Copper (Cu) 0.01
Lead (Pb) 0.05
Mercury (Hg) 0.0002

5 . Zinc (Zn) 0.005
Magnesium (Mg) 0.0005
Calcium (Ca) 0.003
Manganese (Mn) 0.01
Sodium (Na) 0.002
Potassium (K) 0.005
Al kalinity (as CaCO3) 10
Sulfate (SOs) 10
Fluoride (F) 0.05
Kjeldahl nitrogen (N) 0.05

Aninonia (NH
3 as N) 0.01

Nitrite (NO2 as N) 0.01
Nitrate (NO 3 as N) 0.01
Orthophosphate (as P) 0.005
Total phosphorus (P) 0.001

: Hardness (as CaCO3) 10

a. Detection limi ts are based on EPA standards .~
7
~Actual limits may vary with procedures used by

laboratories doing the analyses.

F.4 ECOLOGICAL MONITORING

— The ecological monitori ng program for the several waste management facilities discussed
in this Append ix have the following objectives :

• characterizaton of the plants and animals and their habitat including prior i dentification
of important sensitive or endangered species and their relative abundance to facility
construction

- ~ ~~~~~—_— .~~~~-.~ 
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• measurement of ecologica l changes that may result from facility construction and operation

S development of monitoring strategies that will enable the quantitative measurement of

ecologica l impact

• verification of predicted impacts

. provision of a basis for mitigation or corrective action to reduce or eliminate detremental
impacts .

The ecologica l features of the facility site have been described in the reference environ -

a 
ment (Appendix A), but additional baseline and preoperationa l information will be required for

- .
- 

the development of specific ecolog ical monitoring programs . Absence of ecological monitoring
standards or guidelines , such as exist for the abiotic parameters , make the formation of an

~~~
. ecologica l monitoring program very site specific. Because of this site specificity and the

programs dependence on baseline information , the suggested ecological monitoring programs for
the waste management facilities are general and are offered as examp les rather than sampli’ig
schemes that could be applied in a generic sense.

Ecological monitoring needs to be closely integrated with other monitoring programs ,
particularl y the monitoring of nonradiological pollutant releases to air , soil , and water. As
stated in an earl i er section , an assumption of this report is that environmental radiation limits
and controls that protect roan will also protect other biota , and an ecological monitoring program

will not attempt to eva l uate the effects of radioactive material releases on terrestrial and
aquatic biota . Because of the very small environmental radionuc lide releases expected from the
waste management facilities , such monitoring programs would probably be unproductive .

Programs design criteria used to define sampling frequencies , locations , methods and sample
types include the following:

• Any important species that potenti ally could be affected by facility construction and
operation should be monitored .

S Important plant and animal species are defined as those that are economi cally important;
are a significant part of the food chain of important species , including man; or are
classed as rare or endangered .

• All samples will be taken at points of maximum effluent concentration and at control
locations ‘matched to the exposed comunities .

• Continuity in sampling locations and methodologies should be maintained throughout the
baseline , preoperationa l , and operat ional monitoring to provide the necessary data for
quantitative evaluation .

• Monitoring should provide information on:

- kinds , abunda nce , and seasonal presence of important an imals in the vic i n ity of the
facility;

- areas of breeding, feeding, and mi gration of important species ; and
- kinds of habitat (e.g., forest, grassland , lake , stream) that may be affected by

facility construction and operation , and the relative availability of each habitat

type.
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F.5 MONITORING AT FUEL REPROCESSING PLANT (FRP)

Because of the greater probability of airborne release of radioactivity from a fuel
reprocessing plant and because of the potential variety of radionuclides in those releases ,
the monitoring program for the FRP is larger and more complex than for any other fuel cycle

facility . Environmental monitoring is also necessary for several nuclides for which little
routine surveillance experience exists , notably 14C. Either pathway analysis and dose calcu-
lations or EPA-suggested limitations on total releases from the uranium fuel cycle can be
used. (3)

Figure F. l—l shows the reference site and the sampling and measurement locations used
a. in the monitoring program design.

;. Table F.5-l summa rizes the program for an FRP for either U recycle only or both U and_

F. 
Pu recycle. Potentially important nuclides from routine releases and minor accidents are 3H
and mixed fission products for whole body and annual lung doses , I for thyroid doses , and
TRU for long-term bone doses. Gross activity analyses are used prim arily as trend indicators .

Positive results from routine FRP operations are not expected beyond the 5-mile radius.

Ons ite meteorological monitoring will consist of continuous measurement of wind direction

and speed , ambient ai r temperature and dew point air temperature . Measurements will be made
on at least two levels that are representative of levels of pollutant release. The sensor for
the measurement of dew point will be located at the 1 0-meter tower level . The FRP has two
stacks: the cooling tower stack with a release height of 110 meters and the main plant exhaust
stack 45 meters high . At least two years of meteorological data will be collected prior to

startup of the FRP.

Water , soil and air mon i toring will be fairly comprehensive at the FRP , at leas t unt i l
site-specific environmental conditions that affect impacts are better known . This program
will be closely integrated with both radiological and environmental monitoring , and is
surmoarized in Table F.5—2.

Ecological monitoring will begin at least two years before the start of facility construc-
tion and will continue for at least five years of normal waste management facility operation at

the FRP . Impacts from construction may result from change in land use (2400 ha for the FRP site

with 40 ha occupied by facilities) and water use (1.8 x lO~ m
3 during 4-yr construction period ).

Operational environmental releases from the FRP include heat to the air and water , cooling tower
drift to land , and cooling tower blowdown to surface water. The possible enhancement of the
ecological values because of change in land use and the resulting restriction of public access
to the site is not a principal objective of the ecological program. An outl i ne of a representa-

tive ecological monitoring study is given in Table F.5-3.

The approximate costs of environmental monitoring at the FRP are shown in Table F.5—4. The
estimates are based on 1977 dollars and are subject to revision depending on more detailed site—
specific information .
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TABLE F.5-l. Environmental Radiological Monitoring
Sumary for Fuel Reprocessing Plant

No. of
Type of Analysis Locations Frequency

Air
Particulate Filters

Total Alpha 4 Biweekly
Gross Beta 13 Biweekly
Gama Scan 13 Monthly
905r 4 Quarterly

a 

U-Total 4 Quarterly
Pu-A l pha 4 Quarterly

~~~

, 24l~~ 4 Quarterl y

Gas Collectors
3H 4 Biweek ly

14
C 4 Biweekly

85Kr 3 Continuous
129 1 4 Monthly

Direct Radiat ion

TLD (3 per location ) 13 Monthly
Continuous y Monitor 3 Continuous

Water
Surface

Ganina Scan 5 Monthly
Total Alpha 5 Quarterly
3H 5 Quarterly

Drinking

Gama Scan -1 Monthl y
226Ra 1 Quarterly

Groundwater
Gamma Scan 3 Quarterly
3H 3 QLarterly
U—total 3 Quarterl y

Milk
Gan,i~a Scan 3 Monthly
90Sr 3 Quarterly
l29~ 3 Quarterly
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TABLE F.5-l .  contd

No. of
Type of Anal ysis Locations f~~q~iency

Foods
Fresh Produce
Gama Scan 9 Semiannual
l29~ 3 Semiannual

F i sh - (e.g. , Crapp ie , Bass)
Gamma Scan 4 3/yr

Water Fowl
Gamma Scan 10 Annual

Game An imals - (e.g., Squirrel )

C-ama Scan 10 Annual

Other
Sediment
Gama Scan 2 Sem .annual

Soil and Vegetation
Gama Scan 4(x2) Annual
90Sr 4(x2 ) Annual

U-tota l 4(x2) Annual
Pu-alp ha Scan 4(x2) Annual
241Am 4(x2) Annual

14
C (vegetation only) 4 Annual jl29~ (vegetation only) 4 Annual

II
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TABLE F.5-4. Cost Estimates for Environmental Monitorin g
at the FRP

AnnsaI Costs. ~~~~~~
~f~~~~ Of 4 l O f l ) t Or I f l5~ ~~iB~m ~~~~~~~~~~~~~~~~~ ~~
RadIoSog~cal 33 65
Meteoroloq ica S SO ~o
Water and sosl ~3 3 25

E co 1oqjca ~ 75 75 15

a, F.6 MONITORING AT THE MIXED OXIDE FUEL FABRICATION PLANT (MOX FFP )

4 Environmental monitoring at the MOX-FFP will gene rally be less than mon it oring at the FRP

k because of the lower expected release of contamin ants .

~~~

, No routine liquid releases of radioactivity are expected , but a minimum amount of surface

and ground water sampling is included for verification. Radionuc lides considered include onl y

uranium and TRU releases to the atmosphere .

Figure F .l- l shows the reference site with the sampling and measurement locations used for

the monitoring program design. The radiolog ical monitoring program is given in Table F .6-l.

TABLE F.6-l. Environmental Radiological Monitoring
— 

Sunii~ary MDX Fuels Fabrication Plant

Mo _ Of

~~~~~~~~~~~~~~~~ - 

_ 
~_cIra_~_1_s_n_$ frequency

Part ,cu~ate Filt er
Total 6ip0a S Biweekl y

IJ .Total 6 Biweesl y
- Pu .Alpha 6 Biweekl y

24l~,,, 6 Biwee kl y

Dire ct Rad la t loll

TUT (3 per loia t ,on ) 4 Mcnthl y

Wa trI

Surface

~I( 4 Quarterl y

U 4 Quarter~y

Pu 4 -~uarterly

D rlf l k ~
-j

?~‘~3 p) I Monthl y

Ground

U-Total 3 Quarter l y

.
~_ ,_ l

U_ ’ota I 2

Foods

Fresh °ro,luce

U .Total 9 Aen-j~ l l y

Pu —A l ph a 9 Ann uall y

Other

!~dj!!~l.~
U.Total 1 Annu a lly

Pu-Al pha 1 An nua i y

~I-J I 1 ~ nU V r~j eta t I  Ill
I- Sr A Annua l l y

U-Total 6 Annuall y

Pu -Alpha 6 A n’u a l l y
24 l~ ,, h Annually

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~-- - -~~~~~~~~~- - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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An onsite meteorological program may be required to provide a basis for monitoring the
potential atmospheric release of fl uoride (F). The need for air quality monitoring will simi-
larly be controlled by the possible F release.

Water and soil monitoring requirements also will be small because of the low release of
contaminants. The monitoring program is outlined in Table F.6-2. Approximately 7 x lO~ m

3/yr
of blowdown at a ~T of 17°C will be released to surface water (R River).

The ecolog ical monitoring program is outlined in Table F.6-3.

The approx imate environmental monitoring costs for the MOX-FFP are suni~arized in
4 Table F.6-4.

- 
- TABLE F.6-2. Environmental Water and Soil —

Monitoring - M OX - F FP

~~~~~~~~~~~~~~~~~~ Monitoring Parameter Sampling Locations ~~~~jn Freguency Start End
Surface water 2 Stations a. p River

Temperature 1 - upstream of plant water Continuous 2 y rs  before 2 yrt after
pH intake construction plant startup

Specific conductance I a. downstream of plant water 
~~~~~~~~

Chloride (Cl) -
. Both stations should be

Dissolved ooygen (DO) upstream of other diversions
Turbidity and inflows Quarterly

Other parameters - same as for

FRP - Table F.S-2

Groundwater 3 stations a. wells
Water level - -1 mi upstream of plant sl te Con tinu ous 2 yrs before 2 yrs afterOther parameters - same as for construction plant startup

FRP a. Table P .5-2 Plant site unless other-
wise indicated

Soils (no monitoring required ) 1 mi downstream of plant Quarterl y
site

~~~~~~ - - - - 
~~~~~~
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TABLE F.6—4. Cost Estimates for Environmental Monitoring
at the MOX-FFP

Annual Costs , $1 ,000
Type of Monitoring Baseline Preoperational Operational Capita l

Rad iolog i cal 9 18
Meteorological 50 50 75
Water and soil 18 18 18

Ecological 50 50 50

I 

F .7 MONITORING AT THE INDEPENDENT SPENT FUEL STORAGE FACILITY (ISFSF)~
, d 

The expected environmental release of pollutants from the ISFSF is expected to be very

,

_ small. Expected releases and consequent doses are so small that only a minimal surveillance

~~
a. 

~ 
program is required which is primarily for verifying whether any radionuclides are released ,

I or for the detection of unusual releases to the more significant exposure pathways . Meteor-
. ological , water and ecological monitoring efforts will a1~~ be small. No routine monitoring

~ of water and soil will be required after the end of facility construction.

~ 
The program outlines for the ISFSF radiological , water and soil, and ecolog ical moni toring

~ 
are given in Tables F .7-l, F.7—2 and F.7-3 , respectively. Cost estimates are given in

~ 
Table F.7-4.

- a TABLE F .7-l. Environmental Radiological Monitoring

~ 
Sumary ISFSF

~ No . of

~ 
Type of Analysis Locations Frequency

~ 
Particulate Filter

~ Total Al pha 3 Biweekly

I 
Gross Beta 6 Biweekly

~ 
Gani~ia Scan 6 Monthly
90Sr 3 Quarterly
U-Total 3 Quarterly
Pu-Al pha 3 Quarterly
24l~~ 3 Quarterly

Gases
3H 3 Biweekly
85Kr 2 Continuous

I l29~ 3 Monthly

Direct Radiation
TLD (3 per location) 6 Monthly
Cont. y Monitor 2 Continuous
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TABLE F.7-l . contd

No. of
Type of Analysis Locations

Water
Surface
Gamma Scan 4 Monthly
3H 4 Quarterly

- 
4 

Drink ing
_
-
~~; 

226Ra 1 Quarterly
4 Ground

~~~~ 

Gama Scan 3 Quarterl y

L ~ 
3H 3 Quarterly

M i l k
‘
~~

‘O~ 2 Quarterly
l29~ 2 Quarterly

Foods
Fresh Produce
Gamma Scan 9 Semiannually
1291 3 Semi annually

Fish (e.g., Crappie , Bass)
Ganiiia Scan 4 3/yr

Waterfowl
Gamma Scan 10 Annually

Game Animals (e.g., Squirrel )
Gamma Scan 10 Annually

Other
Sediment

Gamma Scan 2 Semiannually

Soil and Vegetation
Gama Scan 4 each Annually
90Sr 4 each Annually

U-Total 4 each Annually

Pu—Alpha 4 each Annually
24l~~ 4 each Annually
1291 (vegetation only) 4 Annuall y
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TABLE F.7-4. Cost Estimates for Environmental
Monitering at ISFSF

Annual Costs, $1 ,000
Type of Monitoring Basel i ne Preoperational Operational Cap i tal
Radiological 20 40
Meteorological 40 40 75
Water and soil 8 8

• Ecological 25 25 25

F.8 MONITORING AT THE EXTENDED SPENT FUEL STORAGE FACILITY (ESFSF)

No routine environmental releases of radioactivity or non-radioactive effluents are
expected from this facility . Radiological surveillance will be minimal (Table F.8-l). No
onsite meteorological monitoring will be required at the ESFSF beyond that conducted at the
ISFSF. The initial evaluation of the meteorological conditions at the site can be made by
use of data from the nearest National Weather Service Office or by the use of general
climatological dispersion models. Water and soil monitoring and ecolog ical monitoring will
be included with that of the ISFSF.

Estimated cost of the ESFSF radiological surveillance program is $6,000/year.

TABLE F.8—l. Environmental Radiological Monitoring ESFSF

No. of
Type of Analysis Locations Frequency

Air
Particulate Filter

Gamma Scan 3 Monthly

Direct Radiation
TLD (3 per l ocation ) 6 Monthly
Continuous Gamma Monitor 2 Continuous

Other
Soil and Vegetation

Gamma Scan 3 each Annually
90Sr 3 each Annually

U-Total 3 each Annually
Pu-al pha 3 each Annually

F.9 MONITORING AT TIlE RETRIEVABLE WASTE STORAGE FACILITY (RWSF)

No release of radioactivity is expected that would be sufficient to give consequential

off-site doses . No discharge to the environment of nonradiological effluents is expected.
The radiological monitoring program is outlined in Table E.g-i . The initial evaluation of

meteorological conditions at the site can be made by use of data from the nearest Weather
Service Office or by use of general climatolog ical dispersion models. The water and ecolog ical
monitoring at the RWSF is very minimal and Is outlined in Tables F.9-? and F.9-3, respectively.
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TABLE F.9—l. Environmental Radiol ugical Monitoring Summary
Retrievable Waste Storage Facility

No. of
Type of Anal ysis Locations Frequency

Air
Particulate Filter

Total Al pha 3 Biweekly
Gamma Scan 3 Monthly
Pu-Alpha Scan 3 Quarterly

Direct Radiation
TLD (3 per location) 3 Monthly

Water
Ground (at water table)

Gamma Scan 3 Quarterly

Other
Soil and Vegetation

Gamma Scan 6 each Annually
U-Total 6 each Annually
90Sr 6 each Annually
Pu-Alpha 6 each Annually
241 PU 6 each Annually

TABLE F.9-2. Environmental Water and Soil Monitoring--RWSF

Sample Type and Sampling
Monitoring Parameter Samp li~~~j pcations Frequency Start End

Surface water 2 stations - R River 2 yrs prior Facil i ty
Temperature 1 - upstream of the Continuous to con- startup

H potential~y i mpac- ruc n
ted river reach

Specific conductance
Chloride ‘CP 1 - within the poten-

/ tially impacted
Dissolved oxygen (DO) river reach
Turbidity

Groundwater 3 station - wells 2 yrs prior
Water level 1 mi upstream of Continuous r~~~on
Other parameters - 

facility site
FRP - At the plant site Quarterly

1 mi downstream ofil s (no monitoring of facility siterequi red)
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I
Estimated monitoring costs are given in Table F.9-4.

TABLE F.9-4. Cost Estimates for Environmental Monitoring
at the RWSF

Annua l Cos ts , $1 ,000
~~pe of Monitor i~~ ~aseTTW e P~~oj~erat ionaT ~~~e~itJ~WaT
Radiological 5 10

Meteorolog i cal
Water and soil 8 8 0

Ecologi cal 15 15 15

4

F.lO MONITORING AT THE GEOLOGIC WASTE REPOSITORY--SALT

Routine operation of the waste repository will not release any radioactivity . The only
environmental contaminant of possibl e significance is salt that is mined and then stored at
the surface at the repository . Some destruction of vegetation and animal habitat in the
vicinity of the plant may result from air and water borne salt. Much of the monitoring effort
will be measuring the effects of possible environmenta l contamination with salt.

No onsite meteorological monitoring will be required. Initial evaluation of meteorological
conditions at the repository site can be made by using data from the nearest National Weather
Service Office or by using general climatological dispersion models.

The radiolog ical , water and soil , and ecological monitoring programs are presented in
Tables F .lO— l , F.lO— 2 , and F.lO-3, respectively. Monitoring cost estimates are given in
Table F.lO-4.

TABLE F.lO-l. Environmental Radiological Monitoring Summary
Geologic Repository

No. of
Type of Anal L c1s - 

to cat ions r - ~quen c,

Al

Particulate Filt er

Total Alpha 3 Biweekly

Guri,na Scan 3 M~ n hi

Pu-Al pha Scan 3 Quarterl y
Di rect Radiat ion

ILD (3 per loc - a t i o r ) 3 Monlh iv
Water

Ground (a t  water t a b l e )

Garnrra Scan 3 Quart er h

Other
SoIl and VegetatIon

Gannrra Scan 6 each A nnu d liv

U-Total 6 each Annually
90Sr 6 each Annuall y

Pu-Al pha 6 Pd 6 Annu l v
241 Pu 6 each Annually
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TABLE F.1O-4. Cost Estimates for Environmental Monitoring
at the Geologic Repository--Salt

Annual Costs , $1 ,000
Type of Monitoring Baseline Preoperationa l Operational
Radiolog ical 5 10 10
Meteorological
Water and soil 25 25 25
Ecological 50 50 50
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APP ENDIX G

DETAILED DOSE RESULTS FOR RADIONUCLIDE MIGRATION
IN GROUNDWATER FROM A WASTE REPOSITORY

Radionuc lide migration in flowing groundwater from a failed repository was modeled using
the latest version of a computerized model called GETOUT. The program for this model that was
developed at Pacific Northwest Laboratory , Richland , Washington has not been published ; how—
ever , the theory used in its formulation has been publis hed .’

~~ The GETOUT results were then
used as input data to the same biosphere model that was used to generate the dose comitments
for BNWL-l927,~

2
~ except that the river flow rate was adjusted to be consistent with the

R River in the Reference Environment (Appendix A).

Radionuc lide source terms were developed from repository inventories given in DOE/ET-0028,
Section 3. The results for twelve parametric cases are sumarized in Tables G.l through G.l2 ,
where each repository is assumed to contain 75,800 MTHM of spent fuel regardless of geolog ic
media. Within reason , the results presented may be adjusted for other repository waste capa-
cities by ratio of capacity of interest to 75,800 MTHM.

TABLE G.1. Summary of 50-Year Accumulated Dose to Maximum Individ ual. Time of
initial release after Yr-2050: 1 yr; Leach rate : 0.1%/yr ;
Groundwater travel time : 100 yr

Yea rs Since Dos e, reni -
Burial Pe3k Nuc lides Skin Body GI-LLI ~~~~d Bone Liver 

~~~~ 
Remarks

LIE2 99Tc ,129 1 3.2E-3 6.IE-2 6.7E0 3.4E—0 1.4E-1 2. 1E—1 2.OE-3 4.2E-3 GI- LL I : 100% 99Tc ,
Thyroid: 1 00’s 1291

2.2E2 0.OEO 9.3E-1 5.9E—1 1 .1EO 4.6E0 9.3E-1 9.3E-1 9.3E-1 Bone: 98%

1.0E4 79Se, 231Np 6.6E-2 2.7E— 1 4.8E—1 6.OE—2 2.6E0 8.OEO 6 0E-l 6.1E-2 Bone: 94% 237Np ,
L iv er: 65% 79Se

1.1E5 107Pd , 126Sn 1 .3E-1 l. 4E— 1 4.OE-1 1 .3E-1 7.8E-1 1.5E- 1 L2E-1 1 .2E- 1 Bone : 100% 126Sn

1.4E6 6.5E-2 9 .1E1 2. IEO 5.8E-2 l .9E-2 2.4E1 5.8E.2 l .1 E -1 Bone : 88% 226Ra+D
Body : 97~ 226Ra+D
Liver: 83L 2lOp~

5.0E6 232Th 2 .2E— 1 2.9E-1 3 .6E—1 1 .8E—1 3.5E0 3.6E-1 1 .8E-1 1 .8E— 1 Bone: 99~ 
230Th+D

TABLE G.2.  Summary of 50-Year Accumulated Dose to Maximum Individual. Time of
initial release after Yr-2050: 1 yr; Leach rate: 0.01%;
Groundwater travel time : 100 yr

Years Since 
_______ Dose , rem _______

Burial Peak Nucl ides Skin 
~~~ 

GI- ILI Thy~p~d Bone Uver Lun~ Kidne1 Remarks

1 . 1E2 99Tc ,129 1 3.2E-4 6.IE-3 6.7E-1 3.4E -i 1.4E -2 2.1E-2 2.OE-4 4.ZE-4 G1- LL I : 100~ 
99Tc

Thyroid: 100~ 
1291

LOE3 3.2E-4 1.3E- 1 7 .5E-1 4.7E-l 6.4E-1 1.5E-1 1.3E.1 1 . 3E- 1 G 1- LL I :  90~ 
99Tc

Bone: 98 14C

3.4E4 59Ni 1 5E-2 4.2 E-2 8.3 E-2 2. 3E .2 5. 9E - 1 7.3 E-2 1 .3E-2 1 .4E — 2 Bone: 959, 237 Np

1 . 4F6 5.9E-2 8.4E1 1.9E0 5.3E-2 1.8E2 2.2E1 5.3E-2 9.7[-2 Bone: 88~ 
226Ra+D

Body : 97% 226Ra+D
Liver: 83% 21OPo
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TABLE G .3. Summary of 50—Year Accumulated Dose to Maximum Individual. Time of
initial release after Yr-2 050 : 100 yr; Leach rate: 0.1%/yr;
Groundwater travel time: 100 yr

Years Since 
________ 

Dose , rem
Burial Peak Nuclides ~~y G1-tLI Thyroid Bone Liver ~~~~~ ~ 4!~e Remarks

l .1E 3 99Tc , 129~ 3.2E—3 6.2E—2 6.8E0 3.4E0 1 .4E-1 2. 1E-1 1.9E-3 4.1E— 3 GI—LL I : 100% 991c
Thyroid: 100% 1291

2.0E3 2.7E-3 1 .2E0 6.3E0 4.0E0 5.8E0 1.3E0 l.2E0 1 .2E0 Bone: 98% 14C
G1-LLI : 89% 99Tc
Thyroid: 71% 129j

1.1E4 79Se 1 
237Np 2. 1E— 1 6,2E-1 1.3[0 1.9E-1 8.1EO 1 . 4E0 1.9E-1 1 .9E—1 Bone: 100% 237Np

- 4 G1-LLI: 86% 231Np
Liver: 65% 237Up,

35% 79 Se
• 3 .5E4 59Ni 4.4E-3 5 5E.-2 4.4E-3 4.0E—3 4.3E-1 1 .1E-1 4.OE—3 4,1E-3 Bone: 61% 59Ni ,

39% 237
~ip

1.4E6 238w 6.7E—2 9.OEI 3.BEO 6.OE—2 1.9E2 2.4E1 6.OE-2 l IE-I Bone: 88% 226Ra+D
Body: 98% 226Ra+D
Liver: 81% 2 1 OPo

TABLE G.4. Summary of 50-Year A,ccumulated Dose to Maximum Individual. Time of
initial release after Yr-2050: 1000 yr; Leach rate: 0.01%;

- Groundwater travel time : 100 yr

Years Since ______ ______ 
Dose , rem

Burial Peak Nuclide s Skin ~~~ GI-L LI ~~~~~ Bo ne Liver ~~~~j Remarks

1.1E3 99Tc , 129~ 3.2E-4 6.2E-3 6.8E-1 3.4E-1 l.4E-2 2.1E-2 1.9E-4 4.IE-4 G1-LL I : 100% 99Tc
Thyroid: 100% 1291

2.0E3 3.2E—4 1 .2E—1 7.SE— 1 4.6E..1 5.8E—1 1.4E-1 1.2E—1 l.2E.1 Bone: 98%
GI-LLI : 91% 99Tc
Tnyroid: 75% 1291

l .1E4 69Se , 237Np 1.8E-2 9.5E-2 4.6E-1 2.2E-J 8.9E-1 1 .8E-1 5.SE-2 5 5E-2 Bone: 78% 237Np
G1-LLI: 71% 99Tc ,

20% 23lNp

1 .4E6 5.9E-2 8.4E1 1- 9E0 5.3E-2 1.8E2 2.2E1 5.3E-2 9 6E-2 Bone: 88% 226Ra+D
Body: 97% 226Ra+D
Liver: 83% 2)Op~

TABLE 0.5. Summary of 50.-Year Accumulated Dose to Maximum Individua l . Time of
initial release after Yr-2050: 100,000 yr; Leach rate : 0.1~ /yr;
Groundwater travel time : 100 yr

Years Since 
_____________ 

Dose , rem 
___________________ ______

Buria l Peak Nuclides Skin 
~~~L 

G1-LL I ~ y~~jd Bone Liver j~~j kid ri~y Remarks

1 .OES 99Tc . 129 i L6E—3 2.3E-2 2,SEO 1.6E0 5 .lE—2 7.7F-2 9.1E-4 2.OE—3 G1—LL I : 100% 99Tc
Thyroid: 100% 129j

l .1E5 795e , 237Np 2 .1E—l 5 .2E-l 1 . 1E0 J .9E— I 7.9E0 9.OE-l L9E-1 1 .9E—1 Bone : 100% 237Np
GI-LLI: 94~ 

237Np

2.1E5 107Pd , 126Sn 1 .3E-1 l. 4E.1 3.OE-1 1 .2E—1 7.5E—1 1.3E-1 1. 2E—1 1.2E—1 Bone: 100% 126Sn

1.5E6 238w 6.4E-2 8.9E1 2.1EO 5.7E—2 1.1 E2 2.3E1 5.7E-2 1 .1E- 1 Bone : 88% 226Ra+D
Body: 97% 226Ra+D
Liver : 83% 2TOPo

~
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TABLE G.6. Summary of 50-Year Accumulated Dose to Maximum Individual. Time of
initial release after Yr-2050: 100,000 yr; Leach rate: 0.01%;
Groundwater travel time: 100 yr

Years Since __________________ 
Dose , rem

Burial Peak Nuclides Skin Body T~tCT Thyro id Bone Liver Lung ~~~~ Remarks

1.0(5 99Tc . 129k 3.3E-4 4.6E-3 4.9E—1 3.4E-1 1 .1E-2 I.5E-2 1.9E-4 4.2E-4 GI-LIl: 100% 99~~
ThyrOid: 100% 1~~i

LIE5 79Se , 237Np 2.1E-2 5.2E-2 1 .IE-1 1.9E-2 7.9E-l 9.OE-2 I.9E-2 I.9E-2 Bone: 100% 237Np

1.5(6 5.8E—2 8.2E1 1.9E0 5.2E-2 1.7E2 2.1E 1 5.2E—2 8.9E-2 Bone: 88% 226Ra+D
Body: 97% 226Ra+D
Liver: 83% 210Po

4

-

- 
TABLE 9.7. Suma ry of 50—Year Accumulated Dose to Maximum Individua l . Time of

initial release after Yr-2050: 1 ,000,000 yr; Leach rate: 0.1%/yr;
Groundwater travel time: 100 yr

Years Since Dose, rem
Burial Peak Nucl ides SkTn Body GI-LLI Thyroid Bone Liver ~~ _ Kidney Remarks

1.0(6 99Tc , 129~ 1.6E-3 2.3E-3 l.3E-1 l.6E0 2JE-3 1.3E-3 9.lE-4 2.OE-3 Thyroid: 100% 129 i

1.01(6 69Se , 237Np 7.8E-2 2.OE-l 4.OE-I 7.IE-2 3,0(0 3.4E—1 7.1E—2 7.1E-2 Bone: 100% 237Np

2.4(6 6.OE-3 8.4El 1.9E0 5.4E-2 1.8(2 2.2E1 5.4E-2 l .OE-l Bone: 88% 226Ra+D
Body: 97% 226Ra+D
Liver: 83% 210Po

TABLE 0.8. Summary of 50-Year Accumulated Dose to Maximum individua l . Time of
ini t ial release a4ter Yr-2050: 1 ,000,000 yr; Leach rate : 0.01:;
Groundwater travel time: 100 yr

Years Since _________________________________ ______

Burial Peak Nuclides Skin 
~~~ 

GI-LL I Thyroid Bone Liver ~~~~~~ Kidrl e~ — RemaLk~_~~~

1.0(6 99Tc , 129 i 3.1E-4 6.8E—4 2.6E—2 3.3E— l 8.)E—4 I .OE— 3 1.8E-4 4.QE-4 G1 -LL I : 99 -  99 Tc
Thyro id: 1009 ~2~ :

LO1E6 79Se, 237Np 1.6E—2 4.OE-2 9.7E-2 1.8E-1 6.OE-1 6.8E—2 1. 4E-2 l . 4E-2 Bone: 100~~
237Np

-“ 2 4E6 5.7E—2 8 .1E— 1 I.9E0 5.1E-2 l.7E2 2.1 (1 5 .1E-2 9.8E-2 Bone: 885
Body: 97% ~‘~ R~’[
L i v e r :  83% ~~~0Po

TABLE G.9 . Summary of 50-Year Accumulated Dose to Maximum Individual. Time of
initi a l re lease after Y r—205 0 : 1 yr; Leach rate: 100%/yr (pulse
release);  Groundwater travel time : 100 yr

Years Since 
- - - - ~~~ %%~~ reni 

- -
Burial _ Peak Nj c l ides Skin Body G - LLI Th1~~jd Bone Liver Lun~~ Kidney Rer-a rK 

—

1.0(2 ~il , 99Tc , 129~ 2.9(0 5.5(1 6.0E3 3.0(3 1.3(2 1.9(2 1.8E0 3.8(0 G1- LL I : 100’ 99Tc
Thyroid: 100% 129j

1.0(3 14C l.5E-5 1.2(2 7 .1E 1 l.~ L2 5.7(2 l.2E2 1.2(2 1 .2(2 A l l: 100- .- 14C
1.0(4 79Se , 237Np 7.OE— 1 2.5(0 4.7E1) 6.4E -J 2.7E1 7.5(0 6.4E—1 6.4E-1 Bone : 100% 237Np

Liver: €(i 79 Se

p3.3(4 
59

Ni J.OE-1 3.8E—1 6.Of-1 9.2E-2 4 6ED 6.BE-I 9.2E-2 IL2E- 2 Bone: 84~ 
237Np,

1€ - - 59 N i
1.1(5 126Sn 2.2E— 1 2.3E—1 6.6E-1 2. IE -I L3EO 2.4E-1 2.0E-1 2 0E-1 Bone: 100% 126 Sn
1.4(6 238U 6.IE—2 8.6(1 2.0(0 5.4[-2 1.8E—2 2.2(1 5.4L-2 1 .1(1 Bone: 889 t2B Ra+D

Body : 971 226Ra+D
Liver: 9l~: 
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TABLE G.lO . Summary of 50-Year Accumulated Dose to Maximum Individual. Time of
initial release after Yr-2050: 1 ,000 yr; Leach rate: 1 00%/yr
(pulse rel ease); Groundwater travel time : 100 yr

Years Since Dose , rem
Burial Peak Nuclides Skin Body G1-LLI Thyroid Bone Liver Lung 

~~~~ 
Remarks

1.1(3 99Tc , 129 i 2.9(0 5.5E1 6.0(3 3.0(3 1.3E2 1.9(2 l.7E0 3.6E0 GI— LL I : 100% 99Tc
Thyroid: 100% 1291

2.0(3 14C 1.3E-5 9.9(1 6.OE1 9.9(1 4.8(2 9.9(2 9.9(1 9.9E1 P1 1 : 100%
1.1(4 79Se , 237Np l.6E0 4.9E0 9.8(0 l.5E0 6.2(1 1.2E1 l.5E0 1.5E0 Bone: 100% 237Np

Liver: 61% 237Np,
39% 79Se

3.4(4 59Ni l.8E—2 1.7E-1 1 .5E—l L7E-2 l.4E0 3 .3E— 1 L7E-2 1.7E—2 Bone: 51% 59Ni ,
4 49% 237Np

1.1(5 126Sn 2 .2E—l 2.3E-l 6.6E—l 2.1E-1 1.3(0 2.4E-l 2 .OE— l 2.OE— l Bone: 100% 126 Sn

1.4(6 6.IE-2 8.6E1 2.OEO 5.4E-2 1.8(2 2.2(1 5.4E-2 ).1E-1 Bone: 88% 226Ra+D
Body: 97% 226Ra+D
Liver: 83% 2lOP~

TABLE G. ll . Summary of 50-Year Accumulated Dose to Maximum Individual. Time of
ini t ial release after Yr-2050: 100 ,000 yr; Leach rate : 100%/yr
(pulse release); Groundwater travel time : 100 yr

Yea rs S ince Dose , rem
Burial Peak Nuc lides Skin Body GI -LL I Thyroid Bone Liver Lung Kidney Remarks

1.05E5 99Tc , 129 i 2.9E0 4.1E1 4.3(3 3.0(3 9.2E1 1 .4E2 1.7(0 3.6(0 G1—LL I : 1 00% 99Tc
Thyroid: 100% 129 1

1.1E5 69Se, 237Np O.OEO 4.9E0 1.0E1 1 . 7(0 7.0E1 9.5E0 1.7(0 1.7(0 Bone: 100% 237Np
L iver :  84% 237Np ,

16% 79Se
1.5(6 6.OE—2 8.4(1 2.OEO 5.3E-2 l.8E2 2.2E1 5 .3E—2 1 .1 E—1 Bone: 88% 237Ra+D

Body : 97% 237Ra+D
Liver: 83% 210Po

TABLE 0.12. Summary of 50-Year Accumulated Dose to Maximum Individual. Time of
initial release after Yr-2050: 100 ,000 yr; Leach rate: 100%/yr
(pulse release); Groundwater travel time : 100 yr

Years Since Dose , rem 
____________

Burial Peak Nucl ides Skin Body GI-LL I Thyroid Bone Liver 
~
g Kidney Remarks

1.0(6 99Tc , 129 k 2.7(0 5.9E0 2.2E2 2.9(3 7.1(0 9.1(0 1.6(0 3.5E0 GI—LL I : 100S 99Tc
Thyroid: 100% 1291

1.01(6 237Np l .4E0 3.5(0 7.5E0 1.3(0 5.3(1 5.9E0 1.3(0 1.3(0 Bone: 1 00% 237Np
2.4(6 5.6E-2 7.9(1 1.8(0 5.OE-2 1.7(2 2. 1E 1 5.OE-2 LOE-l Bone: 88% 226Ra+D

Body : 97% 226Ra-I-D
Liver : 83% 210Po

Al l  of the runs were made with a groundwater flow path length of 10 km (6 .2  miles ) and a

groundwater velocity of 100 m/year (0.9 ft/day). Groundwater travel time from the repository

to the surface water (biosphere ) was 100 years .

The only parameters that were varied were the time elapsed between repository closure and

repository failure/leach incident initiation , and the nuc lide release rate (leach rate). The

values of each of these parameters is l isted with each data table. 

~~~~~ TTTL —--



As shown in Tables 0.1 through 6.12, the predicted potential dose commitment to a maxim um
individual from the failure of any one of the five repositories is generally dominated by a
226Ra bone dose of from 100 to 200 rem (cumulative) over a 50-yr period (following an initial
50-yr period of food chain concentration in the biosphere).

The source of the dose-significant 226Ra is mainly the 238U (90%) and 234U (10%) in tu e
spent fuel. The maximum 226Ra dose occurs during the peak release of uranium isotopes to the
surface water (at 1.4 million yr after leach incident initiation). Because the source of
the radium is from complex decay chains , the resultant dose would probably be significantly
reduced only by delaying the leach incident by an amount of time greatly exceeding the half —
life of the slowest—decaying member o~ the chain (

238U half-life = 4.47 x l0~ yr ) or by

p r o v i d ing a waste form with a “leach duration ” exceeding the migration time of the slowest-
mov ing member of the chain ( in this particular case , 238U at about 1.4 x io6 yr).

Dose ca lculat ions were also made for breach of a repository containing fuel reprocessing
wastes. T he calculations were made simply by ratio between the MTHM of spent fuel in a spent

fuel repository and the MTHM equivalent of fuel reprocessing high-level waste. The major

di fferences were :

• There is a slight increase in the dose potential from the 129~ 237Np and 126Sn i soto pes
due to a higher inventory of these nuclides in the recycle case (and assuming that 129 i
is in a form that is equivalent to being fixed in the SHLW).

• There is a significant reduction in the 226Ra dose potential at the uranium release peak
because of a small inventory of parent 234 U and grandparent

Doses to the maximum individual are presented in Tables 0.13 through G.28 for various
ti mes of release and leac h ra tes for a model 50, 000 MTHM-equiva lent waste repository .

The extent of ‘ u s  analysis is very limited . It includes only one migration path length

(10 km), wh ile reasonable path lengths could vary from severa l hundred meters to perhaps a few

hundred kilometers . The analysis looks at only one groundwater veloc i ty , 100 i.~!year , wh i le
ac tual groundwater velocities can vary from zero to over 10, 000 rn/year. Sorptio : equilibrium

constants (K d ) measured and estimated for one particu lar Hanford Reservat ion subsoi l , under one
set of condit ions , at one temperature were used , whi le Kd can vary over seve r~~ orders of niagni-
tude f r  a siri~ le element. Even though a very reasonable scenario was modelled , the most

l i €’ly range of variables has not been covered .

L ~~ ~~~~~~~~~~~~~~~~~~ 
_

~~=~~~~~~~~~=~
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TABLE G.l3. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2O5O: 1 yr
Leach Rate: 0.1%/yr
Groundwater Travel Time : 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
l .1E2 99Tc, 1291 4.1E—2
2.2E2 14C 3.OE—l
l.0E4 79Se, 237Np 2.3E—l
l .lE5 107Pd , 126Sn l.0E— 1
l.4E6 2381i 5.3E-1
5.0E6 232Th l.7E— 3

TABLE 6.14. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1,000 yr
Leach Rate : 0.1%/yr
Groundwat er T rav el Time: 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
l .1E2 99Tc, 1291 4.lE—3
l.0E3 14C 3.1E-2
3.4E4 59NI 4.3E-2
l.4E6 238U 4 9E-l

TABLE 0.15. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1 yr
Leach Rate: 0.01%/yr
Groundwater Travel Time: 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
l .lE3 

— 

~ 
l29i 4.1E-2

2.0E3 14C 2.8E—l
l . 1E4 79Se, 237Np 3.5E—l
3.5E4 59Ni 3.5E—2
L4E6 238U 7.2E-l

7 -~~~~— - : — 
~~~~~~~~ -‘ ~~~~~~~~~~ —~~~~ .~~.
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TABLE 0.16. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Reposi tory (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1 ,000 yr
Leach Rate : 0.01%/yr
Groundwater Travel Time: 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
l .lE3 9~j~ 1291 4.1E-3
2.0E3 ‘4C 2.9E-2
1.1E4 79Se, 237Np 4.OE-2

* 1.4E6 238U 6.6E-l

TABLE 0.17. Summa ry of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 100,000 yr
Leach Rate : 0.1%/yr
Groundwater Travel Time : 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
1.0E5 99Tc, 1291 l .5E— 2
l.lE5 79Se, 237Np 2.7E—l
2.1E 5 107 Pd, 126 Sn l .O E— l
l.5E6 238U 7.2E—l

TABLE 6.18. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 100,000 yr
Leach Rate : 0.1%/yr
Groundwater Travel Time : 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
i.0E5 99Tc, 1291 3.OE-3
l .lE 5 79Se, 237Np 2.7E-2
l.5E6 238U 6.5E—1

TABLE G.19. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1 ,000,000 yr
Leach Rate : 0.1%/yr
Groundwater Travel Time: 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
l.0E6 99Tc, 129k l.6E-3

1.OlE6 79Se, 237Np 1.OE-l

2.4E6 238U 5.lE-l
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TABLE 9.20. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1 ,000,000 yr
Leach Rate: 0.1%/yr
Groundwater Travel Time: 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total ~~~
l.0E6 99Tc , 1291 4.4E-4
1 .01E~ 

79Se, 237Np 2.0E-2
2.4E6 238U 4.9E-l

TABLE 0.21. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1 yr
Leach Rate : 100%/yr (Pulse Release)
Groundwater Travel Time : 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
l.0E2 3H , 99Tc, l29~ 3.6El
l .0E3 14C 2.5El
l .0E4 795e, 237Np 2.4E0
3.3E4 59Ni 3.5E—1
).1E5 ‘26Sn l.8E-l
l.4E6 238U 5.1E-l

TABLE 0.22. Summary of 50-Year Accumulated Dose to
— Maximum Individual for Reprocessin9 Waste

Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1 ,000 yr
Leach Rate: 100%/yr (Pulse Release)
Groundwater Travel Time : 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total ~~~
l.lE3 99Tc,129I 3.6E1

2.0E3 14C 2.OEl

l .1E4 79Se, 237Np 2.8E0

3.4E4 59N1 9.2E-2

l .lE5 126Sn l .8E—l

1.4E6 238U 6.5E-l 

~ -- --,,- ‘
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TABLE G.23. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 100,000 yr
Leach Rate: 100%/yr (Pulse Release)
Groundwater Travel Time: 100 yr

Years Since Dose, rein
_ Burial Peak Nuclides Total Body

1.05E5 99Tc, 129k 2.6El
l .lE5 79Se, 237Np 2.6E0
1.5E6 6.5E-1

TABLE 0.24. Summary of 50—Year Accumulated Dose to
L Maximum Individual for Reprocessing Waste

Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1 ,000,000 yr
Leach Rate : 100%/yr (Pu’se Release)
Groundwater Travel Time : 100 yr

Years Since Dose, rem
_ Burial Peak Nuclides Total Body

1.0E6 99Tc, l29 t 4.1EO

l.OlE6 237Np l .BEO

2.4E6 4.8E-l

TABLE 9.25. Summary of 50-Year Accumulated Dose to
Maxinum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent )
Time of Initial Release After Yr-2050: 100,000 yr
Leach Rate: 100%/yr (Pulse Release )
Groundwater Travel Time: 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Bogy
1 .05E5 99Tc, 129i 2.6E1

1 .1E5 79Se, 237Np 2.6E0

1.5E6 6.5E-l

TABLE 0.26. Summary of 50-Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent )
Time of Initial Re1e~se After Yr-2050: 1,000 yr
Leach Rate: 100%/yr (Pulse Release )

- 
Groundwater Travel Time: 100 yr

Years Since Dose, rem
Burial Peak Nuc lides Total ~~~
1.lE3 99Tc, 1291 3 6E1

2.0E3 2.OE1

1.1E4 79Se, 237Np 2.8E0

3.4E4 59Ni 9.2E-2

l.1E5 126Sn l.8E-l

1 .4E6 - 6.SE-1

‘~~~~~~~ -~~~~~~~~ ---~~~--.-‘ -~~~~~~~ .
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- TABLE 0.27. Sunhllary of 50-Year Accumulated Dose to
Maximum Individu al for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1 yr
Leach Rate : 100%/yr (Pulse Release)
Groundwater Travel Time: 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
l.0E2 3H, 99Tc, 1291 3.6E1

t l.0E3 14C
l.0E4 79Se, 237Np 2.4E0

* 3.3E4 59Ni 3.5E-1
1.1E5 126Sn 1.8E— l
l.4E6 5.1E— l

TABLE 0.28. Summary of 50—Year Accumulated Dose to
Maximum Individual for Reprocessing Waste
Repository (50,000 MTHM Equivalent)
Time of Initial Release After Yr-2050: 1 ,000,000 yr
Leach Rate : 0.01%/yr
Groundwater Travel Time: 100 yr

Years Since Dose, rem
Burial Peak Nuclides Total Body
l.0E6 99Tc, 1291 4.4E-4
1.01E6 79Se, 237Np 2.OE-2
2.4E6 4.9E-1
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APPENDIX H

ANNUAL AVERAGE DISPERSION FACTORS FOR SELECTED RELEASE POINTS 
‘

Annual average atmospheric dispersion factors (~/Q ’ ) for several waste management facili-
ties were calculated and are presented in Tables H.l through H.5. The values are used in cal—
culations of dose to the reg ional population described in Append ix A for the specified waste
management facilities . -

_ _ _ _ _ _ _ _ _ _  _ _  J
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