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ABSTRACT

This document assesses the environmental consequences
of a proposed remedial cleanup action at the inactive
uranium mill at the Spook site in Converse County,
Wyoming.
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1 THE PROPOSED ACTION AND THE ALTERNATIVES TO IT

|

1.1 NEED FOR THE ACTION

The site of the Spook mill, which processed uranium ore from 1962 to 1965,
is in converse County, Wyoming. The mill is no longer in use. Remaining at
the site, called the Spook site in this document, are concrete foundations,

timber, machine parts, and electrical equipment. Also remaining afe the mill
tailings, which are the residues of the processing operations. Tnege residuos
are mostly in the form of finely crushed rock, much like sand; Qh q cover an
area of about 5 acres to varying depths. The Spook site inc es9 l\rge open
pit, the Hardy Fee mine, into whica some of the tailings h an du d
(Sharp and Gibbons, 1964).

The tailings contain some radioactive materials om tyh processing
of the ore. In principle, natural processes like win u VF these mate-
rials to places where people might be exposed t O rn. I t p3le is not
properly stabilized, the migrating radioactive ae a u be a health
hazard to people who live or work close to them.

The health hazard that the Spook t s prese - an be expressed in
terms of the number of deaths that they cause. No one now works at
the site, and tnere are two househo thi a .5-mile radius. The chances

that the pile could cause a death a g he M or emote. The cumulative pile-
induced health effect in 25 year i pre ich o be 0.00013 deatha in other
words, over a period of 192,00 ye r h robability is that only one death
would occur that could be att b te t ation exposure from the pile.
This number suggests that et l'ng b themselves are not very dangerous.
A health hazard could oc howe if people unknowingly used the sandy,

tailings in building mat r 1 or a Wfill on land where people live and work.
Some tailings in the ite te have, in fact, been used in these ways and

have exposed peoply 've radiation that are greater than the natural
rma' y exposed. The tailings will remain radio-levels to which ". 4 efor thousaNis gf kee ; if the pile is left as it is, people in theactive

hil4n}sorlivenearthemwithouttakingcaretoavoidfuture may us th
the radiat n th rkdube.

I 3 h Congress heard testimony about the health hazards of
ns i_ t at inactive uranium mills. Finding that these tallings maythe (apose a to the public, Congress then passed the Uranium Mill Tailings

Radiatiott Co rol Act, Public Law 95-604. Among other provisions, this law
required that)the U.S. Department of Energy (dor.; ) take action to stabilize
the inactive tailings piles in a " safe and environmentally sound" manner. It
directed the DOE to do this work in cooperation with other Federal agencies,
with state governments, and with any affected Indian tribal governments.
Among the places at which this action is required is the Spook site, the
location of which is shown in Figure 1-1.

The need for remedial action at the Spook site rests, then, on the need
to eliminate a potential health hazard produced by the radioactive materials
in the tailings pile. The U.S. Congress has mandated such action, and this
environmental assessment is a step toward carrying out that work.

, j~ { ! f ' : / ' 'l~, .V hj_3

- - - - - - - - - - - - - - - --- - - - - - - - - -------------_--- _



i

forb. Bacon & Barie Etab Jnc.

, g|'

;.4
f '', . Bear Creek Mine and Mill

,

Spook Site' -

Or W|9 yp e gu
'+4 cpti" [ Ranch 's j yy,*C -: 4,''. Interstate, ,

, '

'

p:.
t,-

'

State
' '#Spook Sites 9

\Casper * C 2 Dirt road'

j

Cheyenne
Wyoming .

Highland Loop Roa
_

F

A

y ,.

g o '

9,

Ix
q%

g
16. rr ( 93

95

Glenrok
'

'

orth Platte River,

x6

~) q Douglas<

>0 2 4 6 8 10 mi ,

To Lost Springs

0 5 10 15 km
-

' ' '
|

__

Figure 1 I. Site location, g
UC 399-322 3/82g ;

1-2

_-- __ -_



_ - _ _ _ - _

'b3ocoo n oloE
This environmental assessment is required by the National Environmental

Policy Act which, among other requirements, calls for careful attention to
the effects that major Federal actions will have on the human environment.
Before any such action can begin, the agency that will perform it must study
its environmental impacts. This environmental assessment examines the short-
term and long-term effects of the action proposed for the tsilings at the
Spook site. The U.S. Department of Energy (DOE) will use the information
and analyses presented here to determine whether the action will have a
significant impact on the environment. If the impacts are judged signifi-
cant, a more detailed document called an environmental impact statement may
be required. If the impacts are not judged significant, the DOE issue an

official " finding of no significant impact." These steps and e ts are

defined and prescribed in Federal law as regulations issued b t o. cil
q's .,on Environmental Quality (CEQ) in Title 40, Code of Federa at

Parts 1500 through 1508. v

As defined by the CEQ regulations, an environme 8 es pt is a
" concise public document" that "briefly" provides cer a s M informa-
tion and analyses. The remainder of Chapter 1 s i a h roposed action

and describes alternatives to it. Chapter 2 s r .e 'e esent condition
of the environment. Chapter 3 predicts the impa o t e project on that
environment. Chapter 4 is a brief summary of Chap through 3. Many

of the details of the studies on which ocument ased are in the

appendixes at the end of this document. te details are in supporting

documents referenced in this assessm t.

.2 'P SED ACTION

This section summa 'z - rel inary plan for the remedial action at
the Spook site. Th an a ee developed with the technical requirements

necessary to meet pvibq n al Protection Agency interim standards.

Kpermits and licenses that may be required during(Appendix A). The

the proposed eEedia%at n have been identified in Appendix B. Specifics

of the remedi (a th n viu be determined during the engineering-design study'

that will gyind foh'the project. The details outlined in this report
may not be the a Dyal esign developed as a result of the engineering study
but sh 'la vid ficient information to determine the environmental
impagt' ft ' roposed action.

The ai ngs, located partially along the rim of the pit and partially
in the pit,' form a steeply sloped fan-shaped pile. The pile shows evidence
of erosion from runoff water. The tailings cover about 5 acres, and wind-
blown contamination has been spread over approximately 16 additional acres.
These areas are shown in Figure 1-2.

The proposed remedial action at the Spook site is consolidation of
the approximately 138,500 cubic yards of tailings and 40,800 cubic yards
of associated contaminated material into one pile to be located in the west
end of the existing mine pit, as shown in Figure 1-2 (see Appendix C) (FBDU,

1981). Because this portion of the pit is slightly higher than the eastern
portion, surface water does not collect there. The contadinated material

Aoky/Ox C!AL DOCKET COPY i-3
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would be placed in a generally triangle-shaped area, with the high walls
of the pit forming the boundaries on two of the three sidas. The west end1

of the pit is approximately 80 feet deep. Using the pit walls to enclose
the tailings would reduce the volume of cover material required and would
also provide protection from wind and water erosion.

i

The floor of the pit to be used for the disposal area would be flattened '
and leveled. The tailings along the rim of the pit would be loaded into a
dump truck by a front-end loader and deposited in the disposal area in the

1

| pit. Tailings that have spilled over the edge of the, pit would be picked up
by f ront-end loaders working from the pit floor at the base of th ile. The

r ved fromtailings,are expected to slough off the high wall as material
below. The tailings could then be easily loaded into trucks an (rangported

a depq ofto the disposal area. Contaminated material would be remo t'

approximately 2 feet from the former millaite area, as sho igurew1-2.
,

About 6 inches of material would be removed from the co t nated by
,

i-{iculttowindblown tailings. The extent of windblown contami a n s'

determine because of the presence of near-surface or - d oW grMe ore in
the overburden piles. This contaminated materi w 1 oved in the

same manner as for the tailings. During the r a o n inated material,
a[4 s and remaininga water truck would be used for dust control. u

equipment would be broken up and placed in the di _h rea.

It has been estimated by the Offi o vironment of the Department of

Energy that 15 properties in the vic ni Spook site have been contami-'

nated by material from the site and 1 . i cleanup. The exact locations
of these vicinity properties hav n

.

n ined; therefore, based on

experiences at Grand Junction nd " City, some general assumptions

have been made for costs and ( dix C). The vicinity property

cleanup would take 7.5 day co t 19 0, including engineering and contin-
,

gency, and add an addition 1 1500 e ic yards of contaminated material to the
pile. The vicinity-pro 'rky leanu rew will be the same as the remedial-

4 ipinity-property cleanup would be completedaction crew. It is um e
tio o am at the Spook site.early in the reme ag

Measurem of h is of gamma radioactivity and analyses of soil
Isamples coul Qe d - e ermine when the areas on and near the Spook pile

have been le M ad ation levels allowed by the Environmental Protection

Agency sta r B use the site includes an inactive uranium open pit.

bility that low grade ore may be found at near-surfacemine, i a
loca p n n the overburden piles surrounding the pit. This would make

it d E to etermine whether any elevated radiation levels are due to the
,

remainin ta'l gs contamination or to the nearby low grade ore. Additional

laboratory alyses may be required to determine the uranium-238 and radium-226
concentrations in the soil. The ratio of these isotopes can indicate whether
the contaminating material is uranium ore or tailings. Low concentrations
of uranium-238 relative to the concentrations of radium-226 in samples would
indicate that the ore has been processed and that the elevated levels of gamma
radiation could be attributed to tailings.

<

After the contaminated material is emplaced, compacted, and contoured,
the overburden piles would be used as cover material. The overburden piles

,

contain coarse and fine material. It may be necessary to segregate the
overburden according to texture. The finer grade materiar in the overburden

0FRCSL DOCMT COPY
'~'
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piles would be placed on the tailings first, and the coarser material last.
Several factors to be determined include the levels of radioactivity in the
overburden and the capability of the material to reduce the amount of radon
coming from the tailings. Calculations (see Appendix C) indicate that 10 feet
of a siity-sandy cover would reduce the radon emanation from the tailings to
dbout 11 piCoCuries per square meter per seCond. [ Note to reviewers: The
amount of cover will be reviewed when final rnvironmental Protection agency as

standards are available.]

The ef tects of the uranium in the surrounding open pit will b considered
in the final assessment of the amount of cover required to reduce -don, because

a natural radon source will surround the stabilizedtailingsp(1sq 'or this
environmental assessment, it has been assumed that all condi ' ns q proper
radon reduction would be met by disposing of the tailings ep radg n tne
base of the pit and covering them to a depth of about 10 f i h oveYburden
from nearby piles and about 1.5 feet witn rock in the qo r prap; the

Qver uld requirecalculations in Appendix C show that tilis 11.5-foot- 'c
*\ur a\c/ water alongabout 74,000 cubic yards of taaterial. Witn diversion

rim of the pit bordering the stabilized pil Q h gd le contoured tothe

ekgirigM nd and watera 5:1 slope on the open side, and with the ripr p c e
-s3 shows cross-sectionserosion of the tailings should be eliminated. E'

of the proposed stabilized pile. )

At the completion of the remedial - the site will be fenced. The
site will be owned by the U.S. Depar me 'n rgy. An inspection will
be conducted to determine the need, ' an o ontinued maintenance and
monitoring. The requirements fo is lo 1 be specified by the Nuclear
Kegulatory Commission (hRC) i tn i ce ing of tne maintenance of the
disposal site. The NRC will eh 1Ma. he results of the inspection and
make further recommendatio .

The estimated cost o e pro sed remedial action of stabilizing in
the pit is about s1. ilF o 'n f82 dollars, including engineering and
contingency costs.( ' ti t d peak employment of 16 workers would be
required, and the ft.m 1 ac 'on would probably be completed in about 16'

60-hour work weetg. Se M endix C.)

\
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1.3 ALTdkNATIVES TO THE PROPOSED ACTION

The alternatives discussed in this section include a no-action alterna-
tive and several plans that include moving the tailings to other disposal
locations.

IUnder the no-action alternative, the Spook site would be left as it
is. The U.S. Department of onergy cannot choose this alternative because
the Uranium Mill Tailings Radiation Control Act of 1978 (Puolic Law 95-604)-
requires that the Spook site be brought into compliance with the d viron-
mental Protection Agency (BPA) standards; the radon-exhalation ra e and the

level of gamma radiation there now exceed the proposed EPA sta (dar d. The
no-action altertative is discussed here (Section 1.3.1) to pr,.gvlu a tandard
for comparison with the proposed action and other alternat'

The other alternatives would provide for secure

'no,lud((tabilization
-te

of the contaminated materials. Economic considerati n toe costs of
transporting the tailings from the Spook site and th p ep r\tio/ required
for below grade disposal at the alternative sits s ( 's sumed for the.

alternatives involving moving the tailings that t e i ir4tyAaroperties would
be cleaned up and the contaminated material firs mov o the Spook site.

Any alternative involving the remo f the ta i gs from the site would
involve additional risks of personal i j r rough vehicular accidents.
These risks would be greater than ir tential injury from radiation
released during the proposed action st ion in tne pit. The trans-

h 'ly ' rease the chance for exposureportation of the tailings would em
) ere also would be increasedof the general public to the di 1

accident and exposure risks t - 1 e 's > gaged in moving the materials.

Because all of the 1 e nati * for moving the tailings off the site

would be more expensive hp he pr osed action and would provide no calcu-
lable additional hec 31 b t. e they do not appear to be cost-effective.
If tne tailings w e n. ove he Spook site would be available for future
mining operations. e - , ving the tailings to one or the unspecified
alternative dispDsal i e. ' . uld remove a previously undisturbed area from
future unres b c us For these reasons, these alternatives are only'

presented n g ta to explain why they have not been addressed
further id his d u. nt.

1.3.1 A' iter ative 1: no action
V "

The no-action alternative means the tailings pile, foundations, and
other contaminated areas would be left as they are.

Under the no-action alternative, wind and water would continue to erode
tne tallings and spread contamination. Water moving througi. the tailings
might continue to carry contamination into the pit. The remaining concrete
foundations, tinber, machine parts, and electrical equipment would remain on
tne surface. Contaminated material at tne 15 vicinity properties would not
be removed.

.
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1.3.2 Alternative 2: move tailings to the Bear Creek Uranima Mine and Mill

The Bear Creek Uranium Mine and Mill, operated by Rocky Mountain Energy
Company, is located 2.5 miles north of the bpook site. A well-maintained
road located immediately west of the site could be used to haul the tailings-
to the hear Creek mill for disposal in the tailings pond there. Transporta-
tion costs for hauling the contaminated material and tailings to the Bear
Creek site would constitute the major portion of the cost, $450,000 in 1982
dollars, including engineering and contingency costs. The tailings could be
reprocessed at Bear Creek, but reprocessing the tailings for urani is not
economically feasible (FBDU, 1981).

Punlic Law 95-604, however, does not specifically autho ze r,em l'al
actions like alternative 2; Section 104(f) of the law requ a t'
Federal government receive title to the radioactive mater n the land
for their disposal. This environmental assessment th re a not assume
that the U.S. Departuent of Energy is allowed to sel c 1 rn t ge 2.
If future laws or arrangements permit moving the Spo ' al i s 16 the Bear
Creek mill, the Department of Energy may examin th- f s'b1 ty of alter-
native 2 in detail. To select alternative 2 fo rm la action would

| require a separate environmental assessment.

I 1.3.3 Alternative 3: disposal in apot e it

N. gfoAnother open pit that could e e disposal of the tailings is
located aoout 1 mile south of he si e. The use of this distant pit
offers no advantages over the o e ok pit, and transportation costs
would be added. These ad ' ion ra rtation costs are estimated at

| about S180,000, includi n inee and contingency costs.
l

1.3.4 Alternative m t ' tailings to an unspecified disposal site

kib}pab-mile, 10-mile, or 15-mile radius
This It t e wo ld be possible if a site suitable for oelow grade

disposal it a dius of 5, 10, or 15 miles from the Spook site.

,

Tne di M ite d have to meet the criteria (DOE, 1982) for hydrologic
! condgt q i tance from population centers, and meteorological conditions.
| Adequ'a ph and types of cover material would have to be available from

the pit ca ation. To estimate the cost of this alternative, this assessment
assumes t(ha O feet of cover, without a coarse final cover, would meet the

|
criteria.

' Costs for alternative 4 have been estimated at S3.6 million for a site
5 miles away, S4.1 million for a site 10 nules away, and S4.6 million for a
site 15 miles away. These estimates are in 1982 dollars, including contin-

| 9ency and engineering costs. (See Appendix C.)

Moving the tailings to a new disposal site would involve additional cost,
additional chance of vehicular accidents, and additional exposure risk to the

,

general public.' -
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2 AFFECTED ENVIRONMENT

This chapter describes the existing environment that would be affected
by the proposed action. Data used in the preparation of this chapter were
obtained, in part, from engineering assessments of the Spook site (FBDU,
1977 and 1981), f rom field visits, and f rom other published and unpublished
sources.

2.1 BRIEF DESCRIPTION OF THE AFFECTED

g Wyoming,The Spook millsite and tailings are located in e ce

in Converse County. The site is not near population % e g . The closest
towns are Douglas, 36 miles southeast, and Glenrock, ml e sodthwest.
Casper, Wyoming, is 48 miles southwest. (See F r 1 1.

a in National GrasslandThe site is at the southern edge of the Th gr
(see Figure E-1 in Appendix E). The area is char t ed by rolling hills.

The average difference in elevation bet e the low and in the area and
e Dry Fork of the Cheyenne Riverthe crests of the hills is about 200 f .

.

is about 1 mile south of the site. o ow d rees occur along streambeds,
and the land is primarily covered t s e s and grasses.

{
The area has a semiarid i it most precipitation occurring as

rain in the spring and durin s rstorms. Persistent strong winds

blow from the southwest.

Almost all of the the ea of the site is private ranchland used
ining concerns have been established withinfor cattle grazing. nu o

15 miles of the s. n th ' t 10 years, and the county population more than

f . doubled during the d ever, the sparse population in the site area

remains uncha

l

{
.

{

l

l
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2.2 DESCRIPTION OF THE EXISTING TAILINGS PILE

Western Nuclear, Inc. (a subsidiary of Phelps Dodge Corporation) built
the Spook upgrader in late 1961 and early 1962, and the Wyoming Mining and
Milling Company operated it until June 1965. During its operation, the
upgrader processed 187,000 tons of ore with an average grade of 0.12 percent |
U038 After crushing and acid leaching of the ore, the residues, or tailings, B
were dumped into the adjacent open pit of the Hardy Fee mine and along its
southern edge (Sharp and Gibbons, 1964). There are approximately 138,500
cubic yards of tailings on the site.

The fan-shaped tailings pile occupies approximately 5 acr(l ,ince somes
of the tailings have been dumped into the open pit, which is a (0 feet
deep in places, the depth of the tailings in the pit is his ari ble. The
tailings primarily consist of medium grained to fine graib d s ds th'ad have
not been stabilized, and gully and rill erosion of th- 4111gg into the pit |
has occurred. Vegetation is established on about 50 chat o he pile. E

Substantial wind erosion of the tailings h e te d h contamination
over an additional 16 acres.

More information about the Spook site is conta ngd in the engineering
assessments (FBDU, 1977 and 1981).

I
A IER.

The climate at the S ok s't i r presentative of the climate of the
east-central region of y ng ( 941; NRC, 1979). Climate data from,

Casper, Wyoming, which r t e mos omplete for the area, are suitable for
describing the weat o t S k site. Data from the towns of Douglas,
Bill, and Dull Ce t d o t e Bear Creek mine and mill area (NRC, 1977)
also serve to des t weather at the Spook site.

I
2.3.1 W1

Ig d, s average about 13 miles per hour (all directions, annually)
acco ih a 0 year record (NRC, 1979). The maximum wind speed on record

hour, and the windiest months are December, January, and |is 81 m tes e
February. nds blow most frequently from the southwest (17 percent) and W
west-southwest (15 percent) (N RC , 1979).

Summer storms have occasionally produced' tornadoes, but these are
described as overgrown whirlwinds compared to the destructive varieties
found farther east (USDA, 1941). Their appearance is reported in the
eastern part of the state about once a year. Only five tornadoes were
reported within 50 miles of the Morton Ranch, 17 miles from the Spook site,
between 1950 and 1979 (NRC, 1979).

.
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2.3.2 Precipitation

The area is semiarid, with average annual precipitation of 12 to
14 inches. Most of the moisture is carried to the area by easterly winds,

especially during the spring months, when half the annual precipitation
arrives in the form of rain and infrequent heavy, wet snowfall. Summer

precipitation is mainly from scattered thunderstorms, and is therefore
extremely variable and localized.

2.3.3 Temperature

Summer temperatures average 67'F (19'C) overall, with a r ge max um
temperatures of 82*F (28'C). Extreme high temperatures in s - rea'
104*F (40*C). In winter, the overall average temperapure is 2 *F (-3*C),
the average low temperature is 15*F (-9'C), and the gx mg lo s {each -40*F

e o ism 29 days,(-40*C). The average length of the frost-free growie

average first'date of killing frost occurring o @r
a 2 and thewith the average last date of killing frost oc .

'epte. ,,Jk.

2.4 I
\

The Spook site is located i t C e rastate Air Quality Control

Region, one of four such area in a of Wyoming. Air quality in this

region is considered to be go d t to potential decline in the future

because of projected incr es n in and industry (CCPC, 1978).

The air quality-sa. stat in the Wyoming network nearest to the
,

Spook site is locat at ch near the Platte River between Douglas

and Glenrock, abogtf le e south. Monitoring at private industrial

sites has also bee ar to the Spook site in connection with the

preparation o ir na statements for mine and mill constructions

( N RC , 1977 a d 1 7 .

The ren s of total suspended particulates in the Casper Intra-

state gi {it
rol Region range from 13 to 21 micrograms per cubic

met Nnnual geometric means ) . The comparable national primary and
hrds are 75 and 60 micrograms per cubic meter. The State ofseco

Wyoming a 4did is 60 micrograms per cubic meter.

Data on the levels of the other pollutants for which Environmental
Protection Agency standards exist--sulfur dioxide, hydrocarbons, oxides of
nitrogen, and ozone--are lacking, although Converse County was reported in
1977 to have the second-highest 24-hour value in the state for sulfur dioxide
at 45 micrograms per cubic meter (0.15 parts per million, volumetric basis)
(NRC, 1979). This is well below the 260 microgram per-cubic-meter 24-hour
State of Wyoming standard (DEQW, 1982).

.

* $-

Mh'
'

'

2-3

.- _-



___

I

2.5 SURFACE AND SUBSURFACE FEATURES

The local Monument 11111 unit of the Wasatch Formation underlies the
tailings (Davis, 1970). l<egional correlation suggests that the formation dips
very gently (less than 1 degree) to the north. The local Monument Hill unit
consists predominantly of thick lenses of medium grained to coarse grained
sandstones with some interbedded claystones and carbonaceous shales that can =

be found in the adjacent hardy Fee open pit mine. The mineralization in this
mine occurred near the bottom of the pit in a cream-colored, very coarse, E
clayey sandstone (Sharp and Gibbons, 1964). The thick sandstone ds of the 3
Monument 11111 unit thin out about 2 miles to the north, and finer grained
facies become more prominent. IntheWasatchFormation,thesq keand
shale are semi-consolidated, and the sandstones are often f bl6 However,

the claystones probably act as a barrier to vertical wate nye enki'hducing
greater horizontal permeability. The low vertical permeab lh nd tiie' inter-
fingering of the formation create many separate and o arhea an aquifers |
in the Wasatch Formation. B

Beneath the Monument 11111 unit are about 2 3 fg t of finer grained
Wasatch sediments. Below the Wasatch l'ormation e "o Union Formation.
This formation is about 3000 feet thick and consi two portions: an
upper fine grained unit, characterized by clayey 'st e (known as the Lebo

g mostl M ne grained sandstoneMember), and a coarser lower unit, cont n

(known as the Tullock Member).

Because the soils in the i . eae- weathered remnants of surface |outcrops, most of the soils are an h \ i eathered from shale are fine 5
grained. The soils have been 41s u?be) the past mining and milling
activities on and near the site. Th D ce erosion at the site is a result
of wind and water runoff.

Three faults have ped - the area, each about 1 mile long, two
are 0.3 and 1 mile at o s and one is 0.3 ndle west of the site.,

They strike north est south-southeast (Sharp and Gibbons, 1964).

b'4de'dMn
ismic Zone 1, an area where only minor earth-The Spook site is

t.hacpd(NOAA, 1973).quake damage

Major,gmi .e e ou ces in the .trea include coal, uranium, oil, and gas.

Uranium i heinh M about 1 mile north of the site. Coal occurs mainly
in the asa and upper Fort Union Formations and is mined throughout
the as 'hree coal discoveries have been made within 3 miles of the site
(NRC d4 19'7,7 ) . Oil and gas also have been important resources in the
Powder Itiver\B'a# sin, which occupies much of northeastern Wyoming. The Dry |
Fork oil a gas field contains oil and gas within the Cretaceous Formation W
thousands of feet below the surface. This field is 2.5 miles aprth-northeast
of the site (Denson and Horn, 1975).

I
.
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2.6 WATER

2 6.1 Surface water

The Spook site is immediately adjacent to an ephemeral tributary of the
Dry Fork of the Cheyenne River. The drainage area of this tributary is about
200 acres at the site. It flows only in response to extremely sporadic high-

intensity rainstorms and rapid snowmelt, as shown by data collected from
1965 through 1973 from two small ephemeral watersheds located approximately
15 miles south of the Spook site (Rankl and Barker, 1977). The e is well

above the flood level of the Dry Fork.

\
station onThe U.S. Geological Survey has maintained a stream g g Spook dite.\the Dry Fork since November 1976 about 3 miles southwest t;

From November 1976 through September 1980, runoff at p ig s at( n averaged
approximately 810 acre-feet per year, ranging from 16 pthan h00 to more3than 2500 acre-feet per year. TheDryForkhasextekd' be'r odh of no flow,

an Ag .particularly during the months of January, July

Local runcff from the e.illsite and tailing at; the pook site drains
into the adjacent abandoned mine pit. Thelargee[pd of the pit prohibits

surface runoff from flowing from the pl - surroun' areas because the pit

acts as a large retention and sediment eservoir.

Surface waters in the region [ y 1y f sufficient quality to

(Dame [&- U NRC et al., 1977). Totalbe suitable for livestock ,

dissolved solids concentrati dQ t 1200 milligrams per liter are
common for water in the Dry 94 t1 t higher concentrations normally,

occurring during periods 1 flh . Ephemeral surface waters in the
area normally have lowe o tent df t tal dissolved solids but higher

concentrations of suspo e olids an those found in the Dry Fork. Surface

waters tend to be h. dt )t$r d with occasional high concentrations of

arsenic, iron, and nos s & Moo;e, 1975).

Several u dac pr'9ampleswerecollectedintheareaoftheSpook
site and ana y ?d[for (at(i'dm-226 during the engineering assessment of remedial
action op os FDQ 1961). These samples showed that no contamination of
surface w 'rs e attributed to the tailings pile. Concentrations were

1b o the Environmental Protection Agency Interim Primarygenera K we

Dri g({nq 'ateg Regulations and were similar to background concentrationsyaceyt to the nearby Bear Creek mill (NRC et al., 1977) and themeasb ec .a
Morton Ranch uYanium mill (NRC, 1979).

2.6.2 Ground water

Several aquifers occur below the Spook site at different depths within
the Wasatch and Fort Union Formations. The water quality and yield nry
considerably. The unconfined aquifers in the area include water in valley
alluvium tapped by very shallow wells. No shallow wells exist in the
immediate vicinity of the Spook tailings.

.
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Hydraulic conductivities in the region surrounding the Spook site are
representative of clayey sandstone, ranging f rom 0.6 to 14.3 feet per day
(Dames & Moore, 1975). The potentiometric gradient in the area is generally
toward the north and northeast (Dames & Moore, 1975; NRC et al. , 1977). |

|

||Because of the claystone layers in the Wasatch and Fort Union Formations, |

the vertical permeability of the rock section is less than the horizontal 5
,

permeability. Data collected at the nearby Bear Creek project substantiate
this expectation. At the Bear Creek site, vertical hydraulic conductivities E
were found to be approximately one-half as great as horizontal hy aulic 5
conductivities (Dames & Moore, 1975).

Most of the wells in the area are completed in sandstonftunit ( of the
Wasatch Formation and are less than 300 feet in depth. I C v rse County "

fewer than 50 water wells are completed at depths greater h 5 0 feet'
(FBDU, 1981). Three of these deeper wells are withiny41e the site E
and are completed in sandstone members of the Fort U41 ma % . Two 5
stock-water wells are on the site itself; they have m eted at depths
of 300 and 700 feet. .

Regional ground-water recharge areas inclu u an higher elevations

such as the Black Hills located about 125 miles toNt n rtheast, the Bighorn

|Mountains located approximately 100 milQ the north st, and (to a limited

extent) local high ground along the Chqy nf4 iver Divide. Local recharge W

areas primarily intercept storm runcgf Kn * e 9 waters along permeable
No data exist to show hhethe q e 4 andoned open pit mine at theBformations.

watd. Even if it were, its localSpook site is a recharge point fr r
recharge potential would be s. 11 e se f the limited precipitation that
is trapped on the site.

Ground water in th a a is e. ra ly acceptable for stock watering
(Dames & Moore, 1975). c ells so yield water suitable for domestic
purposes (NRC, 1979) Ty c entrations of total dissolved solids vary |
from about 300 to 11 m per liter. The waters are generally rich 5
incalciumandsul[fe

Concentr gibo of 1 solved radium-226 at the Spook site have generally

been found to Kwel be ow Environmental Protection Agency drinking-water
oncenth ions compare well with background data collected instandards.

there<[ me ore, 1975; NRC et al., 1977; NRC, 1979), suggesting

that Lit ( any, contamination of ground water has occurred from the,

taill 1 g

1

|-
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A biological reconnaissance was made of the Spook site in July 1981. All
flora and fauna observed on and adjacent to the site were recorded. These
records and additional biological data used in this assessment are available
in a separate report (Westech, Inc., 1982). The additional data were taken
from biological baseline data for the Bear Creek mine, 2.5 miles north of
the site (NRC, 1977), and for Kerr-McGee properties to the south of the site
(Kerr-McGee, 1979).

The rolling hills surrounding the area are dominated by nati bunchgrass

and big sagebrush. The Dry Fork of the Cheyenne River lies apQc ' tely

1 mile south of the Spook site. The river plain supports me c Te< e tion
such as cottonwood, snowberry, and rose.

The site has been divided into seven intergradingdshitat (Westech,

Inc., 1982). These are described in detail in Appendi Th most disturbed
areas are barren, but sagebrush, Indian ricegrass, n -eng-th/ead, western
wheatgrass, and cheatgrass are all common. Man we y e$ have invaded
the disturbed areas.

Much of the wildlife observed on the site is t c ed by the site's

physical diversity. Available habitat gd h ent to ailings in the open

pit includes cliff faces, rubble, and ad t paves). Kestrels nest on thecliffs, great-horned owls in the ad s,Vnd v ' wrens in the rubble. Mule
deer find refuge in all the jumbl . hf the\ i nd associated features were

x(=ci ould be scarce or absent.not on the site, many of the ob rv

the pronghorn antelope. It isThe major game species e t.

estimated to have a densi of t ven animals per square mile (NRC,

1977). Except for domep iy ni , no other large mammals are common.

Antelope at the site were gr ably undant before the development of the
area, but they now - th sg h less. Deer probably were never abundant..

Sage grouse a u 'ng oves are two other game species inhabiting the

although M (th hahundant. No sign of sage grouse was observed onarea,
j

the site. T e c os'st is reported to be 8 miles away (Kerr-McGee, 1979).

No t aate endangered species were observed on the site or in the

area sgrh n Information available from the U.S. Fish and Wildlife
Serv,1ce \( A das and DeFilipps, 1978) and the Wyoming Game and Fish Department
(197h(s s(s)that the area probably does not support any threatened or
endange edies.

.DFFICl!; my uCP),
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2.8 RADIATION

Atoms that spontaneously transform into new atoms are said to be " radio-
active." The original atom is called the " parent," and the atom produced by
the transformation is called the " daughter product," or simply the " daughter." E
This transformation process is called " radioactive decay," or simply " decay." 3
The rate at which atoms decay is the " activity," measured by the unit " curie."
A more convenient unit for measuring the activity of the atoms in tailings
piles is the picocurie, which is one-millionth of one-millionth of a curie.

When atoms undergo radioactive decay, they emit "radiatiop " Tpree
|typesofradiationarediscussedinthisassessmentstheyar,e_" Alpha (icy

and
5" beta" radiation, which are tiny particles, and " gamma" rapi i n, wh

is pure energy. Alpha and beta radiation do not penetrate f i to matters

gamma radiation can penetrate deeper into matter in t me wa as X-rays.

When radioactive parent atoms decay to radioacti d gg te toms, a

G med. Uranium-" radioactive decay series," or simply a " decay r ,

238 is such a radioactive parent atom. The ura i 3 ca series includes
thorium-230, radium-226, radon-222, short-lived adpn ghters, and other
radioactive atoms; it ends with lead-206, an atom h M i not radioactive.
The only member of this series that is solid don-222; it is an

inert gas. Radon does not react chemi a w th other elements; it can

diffuse out of matter and into the mo .

amountsofuranium-23ha be a ters are found everywhereTrace
on tne earth; therefore, rado -221 (si ly radon, and its short-lived

y h' ckground radiation exposure ofdaughters contribute signific
the (urgni lling process, radium, the parentthe general population.

of radon, is concentrat> the al ings, which then become a source from
which radon emanates in g atmos ere.

When the dau t rod - n a radioactive decay chain have shorter
half-lives than th e% t daughter activities will increase until they

b ent. When the activities of the parent and its gequal the actt g o e

daughters ar q Is aughters are said to be in "100 percent equilibrium" g
' equi M iu.." If the daughters are diluted or carried away asor simply n

h will never reach 100 percent equilibrium.they are e

i cg r4 nn is an inert gas, it contributes very little to a person's
bhposhre; it is inhaled and exhaled leaving no residual effect.radia

The rad dau ghters , however, are solids; they can deposit in the bronchi and g
lungs as t ey' are inhaled. Once deposited, radon daughters decay and expose 3
the person to radiation.

The unit " working level" (WL) is used to measure radon-daughter concen-
tration; it is defined as any concentration of radon daughters in 1 liter of

| air that will result in the ultimate emission of 1.3 x 105 million electron
volts of alpha energy. A concentration of 100 picocuries per liter (pCi/1)
of radon with the radon daughters at 100 percent equilibrium will result in
a radon-daughter concentration of 1 WL. At equilibrium levels less than
100 percent, the number of working levels corresponding to a given radon

2-8
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concentration is reduced. The working-level month (WLM) is a unit of radon-
daughter exposures it is defined as the exposure resulting from the inhalation
of air with a concentration of 1 WL of radon daughters for 170 working hours.

( Near tailings piles the highest concentrations of radon and its daughters
in air typically occur on top of the piles, reaching a maximum on a still,
dry day when the tailings are dry. No measurements of radon-daughter concen-

f trations or equilibrium values have been made at the Spook site however,
extensive studies have been carried out by the Environmental Protection Agency
at the Vitro tailings site in Salt Lake City, Utah. These studies show that

['
the radon daughters were at 3 to 13 percent of equilibrium with t e radon in
the air over the pile (Duncan and Eadie, 1974).

Equilibrium ratios similar to those at the Vitro site t k City
( are assumed to exist at the Spook site. The ar.alyses in t s essme

assune that the radon daughters at the Spook pile are 10- r nt equilib-
rium with the radon. In motionless air, the radon- co tration

>

{ reaches 10 percent equilibrium with the radon present nutes
(Evans, 1980). On the Spook tailings pile, whic a u feet wide
and 700 feet long, the average wind speed would h v s than 1 mile
per hour to achieve this condition. As noted in S t 2.3.1, wind speeds

{ in the vicinity of the Spook site average about 1 per hour. The
assumption of 10 percent equilibrium is ervative overestimate the
hazard); it therefore provides a calcul t r bound to radon-daught.erg

f exposures and health effects.

Radon concentrations have b n re the vicinity of the Spook
tailings pile using calibrated Wr n rs (FBDU, 1977). The concen-
trations have been reported a .1 '

the tailings, 2.8 pCi/l at
0.4 mile downwind of the t lin , an 1 pC1/1 at 1.75 miles upwind of
the tailings. The avera e r don gr und in the Spook area is about 1.1

( pCi/1. At 10 percent e 1 b ium a a radon concentration of 17.1 pCi/1,
the radon-daughter c cen a on the pile would be about 0.017 WL.

( The intensity r ation in air is frequently expressed in-
roentgens. A or n s one-millionth of a roentgen.

[-
Natur 1 a g und exposure rates in the Spook area vary between

9 and 13 m' or n per hour (pR/hr), averaging 12 pR/hr, as measured
3 feet he ce with an energy-compensated Geiger-Mueller detector
(FBDU 7 bove the surface of the tailings pile, gamma exposure rates

[
%

range t 650 pR/hr and averaged 330 pR/hr. At the former millsite,
gamma ex sure ates reached a maximum of 200 pR/hr (FBDU, 1977).

l
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2.9 LAND USE

Ninety-eight percent of the land in Converse County is agricultural,
and 91 percent of the agricultural land is used for dry grazing. Industrial
use constitutes 1 percent of the land use, while all remaining uses (e.g.,
u r ba n , roads) constitute less than 1 percent each (CCPC, 1978).

The Spook site is surrounded by private land used for cattle and some
sheep ranching. Within a 15-mile radius of the site are many mining concerns.
Some are the Bear Creek Uranium Mine and Mill, Kerr-McGee Uranium Mine, Exxon
Uranium Mine and Mill, TVA Morton Ranch Uranium Mine and Mill, an cabody )
Coal-Gasification Site. Land use by acreage

isshowninAppendix'\ I
2.10 NOISE

\
The Spook site is in a region primarily us 7br eqs o k grazing,

wildlife habitat, and mineral exploration. The s( pqrmp ent houses
are at the Hornbuckle Ranch, about 2 miles to tlg !ou w st. No major

noise sources exist at the site except for a nortigsbut haul road that
runs inrr.ediately west of the property, which ihtermittent truck traffic
passes.

Remote areas such as at the si y cally have low sound levels
that range from about 15 to 45 NLb n' -rated scale (dBA). For
example, measured noise level at h ra Canyon (North Rim) range from
15 to 31 dBA (EPA, 1972). M e a evels for a farm in a valley
location, taken from the es d' , aryje from 33 to 44 dBA. Noise levels -

in these ranges would hicalof he Spook site except when a truck passes.
The passage of a large, 4t in ruck measured at a distance of 50 feet

\Can produce a sound vel o h duration in the range of 82 to 93 dBA.

Nco
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2.11 SCENIC, HISTORIC, AND CULTURAL RESOURCES

The Spook site is located in the southwestern corner of the Thunder Basin
National Grassland. The topography consists of rolling plains, low hills,
butten, and broad, level river coursen.

Although it is not on the National Register of Historic Places, the
Boseman trail is of historic interest. The Boseman trail was used for travel
to Montana by early military personnel located at Fort Fetterman. Today ,
Ross Road (County Route 31) follows the route of the Boseman trail.

Intensive cultural-resource surveys have been conducted o roxi-

mately 33 sections of land within an 8-mile radius of the ta i (site s

tetd(lygs(Eckles et al., 1980), including the quarter-section in w c
are located. No cultural-resource sites were found in tha r er-section

or within three adjacent quarter-sections.

.

2.12 SOCIOECONOMIC CHARACTERISTICS E b ECTED REGION

Converse County has experienced a l uating popa ation in the last

20 years. In 1960 the county had 6366 r a e ts; by 1970 the population
had decreased slightly, to 5938; an by 198 t population had more than

e e'Y velopments materialize, adoubled, to 14,069. If current pla n

y 19%
qy

P 1978). The fluctuatingpopulation of 23,877 is projecte ,

o B c ua ions in energy development incounty population is indicativ
the area.

Socioeconomic studi s the a =a iformly conclude that Converse
County and the towns of(p g s an enrock are well prepared for additional

growth:

Previous ri s w th rapid growth situations show that the

towns hgy equn egtanding and capability to manage growth in an
effic ent man _e 6th Douglas and Glenrock have been preparing
thei omhun't to meet the additional demands that the expanded

nt ergy resources would place on them. Since thatdg6b o
e0 pig e t has not occurred to date, both towns are capable of
bokbdnggdditionalgrowthwithaminimumofproblems(Mountain

We Re'sench, Inc. , 1981).

Housing in Converse County in 1981 experienced about a 4 percent vacancy
rate. There were 171 vacancies in the 365 motel rooms and 5350 permanent
residential dwellings in the county. As indicated in Appendix F, Converse
County is currently experiencing some out-migration because energy develop-
ments are lagging behind their projected schedules. The vacancy rate may
increase as a result (CCPC, 1978).

Unemployment in Converse County in 1980 was a low 3.1 percent. The
number of people seeking employment was 245. Mining, the hajor employment

khril/H '
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sector, accounts for 29 percent of the employed labor force. The services
sector accounts for almost 14 percent of the employed labor force (Wyoming
Employment Security Commission, 1981).

Community services in Converse County and Douglas and Glenrock can
accommodate growth. There is space for an additional 1680 students in the |schools. The Converse County Memorial liospital in Douglas experienced a EU

53 percent occupancy in 1980, and a new hospital is planned. The planned
sewage treatment facilities can serve an additional 14,000 people, although Ethe Douglas sewer system is currently strained; new facilities ar under 3
construction. The water systems can accommodate an additional 8 people.

Outdoor recreational opportunities are abundant in the eaAhu ting and
fishing are particularly popular.

N

|Converse County has 2.6 public safety officers pp 000spc ulation.
Fire protection is provided by 67 volunteers. Douglasp a sGl rock have fire 5
insurance ratings of 7 and 8, respectively, whi t 1 or2 rural towns.

TheexistingnetworkofFederal, state,arp tq 'r a is adequate for
current and projected traffic. Douglas has an a4 o or light planes, and
the regional commercial airport is located in Cas

The county is financially healthy ((*e KpendixF). Revenues in
1980 were S6.5 million, and expendi re tre $ .7 million. liighway and
public-safety funds receive 31 and 1 e e t, spectively, of the 1980
general-fund appropriations. T c t could egally incur an additional
S6.5 million of debt.

9
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3 ENVIFONMENTAL IMPACTS OF THE PROPOSED ACTION

1

This chapte/ assesses the impacts that the proposed remedial action would
have on the environment described in Chapter 2.

'

.s

O.
# A*

< ~
3.

~ IMPACTS OF RELEASES OF RADIATION
f

. r)* 3.1*

.,,

y The radiation from the Spook site may increase the pote la o health,

/ effects among people who live and work nearby. This secti rib the
expected imp 3 cts of radiation releases during the proposed .

., p .

,

. f

3.1.1 Pathwas anck mechanisms for the transportMa lo ct' material

to people V Q*

Theretarefiveprinbipalpotentialenvironmena hways of expor. ore to

man from i.h'e tailings radiation:
w

.*

y . 1. InEalati$nofshort-lived n h resulting from the

continuous radioactive ac . th lum in the tailings. Radon

is a gas.that can dif us og the tailings into the atmosphere.
This gas decays into er o ughter products; when these

daughters are inh ed, be deposited in the bronchi and

lungs where the h n de emitting radiation.

2. External wh y exposure from the decay of radionuclides-

,7+ in 6e ta .

\ vr

3. Inha n di tion of windblown tailings. The primary exposure

is f m gh ah emitters thorium-230 and radium-226, each of which
d ~T1 he ones if ingested and in the bronchi and lungs if

1 Idd.

I< ion of ground and surface water contaminated with radioactive
19 (primarily radium).

5. Co mination of food througn uptake and concentration of radioactive
! elements by plants and animals.

E

i
.

The largest portion of radiation exposure to the population near the'

Spook site is from inhalation of radon daughters; a minor part of the potentiali

. exposure is from gamma-radiation. The other potential routes of exposure are
much less significant at Spook.,

, .

r
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3.1.2 Radiation doses during remedial action

The model used to generate the estimates presented in this section does
not account for natural variability among people, nor does it distinguish
whether a person is a smoker. It assumes that health effects are linearly
proportional to exposures, which means that any small exposure to radon
daugr ters is assumed to be capable of producing health effects. These and
other assumptions can give rise to a rather large variance in the number of
health effects predicted by the model. In this analysis these uncertainties
are overcome by using conservative assumptions in the model so as ot to
underestimate the health effects caused by exposure to radon daug t>rs. Also,
the estimated radon-daughter exposure of persons near the Spoo 1%ngsis
small and well within the range of variability of exposure f a 1 back-
ground sources.

Health effects attributable to such a limited ex e .e well below
the limits of meaningful calculation. This analysis u e e ho 1, along

pohsible healthwith conservative assumptions, to estimate an upper l'm't o
effects from radon-daughter exposure to the rem ia a in rk force and
local population.

Approximately 16 weeks will be required to co e the proposed remedial
action using a 16 person crew. Approxi 50 per of this time would
be needed to transfer the tailings int w, st side of the open pit mine
and to contour the tailings. The r ai M he time would be used to place
cover material over the tailings.

Since workers would be d' ec po d to uncovered tailings during
transfer and contouring opera s, adiation exposures to workers
on the site would be grea tt the tailings begin to be covered,
gamma-radiation exposure 1> ls w diminish rapidly.

3.1.2.1 Radiation s t general public

Thepopu,1(tnar n he site receives radiation exposure mainly from E
patnway 1 is ed i b ct on 3.1.1. These exposures and the resultant health
effects a iv n iis section. The methods of calculation are included=

in App u of assessment.

q rvidence within 2 miles of the Spook tailings is the Hornbuckle
Ranch, a a is ance of 1.75 miles- Twelve persons reside at this ranch;
seven perso are continuous residents and five persons are seasonal residents.
Appendix G describes the model used to estimate an upper limit to the expo-
sure of these people to radon daughters from the Spook tailings. The model
accounts for the location of persons, wind direction, and atmospheric dilution
of the radon daughters.

In one year each person associated with the Hornbuckle Ranch would
receive an exposure of less than 0.007 working-level month (WLM) from the
Spook tailings. This exposure is estimated to cause no more than 8.4 x 10-6,
or 0.000008 lung-cancer death per year of exposure among the 12 persons.
Another way of expressing this is that one fatal lung cander due to the =

3-2
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Spook tailings would be expected to occur among the 12 persons in about
120,000 years of exposure to the radon daughters from the Spook tailings.

During the 4 months that the remedial action is in progress, the radon-
daughter concentration is assumed to double because of the disturbance of the
tailings. Exposure to radon daughters from the Spook tailings during the
remedial action period is estimated to cause an upper limit of 5.6 x 10-6, or
0.000006, lung-cancer death among the 12 persons. Another way of expressing
this is that one fatal lung cancer due to the remedial action would be
expected to occur among the 12 persons in about 180,000 years.

The Bear Creek Uranium Mine and Mill is located about 2 rth of

-the Spook tailings; 235 persons are employed at Bear Creek. In , radon

from the Spook tailings can contribute to a radon-daughter e he
employees at the Bear Creek site. This exposure is neglig 11 w .n

compared to the exposure from radon daughters from the r e Mine and

ggudedinMill and from background; therefore, these employees t

calculation of health effects caused by radon from th o aiNngs.

e e pile andBecause no permanent residents live within 0 2
because gamma radiation from the site beyond thi s n e is negligibly small

when compared with natural background, no health e o the general public

were attributed to gamma radiation from iles. arly, for the other

radiation pathways listed in Section 3. exposures to the general public. ,

can be attributed to the tailings.

3.1.2.2 Radiation doses to w rs

A worker at the sit o ld r e ve radiation exposure mainly from
pathways 1, 2, and 3 li e i Sect 3.1.1. These exposures and resultant

health effects are g n is ction. The methods of calculation are
included in Append t sa essment.

At 10 per e i m, with a radon concentration of 17.1 picoeuries

per liter (FB 0, 9 1), t e radon-daughter concentration is about 0.02 working

level. Dur n 2 - u work month, rather than the standard 170-hour work
month, a w er 1 eceive 0.1 WLM in 16 weeks. Under the assumption that

the dis u eo t tailings surface will double the radon-release rate,
this ay edicts that a worker would receive an exposure of 0.2 WLM over

the a e -month period of the remedial action project.

The es- ator de u ibed in Appendix G predicts that the exposure.of an
individual crew member to 0.2 WI;* would result in a risk of dying from lung
cancer of 2.0 x 10-5, or 0.00002. This risk is not an appreciable fraction of
the average normal risk, approximately 0.04 (Wy'oming State Health Department,
1980) of dying of lung cancer in Wyominc. In a work force of 16 persons, each
exposed to 0.2 WLM from radon daughters during the remedial action, an upper
bound to the number of lung-cancer deaths attributable to the exposure would
be 3.2 x 10-4, or 0.0003. This number may be comparad to the approximately
0.6 death that would normally be expected among 16 Wyoming residents at the
current 4 percent rate of lung-cancer deaths.

.
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The level of gamma radiation on the tailings pile averages 330 micro-
roentgens per hour, including a background of about 12 + 3 microroentgens

_

per hour (FBDU, 1981). It is assumed that a remedial action worker will
be exposed at this level of gamma radiation f' r 8 weeks before the millsiteo
is cleaned up and sufficient cover is placed on the pile to reduce gamma
radiation to background. The worker's exposure to gamma radiation above
background from the tailings will be 480 hours x (330-12) microroentgens per
hour, or 153,000 microroentgens (153 milliroentgens) total. According to the
risk estimators in the BEIR-III report (National Academy of Sciences, 1980)- g
shown in Appendix G, this one-time exposure of a male aged 20 to 4 will 3
theoretically result in an individual risk of dying from cancer o .2 x 10-5
(Appendix G). The average normal risk of dying of cancer in t a e of
Wyoming is much larger, about 0.17 (Wyoming State licalth De tm 980).,

The estimated upper limit for excess cancer deaths in a 16 worggorce
because of remedial action exposure is 1.9 x 10-4, or 0.00 is nutnber.

may be compared with the approximately 2 deaths from p rs t er than
lung cancer that would be expected among 16 persons t e 3- ent rate
prevailing in Wyoming.

.

Workers who are not at the Spook site cont n a yd in the remedial
action will receive even smaller doses of radiat 'o example, the driver-g
of a truck hauling typical contaminated material icinity property
10 miles away would receive a dose of 1 han 0.12 liroentgen per load
(DOE, 1982).

Remedial-action workere on the p ok - e 'll probably inhale some |
contaminated dust raised by eart mo u - t. The degree of exposure 3
will depend on the precaution ta n n he absence of operating procedures,
detailed plans for equipment ce a a ion measurements taken under
remedial-action condition.- pre io f exposure rates are not feasible.
The use of water-sprink ' ui . 'n and other dust-suppression techniques
are not expected to con oi t co. etely; therefore, dust protection masksg
may be worn during e o 'r g

9
3.1.3 Radia es r m hypothetical accidents

N V

11 i h d ing while the tailings are being excavated could blow
1 os - > rial from the working area into open rangeland. Insome o t >

print 2, t radicactive material could then contaminate vegetation, which
ulti i 1,, be ingested by beef cattle. Only a small fraction of the
loose mat'ri i could be picked up, and it would be spread over a large area. |
No grazing 1 mal would be expected to consume enough contaminated vegeta- E
tion to deposit hazardous amounts of radioactive material in its flesh. No
significant impact in terms of increase in public exposure to radiation is
projected.

If a truck carrying contaminated material from one of the 15 vicinity
properties were to overturn on a public road, persons who stood near the
material would be exposed to a low level of radiation. This exposure would
be brief--roughly, no more than a few hours--because the crew from the Spook
site would go to the accident scene and reload the material; members of the
general public would be kept at a distance. Someone standing 10 feet away

3-4
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from the truckload of typical vicinity property material for 3 hours would
receive a radiation dose of less than 0.1 milliroentgen (DOE, 1982). Such
a dose would be much smaller than the doses derived for workers in Section
3.1.2.2, and the possibility that it would produce health effects would be
meaninglessly small.

3.1.4 Radiation doses after remedial action

The remedial-action efforts that have been proposed for the ok
site are designed to reduce radiation doses to meet the propos a dards
established by the U.S. Environmental Protection Agency: th em i n of
radon from the tailings will be reduced to 2 picoeuries pe emt

per second or less above the normal emission from the eart ing. t

this level the doses received from exposure to radon te rom the Spook
site will be comparable to those from natural backgr he 11, in fact,

lie within the normal range of variation of exposure r a background
levels of radon daughters (EPA, 1980). .

)
3.2 IMPACTS UALITY

The proposed action would not uc r ounts of air pollutants,
nor would the emission of any po u co e for a long time. No
permanent reduction in air qua it cur, and short-term effects would

be minimal.

Preliminary estimat s gges at the equipment in use during the
remedial action would c s about ,000 gallons of fuel (see Appendix C).
This fuel would be c um r period of about 16 weeks.

Emission fact o ru s, scrapers, backhoes, and similar equipment
used for cons o ad ling (EPA, 1975) predict that the following
amounts of po- uegn u d be released to the atmosphere per week for 16
weeks: ca n i e, 50 pounds; hydrocarbons, 110 pounds; oxides of
nitrogen, O d; sulfur dioxide, 120 pounds; and particulates, 70 pounds.

(See A xCf tails of these calculations.) These values are all less
than ' which air quality monitoring is required in Wyoming.

Eart mo ing activities can be expected to raise fugitive dust, especially
in high win , but the amounts would not be excessive. Fugitive-dust emis-
sion is recognized by the Wyoming Air Quality Standards (DEQW, 1982) as a
controllable source of particulate air pollution, but no numerical limits are
given. Instead, the standards require that the emission of fugitive dust be
limited to prevent " unnecessary amounts" from becoming airborne. 'a list of
appropriate control measures is given, which includes applications of water,
chemicals, oil, or asphalt to dirt roads and material stockpiles; covering
c en-bodied trucks; paving of roads; and prompt removal of spilled earth frome
paved roads.

.

.. .
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3.3 IMPACTS ON SOILS

Soils at the site have been previously disturbed during mining and mill-
ing operations. The overburden from the operations would be used for cover
material on the pile; therefore, no new land would be affected by the proposed
remedial action. No new areas would be disturbed by road construction because
there are sufficient haul roads around the site. Approximately 1500 cubic
yards of fill material would be used during the vicinity property cleanup.

3.4 IMPACTS ON MINERAL RESOURCES

There may be minable uranium and coal resources adjac o and b neath
the pile. For this reason, it would probably be nece f he agency
that owns the site upon completion of remedial actio o o n the mineral
rights. tiowever, the total area affected by this ur h ew ld small.
No other mineral resources should be impacted e e action.

3.5 IMPAC O 'ER
s

As noted in Appendix C, the de. n f a during remedial action
operations will amount to approx' na 88, gallons (54,000 gallons for
worker use, 800,000 gallons fo dd t pr salon, and 134,40C gallons for
domestic purposes). This wat il b sumed and lost from existing wells.

Because runoff from t e mill it' and tailings drains into the abandoned
mine pit, there is no e i 1 for vontamination of local surface waters
by radioactive mater s. B u the strata of the pit contain the host
rock of uranium or-

'

e - e ater in those strata would be contaminated
far more by natura t by the tailings. Only windblown material
could be carri- t ( tream channels under present conditions. Thus, g
the implement i roposed action would further reduce potential E
contaminat n 1 a s face waters by stabilizing contaminated materials
in the pit

the s
'arq c ditions suggest that ground-water contamination resulting from

i ilings pile will be negligible. First, precipitation in the
area is ared with evapotranspiration. As a result, only a small amount
of the totals recipitation falling on the stabilized pile will percolate deep
enough through the cover material to encounter and leach the tailings.

Second, the pile will be stabilized in the same zone that contains the
in-situ are. Water in that zone would be contaminated by natural sources of
radioactive materials far more than by the tailings.

Third, water development in Converse County is expected to undergo little
change in the future. As a result, artesian conditions in deeper aquifers
containing potable water should continue to exist, thus presenting a hydraulic
barrier to the movement of contaminants into those aquifers.

3-6
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Other conditions minimizing the potential for contamination of ground-

water supplies by the stabilized pile include (1) the absence of shallow
ground-water systems below the site, (2) the relatively low hydraulic
conductivity of the host rock, and (3) the ability of the clayey host rock
to adsorb solutes. These conditions result in long transit times of solutes

to potential ground-water supplies. Solutes that do reach a local supply
can be expected to have been highly diluted or to have decayed to innocuous
levels.

3.6 1MPACTS ON PLANTS AND ANIMALS

The diverse physical surroundings that resulted from hxavati
of the Hardy Fee mine pit probably are responsible for p a nt variety
of wildlife on the Spook site. Much of the physical ty Id be

eliminated if the tailings were buried in the pit. Pr f .e cliff

faces that support kestrel and swallow nesting c ul b ed. The

adits that support nesting great-horned owls co 1 i e d the rubble

supporting nesting rock wrens buried. Therefore e ight be less variety

of wildlife after remedial action.

During the remedial action, nearby i e would be adversely affected

by noise, dust, and human encroachme t, e impacts would have no

lasting effects. Af ter the remedia a ti s pleted, the area would

return to natural conditions and o s lants and animals typical of

the surrounding area.

No threatened or end ere 'ld or plant species would be affected

by the remedial action.

d be lost during remedial action. TheLittle endemic et i w

overburden for cov r d m om disturbed areas that have not returned-

#
to natur'al conditi

Over ti g a b ush could become established on the buried tailings
pile after th m i1 ction. The long roots of this species could pene-
trate to t ta giving radon an avenue of escape. Over the long term,,

this s l'ty t be prevented by methods of disposal now available.

O'mCM'' wund COPpm
''
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3.7 IMPACTS ON LAND USE

The proposed action would not affect land use of the surrounding area for |
the long term. Over the short term, construction activity may be a nuisance g

to nearby grazing livestock. The pit will be unavailable for uranium mining
at the completion of remedial action.

3.8 IMPACTS ON NOISE LEVELS

ENoise levels would increase in the vicinity of the tailing e
borrow sites, and haul roads during the proposed action. nc a s, 3
involving ordinary trucks, loaders, scrapers, and similar nt, w d
not be unusual. No harmful impacts would occur provid eg a ons designed
to prevent noise-related injury to workers are folloe es >gulations

require reduced exposure time to any noise levels abo e 9 ib s, and

no exposure at all to any noise levels above 115 e b a

3.9 IMPACTS ON SCENIC, HIS , AND CULTURAL RESOURCES

The remedial action may affect ni a 'es in the immediate area
a ea however, and has not beenof the site. The site is in a v( t

identified as having special s en1 ai es. The site is not visible from

any major thoroughfare or to le an nearby residents and workers

and an occasional hunter.

No historic or cul 4 esour s would be affected by the remedial

action.

I

I

,
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3.10 IMPACTS ON POPULATION AND WORK FORCE

The proposed action would generate 16 employment positions for 16
weeks, given a 60-hour work week. With a 15-percent turnover rate for
semi-skilled positions, the total work force would consist of 18 people.
The local job market can supply 14 of the 18 workers (Wyoming Employment
Security Commission, 1981). Four managerial and radiation-safety profes-
sionals would in-migrate. These four in-migrants would generate two
indirect job clots, given a 1.6 multiplier (see Appendix F). The six

job slots rep..sent a population increase of 12 people, three of w om
would be school-aged children. As indicated in Chapter 2, Conver County

could easily accommodate 12 new residents.

3 11 IMPACTS ON liOUSING, SOCIAL STRUCTURE, Al I ERVICES

ou ng units. TheThe 12 new residents will require six of 17 va a -

n t ra on attributablecommunities have experienced both in-migration
to mining activities; therefore, the new residen o g have little effect
on the social structure. The existing community a de can easily handle
the small influx of people (see Appendi

3 12 I AC OMIC STRUCTURE

The project would cr ee di s totaling $1.7 million. Given

the 4 percent state sal a , of ch half is returned to the counties and

municipalities, the loc - woul accrue $34,000 in sales tax revenue.

the a , ption that local contractors will do theThese figures are b o s

remedial-action w

1
1
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3.13 IMPACTS ON TRANSPORTA'.? ION NE'IWORKS

The proposed remedial action would have no impac-t on public roads
because the Spook site is not near any major thorcughf sres. Assuming
individual trips and no car pools, the transportatJon inpact would consist of
about 32 daily trips of the 16 workers commuting from Douglas and Glenrock.
State Routes 93 and 95 and Ross Road (County Route 31) (see Figure 1-1) could
easily accommodate the additional daily trips. The heavy equipment used at
the site would travel over the highways only twice, at the beginning and end
of the remedial action. Trucks carrying material from vicinity pr erties
would also use the roads, but would constitute such little traffi s to have
a negligible impact on transportation networks.

3.14 USE OF ENERGY AND OTHER RES

The proposed action would use about 60,000 al n o e this total
includes both-diesel fuel and gasoline. This n s ee generated from
average-use factors for the equipment types expe e used (Caterpillar
Tractor Company, 1981). (See Appendix C for detai .

The consumption of potable water b w rs is expected to be about
54,000 gallons, an estimate derived r ot. rage number of workers (16)
and an assumed use of 35 gallons ea r 96 working days. This g
water could be purchased from lo al o er 3

Water for dust control a o co~ b pplied by local ranchers. A
4000 gallon water truck ma ng - t o trips per day for 96 days would
carry the necessary wate a out 00 gallons. The minor amounts of,

water for equipment was o nd ot construction-site uses are included
in this estimate.

9

I
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3.15 ACCIDENT IMPACTS NOT ARISlNG FROM RELEASES OF RADIATION

The remedial action at the Spook site would require the hauling of
offsite contaminated material, cover material, and riprap. An estimated
7330 vehicle miles would be required to accomplish this (see Appendix C).
Transportation by truck produces 7.94 vehicle accidents, 3.45 total fatal-
ities, and 1.48 driver fatalities per 1 million vehicle miles (NSC, 1980).'

Truck transportation during the proposed remedial action is therefore
expected to produce 0.06 vehicle accident, 0.02 total fatality, and 0.01
driver fatality.

During the operation of all types of machinery, such as t k , tractors,

forklifts, and cranes, about 0.15 accident occurs per man-year 1977).,

The remedial action at the Spook site has been estimated t re t~16
workers for 16 60-hour weeks, or about 8 man years of labo c plet' n (see
Appendix C). Therefore, fewer than two accidents, bo n ta , resulting in
loss of work time might be expected during the entir ct.

.

3.16 MITIGATION MEASU

The remedial action would be cond e i accordance with all State
and Federal safety. rules and regula on . 1 oring also would be conducted
to detect windblown dust and to hel ev r ntamination of cleaned areas
by equipment tires.

Dust-abatement procedure 11 ' dblown dust to a minimum. Dust
masks and ear-protection ice 11 available to workers at the site

during stabilization op a i ns. ndard construction practices will be-

used to isolate work ar limi the total area of active disturbance.

I Total shield the k rs from gamma radiation while moving and
recontouring the t

'

il is not practicable. However, once the appli-
,

way, the workers will spend most of their timecation of soi c er a
on top of th (%1 ov , w ich will shield them from nearly all of the gamma
radiation ro tTe i e.

T p ,t a s to the site af ter remedial action, the area .will be

fen w ership will be transferred to the Department of Energy. A.
perma n n -wa*.er monitoring well will be located downgradient from the

pile to te .ine whether any contamination is migrating from the tailings
pile, in co iance with the Environmental Protection Agency standards. An<

inspection will be conducted to determine the need, if any, for continued
maintenance and monitoring. The requirements for inspection will be specified

4

by the Nuclear Regulatory Commission (NRC) in their licensing of the main-
tenance of the disposal site. The NRC will also evaluate the results of the
inspection and make further recommendations.

N s ii: .
"' 1 | it'+ ,_ '

L J;

hf3-11

.



_ _ - _ _ - - ._

l
5

3 3 o ooo 7 p_o f o g.
L REFERENCES FOR CHAPTER 3

Caterpillar Tractor Company, 1981. Caterpillar Performance Handbook, 1981
Revised Edition No. 12, Caterpillar Tractor Company, Peoria, Illinois.

DEQW (Department of Environmental quality, Wyoming), 1982. Wyoming Air Quality
Standards and Regulations, Division of Air Quality, 401 West 19th Street,
Cheyenne, Wyoming 82002.

DOE (U.S. Department of Energy), 1982. Environmental Assessmen N reliminary

Cleanup Activities at of fsite Properties Contaminated by Tahip}s\ from the
Vitro Inactive Uranium Mill Site near Salt Lake City, OE/EA]'186,Albuquerque, New Mexico. v

DOT (U.S. Department of Transportation), 1977. Tenth 1R (t, Fiscal
Year 1976, U.S. Government Printing Office, Washi g on C.V

EPA (U.S. Environmental Protection Agency), 197 . Di et o of Air Pollutant
Emission Factors, EPA Publication No. AP-42, e tf' h 3. 2. 7.

EPA (U.S. Environmental Protection Agenc. 1980. D Environmental Impact,

Statement for Remedial Action Stand. If gr Inactive Uranium Processing
Sites, EPA 520/4-80-011, Washing on

FBDU (Ford, Bacon & Davis Utah I 1 E ineering Assessment of. .

Inactive Uranium Mill Tailing , 4po k ite, Converse County, Wyoming,
DOE /UMT-0119 (FBDU-360-15 re W the U.S. Department of Energy,
Albuquerque, New Mexic

National Academy of Sci 1980. EIR-III Report, The Effects on Popula-,

tions of Exposure _ to w dev of Ionizing Radiation: 1980, Advisory
Committee on B 6 al f eM s of Ionizing Radiation, National Research
Council. V

NSC (National a 't C n i ), 1980. Accident Facts, 1980 Edition.

NU.S. Depa nt o C erce, 1980. Estimates of the Population of Counties
Apoli n reas: July 1, 1977 and 1978, Series P-25, No. 873,an

Di he Census.

Wyoming 1 ym nt Security Commission, 1981. First Quarter 1981 State and
f County ary of Covered Employment and Total Payrolls by Industry.

Wyoming State Health Department, 1980. 1980 Vital Records, State of Wyoming.

3-

|

.

3-12

-- - - - - - _ - - -



,

33 0000 724/0E
4 SUMMARY

4.1 THE PROPOSED ACTION

The Spook millsite and tailings are located in east-central Wyoming,
in Converse County, 48 miles northeast of the city of Casper, Wyoming. The
site is 72 miles west of the border between Wyoming and South Dakota. The
Dry Fork of the Cheyenne River is about 1 mile south of the site.

The proposed remedial action is consolidation of the tail ad
contaminated material in the west end of an inactive open pi i on the
Spook site. Overburden left from the mining operation wou sed cover
material. The existing pit walls would enclose the stabil e le on wo of
its three sides, providing protection from wind and w o er contouring
of the open side of the pile and diversion of surfac a al the rim of
the pit would also help to minimize wind and water er a n

.

The proposed remedial-action program has b e lo e o meet the
proposed and interim standards issued by the Env t 1 Protection Agency
for the disposal of tailings and the cleanup of co ted land.

4.2 SUMMARY OF THE ENVIR M L IM OF THE PROPOSED ACTION
,

Table 4-1 summarizes the h rt e long-term impacts (discussed in
Chapter 3) of the propose eme a a i n.

.
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Table 4-1. Summary of the environmental impacts of the proposed action

.

Affected part
cts Long-term impactspof environment Sho t

Radiation Incre r- ughter concentration Reduction of radon-daughter concentration

isting 0 017 working at the site to approximately backgroundat the site o

level to a t 4 king level)a levels (about 0.001 working level)
.

Increase in wind o lings depending Elimination of windblown tailings

on wind velocit e ing e edial action

Gamma exposure to or r mi liraentgen Reduction of gamma-radiation levels to

over 8 weeks compare ackgr of about background (about 12 microroentgen per

5.8 milliroentgen over eek hour or approximately 100 milliroentgen
per year)

A Air quality Increase in air pollutants du i

0 (quantities vary according to u nt ,

but all are lower than emission nd )

Increase in fugitive-dust emissions
(quantities vary with wind velocity)

-

Soils pg ly 1500 cubic yards of filli

id d at the vicinity properties

Ov r ur e fr revious mining (74,000*

cub'c ds 1 be used as cover,

resultin i si tly beneficial impact
because n n ar a would be disturbed
for cover

Minerals Access to som ranium resources would be
limited by fil ing the pit

M M M M W M M M M M M M M m M M M m
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Table -1. Summary of the environmental impacts of the proposed action- g
(continued) g

f OT
r / s--,

As Affected part /
of environment Sh - et imp Long-term impacts

- VM Water Increased n fr table water Minor decrease in radioactivity of surface D
g\| (54,000 ga o 's e orker use plus runoff

134,400 ga o d e c use over 16 weeks)

Increased use rf u t control
I

,

: g (800,000 gallons r ek

Plants and Minor disruption of 1 fe f Loss of a portion of the habitat for
animals machinery noises and en oac t cliff-nesting and cave-nesting birds

Land use May affect nearby grazing ri 1 Loss of existing pit for uranium mining
i action

-

w

Noise Increase in machinery noise hear
workers on the site (short intermitt t
periods of 90 to 115 decibels on the
A-rated scale may occur)

Scenic, none
historic,

,and cultural
,

~

resources

Population and Increased employment positions
work force (16 for 16 weeks)

Housing, social Adequate housing and services available
structure,

and community
services

e
-C

%
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Table 1. Summary of the environmental impacts of tne proposed action
t

(continued)

. /I . A
I V N'

Affected part
of environment Short iga Long-term impacts

Economic Increased a ( 0) to local area
structure

Transportation Additional comm i era 6 round
! network trips)

Energy use Irretrievable use of u1 (60, ga lons)

during remedial action

I Nonradiation Worker accidents on the sit dps
i accidents remedial ;ction (two injuries

| aQuantitative estimates of impacts are in pare th s

t
,

I

e

1

1

1
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alpha particle A positively charged particle emitted from certain
radioactive materials. It consiste of two protons
and two neutrons, and is identical with the nucleus
of the helium atom. It is the least penetrating of
the common radiations and hence is not danger s unless
alpha-emitting substances have entered the .

aquifer A unit of unconsolidated or consolidate t a that
is sufficiently permeable to conduct dwater;fhe
source of wells. A confined aquifer i lain W
relatively impermeable material. c 'ned aquifer
is one associated with the water a e

background Naturally occurring low-lev i 1 nt which all life
radiation is exposed. Background ra in e vary from place

to place on the earth.

BEIR Biological Effects nizing ation. An acronym for
a committee of the N t o 1 Academy of Sciences and the
report, The EffpQts o lations of Exposure to Low
Levels of Ioniz'iphRaMiMrd 1980, generated by the
committee. V

beta particle A particl it some atoms undergoing radioactive
decay den 1 u >an electron. Beta radiation can cause
ski ns, ad ta emitters are harmful if they enter
the

curie (Ci) uni radioactivity of any nuclide, defined as
ci ly qual to 3.7 x 1010 disintegrations per second.

daughter Th clide remaining after a radioactive decay. A
product ug ter atom may itself be radioactive, producing

rther daughter products.

dos A general term denoting the quantity of radiation or
energy absorbed.

emanation Emission of radon from radioactive materials within the
earth.

endemic Belonging to or native to a locality or region.

exposure In a strict technical sense, a measure of the ionization

produced in air by X or gamma radiation. The special unit
of exposure is the roentgen, defined below. When the term
" exposure" is used in connection with the inhalation of

radon daughters, the special unit is the working-level
*month, defined below.

JLo64/i h';1/ -1-'
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\external gamma

Gamma radiation emitted from a source (s) external toradiation the body, as opposed to internal gamma radiation emitted
from ingested or inhaled sources.

eyrie A cliffside nest of a bird of prey.
facies

Part of a rock body; differentiated from other parts by
appearance or composition.

FBDU Ford, Bacon & Davis Utah Inc.

gamma background Natural gamma ray activity everywhere p n o ginat-
ing from two sources: (1) cosmic rad g bom ing
the earth's atmosphere continually, an N) erres rial

Iradiation. The amount of natural . 'ation absorbed 5by a Ierson in the United States r n e f bout 60 toabout 125 millirems per year.
.

gamma ray Electromagnetic radiation td r e nucleus of aradiocctive atom, with speci e ies for the atoms
of different elements and havi trating power similar
to that of X-rays.

ground water Subsurface wate in n of full saturation.

health effect Adverse phys ol r nse from radiation exposure
(in this e1 alth effect is defined as one

'
,

cancer de fr x ure to radioactivity).

inert gas One e ch "u ally unreactive gases: helium, neon,
arg ton, enon, and radon,,

job slot bor ition generated by the project.
lek i t'n ounds for sagehens, where the males perform

th peculiar dance to attract females.
lens geologic deposit thick in the middle and thin at the

dges.
=

man-r i A unit used in health physics to express amounts of
5(perso -re ) radiation received by groups of people. It is obtained 5

by summing individual amounts of radiation received by
all people in the population.

mesic Characterized by a moderate amount of moisture.
pR/hr Microroentgen per hour (10-6 R/hr).

mR/hr Milliroentgen per hour (10-3 R/hr).

.
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nuclide A general term applicable to all atomic forms of the
elements; nuclides comprise all the isotopic forms of all
the elements. Nuclides are distinguished by their atomic

_

number, atomic mass, and energy state.

pCi/g Picocurie per gram (10- 12 Ci/g).
_

pCi/l Picoeurie per liter (10-12 Ci/1).

2pCi/m -s Picoeurie per square meter per second (10-12 C1/m2.s).

potentiometric An imaginary surface representing the tota e of ground -

| surface water and defined by the level to which watu 1 rise in -

E a well.

- rad The basic unit of absorbed dose of iz g adiation.
A dose of 1 rad means the absorp o 10 gs of
radiation energy per gram of abso 'n ter' l.

radioactive A succession of nuclides, e c wh h t ansforms by :

radioactivedisintegrationit{bdecay chain t ext until a stable
nuclide results. The first me i called the parent,

I the intermediate me. are ca daughters, and the
final stable member 's a led the end product.

.

radioactivity the spontaneous ay o d tegration of an unstable

I atomic nucle s, u ly c mpanied by the emission of
ionizing r di "

.

|
-

radium A radi cti e le , chemically similar to barium,
form d a a u ite product of uranium (uranium-238).
The ommon ~ otope of radium, radium-226, has a

I f- o 20 years. Radium is present in all
ium r g material. Trace quantities of both

n na ~ radium are found in all areas, contributing

Q ckground radiation.
_

radon s ra oactive, chemically inert gas. The nuclide
on-222 has a half-life of 3.8 days and is formed as

daughter product of radium (radium-226).
.

radon Low levels of radon gas found in air resulting from the
backg n decay of naturally occurring radium in the soil.

radon The amount of radon per unit volume of air. In this
concentration assessment, the average value for a 24-hour period, j

determined by collecting data for each 30-minute period 1

of a 24-hour day and averaging these values.

radon daughter One of several short-lived radioactive daughter products
of radon (several of the daughters emit alpha particles).

radon-daughter The concentration in air of short-lived radon daughters, -

concentration expressed in terms of working level (WL).

906y/ -
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radon flux The quantity of radon emitted from a surface in a unit
2time per unit area (typical units are pCi/m _s),

recharge The processes by which water is absorbed and added to

the zone of saturation of an aquifer, either directly g
into the formation or indirectly by way of another 5
formation.

rem (roentgen The unit of dose equivalent of any ionizing radiation
equivalent man) which produces the same biological effect as unit of

absorbed dose of ordinary X-rays, numerical y ual to
the absorbed dose in rada multiplied by th a priate g
quality factor for the type of radiatio Nhe red is 5
the basic recorded unit of accumulate ui nt
to personnel.

riprap An irregular protective layer of b o n oc .

|
~

roentgen (R) A unit of exposure to ioniz n i< 1 It is that.

amount of gamma or X-rays r q re o duce ions 5

carrying 1 electrostatic unit o e e trical charge,
either positive or ne tive, in 1 ic centimeter of g
dry air under stand r nditions, numerically equal to 32.58 x 10-4 coulom r 'logram of air.

tailings The remainin etal-bearing ore after most
of the desir su as uranium, has been extracted.
Tailings o t n other minerals or metals not
extract =d he c s (e.g., radium).

UMTRA Ura g ill b ngs Remedial Action

vicinity er hich contaminated material has been
properties n,>or from the tailings site.

working level A radon daughter exposure, equal to any combina-
(WL) io 'f short-lived radon daughters in 1 liter of air

i t will result in the ultimate emission of 1.3 x 105
lion electron volts of potential alpha energy. This |

,-

evel is equivalent to the energy produced in the decay 5
of the daughter products that are present under equi-
librium conditions in a liter of air containing 100 pCi g
of radon-222. It does not include decay of lead-210 g
(22 year half-life) and subsequent daughter products.

working-level The exposure resulting from the inhalation of air with a
month (WLM) concentration of 1 WL of radon daughters for 170 working

hours.

I
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AGENCIES AND PERSONS CONSULTED

Assistant to Pete Greiner, Wyoming State Highway Commission, to determine |
" Maximum Roadway Use Approval" requirements to maintain compliance with |

IHighway Safety Act of 1966 and subsequent amendments.

Grey Bogden, Director of Environmental and Occupational Safety, Western
Nuclear Company, Lakewood, Colorado, to determine status and f ture plans
concerning excess overburden materials adjacent to the Spook e.

i

Lillian Chambers, Converse County Assessor, Converse County urthqu j,

Douglas, Wyoming, to obtain information regarding own s fst and i

borrow areas.
'

!

Department of Environmental Quality, Division of Air Q a i , enne,

Wyoming, to obtain copy of Wyoming Air Quality S na s nd egulations,
1982 edition. -

F. Dickson, State Conservationist, Wyoming Soil o e ion Service,
Cheyenne, Wyoming, to obtain information on so'l a ing requisites for
surface and subsurface resources an eral roy es grants.

Dave Eckles, Associate State Archaeo og i ersity of Wyoming, Laramie,
Wyoming, to obtain information at o egistered archaeological
resources in proposed borrow si al

Ed Grant, Industrial Siting C n il yenne, Wyoming, to determine State
permit needs for cons cti e *ons in north Converse County.

Richard T. Hornbuckle,I r le R ch, north of Douglas, Wyoming, to
determine avail - it a co s of water for dust abatement during
remedial actio .(

James May, Wy C s on Commissioner, Laramie, Wyoming, to determine
State wat s ur onservation requirements relative to remedial
action r 'n Co erse County.

Daniel 4 t hel rector, National Climate Center, National Oceanic and.

y e' Administration, Federal Building, Asheville, North Carolina,

\ 4ypmmarizedwinddataforweatherstationsnearestspooktb u
millh te

Charles Porter, Wyoming Department of Environmental Quality, Solid Waste
Management Program Assistant, Cheyenne, Wyoming, to determine remedial
action program level of compliance.'

Ron Reckner, Associate Geologist, Bureau of Land Management, Platte River
Resource Area, Douglas, Wyoming, to receive soil map legend data and
information on " Free Use Permit" requirements.
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Appendix A

ENVIRONMENTAL PROTECTION AGENCY PROPOSED AND i S NDARDS
AND NUCLEAR REGULATORY COMMISSION LICE IT -

FOR INACTIVE URANIUM PROCESSING
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ENVIRONMENTAL PROTECTION AGENCY PROPOSED AND INTERIM STANDARDS
AND NUCLEAR REGULATORY COMMISSION LICEi; SING CRITERIA T

3

FOR INACTIVE URANIUM P10 CESSING SITES

N

A.1 ENVIRONMENTAL PROTECTION AGENCY STANDARDS
- g(

Under Public Law 95-604, no remedial action may begin unt 1 cleanup} ~

(okn issad. gstandards have been promulgated. The final standards have n ,

However, in order to permit remedial action to,begin at co t i ate-. V inity $
,

properties, the Environmental Protection Agency (EPA) bas ' d inte 'a ,

'
standards (45 FR 27366-27368, April 22, 1983) for'cre ds structures ,-

; .

in which elevated radiation levels occur because of r en e f residual ,

radioactive materials from a designated inactive pn ' i ite The nuneri- ,

cal criteria are outlined in Table A-1. . )
y

\ .,

j gss

rezac 1 action cleanupTable A-1. EPA interim standanc N ot
of open lands and s rbd res

,

%)
'

'-

4 \
I

Type of radiation Standard
''

External gamma radiation ( R) Remedial action requir?d if EGR ,[' 1

in dwellings greater, tr.an 0.02 millircentgen i '

per hour above background

Remedial action rbquired if RDC - sRadon daughter ce 'o
(RDC) in d gs greater than 0 315 working level

N/ including background (annual !, '

\average) s

Radi -2 6 tr tion on Remedial a'ction required'21 E

o lan s radium-226 greater than 5 pico-
curies per gram

_ .

_

's
\ ,,

')
The EPA has also proposed standards governing the disposal of residual

radioactive materials f rom inactive uranium process:.ng sites (45 FR 2556-2563,s

January 9, 1981). These standards place limits'on 'Lae amounts'of certain
elements and substances that may be relcased from the' final, disposal site.
In addition, the disposal of the radioactive material ;ausc' be done in such a
manner that there is a reasonable expectation that the, Limits in the proposed
standards will be maintained for at least 1000 years. The standards impose
the following limits:

; (
.
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1. The average annual release of radon-222 at the surface of the site
is limited to values less than or equal to 2 picocuries per square
meter per second (annual average) plus the radon emission expected
trom the material covering the tailings.

|2. Concentrations of the elements listed in Table A-2 in sources of
underground drinking water are limited. Material released from 5
a disposal site is neither to cause the concentrations of the
specified elements in underground drinking water to exceed the
levels in Table A-2 nor to result in any increase in the concen-i

trations in water that exceeded those levels before the edial
actions for causes other than residual radioactive m These.

limitations apply to underground drinking water be lometer
from a disposal site that was a processing site ond .

kilometer from a new disposal site.

.

Table A-2. EPA proposed standards fo 1 t o entration
in sources of underground water

Maximum permissible
concentration

Element in ground water

Arsenic s 0.05 milligram / liter
Barium 1.0 milligram / liter

Cadmium 0.01 milligram / liter

Chromium 0.05 milligram / liter
Lead 0.05 milligram / liter

,'

Mercury 0.002 milligram / liter
Molybdenum Q 0.05 milligram / liter

Nitrate nitro nv 10.0 milligrams / liter

Selenium 0.01 milligram / liter

Silver 0.05 milligram / liter

Combi ed i 1 26 and radium-228 S.0 picocuries/ liter.
Gr s ph cle activity

in 'ng um-226 (but
i g radon and uranium) 15.0 picocuries/ liter

' ' 10.0 picocuries/ literq

s

3. Materials released from disposal sites should not cause an increace
' in the concentration of any toxic substance in any surface waters.

\ In general, surface ' waters me.ans any bodies of water on the earth's
' ' strface that the public may traverse or enter, or from which food

may be taken..
,

t'
' T .,, ,
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A.2 NUCLEAR REGULATORY COMMISSION LICENSING CRI' FERIA k

' '

s -. , . p

( The Nuclear Regulatok | Commission (NRC) has not issued and does not
"intend to issue regulationsi hat apply to the clean 0p and disposal oft ,

residual radioactive mat.erbla at the Uranium Mill Tallings Radiar,lon Control-
Act (UMTRCA) Title I inacti[si uranium processing sites. In conformance with (
UMTRCA, NRC concurrence in pfoposed remedial actions and determinations as
to the licensability of ;3isposal sites for such materials will be to assure -

,

compliance with the final EPA standsrps discussed in Gection A.1. On October!

| . 3, 1980, however, the NRC did issue regulations governing disposal of tailings
from active uranium-milling operations. These regulations (45 FR 533-65536)
are not applicable to Uraniumj4111 Tailings Remedial Action Pr emedial

j actions, but do contain techrical criteria, primarily in the o of rform-
' ance objectives, for disposal of uranium mill tailings. A u th ill

not be applied by the NRC to the inaEtive sites, the NRC t 4c 1 cri ria
embody considerations that are rel'fvant to the evaluat o edial-action
alternatives for an UMTRCA Title l' inactive site.

...

-
.

4

e
.

O

| 1
x

,>
,

.

9 L: x
,

,

9 7
>

,

. .

%-

r f

0.:? C A_ J0CET C0?Y M 4I
a-3

.

_ _ _ . _ -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-

s

i i

0000 A 0/0[
.

r>
,

,
s

'3 .

1

sr

' i,
1

Appendix B

AEPLICABLE PERMITS, LICENSES, OR AP
FOR REMEDIAL ACTION

'

| AT THE SPOOK SITE
.

8

0

Q '

.

-

x

.

OFFICIAL DOCKET Co?Y
'

,

00(o9/ ,

_.



_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ - _ _ _ -

|
|

|
h 3 OO O O ~/3 g /O { Appendix B

I
APPLICABLE PERMITS, LICENSES, OR APPROVALS

FOR REMEDIAL ACTION
AT THE SPOOK SITE

I
Applicable
permit, license, Granting or

I or approval approving authority Remarks

Free use permit Bureau of Land Management, Title 43, Co - aderal

1
Platte River Resource Area, Regulation M ra Material
Casper District Office, Regulati rt Q;
Wyoming classifi t requi ents;

90- ev w riod;

I int > - r n al agency
coo e t ag ement;

i1 r y lty fee of $0.10
e on

14aximum roadway Wyoming Department of n vehicles not to

I
use approval Transportation, Wyo ex state and county

Department of Publi road weight limits of 36,000
Safety, Highway t 1 pounds; 20,000 pounds single-

axled vehicles; gross weight

I exceeding these limitations
is determined by the bridge,
the distance from the front

I to the rear axle of a tandem
vehicle.

I
Water rights vat - d ner Culinary water use during
lease approximate 16-week period;

divereion rights from private
water user.

Solid was W mi g State Solid Under Resource Conservation
disposal a te Division and Recovery Act require-

I approv 1 ments, notification and plat
identification of site under
post-closure requirements.

NRC licens U.S. Department of Energy, Closure requirements approval;
U.S. Nuclear Regulatory ownership reverts to the
Commission, Wyoming State Secretary of E'ergy (Sectionn
Division of Radiological 104(f) of Public Law 95-604);
Health Services process still in proposal

stage.
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SUPPORT CAICULATIONS, SCHEDULES, AND STANDARDS

C.1 VOLUMES OF CONTAMINATED MATERIALS

The information in this section has been derived from data t n from
tiret Engineering Assessment of Inactive Uranium Mill Tailings, ite,
Converse County, Wyoming, prepared by FBDU (1981) for the U. Dip qt ent
of Energy, Albuquerque, New Mexico. The assessment state t er e
187,000 tons of contaminated tailings. At 100 pounds per oot, 7,000
tons is approximately 138,500 cubic yards. The volum c t inated
subsurface and windblown areas listed in Table C-1 w r ut rom plani-
meter readings taken from the area decontamination 1 n, F e -1 of the
engineering assessment, as shown in Figure C-1A. *

Table C-1. Con ted vol

\\ b
Volume

Area \ (cubic yards)

Tailings : 138,500

2 feet contaminate urfa : 27,900

0.5 foot conta te w b n : 12,900

Total : 179,000m_

T t in materials are to be stacked in the west end of the
exis t as shown in Figure C-1A. The sides of the triangle are
const be vertical for contingency and for ease of calculating.

The di sions in Figure C-1 give the following volumes for the four
portions of the pile labeled in Figure C-1B:

1. Portion a, 90,500 cubic yards.

2. Portion b, 57,200 cubic yards.

3. Combined portions e and d, 45,200 cubic yards.

The total volume contained is therefore 192,900 cubic yards, which
*

allows contingency volume at about 8 percent.

SoHI"~'
0FFIC AL 30CKET C03Y
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The entire stack will be covered with 11.5 feet of cover material,

consisting of 10 feet of overburden and 1 5 feet of rock. Table C-2 shows the
'

volume of material required for the cover in terms of the portions labeled in
Figure C-1B.

Table C-2. Cover-material volumes

Volume
Area (cubic fee

585Cover volume of a =

,0Cover volume of b =

Cover volume of c and d =

Subtotal 17

Plus 15% contingency 0,000

Total 992,000g

m
The total cover voi nee is p roximately 2,000,000 cubic feet, or

74,000 cubic yards.

Disposal at uns if d c ons at distances of 5, 10, and 15 miles is

also costed. Thes ns 1 clude excavation, fine cover and rock cover,

and work force and t imates.

The disp a. t u d be 30 feet deep with 1:1 sloped sides, and wouAd
have two a.ce r c es. The pit is assumed square in plan view. Fine cover
material, f t i k (from the pit), and rock cover 1.5 feet thick at the.

top, w 1 e 1t t after filling. The total thickness allowed for
disp lings is then 22 feet.

The isgosal pit and the successive layers of cover are all inverted
truncated pyramids. Likewise, the cover-layer volumes consist of a fine-cover
volume of 59,600 cubic yards and a rock-cover volume of 14,200 cubic yards.
Final surface dimensions are 507 x 507 feet.

The access trenches would require excavation. The trenches are assumed

|
to be 20 feet wide at road level and to have a 1:1 side slope and a roadway

| grade of 10 percent. The total volume to be excavated for both access ramps
is 13,500 cubic yards.

| *
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C.2 DURATION AND EQUIPMENT

IThe heavy equipment that will be required for this work is as follows:

1. Four 12-cubic-yard dump trucks.
2 One grader.
3. One water truck.
4. Two front-end loaders.
5. One bulldozer / compactor.

Assuming that the haul is an eighth of a mile and a an g
eight trips per hour, we can compute the number of hours v icle-Mles i

needed to move the contaminated material shown in Tab -1. nder these |
assumptions, the 179,000 cubic yards of contaminated 'al a be moved in

.

the four dump trucks in about 8 weeks. The trucks w 1 t 1 total of 3800 |

vehicle-miles.

The haul for the cover material is approxi tAl 0 25 mile. The trucks
will be able to make about four trips per hour. the 74,000 cubic

|yards of contaminated material will re about 7 s and 3100 vehicle-
miles. 5

The total time and number of h'cl 'l equired, plus 1 week
contingency that includes level' g, and 7000 vehicle-miles.

I
C. NNEL, QUIPMENT, AND FUEL USE

Table C-3 pr
'

the i ormation used in the calculation of the
personnel require a pr ected fuel consumption for the proposed action,
including cle o t i inity properties.

The is i :s e rthmoving equipment (cat, shovel, scraper, truck,

y i sel or gasoline engines), used in off-highway * situa-loader, e c ,

tai rom the Compilation of Air Pollutant Emission Factorstions, a =

(EP 1 7Q. he particulate emissions produced by the proposed action are,

show i Tbe -4.

M s are calculated for 16 men for 16 weeks, assuming that 2000
hours is the standard for a man-year, even though it is expected that the work
will be completed on a 60-hour-per-week basis. The project will require,

| under these assumptions, 7.7 man-years.
1

I
*0ff-highway means hauling, moving, scraping, digging, or bulldozing

(even though some of the route may use roads or highways)*.

C-4
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{ Table C-3. Equipment, fuel, and personnel estimates

( Gallons Total
Number per hour Hours gallons

f Equipment

Dump truck, 12 cubic yards 4 50 %0 19,200
Grader, Caterpillar 12G 1 4.6 960 4,400
Water truck 1 6.2 6,000
Loaders, 5 cubic yards,

Caterpillar 980C 2 8.5 6,300
Compactor / dozer 1 10.0 9,600

Total 55,500

( Includin c t nc. 60,000

Personnel (the operators above plus the follow 1

Oiler 1

Supervisor

p Surveyor 1

[ Helper
Radiologists, health physics

managers

Total

V

V

f Table C- P icu ate emissions for the proposed action

a
Emission factors

Pounds per Total Pounds
1000 gallons gallons Pounds of per

( t of fuel burned of fuel- pollutant month

carbon monor de 92.2 60,000 5,550 1,400

{
Hydrocarbons 30 60,000 1,800 450

Oxides of nitrogen 524 60,000 31,450 7,850

Sulfur dioxide 31.2 60,000 1,850 450

Particulates 17.7 60,000 1,050 250

.

l
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C.4 COST ESTIMATES

IFour different cost estimates are outlined in this section. The items
in all of the sections are rounded to the nearest $1000. The time, personnel,
and equipment figures are taken from Sections C.2 and C.3.

C.4.1 Stabilization in the pit (the proposed action)

Table C-5. Cost

itemizationforstabilizationAhh- Nit
i

Item Cost

Leveling the stack area in pit, full crew for 4 each 1 -h S 16,000
days = 16 men x 40 hours x S25 per hour. .

Stacking 179,000 cubic yards of contaminated ta i go ad 644,000a
soils (Table C-1). 0.25-mile round trip at S3.60 (
cubic yard. This includes excavation, ng, haul ,

placement, and compaction.

Covering of the contaminated stack i (, 0 ic 266,000a g
yards (Section C.1) of overburd t a e site. 3)y d. This includes0.5-mileb round crip at S3.60 e c
excavation, loading, hauling, ace e t, d compaction.

tiealth physics manageme a d ra 'o ogica' monitoring. 86,000
An average of 3 workers a S 0 pe y er worker,
for 6 days a week f 16 e .

Vicinity propertie S9 and 8 at $7920. 131,000,

' Subtotal $1,143,000
Engineering, 15% 171,000

h Contingency, 30% 343,000

IRounded total S1,650,000

aC t loped using Means (1981), supplemented by interviews with |
Salt Lake c' y, Utah, contractors in the summer of 1981. E

bAlthough the haul is farther than the previously listed item, the
material is not contaminated, and the cost is therefore lower. The high cost E
of handling contaminated material is a result of the additional time required E
for such actions as radiological monitoring, truck washdown, lining the truck
bed with a plastic sheet, tarp-cover placement, and tarp-cover removal.

I
I-
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p.4.2Socce 72 olo &Move tailings to the Bear Creek Uranium Mine and Mill (Alternative 2)

The transportation cost of hauling the tailings and contaminated material
to the Bear Creek site is

2.5 miles x 179,000 cubic yards of contamination x $1.00* per cubic yard
per mile %$450,000.

C.4.3 Disposal in another open pit (Alternative 3)

Using the same cost per cubic yard per mile as in Sectio , the. .

transportation cost of hauling the tailings to an open pit so of

the Spook site is

1 mile x 179,000 cubic yards of contamination x ~$ 000.-.

.

C.4.4 Stabilization at distances of 5, 10, and ifks\(Alternative 4)
V

The following assumptions have bee led in lating the costs
of disposal at unspecified locations at 1 ces of 5, 10, and 15 miles.

1. Cover material would c s o 6. et (2 meters) of soil plus
either 1.5 feet of m u h oarse material and riprap (for a

f to psoil (for a total of 7 feet).total of 8 feet) or .

2. A suitable dis a sit ul be within a specified radius of 5,
10, or 15 mile .

3. The dis te o require minimal preparation prior to
excavatio wo d include stripping of vegetation and stock-.

pili y oil.

4. e 1 a s e would be suitable for evaluation according to the
a ki t m established by the DOE (1982).

. a cads would require upgrading for 2 miles on any option.

6. To 1 below-grade disposal would be possible to a depth of 30
f .

7. The fine grained cover would be available from excavation of the
disposal site.

' Cost developed using Means (1982).
.

0" C AL 20CKET COPY 2MIc-'



I
8. Coarse cover and riprap or revegetation would be used depending on

the area and the proposed action (i.e., if the proposed action calls
for revegetation, disposal sites would be revegetated and the
assumption made that water for irrigation would be available at the
site.

9. Coarse material and riprap material would be available within a
5-mile radius. Drilling and blasting would be required. !

10. The costs of excavating, loading, hauling, placing, and pacting
coarse and riprap material would be $4.40 per yard for -mile
haul.

11. The cost of ht.ndling contaminated material, incl d xca a ng,

loading, hauling, placing, and compacting (in tr 1 ned w h
plastic sheeting and covered with tarps) wo ollows:

SS.55 per yard for a 5-mile haul
$7 35 per yard for a 10-mile haul -

S9.15 per yard for a 15-mile haul

12. Dust-control water would be available wi n)5 miles of the disposal
site.

13. The disposal site would se need.

The cost estimates for cified locations at distances of
5, 10, and 15 miles are inclu in a -6, C-7, and C-8, respectively.

I
I9
I
I
I
I
I
I-
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Table C-6. Cost itemization for stabilization at 5 miles

Item Costa

site preparation, setup, level, preliminary S 20,000
survey, 40 hours for 16 men, $25 per hour plus
equipment at $100 per hour -

Excavating pit, replacing fine-cover soil after 946,000
. filling, 0.5-mile haul distance. 326,100 cubic
yards at $2.90 per cubic yard

Placing contaminated material in pit, 5-mile haul. 93,000
179,000 cubic yards at S5.55 per cubic yard

Drilling and blasting cover rock, piling at blasting 85,000
area. 14,200 cubic yards at S6.00 per cubic ya -

Hauling and emplacing cover rock, 5-mile haul. 62,000
14,200 cubic yards at $4.40 per cubic yard

Constructing 2-mile length of 30-foot- ieg vel 103,000
road. Gravel at $2.90 per cubic ya

security fencing, 2200 lineal f t S r foot 28,000.

Management, health physics pe s ne n-days- 126,000
at S350 per man-day

Vicinity properties, 7 t 9 5 an at S7920 131,000

Subtotal $2,494,000
Engineering, 15% 374,000
Contingency, 30% 748,000

Total $3,616,000

e D ed to the nearest S1000.a

|

;

.
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Table C-7. Cost itemization for stabilization at 10 miles

I
Item Costa

Site preparation, setup, level, preliminary S 20,000
survey, 40 hours for 16 men, S25 per hour plus
equipment at $100 per hour

Excavating pit, replacing fine-cover soil after 946,000
filling, 0.5-mile haul distance. 326,100 cubic

yards at S2.90 per cubic yard

Placing contaminated material in pit, 10-mile haul. 1, 16,000

179,000 cubic yards at S7.35 per cubic yard

Drilling and blasting cover rock, piling at blasting 85,000

area. 14,200 cubic yards at $6.00 per cubic ya -

Hauling and emplacing cover rock, 5-mile haul. 62,000

14,200 cubic yards at S4.40 per cubic yard

~

Constructing 2-mile length of 30-foot- ie vel 103,000

road. Gravel at $2.90 per cubic ya

Security fencing, 2200 lineal f t S r foot 28,000.

Management, health physics pe s ne n-days 151,000

at $350 per man-day

Vicinity properties, 7 t 9 5 an at $7920 131,000

Subtotal $2,842,000
Engineering, 15% .426,000

Contingency, 30% 853,000

Total $4,121,000
-

a o e d to the nearest $1000.

I
| I

I'
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Table C-8. Cost itemization for stabilization at 15 miles

Item Costa

i Site eparation, setup, level, preliminary $ 20,000

survey, 40 hours for 16 men, $25 per hour plus
equipoxint at $100 per hour

Excavating pit, replacing fine-cover soil after 946,000

filling, 0.5-mile haul distance. 326,100 cubic
yards at $2.90 per cubic yard

/

Placing contaminated material in pit, 15-mile haul. 1 8,000

179,000 cubic yards at $9.15 per cubic yard

Drilling and blasting cover rock, piling at blasting 85,000

area. 14,200 cubic yards at $6.00 per cubic ya .

Hauling and emplacing cover rock, 5-mile haul. 62,000

14,200 cubic yards at $4.40 per cubic yard

Constructing 2-mile length of 30-foot- avel 103,000

road. Gravel at $2.90 per cubic ya d

Security fencing, 2200 lineal f t 2. r foot 28,000

Management, health physics a nn n-days 176,000,

at $350 per man-day

Vicinity properties, 7 t 9 75 an at $7920 131,000

Subtotal $3,189,000
Engineering, 15% 478,000
Contingency, 30%' 957,000

Total $4,624,000

o re ed to the nearest $1000.
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C.5 WATER USE

IIt is estimated that 35 gallons of potable water are required per
person per work day. For 16 workers, 54,000 gallons of potable water will
be needed.

Water is also needed for dust control. A typical water truck holds
4000 gallons. At an estimated average of two trips a day about 800,000
gallons will be required.

An increased population of 12 people, each using 100 gall s r day
for 16 weeks, will require a total of approximately 34,000 al s om the
Converse County supplies of domestic water.

Tne total increase in demand for water is as fol :

54,000 gallons worker use .

800,000 gallons dust control
134,000 gallons domestic use

988,400 gallons total

I
C. D T RISK

an tality rates were obtained from theThe following truck gcid
National Safety Council A4cident eqts, 1980 Edition. The total of estimated
vehicle-miles is taken

'

ectio V C.2 and C.8.

I1 s
9 x-

able C-9. Accident rates

-

Vehicle-
tm Rate miles Accidents

%

Acciden ra e Tall trucks) "," 7330 0.058

7330 0.025Fatality-involvement rate
,

7330 0.011Driver-fatality rate
,

-

C-12
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C.7 AIR-QUALITY STANDARDS AND CONSTRUCTION SOUND LEVELS

Table C-10 is a list of Federal primary and secondary air quality
standards.

Table C-11 includes measurements of sound levels at various distances
from different types of construction equipment.

C.8 VICINITY PROPERTIES

The following are generic assumptions for the 15 vici ope t s at
Spooks

1. There are 100 cubic yards ot contaminated a an uired fill
at each property.

.

2. Half the properties require a 5-mile u dh uire a 10-mile
haul. An odd number would be considere mile haul.

3. Fill is available at 5 miles fr he prope .s.

4. Equipment is available with n f the property, and it is
5 miles from one property no .

The assumed equipment for reme ia bn t the vicinity properties is shown
below. This equipment is the e the 5-mile and 10-mile hauls.

1. Two " lowboy" tr i e s wi ru ks..

2. Ten dump tr s, yards each.

3. Three pic t ks.

4. Thre n -e o ders.

5. o u d z rs.
.-

Note- rators will work with more than one equipment item.
/

The rele nt d a per site, as calculated for the 5-mile haul situation, are
as follows:

1. There would be about 400 gallons of fuel used. This number is from
the number of running hours for the equipment times the hourly fuel
use of the equipment.

2. The crew is estimated to be about the same crew used for material'

handling, working on the vicinity properties before material-handling

0I''''ndidudV
[* k can commence at the site. This is basically.during the set up

the site.
" C. lj ff'pf; ? .

' ' ' %;
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Table C-10. Federal ambient air stande.rds

Standardsa
Averaging

Pollutant period Primary Secondary Remarks

Sulfur annual 0.03 parts- none Arithmetic mean
dioxide per-million

(ppm) (80
micrograms per
cubic meter
or 80 yg/m3 )

h o be24 hours 0.14 ppm none ceeded
(365 pg/m3) r than once per E

ye 5

3 hours none 0.5 m 1-t to be exceeded.

(13 0 re than once per
pg/m ) year

Particulates annual 75 pg/m3 60 pg/m Geometric mean

24 hours 250 pg/ 3 g/m3 Not to be exceeded
more than once per E
year 3

Carbon 8 hours 9 Same as Not to be exceeded
monoxide (10,0 Primary more than once per

g/m year

1 ho fit . Same as Not to be exceeded
0 Primary more than once per un,

p 3) year

Ozone 1 or 0.12 ppm Same as Not to be exceeded
(235 pg/m3) Primary &N than once per

Iva t-

Hydr 3 hours 0.24 ppm Same as Lozrected for
( 160 p g/m3 ) Primary methane. Not to

be exceeded more |
than once per year W

Nitrogen annual 0.05 ppm Same as Arithmetic mean
3dioxide ( 100 y g/m ) Primary

Lead 3 months 1.5 pg/m3 Same as Arithmetic mean
Primary

aAt standard temperature (25'C) and pressure (sea level 760 millimeters
of mercury) conditions.

Source: Title 40, Code of Federal Regmlations, Part*50.
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Q Table C-11. Sound levels from construction equipment g

D~

~ o
Q Sound levels in decibels on the A-rated scale (dBA) 6
. ;; 3 at indicated distances from source 0

q~

N feet 25 50 100 200 500 1000

lb Equipment meters 7.6 15.2 30.5 60.9 152.9 304.5 &
*

[ IMPACT EQUIPMENT

,
Jackhammers, rock drills,) and pneumatic chippers 87-104 81-98 75-92 69-86 61-78 55-72

O
INTERNAL COMBUSTION
ENGINE-POWERED EQUIPMENT /

O
1 Earthmoving
u,

Tractors, bulldozers -1 96 70-90 64-84 56-76 50-70
Scrapers, graders 86- 0-93 74-87 68-81 60-73 54-67
Trucks. 88- 82-93 76-87 70-81 62-73 56-67
Backhoes 78-99 72-93 6-87 60-81 52-73 46-67

Front-end loaders 79-92 73- 6 7-80 61-74 53-66 47-60

Materials Handling
.

Cranes (moveable) 82-93 76-87 7- 64-75 56-67 50-61*

Derrick cranes 92-94 86-88 8 -82 -76 66-68 60-62

Stationary Equipment

Compressors 80-93 74-87 68-81 6 5 54-67 48-61

Generators 77-88 71-82 65-76 d9-70 51-62 45-56

Pumps 75-77 69-71 63-65 57-59 49-51 43-45

l
D Source: EPA, 1972.

. O
T
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3. It will take 1 day of 9 hours to complete the remedial action at two
vicinity properties. Therefore, the eight properties at 5 miles will
take 4 days.

4. Adding the travel miles of the equipment items calculates to about
330 vehicle-miles and 1000 yard-miles.

5. Based on $25 per hour for labor, and using the estimated hourly
equipment involved, the cost per property is about $7920. Adding
engineering fees and contingency gives a rounded total of $11,500
per property.

The relevant data per site, as calculated for the 10-mile ha - ua on, are
as follows: *

1. There would be about 500 gallons of fuel use f hi n mber is from E
the number of running hours for the equipment t urly fuel 3
use of the equipment. V

2. The crew is estimated to be about the e rw se for material
handling working on the vicinity prope i re material-handling
work can commence at the site. This is b sl 1 y during the set up
and survey time at the site.

3. It will take 1 day of 11 ho rs t p ete the remedial action at two
vicinity properties. Ther e, n properties at 10 miles Ewill take 3.5 days. g

4. Adding the travel mi of pment items calculates to about
480 vehicle-miles nd qy miles.

5. Based on $25 p for or, and using the estimated hourly
equipment c ge o th uipment involved, the cost per property
is about f Ad41 ngineering fees and a contingency given a e.

rounded t a 14, 0 per property.

The hour y o each situation of 9 and 11 hours averages to the
10-hour da u t o gh t this document.

TQa ti r remedial action at the vicinity properties is the
tota ( w -mile haul properties and the 10-mile haul properties as shown

above,y g\a t .5 days.

I
I-

,

I
E-
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C.9 EFFECT OF COVER ON RADON EMISSIONS

The following values were used to estimate the effect of 3 meters of a
[- silty-sandy cover on radon emissions from tailings:

1. Emission from standard bare tailings (radium-226 content of 285 pico-
curies per gram) assumed to be 285 picocuries per square meter per
second (NRC, 1980).

2. Diffusion coefficient from tailings assumed to be 0.047 re centi-'

meters per second and porosity of air in the tailings d to be

0 35 (NRC, 1980).

3. Diffusion coefficient for silty sand assumed to 2 squa
centimeters per second and porosity of air i c e assumed to
be 0.294 (NRC, 1978).

[ 4. Radon attenuation for 3 meters of silt sa t a d to be equal
to 04039, using an equation from FBDU 18 .

Using these assumptions, the radon flux from er cover of silty
sand is estimated to be about 11 picocu r squa eter per second.

'
(

[

[ 9

[

[

[ : - - 1 (yery noo /
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Appendix D

SUMMARY OF BIOLOGICAL FIELD STUDIES

The -terrain surrounding the Spook site consists of rolling plains. The
Dry Fork of the Cheyenne River winds through these plains. The predominant
kinds of vegetation are sagebrush and grasses; trees occur in mesic areas.
The Spook site lies within the grama-needlegrass-wheatgrass associ tien of
potential natural vegetation types defined by Kuchler (1964).

>

\

D.1 HABITAT

During the 1981 reconnaissance, two sagebrush c i our.,

grassland communities, and a higt.ly disturbed " "r a re mcpped.
All communities had suffered at least some dist a f m at mining
activities. All plants recorded during the rec n a e are listed in
Table D-1. Because the plant communities are qui i ar to each other,.

major habitats were defined according t degree at disturbance
they had experienced. The following a v n es of habitats havu been
distinguished by Westech, Inc., (19 ) - r the siter .

1. " Barren" area. This re 1 ud the tailings and overburden
piles, parts of the p ,h roads, and other disturbed
parts of the sit hat - e ntially failed to revegetate. Only
11 plant speci e re ed in this area: western wheatgrass,
Japanese brome, rass foxtail barley, Indian ricegrass, lamb's
quarters, b dflax, curl-cup gumweed, prairie sunflower,
scarlet llo n fourwing saltbush. Several of these are
considere est ab or noxious species.,

2. Ind'a gr weedy forb (Orhy/forb). Much of the disturbed area
s e 1 o de by weedy forbs. Unlika the " barren" area, however,
ian r M ass has also become established in this community. The

etween the two appears to be a function of the degree ofren

u bance (the most heavily disturbed sites were " barren") and
of soil type and nutrient composition.

3. Ch tgrass/forb (Brte/forb). Like the community above, this type
was found on naturally revegetated disturbed areas. Microsites
appeared to be slightly more mesic than the Orhy/forb type, and
consequently were dominated by the cool-season cheatgrass.

4. Big sagebrush / silver sagebrush (Artr/Arca). Some areas of the Spook
site, particularly swales and slight drainages, were only partially
disturbed during mining or have been naturally revegetated by a
mixture of sagebrush and grasses. Although big sagebrush usually
dominates in these areas, the more mesic silver sagebrush is
co-dominant at microsites. *

OFF!C AE DT"" 7 -'
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Vet,etabionrecordedatthoSpocksiteTarle D-1.

N

|
s

, < 1

S ec2etv i Common name B
i g

=GRWN0fDS ,'
p

Agropyree caninu_m bearded wheatgrasem

Agropyron gistatum
,

crested wheatgrass

j Agropyron smithii western wheatgrass
Bouteloua.gracilia blue grama

Bromus inermis | smooth brome
Bronus japonicus Japanese brome |

,

' \ cheatgrass WBromus tectorur: '

'

Buchloe dactyloides b;;f f alograss,

Carex filifolia thread-l= f e e'

foxtail eyHordeum jucatum '

,

yoeleria cristata prbirie ' e a

an]iOryzopsis hymenoides In a
Sitanion hystrix .sq i r It i

=Stipa comata ne 1 -c hread

Stipa viridula gree ns 1 grass

I
s FORBS

\J' der sandwortArenaria hookeri
Artemisia frigida , fringed-leaf sagewort

Astragalus bisulc two grooved milkvetch

|i
,

Astragalus graAlis slender milkvetch
Astragalus spa \tllatus draba milkvetch 5

Chenopodium % W lamb's quarters
Chrysop viMo hairy golden aster E
Cirsitpr( .nseh\ Canada thistle 3
CirsiuA bensy pl'atte thistle
CgrraTr4ra deVata pale bastard toadflax
Db7phithum ~hteri Geyer larkspurp

Ehibrbnhum/1us low fleabane-

auNaNohdinea scarlet gaura'

6411aVpi6ata spicate gilia |
rindelia squarrosa curl-cup gumweed E

g,

glhanthugannuus common sunflower
Merianthuc_ petiolaris -rairie sunflower g

menopappus filifolius narrow-leaved hymenopappus g
Lappula redowskii low stickseed

,

Lepidium densiflorum common pepperweed g
Machaeranthera canescens hoary aster 5
Machaeranthera grindelioides goldenrod

Melilotus officinalis yellow sweet clover

Mirabilis linearis narrow-leaved four o' clock |
Musineon divaricatum leafy musineon 5
paronychia sessiliflora stemless nailwort
oxytropis lambertii purple pointloco

'

-
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Table D-1. Vegetation recorded at the Spook site (continued).

Spevies- Common name

- FORBS (continued)

Penstemon albidus white-flowered penstemon .

Phacelia hastata whiteleaf phacelia
Phacelia linearis threadleaf phacelia
Phlox hoodii . Hood's phlox
Psoralea agrophylla silverleaf scur
Psoralea esculenta Indian bread-
Psoralea tenuiflora slender-flowe e c rfpe
Salsola kali Russian i tl
Sphaeralcea coccinea scarlet 1

Vicia american America t

.

WOODY PLANTS

Artemisia cana silver - brush
Artemisia tridentata ig sagebrush
Atriplex canescens f rwing saltbush
Chrysothamnus viscidif n rabbitbrush

Gutierrezia sarothrafi oom snakeweed
Populus deltoides Great Plains cottonwood

v

5. Big r h e-and-thread / Indian ricegrass (Artr/Stco/Orhy).

Thi it a dominant in the buffer surrounding the Spook
t Wh r d turbed, it has been invaded by cheatgrass, Japanese
me, a d b ue grama. It supported the largest species diversity

11 ities present in the area, and corresponded to the
a .ush communities described by the U.S. Nuclear Regulatory

C ishion(1977) and Kerr-McGee (1979).
/

6. N le-and-thread / Indian ricegrass (Stco/Orhy). This community
occurred on undisturbed, well-drained hillsides. Although needle-

| and-thread and Indian ricegrass were most visible, a considerable
amount of the canopy coverage was cciposed of blue grama and
thread-leaf sedge.

7. Needle-and-thread / western wheatgrass/ Indian ricegrass (Stco/Agsm/

| Orhy). This type was very similar to the needle-and-thread /ricegrass

| community, except that it occurred in more mesic sites where western
I wheatgrass was present.

*

i

|
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Riparian habitat. Although not mapped at the Spook site, riparian

habitat was available to wildlife about 0.5 mile south of the site along the
Dry Fork of the Cheyenne River. This habitat consisted cf open stands of
cottonwood, with an understory of snowberry, rose, and mesic grasses. It

is heavily grazed by livestock but provides important habitat diversity for
wildlife in the area.

D.2 BIRDS

Seventeen species of birds were recorded at the Spook sit g the |
brief reconnaissance (Table D-2). All were considered to ee g on or W
near the site except the common flicker, mountain bluebir rown h aded,

cowbird, which were recorded in riparian habitat 0.5 mile a

The disturbed area of the site contributed the r nuir@ r of
species (11), compared to seven species in sageb pecies in
grassland habitats. The species diversity is a r ul diversity of
microsite habitats in the disturbed area. For x p g, t ine contains
cliff habitat (the highwall), cave habitat (adit , tr e , boulder piles,
sagebrush and grassland inclusions, and abandoned i gs. Nest sites
are available within the disturbed area t are not allable in the other
two major habitats. American kestrels swallows nested in holes
along the cliff-like highwall of th i e reat horned owls, Say's
phoebes, and cliff swallows had 'l s e adits. Rock wrens nested
in boulder piles, while loggerhe h4 observed in cottonwoods at
the edge of the site.

Four other species ( rnin ve estern meadowlark, vesper sparrow,
and lark sparrow) were r ed in a ' three habitats. These species
usually nest on the gro 'n h bitat and can use a wide variety of I
open-vegetation co ' tie d larks and lark buntings could also be 3.

expected to use a @ . ma ' habitats, although none were recorded in
t the disturbed area. M%1 ly, the killdeer was observed only in sagebrush g
! habitat, alth u t e tentially nest in all three types. 5

In c a 's the Spook site, 3.5 bird species were reported in the

|
Bear Cr k m'ne er 4RC, 1977). In all likelihood, all of these species
might so foun at least seasonally, at or near the Spook site. Two,

upl i s (mourning dove and sage grouse) are present in the area

j in re numbers (NRC, 1977; Kerr-McGee, 1979). The only sage g
grouse 1 rted near the Spook site was about 8 miles southwest (Kerr- 3'

McGee, 1979 No sage grouse or their evidence (feathers, droppings) were.

observed at the Spook site during the brief reconnaissance, although habitat g
was available adjacent to the site. I

1

' No waterfowl were recorded during the reconnaissance. The Spook site
does not contain sufficient habitat to support waterfowl; the best adjacent
habitat is along the Cheyenne River, 0.5 mile south of the site.

.
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{ Table D-2. Birds observed at the Spook cite, July 1981

Habitat

Species"- Sagebrush Grassland Disturbed

[
American kestrel (Falco sparverius) X X

Killdeer (Charadrius vociferus) X

Great horned owl (Bubo virgianus) X

Mourning dove (Zenaida macroura) X X

*
Common flicker (Colaptes aurates)

Say's phoebe (Sayornis saya) X*

Horned lark (Eremophila alpestris) X X

Cliff swallow X

Bank swallow X

Rock wren X

(
Loggerhead shrike X

*
Mountain bluebird ,

Westernmeadowlarkpturn lue cta) X X X

*#
Brown-headed cowbi ater)

Lark bunting (CAlaos melancorys) X X

1 T~
Vesper ow P (tes gramineus) X X X

'% /

( "'kk S .

aN re from Dorn (1978).
bReco d within 2 miles of the site.

The only raptors recorded at the site were American kestrels and great
- horned owls. The highwall of the pit could potentially support nesting prairie

falcons, but no falcons or their evidence were observed. The surrounding

[ sagebrush habitat should support ferruginous hawks, and red-tailed hawks might

( r.est along the Cheyenne River. Although neither of these species was unserved
during the reconnaissance, Kerr-McGee (1979) reported nesting ferruginous

*

hawks south of the Spook site in 1978. -

[
Low I.'
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In summary, all birds observed at the Spook site during the reconnais-

sance are common in the region. Several nested at the site because of the
variety of available nest sites created by past mining activities. No birds
were observed directly on the tailings pile, which is part of the " barren"
habitat.

I
D.3 MAMMALS

Ma as ecorded at the Spook site are listed in Table D-3. Only saven
undomestd a a wildlife) species were observed. In comparison, the U.S.
Nucle gu t Commission (1977) reported 12 species at the Bear Creek
proje .

Antelo g re t common big game mammal in the vicinity. They
were observed i sp e sh habitat south of the Spook site during the recon-

naissance. The pr ou rea is classified as year-round pronghorn habitat, g
with density es- a so y to seven animals per square mile * (NRC, 1977; EKerr-McGee, 1979). 1 i ns in winter are higher than summer populations
at the Bear Creek mi R, 1977).

Antelope in the region are e ent on open, rolling sagebrush habitat
(Sundstrom et al., 1973). Wh' po k site itself might occasionally be
used by antelope, it is smal n e tat within the site is relatively E Ipoor compared to that of adja ar t is taerefore unlikely that the 3.

Spook site receives significant an 1 .

Mule deer were observed on the a na cent habitats. Regional
populations are considered low. The uc - Re t y Commission (1977)
estimated a population of 24 mule deer a the B ek project north of
the Spook site, whil e Kerr-McGee (1979) re t a es te of only 50 deer
in its 73,000-acre area south of the Spook s t How oth reports. ,

considered the Cheyenne River to be important bi dicularly in winter)
for mule deer, and there is probably considerabl e r ve n between the
river and the Spook site.

Mule deer are apparently attracted to the Spook si , e a
cover created by the mine pit and overburden piles. Du the n is-
sance, several mule deer were observed bedded in the shade cas
highwall, and deer tracks were followed about 30 feet into a a ' .

|addition, natural revegetation of the mine area has resulted in d erse
mixture of desirable browse (e.g., shrubs such as big sagebrush, 11ver 5
cagebrush, green rabbitbrush, and four-wing saltbush) and forbs (Table D-1).

Coyote tracks were recorded in all three major habitats at the Spook-
site (Table D-3). Desert cottontails were observed in sagebrush and disturbed
habitats; in the latter, they were particularly common around boulder piles
and abandoned buildings and equipment.

Pocket gopher mounds were found in lanse soils in all three habitats.
Skull f ragments of cottont iil, pocket gopher, d%a mouse, and prairie vole |identified in grest horned owl casts found below perches on the highwall 5were

D-6
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Table D-3. Mammals recorded at the Spook site, July 1981

-

Habitat

Species * Sagebrush Grassland Disturbed

[-
Carnivora

Coyote (Canin latrans) X X X

Lagomorpha
Desert cottontail X X

(Sylvilagus audubonii)

Rodentia
Northern pocket gopher X X X

( (Thomomys talpoides)
XDeer mouse (Peromyscus maniculatus) .

Prairie vole (Microtus ochrogaster) X

Artiodactyla
Domestic cattle (Bovus spp.) X X

DDomestic sheep

f- Mule deer (Odecoileus hemionus) X X

Pronghorn (Antilocapra_ americana)
"

T. h( 78).
[ aNomenclature from Rothw 1 t

bRecorded within 2 miles o th

[
and in adits. Ke - e( trapped small rodents in the study area

( south of the Spook f d deer mice to be most abundant, followed

by thirteen-1 e gr irrels, olive-backed pocket mice, northern

grasshopper ie d' ngaroo rats, ar.d sagebrush voles. No ground

[ squirrels er e o near the Spook site. The remaining species are
nocturnal se r , and their presence could not be documented during

the re o .a an Adits in the mine area were examined for bats but none
wer o

In ry, the Spook site supported a diversity of mammals comparable
to that of rounding undisturbed areas. Some species, including mule deer
and cottontails, are attracted to the habitat provided by the mine. Others,
such as antelope, occasionally use the site,

i

[
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I
D.4 REPTILES AND AMPHIBIANS

No reptiles or amphibians were recorded at the Spook site during the E
reconnaissance. The prairie rattlesnake, bull snake, garter snake, short- g
horned lizard, leopard f rog, and tiger salamander have been reported in
adjacent study areas (NRC, 1977: Kerr-McGee, 1979). Suitable habitat for
the first four species was present at the Spook site.

I
D.5 THREATENED AND ENDANGERED SPECIES

w re vedNo threateued or endangered species of plants or an

at the Spook site. Dorn (1977) listed two plants, Comati M ensi nd
Both speciesComatium megarrhizum, as rare and endangered in Conve Co t .

could potentially occur near the Spook site. The fi ,a s tic dodder,

is reported from the Rocky Mountain region (Rickett, 1 3 The second is

found in grasslands (Dorn, 1977). -

Ayensu and DeFilipps (1978) prepared a lis o ed gered and threatened
plants of the United States. According to Kerr-M e 1 79), none of the (

listed species that occur in the short- g prairi eastern Wyoming have

ever been collected in Converse County

Three endangered wildlife spec'e po e t y occur in the region.
h prairie dog colonies

Black-foot 3d ferrets are usually as M )i
e

(Wyoming Game and Fish Depar nt ). No colonies are located on or

immediately adjacent to the o. st ever, Clark (1978) reported

fairly recent sightings o er t in C nverse County, and it is possible I
that ferrets are presen- i the n. 3

Bald eagles ha bee r in the winter along the Cheyenne River g
(NRC, 1977). How on re known in the region, and these sightings 5
are likely of wint ds

e apparently never been common in Wyoming ^(WyomingPeregri e ns
WGame and F'sh D ah nt, 1977). They nest primarily on cliffs near water,

and suita ne t abitat is not available near the Spook site.

i g Game and Fish Department (1977) has identified several
d ife that are considered rare in the state. Those that mightspect

th(e S ok-site region are the spotted bat, meadow jumping mouse,occur i
and burrow 1 owl. None were seen during the reconnaissance.

I
I
I-

D-8

-



3 50cco72cIOE
D.6 POTENTIAL BIOLOGICAL CONSTRAINTS

As discussed above, no plant or animal species that have 'ederal
threatened or endangered status or that are considered rare in the State of
Myoming were observed at the Spook site. The site and adjacent areas do not
provide habitat for threatened or endangered species.

No concentrations of big game in the area were observed during the
reconnaissance. An area 2 to 4 miles north of the Spook site is reported

to be antelope winter range, but the site itself does not provide habitat
nttractive to antelope.

Several species of wildlife are found at the Spook site e of the

habitat diversity created by mining disturbance and subse t ev e tion.
Ilowever, none of these species are rare in the region, an e ne i ot

considered critical habitat.

nd ry littleLittle wildlife use of the tailings pile was ob e e ,
vegetation grows on or near it. Consequently, q no b'ological

constraints to reclamation or future managemen e ite.

D.7 RECLAMA TRAINTS

The most likely form of r
'

ti a the Spook site is tailings
burial. Depending on the depth a burrowing rodents such as the

northern pocket gopher might ta inatnd soils. Similarly, should

deep-rooting plants such bi ge h become established on the reclaimed
area, they might contac o timi d oils. One form of mitigation that

might be considered at h ok s is placament of tailings in the adits

of the mine pit. In thi m n tailings would be buried deep enough to

ensure no contami of n or wildlife.

.

.
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l Appendix E

#000720106 LAND USE

Almost 75 percent of Converse County, Wyoming, is privately owned,

f .and the major land use is ranching. Table E-1 lists the uses of the land
by acreage. A land-use map is included as Figure E-1.

[ Table E-1. Converse County land use

A

( Use Acres

Urban areas

f Douglas 3,84 .

Glenrock OO -

Total urban V 4,640

f Rural housing
(536 units at 1 acre / unit)

Rural recreational
(83 units at 5 acres / unit) A 415
Total housing 951

Agricultural

f Irrigated cropland 68,316

Dry cropland 20,702

Irrigated pasture ( aso 1 16,735

Nonirrigated graz 2,420,199

l Tree covered 142,437

Total agricul al 2,668,389

Industrial 31,010

Water are 4,082

Rural bu i es

l (h wa' cn n'ence, guest
a , an ni e home parks) 815

1

l bv (nment
an schools) 2,535

Trans r ation
Interstate highway 1,543

[ State and Federal highways 3,528
4,737County roads -

Railroads 2,330

l Total transportation 12,138

Total county 2,724,560

Source: Converse County Planning Commission, 1978.
.
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SOCIOECONOMIC CHARACTERISTICS AND IMPACTS ON THE AFFECTED REGION

!

This appendix addresses the socioeconomic characteristics of the area in
'

terms of population, physical plant, and fiscal capacity. This supply-side
characterization is then juxtaposed with the demands that the remedial-action
program will place on area resources.

I The socioeconomic aspects affected by the remedial-actio have
been examined to determine whether a temporary influx of wor rs ou strain
the abilities of the county and nearby towns to provide s . e ions
that have been researched include these:

1. Is the population large enough to provide w r t e remedial
action in the next 2 to 4 years? -

i

2. Is the current work force fully employe d the remedial action
create local employment?

;

3. Is housing available for in- 'g a emporary workers?

4. Are the water and sewer s t s a b of accommodating more people?
1

5. How well can area sc ol t care facilities, public-safety
systems, and public s r rowth?

6. Do the county wns a sufficient tax base to afford new
growth (which n exp ded services)?

Q

.

.
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F.1 POPULATION

Converse County has experie ced rapid energy development and accompanying
growth and is expected to continue to grow as new energy projects come on line.
The county grew more than any other Wyoming county between 19 70 and 1980; it
experienced a 136.9 percent increase in population during the decade. In 1980,
14,069 people lived in the county, compared to 5938 in 1970. 'the towns of
Douglas and Glenrock are the urban areas, as defined by the U.S. Census, of
the county. The urban population data are displayed in Table F-1.

Table F-1. Population of incorporated areas

A

P ent
Town 1980 0 change

Douglas 6030 6 125.3
Glenrock 2736 1 '5 80.6
Lost Sprin.3s 9 28.6

Total 8775 4 99 109.0
m

Source: U.S. Department of Comme 1.,

The urban population more t an gi le ng the decade, and the rural
population also increased. In 19 k p6 cent of the residents lived in,

rural areas, whereas in 1970,\2 pe the residents lived in rural g
areas. The rural populati data re wn in Table F-2. 3

Rural populationa e .

V g\ v Percent
pCensus 1980 1970 change

Doug a 3,325 1,311 153.6
G16 1,969 428 360.1

d1 a 5,294 1,739 204.4

To't [ n >rse County 14,069 5,938 136.9

Source: U.S. Department of Commerce, 1981.

Population projections based on the realization of ten proposed energy
projects would result in an aggregate Converse County population of almost
24,000 by 1987, including 5000 new permanent residents. Therefore, should
the projections materialize, Converse County would experience a large migrant
influx in the next 5 years. However, the population projections do not show
a steady rate of growth. The data in Table F-3 show an expected out-migration
in 1983, then an influx for the next 4 years. *

F-2
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Table F-3. Population projections

~~I"1 ^

A. C. D. E. F. G. H. 1

VD' - Annual

Annual e Induced additional

O permanent s or itional Construc- service construction- Permanent Aggregate

C employee emplo manent tion sector related population population Y
Q Year additions addit o s . pp on employees employees population level level W

b' ^^ tbM V h/ gq Douglas -

D
b 1982 51 77 2 t, 136 34 340 6,992 7,332 4

O 1983 (187) (281) ( 72 218 2,180 5,822 8,002 N
5 336 3,362 6,310 9,672 k, '

1984 78 117 ,

1985 132 198 825 ,73 434 4,340 7,135 11,475 Ch

1986 373 560 2,333 1,-15 379 3,788 9,468 13,256 M*

1987 196 294 1,225 394 3,940 10,693 14,633
,

m
b Glenrock

1982 53 80 333 37 9 92 3,028 3,120

1983 13 20 83 238 60 596 3,111 3,707

1984 27 41 170 367 92 918 3,281 4,199

I 1985 42 63 263 473 11 1,182 '3,544 4,726

1986 80 120 500 413 32 4,044 5,076

1987 37 56 233 430 1 06 4,277 5,353

aConverse County

1982 104 156 650 174, 44 -13,917 14,353

1983 (174) (261) (1,088) 1,110 276 ,77 2,829 20,601

1984 105 156 653 1,712 428 4,280 ,482 17,762

1985 174 261 1,088 2,209 552 5,522 14,570 20,092

1986 453 680 2,833 1,929 482 4,82 17,403 22,225

1987 233 350 1,458 2,006 502 5,016 18,861 23,877

O
Figures in.parenthesec are negative.p

T
%

_ . .
._

. . .. .. .
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. . . . . - -
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Table F-3. Population projections (continued)

A. Given by the o Area Industrial Association.
B. Induced Serv ce JL pf)mployees: For every permanent base job, there are additional jobs created

in the service sectokyi 6/'7%ac s, clerks, retail store owners, doctors, etc. The multiplier for this>

is 1.5; therefore, Ind e 4erv,ic y ctor Employees = permanent employees x permanent service multiplier.
C. Additional Perm nent,/P >uka ion (permanent employees + induced service employees) x permanent=

population multiplier (2.5).fGivenbytheConverke([aD. a t ial Association. It is assumed that most of the construction
employees will seek housing in the c1 on nity. One Converse Area Industrial Association has not
committed itself to a plan for c e r ione sing at the plant site. Seventy percent are assumed to

Induced Service Sector Empl ympn[tif
reside in the county.

E. te mu tiplier for construction induced service employees is
considerably less than for the permane6 / e tor. refore, induced service sector employment = construction
employees x construction service multipli (O. )< A

F. Additional Construction-Related P pul tion /- Ti population should be more transitory than thef

permanent sector. Additionally, many people M rk d rc struction will not bring their families to thep
area. Construction employees + construction-in ~e ic mployees x construction-related population7

n (2.0) = annual additional construction-related p p a on
G. Permanent Population Level: = current po at'o + nulative total of additional permanent

population.
11 . Aggregate Population Level: = annual figure umn F added to annual figure in column G.

Source: Converse County Board of Commissioners, 1981a.
aCounty totals exceed the sum of Douglas and Glenrock bec u residents may live in>

s
unincorporated areas.

/.
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The population projections are based on an expectation that 80 percent

of the influx will reside in the town of Douglas. Should these projections
materialize, Converse County would have a greater population concentration in
towns and fewer people residing in rural areas than at present. However, the
forecasted growth rate is heavily influenced by one project: the proposed
WyCoal Gas Conversion Project of the Panhandle Eastern Pipe Line Company.

'
Should the company fail to obtain the necessary capital for the project, popu-
lation growth would be more stable, as shown in Figure F-1.

.

'F.2 HOUSING

e rou y inDuring the past decade the number of housing units in
proportion to population growth. Table F-4 documents ho g supply as

noted in the 1980 census.

.

Table F-4. Housing p

Percent

Town 1970 change

Douglas 2 1066 119.3
Glenrock 4 514 103.1

Total Converse County 2291 133.5

\ \ V
Source: U.S. Depa n of erce, 1981.

A significan r nce m ile homes to meet the current housing demand
e e housing types are listed.is shown in Table -

Table F-5. Housing types, 1980
(by percentage)

bh
% N) Single-

family Duplexes and Mobile

Town dwellings apartments homes

Douglas 62.2 18.4 19.4a

Glenrockb 57.0 25.0 18.0

a 60.7 14.3 25.0Total Converse County

Sources:
aSierz, 1981, p. 1.
bMountain West Research, Inc., 1981, p. 39. *
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j Approximately 25 percent of the housing units in Converse County are rentals
I (Sierz, 1981). Since over half of the housing supply in the county is reason-

ably new, deterioration is not expected to be a problem in the near future
(Mountain West Research, Inc., 1981, p. 40).

I Vacancy rates in Converse County are low, between 3 and 5 percent,
4although the 1980 preliminary census figures listed an 8-percent vacancy rate

for the county. Local officials state that the vacancy rate is approximately
3 percent, but note that recent layoffs in the uranium industry have freedI some housing (Mountain West Research, Inc., 1981, p. 40). For the purpose of

this report, a median 4 percent vacancy rate is assumed.

9
I F.3 EMPLOYMENT

\
Converse County experieaced a 3.1 percent (3.0 e 3 for

females) unemployment rate An 1981 (Wyoming Emp t eu y Commission,

I 1981, p. 16). The low unemployment rate has be n ry on "nt for a

decade, even though the labor force tripled in s'z b en 1970 and 1980.

Employment figures for each year are shown in Tab .

Table F-6. Labor forc o e and unemployment

Con Wyoming

Labor Tot t Unemployment Unemployment
Year force emplo e une oyment rate rate

'N
1970a 2600 0 v 110 4.2 4.4

1971a 3070 7 100 3.3 4.4I 1972 296 28 102 3.4 3.8

1973 2 35 50 85 3.0 33
1974 6 87 2.7 3.4

I 1975 26 116 2.9 4.2

1976 M 4412 105 2.3 4.1

1977 5186 147 2.8 3.6

1978 17 6010 165 2.7 3.3

1979 6 - 6573 141 2.1 2.7
1980 7952 7707 245 3.1 3.9

Source: Wyoming Employment Security Commission, 1980b, p. 9.
a1970 and 1971 data based on number of jobs at place of work. 1972 and

subsequent data based on number of works rs at place of residence.

The most important industrial sector is mining, which accounts for 30
percent of employment, with the services sector second at almost 14 percent.
Employment for *.11 sectors from 1970 to 1980 is shown in Table F-7.

#~* I0? 0 AL }0CKET COPY
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Y
able/E Converse County employment:a 1970, 1975, 1980

/ A

Percent Percent

by industria) y of total employment average annual growth

v
Industrial sector 1970 1975

19)
70 1975 1980 1970-1975 1975-1981 1970-1980

Total employment 2341 3981 10 100.0 100.0 11.2 14.4 12.8.

Farm proprietors 311 280 24- 3.- 7.0 3.1 -2.1 -2.7 -2.43

Farm labor 150 217 192 .5 2.5 7.7 -2.4 2.5.

m Mining 162 686 2266 17g 29.0 33.5 27.0 30.2.

S Construction 174 307 645 74 8.3 12.0 16.0 14.0
Manufacturing 15 44 71 0. 0.9 24.0 10.0 16.8.

TCPUb 203 388 389 8.7 5.0 13.8 0.1 6.7.

Wholesale trade 28 61 128 1.2 .5 p 16.9 16. 16.4
Retail trade 304 478 905 13.0 2.0 T1 9.5 13.6 11.5

bFIRE 50 103 171 2.1 2.6 15.6 10.7 13.1.

Services 229 304 1071 9.8 7.6 1 5.8 28.6 16.7.

Government 360 710 905 15.4 17.8 11.6 14.5 5.0 9.7
other 355 403 822 15.2 10.1 10 2.6 15.3 8.8

/ A*

[Source: Wyoming Employment Security Commission, 1980b, p. 7.

a1970 data based on number of jobs at place of work. 1975 and 1980 D$s place of residence.
M PO = transportation, communication, public utilities.
FIRE = finance, insurance, real estate.
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Per capita personal income increased significantly in response to higher-
[ paying jobs generated by energy development. Per capita income rose from

$3879 in 1970 to $8048 in 1978, and to $11,343 in 1980 (Mountain West Research,
Inc., 1981, p. 80).

[
The county experiences low unemployment, but skilled and semiskilled

"manpower-required for remedial action is currently available in the area.

[

F.4 DEMOGRAPHICS

The population of Converse County is predominantly C c i ,a own

( in Table F-8.

[ .

Table F-8. Racial confi a

ob
-

[
America

dian, Asian,

f 'mo, Pacific
Town White 1 ian Island Other

Doaglas 5,855 56 4 113
Glenrock 2,65 33 8 35

9 1 109 20 250Total Converse County y
[ s -

Source: U.S. D r n o mmerce, 1981, p. 4.

[ 9
Conve se C as oung residents; 50 percent are under the age of 25,

[ and over er e r under 45. The population is grouped by age and sex

in Tab [ .

.

5

[

[
'

0
~ ~
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Table F-9. Population by age and sex, Converse County, 1970, 1980

Average
Percent Percent annual

of of growth
Sex and age group 1970d totala 1980b totalb 1970-1980

Male population 2,969 50.0 7,220 51.3 9.3
0-5 283 4.7 961 6 13.0
6-15 687 11.6 1,329 4 6.84

16-24 357 6.0 1,297 13.8.

25-44 674 11.4 2,358 - 8 3.3
45-64 616 10.4 94 4.3.

65+ 352 S.9 3 '5 24 -0.5 =

Female population 2,969 50.0 O9 .7 8.7-

0-5 229 3.9 /3 .6 15.0
6-15 658 11.1 1, 8 9.1 6.9
16-24 341 5.8 1 2 8.6 13.5
25-44 697 2, 14.9 11.7
45-64 638 0.- 886 6.3 3.3
65+ 406 6 445 3.2 0.9

,
Total population 5,9 u s 0. 14,069 100.0 9.0

1 0-5 51 % 7 1,884 13.4 13.9
6-15 (5 2,613 18.6 6.9
16-24 5& 11.7 2,507 17.8 13.6
25-44 1,37 23.1 4,459 31.6 12.5
45-64 254 21.1 1,826 13.0 3.8
65+ 12.7 780 5.5 0.3

Ss% ces:

|aU.. De Men erce, 1970.
b .S. N> r ne t ommerce, 1981. EU

|

| I
I

I
.

F-10

. ._ _ - - - . _ . , . . _ . - - . _ _ . _ _ _ _ _ - , - _ - - - - - - - _ . - - - - - - - - - _ . - - -



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._

b C O O O D d/O h F.5 EDUCATION

Converse County has 17 schools, 8 in urban areas and 9 in rural areas.
Table F-10 documents the enrollment activity over the past 2 years.

Table F-10. Student enrollment, Douglas and Glenrock districts

Fall 1980 Fagl1981

\,School District No. 1 (Douglas)
126.5 teachers, 1981-1982

Dry Creek Elementary 14 ) 17

Moss Agate Elementary 6 6

Nachtman Elementary 1 1

Reynolds Ranch Elementary 7 7

Shawnee Elementary 17

Wagonhound Elementary 4

Walker Creek Elementary 15

White Elementary 8 8'
East Elementary 391 387
West Elementary 360 350
South Elementary 85 301

Douglas Middle 3 474
Douglas tiigh 68 556

Total 2143 2143

School District No.4 lenr 1
70.7 teachers, 1 1%1 V

Chaparr > ent 4 S.

Dee Cret ' em ta 1 --

Oga E Sm n 3 --

Gle o e, n ary 640 530
le k i dl 279 431

nr H 1 330 348

otal 1257 1314

'% )
ate of Wyoming, 1981 and 1982.Sou e: o

School enrollment in the Douglas district has remained constant in the
last 2 years; it was 2143 in 1980 and 1981. The physical capacity of the
district schools is 3000. Therefore, an additional 850 students could be
accommodated. The student-teacher ratio has improved to 16.9 students per
teacher.in 1981, down from 17.4 students per teacher in 1980. Currently,

126 teachers are employed by the Douglas district.
.

r', j / [' ' OI F-11
Og.p r a,;;g g - ; ; ', v i'
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I
Enrollment in the Glenrock district has increased from 1257 in 1980

|
to 1314 in 1981. The physical capacity of the school district is 2150; an

additional 830 students could therefore be accommodated. The student-teacher a
ratio has improved from 20.7 students per teacher in 1980 to 18.6 students
per teacher in 1981. The Glenrock district employs 70 classroom teachers,
not including specialists.

F.6 WATER AND SEWER

F.6.1 Water

The Douglas water system has a capacity of 4.3 millio 1 ns pe day
(mgd). If the water treatment system were expanded, ap i y would bs
5.8 mgd. The water storage capacity is 7 million ga 1 n Th rrent water.

capacity can serve in excess of 12,000 people and co be e an ed to serve
16,000 (Sierz, 1981). The Douglas water comes (fom h r Platte River
dnd Box Elder Spring. ( "

Glenrock obtains water from underground resou c The current well- |water supply is 1.2 mgd; however, the t 'ntends t pand its capacity in 51982 to approximately 2.2 mgd. The st rg city is 1.7 million gallons.
The water capacity can currently se e a ion of 5000 (Stuart/Nichols
Associates, 1978).

F.b.2 Sewer

The sewer collecti i ougla is presently adequate to meet the town's
needs. However, the wa nt facility is inadequate. The nonaerated>-

lagoon system now 'n wao Igned to serve a population of 1900. Plans
are under way to u- e e atment facility to enable it to handle a
population of i 00. *

,

Glent ck o se age-treatment lagoons. The smaller lagoon serves the
downtown a o- a' a 'upport about 2000 people. This lagoon carrently does
not men i onm -

Protection Agency standards for effluent emissions.
The a9 r on serves the new developments east of town and can serve 6000
peopl plans to combine flows from these lagoons to overcome the
problems 'it e smaller lagoon.

The town of Douglas provides once-a-week residential garbage collection.
Commercial garbage is collected on a demand basis. The town uses a 140-acre
landfill owned by the county. The landfill is expected to be adequate for
100 years.

In Glenrock, garbage is handled by a private contractor. The town
staffs and operates the city-county landfill. The town's collection system
is adequate, but the landfill site will need to be replaced within the next
5 years.

.
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Utilitics in Douglas and Glenrock include electricity supplied by the

Pacific Power and Light-Company and Mountain Bell telephone service. Natural
gas service is supplied to each community by the Kansas-Nebraska Natural Gas
Company (Mountain West Research, Inc., 1981).

.

F.7 TRANSPORTATION

An airport in Douglas is capable of servicing light planes. hemajor
regional airport is located in Casper, Wyoming, approximately es west
of Glenrock and 55 miles west of Douglas. A new Douglas air r s the

planning stages (Sierz, 1981).

Two railroads offer freight service in Converse ty. ey are the

Chicago and Northwestern and the Chicago, Burlington n .

r m both Douglas andContinental Trailways buses arrive and dep i -

Glenrock.

U.S. Interstate 25 traverses Converse County r st to west. Six

state highways and 63 county roads also u through county.

The remedial-action workers wo d s Highways 93 and 95, and

County Route 31 (Ross Road). The p se al action would increase
the average daily traffic by 32 r e except Sunday for 16 weeks.

The average daily traffic co s er edial action are as follows:

State Hi 93 o las side) 2754
State Hi 5 (ul rock side) 3433
Coun ou as Road) 2312
Ju gi of e 93, 95, and 31 3792

.
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F.8 HEALTd CARE

The public health needs of the residents in the Douglas and Glenrock

| area are primarily served at the Converse County Memorial Hospital in Douglas.
i Fifteen physicians have privileges at the hospital. The use rates for the
1 32-bed hospital are shown in Table F-11. A new hospital containing 44 t,cds

is under construction.

Table F-11. Converse County Memorial Hospital use

-

1979 980

Admissions 1666 1

Patient days 6225.

Average length of stay p. 3.8

Percent occupancy i0 53.6
n

Source: Wyoming Department of Health, 198 .

Glenrock has a diagnostic and tre N enter, and tertiary care
facilities are available in Casper. , r edical care is provided by
four full-time emergency medical tech > 01 n a three part-time technicians. |
Two ambulances serve the area. on is provided by the Michael 5
Manor Health Care Center in D gl . nic has 60 beds.

I

V RECREATIOJn
Recreational pqt 'ti are abundant in and near Converse County.

During all four seas le enjoy recreational activities in the Laramie |
Mountains in(t @ kth part of the county and along the North Platte River. E
Big game twntin' t d' p ace throughout the county. Fishing is also popular,

especiall kon Se torth Platte River and at Glendo Reservoir, which is only
a few D s uth of Douglas.

e. t n41 opportunities are available through the towns of Douglas
and Gleh k and the school districts. The town of Douglas currently owns
approximate 27 acres of developed park land, and operates an 18-hole golf
course. A new paved bike path along the river will be extended in the near
future.

School District No. 1 maintains approximately 47 acres in Douglas for
outdoor recreation use by the general public. Most of the district's outdoor
and indoor facilities are located at the recreation center at the senior high
school. The indoor center includes facilities for basketball, racquatball,
handball, swimming, rifle shooting, and weightlifting. The indoor center is
open to the puulic on a regular basis.

.

.
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Additional recreation is offered by the private sector. At present,

Douglas has a bowling alley, an outdoor pool, and a movie theater.

The town of Glenrock currently has six developed park areas. A wide
range of facilities can be found on the 106 acres composing these parks,
including ballfields, picnic grounds, and a swimming pool. An additional
80 acres of park land will be developed to include a softball complex, a
motorcross track, and picnic facilities.

School District No. 2 also has public recreational areas. T district

currently has 25 acres of developed park land and 15 acres of un geloped
path land. Plans for additional facilities at the new school Anclude
a football stadium, baseball diamond, playground equipment, d nn ,

volleyball, and basketball courts.

Some recreational opportunities provided by the ate s ctor in
Glenrock include a bowling alley and a movie theater ( n ain t Research,
Inc., 1901).

.

F.10 PUB AFETY

This section discusses law enfp c et - fire protection for Converse
County and the towns of Douglas and G n c .

F.10.1 Law enforcement

The County Sherif e rtmen employs 15 officers, 5 dispatchers,
6 jailers, and 1 re ds he department has 12 vehicles and is.

responsible for p go l'ng miles of highways and roads (Sierz, 1981).

The Dougl ol c .rtment has 13 positions for sworn officers.
Additionally u ns o officers are employed. The department has six
vehicles, o - h re equipped as patrol cars (Sierz, 1981).

T oc ice department consists of eight full-time sworn officers.
The de m t has three vehicles equipped as patrol cars.

)N e e , Converse County maintains 2.6 of ficers per 1000 population.

F.10.2 Fire protection

The Converse County and Douglas fice department is composed of 27
volunteers. Fire department vehicles consist of one mini pumper, three
fast-attack vehicles, one tanker, one rescue unit, and one extrication
truck. Douglas has a fire insurance rating of 7 (Sierz, 1981).

.
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Glenrock is also served by a volunteer fire department with 40 volunteers

(combined city and county). The department has four pumpers. Glenrock has a
fire insurance rating of 8.

F.11 FISCAL CONDITIONS

F.11.1 Converse County

between 1975 and 1980, total county revenues increased fr .7 million
to $6.5 million, reflecting an annual average increase of a ox' y y 31
percent. The property tax is the county's largest revenu r e, accepnting
for 45.7 percent of total revenue in 1980. The sales tax, t condYargest
source of county revenue, accounted for 9.2 percent o e 8 revenue.
(Dollar values have been rounded to the nearest hund h usa d n this
section.)

.

During the period of 1976 to 1980, total v u ion increased at
an average annual rate of 8.9 percent, from $18. 1 to $26.4 million.
Property classes experiencing the most rapid grow csessed valuation
included construction and mining equipm t 54.8 pe t), natural gas
production (40.9 percent), railroad (2 e ent), nonagricultural land.

(25.8 percent), and industrial faci)4ti s .- ercent). Oil production,
in assessed valuation, |altnough increasing at a rate of n1 >

.

*d i verse County, accounting for Ewas the largest source of 1sses
80. % ypv ue of all minerals composed almost42.9 percent of the total in

64 percent of total county as e ed vh u on in 1980.

reve u for Converse County is the sales tax.Another major sour >

ax is\ evied in the county. This consists of aCurrently, a 4 percent 's

g county and municipalities receive one-third,3-percent state tax - w.

x, all of which goes to tne county and munici-and a 1-percent 1 g tio
palities. The lar ist/ ro ce f sales tax collections is the retail sector,

thcentoftotalsalestaxcollectionsin 1979.which account- fr 1.

From 9 ~ otal expenditures for Converse County increased,

from S1.3- l li n\ 5.7 million, an average annual growth rate of 33.9

percen(. 1 al-fund expenditures a ' counted for 80.8 percent of total

exp p tus i- 1980, having grown from the 175 level of S0.8 million to

$4.6 kky%ajor general fund expenditures were for roads and bridges,
law enfdrpe nt and judicial services, and general administrative services.

F.11.2 Town of Douglas

between 1979 and 1980, total general-fund revenues in Douglas increased
at a rate of 13 percent, rising from S1.5 million to S1.7 million. The
state 3 percent sales tax (which includes use tax receipts) accounted for
27.2 percent of 1980 general revenues. The local option 1-percent sales tax
added S0.4 million to 1980 revenues. Grants were a significant portion of

F-16
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( total revenues (51.5 percent in 1980) and primarily were earmarked to finance
specific capital-improvement projects.

( Although the growth of Douglas revenues has slowed somewhat in recent
years, large cash balances carried forward in fiscal year 1980-81 have left
the town fiscally bound. Currently, Douglas is debt free. The 1981 State
legislature enacted an oil and gas severance tax and a sales tax to alleviate
impacts, which should substantially enhance the town's ability to finance
future growth.

( During the period from fiscal year 1977-78 to fiscal year 1 -81, total
expenditures from the general, public works, and utilities f reased
from $1.7 million to $2.5 million. The capital facilities e n eased
from $3.0 million in 1979 to $3.4 million in 1981. Utili e pen 't es

[ were S0.7 million in 1981, up from the 1978 level of $0.2 n.

[
F.11.3 Town of Glenrock *

Between 1977 and 1980, total receipts for k e o ncreased at an
- annual average rate of 26.8 percent, rising from lion to $1.6 million..

General revenues increased at a rate of .- percen , rom $0.6 ndllion to
$1.2 million. The largest source of r v n e a the sales tax, which provided
40.6 percent of general-fund revenu ad ercent of total revenues in e
1980.

The economic recession o ~ ea 82 nd its effect on the various
sectors of the economy have r te er than expected revenues for
the town of Glenrock. Be se hi some new service programs could not

[
be undertaken as planne loweve he town revenue outlook should be
significantly improved ddit nal oil and gas severance tax passed
by the 1981 State 1 . la as well as a sales tax for the purpose of
alleviating impac

During t e ri r 1977 to 1980, total expenditures increased from
$0.8 million t on, an average annual increase of 24.3 percent..

( General-f d n t res increased at a rate of 32.8 percent per year, from
$0.4 mi 1 to illion.

-

F.11.4 xeq n Converse County
V

[ Mill levies assessed in converse County during fiscal year 1980-81 are
presented in Table F-12. The total valuation for the county in 1981 was
determined to be $369,731,358. The legal debt limit in Wyoming is 2 percent

( of the assessed valuation, or $7.4 million. The county currently has a net
debt of $838,975, leaving $6.6 million that could be used (Converse County
Board of Commissioners, 1981b).

[

[
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Table F-12. Tax levies for 1981, Converse County
(Total county valuation 369,731,358)

b
District valuation

hShd L_44,717 43,886 11,506,799 12,035 27,628,230 77,315,255 4,372,042

School district 1 / l iRFP 1S Douglas L.S. 2 28 Glenrock#

State non, no none none none none none none

Foundation 6.0 p.0 6.000 6.000 6.000 6.000 6.000 6.000

County wide school 12.00 12. 12.000 12.000 12.000 12.000 12.000 12.000
County general 8.371 3 .371 8.371 8.371 8.371 8.371 8.371j
County airport 0.422 .422 2 0.422 0.422 0.422 0.422 0.422.

t

County library 0.781 .7 .781 0.781 0.781 0.781 0.781 0.781
7

Parks and recreation 0.404 0 04 0.4 0.404 0.404 0.404 0.404 0.404
j

County hospital 1.614 1.614 1 1 1.614 1.614 1.614 1.614 1.614

County health service 0.408 0.408 08 0.408 0.408 0.408 0.408 0.408.

[j . 31- 0.431 0.431 0.431 0.431Courthouse bond red. 0.431 0.431 .4

Courthouse bond int. 0.144 0.144 0 4 y .1 0.144 0.144 0.144 0.144

E Hospital bond red. 2.380 2.380 2 2 pa 2.380 2.380 2.380 2.360

Hospital bond int. 1.597 1.597 1.59 97 1.597 1.597 1.597 1.597.

Special school 22.000 22.000 22.000 0 22.000 25.000 25.000 25.000.

School district bond 0.929 0.929 0.929 .9 0.929 1.463 1.463 1.463

School bond int. 0.118 0.118 0.118 118 .1 0.361 0.361 0.361

1975 school dist. bond 3.653 3.653 3.653 3.653 5 0.559 0.559 0.559.

1975 school bond int. 0.737 0.737 0.737 0.737 0. 7 0.405 0.405 0.405

1978 school dist. bond 1.760 1.760 1.760
1978 school bond int. - 2.008 2.008 2.008

1980 school dist. bond 12 2.012 2.012.

1980 school bond int. .6 4.760 4.760

1980 school dist. bond - -- --

1980 school bond int. 2 4.323 4.323.

Rural fire protection 0.500 0.500 0.5 0.500

Weed pest control 0.413 0.413 0.413 0.413 0.413 0 41 0.413 0.413
7

mm nas sum amm mum uma e um um nas num aus amm aus amm mum amm
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Tacle F-12. Tax levies for 1981, Converse County (continued)
(Total county valuation 369,731,358)

,-

O / _A
District valuation

2 6 3 ,717 43,886 11,506,799 12,'035 27,628,230 77,315,255 4, 3 72 , 0 4.f

b City general 8.000 8.000 y
3.017 g1972 water bond Ar-

~j 1972 water bond int. U 3.181 D
1973 sewer bond 0.251 D
1973 sewer bond int. f 0.540

1973 fire equip. bond 0.502 p
0.260q 1973 fire equip. int.

.

3.000 %
g

Spec.al hospital dist. 3 0, 3.000

Special cemetery dist. / 0.953 0.953

62.402 78.116 82.069 97.320Total 62.902 62.402 65 K
h7 ,032; Lost Springs, 12,806.Municipal valuations: Douglas, 11,579,334; G o

Special tax on cattle, horses, and mules, 10.000; Y tax on sheep, 10.000; predatory tax on cattle,

2.000; predatory tax on sheep, 20.000. I

L.S. - I,ost Springs
'

'

NRFP - No rural fire protection
1S - School District No. 1 South
2S - School District No. 2 South
Source: Converse County Assessor's Office, 1991. -

.
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F.12 SOCIOECONOMIC Ic4 PACTS OF THE PROPOSED ACTION

The occupational categories and staffing levels necessary to complete
the proposed action are as follows:

Occupation Quantity

Equipment operator 9
Supervisor / engineer 1

Oiler 1

Surveyor 1

Surveyor assistant 1

Health physicist 1

Health technician 2

Total 1

The project would be completed in 16 weeks, ass u -h ur work week.
The schedule by weeks and tasks is graphically 1 y 'n F gure F-2.

The equipment needed is as follows:

Equipment Qua ty

Dump truck 1

Grader 1

Water truck 1

Loader 2
Dozer /com, or 1 g
Picku ruc 2 g

I

I
I
I

.
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F.13 LABOR-FORCE AVAILABILITY

According to the Wyoming Employment Security Commission, 245 people are
unemployed in converse County. Males account for 165 of the unemployed, while
80 females are seeking employment (Wyoming Employment Security Commission,
1980a). In the first quarter of 1981, the drop in mining and construction
employment accounted for approximately 70 of the unemployed (Wyoming Employ-
ment S,. ;y Commission, 1981, p. 29).

Given the small work force (16) needed for the remedial action, and
given that the proposed action requires equipment operators with lls
similar to

thoseusedinminingandconstruction,thelocallag(lkarea
rce

Can be expected to fill 12 of the job slots. Not only can the lo
supply the needed work force, but workers would still be . le Ig
competing projects. Professional and managerial position ) 'll bbMilled
by in-migrants.

I'

F.14 MIGRATION AND INDIGENOUS IABO - RL QUIREMENTS

If unemployed people in the miningg constru sectors can fill
the heavy-equipment operator, oiler, sdr e and surveyor assistant
positions, then the local labor for e as - 14 workers, including

jturnover [(12 x 15-percent separati n a ) (12 skilled) 14 skilled=

workers). 5

Under a conservative as m tio e supervisor / engineer and the
radiation-safety professi 11s o b supplied from the local labor force,
f our workers would be te ary rq- g ants. Because of the specialized
nature of these positio s, n turn r was assumed. The indigenous and
in-migrant work forc* is i '

Table F-13.

9
T- e F-13. Origin of work force

p(ht Indigenous In-migrant

erator 9

Surve 1

Surveyor assistant 1

Turnover 2 ESupervisor / engineer 1 g
llealth physicist 1

liealth technician 2

Tota l 14 4

.
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F.15 INDIRECT EMPLOYMENT OPPORTUNITIES

Calculation of the indirect job slots for a deconstruction project such
as the Spook remedial actions is difficult because most nonbasic employmenti

| data are generated assuming that both a construction and an operation work
'

force are required. In Converse County, the project will be completed in

| 16 weeks, and no operation work force will be needed.

Becauce of the brief duration of the project, the inducements for
nonbaule employment will be few. Thus, for the purpose of this a essment,
a 1.6 multiplier is used. While this multiplier is consistent wi the

Housing and Urban Development Rapid Growth from Energy Projec 6) and
the Environmental Protection Agency Action Handbook (1978), s'bae ' obably
predicts a worst-case induced impact.

Thus, to compute induced labor, the 1.6 multiplier-is a ed only
i to the in-migrant labor force because the indigenous 1 tio rrently

receives goods and services. Multiplying 0.6 times ' f r non ocal job
slots predicts two additional in-migrant induce o s .

While an argument can be made that additio 1 e e will migrate to
Converse County to avail themselves of potential e o good fortune (based
on expenditures of $1.7 million), the s r duratio the project will hold
significant migration to a minimum. Wa 's ore likely to occur economically
is that the labor-force participati t

' increase; that is, residents
will take a temporary part-time j b\t a i i the provision of services.

.16 0 LATION IMPACTS

To calculate t p n pacts generated by the four direct joo
slots and the two ct s, the demographic data available from the
1980 U.S. Census w d. compute the percentage of married versus
single popular o t a a base generated by the Construction Worker Profile
(Mountain We t k e rc nc., 1975) and the Bureau of Reclamation Construction
Worker Survey ( a _ s, 1977) was used. The population impacts are shown in
Table F-11.

/

.--,
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Table F-14. Population impacts
,

In-migrant Ir-migrant
direct indirect

employment employment Total

Total job slots 4 2 6

Single (24.6%)d 1 0 1

Married (75.4%) 3 2 5

Married but would not 1 0 1

relocate family
(26.5%)d

Family present 2 4
bFamily size of 2.6 5 5 10

Total population impact - 7
~

12

Adults 5 9
Children 2 1 3

aMountain West Research, Inc., 19 .

bAverage family size, 1980 U.6 2nsys, erse County, Wyoming.

F.17 4 GRAPI C OF INCREASED POPULATION

The principal os o' uting the probable demographic profile of g
tne in-migrant po ~ ni etermine the potential impact on the school a
system. To comput a >o the children who will in-migrate, the age-
distribution fo ne se County (Table F-9) were used. The age data g
indicate tha er e of the children will be less than 5 years of age g
and 86.6 >rc n w- be of school age. Table F-15 summarizes the impact on
schools.

I
Table F-15. Impact of school-aged children

I
Direct Indirect Total

Total children 2 1 3

Under school age, < 5 years (13.4%) 0 0 0
school age, 5 to 17 years (86.6%) 2 1 3

I
A summary of the demands that the project will place on Converse County

resources due to the proposed remedial action follows in table F-16.

F-24
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Table F-16. Project demands on Converse County

Impact category Demand

School population 3 children
Housing and motel rental 6 units
Water (100 gallons per person per day) 1200 gallons per day
Sewer (103 gallons per person per day) 1236 gallons y r day

\

Tat >1e F-17 portrays the ability of the community to a c ate e
temporary influx of people caused by the proposed rem 1at n.

N

Table F-17. Demand versus community n ucture supply

'ect demand Current
( 'ople) supply

Rental housing units (4% vacanc 6 171
Water (people) 12 8,264
Sewer (people) 12 14,234
Education (people) 3 1,680
skilled and semi-skille ers 14 245

)
M

~

It is obvious p ject would not strain the community infra-
structure.

,

e
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F.18 FISCAL IMPACT

The remedial action would inject S1.7 million into the Converse County
econcmy over 16 weeks. The budget for the proposed action, the details of
which are included in Appendix C, is shown in Table F-18.

Table F-18. Cost estimates of the proposed remedial action

A
Item Costa

Level stack area in pit S ,000

Stack contaminated tailings and soils 644,000

Cover for contaminated stack 266,000

Health physics and radiological monitorin 86,000

Vicinity properties cleanup 131,000

I
' t a S 1,143,000

Engineering, 15 percent 171,000

Contingency, 30 percent 343,000

Total :s 1,650,000

Rounded total S 1,700,000

acosts a un e t- he nearest $1000.

cal contractors would do the work and that the in-1g thaAs
mig ant M purchase goods and services in Glenrock or Douglas, the

a tax applied to the $1.7 million would generate tax revenues4-pe =

of $68, .\In Wyoming, one-half of this amount is returned to the county I
and municipalities; thus, Converse County would receive $34,000 in sales-tax 5
revenue for the 16-week project.

Some evidence exists that the aforementioned fiscal impact is very
conservative; in other words, it reflects the minimum fiscal benefit to i

converse County. To fully appreciate the fiscal benefit, a multiplier |
effect should occur; that is, a dollar received by an employer or local
business associated with the remedial action is spent on other goods and
services in the area and is in turn spent on additional goods and services.
This multiplier effect increases the fiscal impact of each dollar spent on

*

the Spoon site remedi . ac t. ion .

F-26
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The income multiplier to be used in this analysis is $2.02. In other

words, for every dollar spent on the remedial action an additional St.02
is spent through the multiplier effect. The use of this multiplier is
substantiated in A Guide to Methods for Impact Assessment of Western

[
L

coal / Energy Development, prepared by Mountain West Research, Inc. (1979),
for the Missouri River Basin Commission.

Using this multiplier, the impact of the $1.7 million becomes S3.4
million added to the local economy. Thus, employers, local businesses, and

governments (through taxes) would benefit from the expenditures.

-

9
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ESTIMATES OF HEALTH EFFECTS OF RADIATION

The contaminated material at the Spook site exposes people who live
and Work ne&Yby to low 1evels of radiation. In theory, the radiation doses

I received by these people could produce health effects, principally an
undetectably small number of excess cancer deaths. This appendix derives)

upper limits to the numbers of health effects that might be expe t d in people
who live and work near the Spook site and in the workers who gutthe
remedial actions there. \

.I
G.1 METHODS OF ANALYSIS

,

The estimations made in this appendix are b s a presented in

BEIR-III, the major report issued by the Nation (e ch Council of the

National Academy of Sciences (1980). Because the C II report itself

does not always make firm recommendatio out the t way to use the data,

these estimates also make use of reco ns published in scientific

journals.

G.1.1 Health effects of ex et daughters

1 s from Ta' yx
ings and from other materials, theWhen radon gas esc

radioactive daughters p o c fro ts decay may become concentrated in

I
nearby breathe this air and are thereforethe air. Persons w li wo

exposed to the ra t' em t by the radon daughters. The BEIR-III report

gives a model for s ng e health effects of such exposures. The unit

of concentrat se h BEIR-III report is the working level (WL); it isI defined as a y c n nt a on of radon daughters in 1 liter of air that will
result in ht. u ti a e.ission of 1.3 x 105 million electron volts of alpha

energy. 'h u (t o xposure used in the BEIR-III report is the working-level
I month it 1- fined as the exposure resulting from the inhalation of

air,w' 'entration of 1 WL of radon daughters for 170 working hou..s.

Apos re of one or more persons is the product of the number ofThe o

persons nd h average exposure they receive; the unit for the measurement
of such a hulationexposureistheperson-WLM.

Several studies of lung cancer in miners exposed to radon-daughter concen-
I trations in air are used to formulate the model given in the BEIR-III report

for predicting the risk of lung cancer. Because this model is age dependent
' and arose from studies of workers, it must be interpreted before it can be

used for estimating risks of lung cancer from low-level exposures to the
general population. Cohen (1982b) has used the BEIR-III model to estimate
the population risk to lung cancer as 520 x 10-6 deaths per person-WIA. He

has also presented data (Cohen, 1982a) suggesting that this model overestimates

W0? C AL 30CNET CO?Y *-'
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l
radon-induced lung cancer among nonsmokerm by a factor of 40. Evans et al.
(1981) have reviewed the miner studies, lung-cancer risk estimates published
by several authors, and epidemiological evidence. They conclude that the
most defensible upper bound to the lifetime lung-cancer risk for the general
population is 100 x 10-6 deaths per person-W m.

Cohen (1982a) equates the effectiveness of Wm for occupational exposure
to W W for population exposure. He discusses several factors that affect |

the effectiveness of WLM exposures and cites two references that bracket
his assumption of equality. Cohen's assumption of equal effectiv ness is j
accepted here, and the risk factor of 100 x 10-6 deaths per pers WLM is |
used to calculate an upper bound for lung-cancer deaths in th e ial-action |

workers and the population living near the Spook tailings.
|
|

G.1.2 Health effects of exposure to gamma radiatio.

The tailings emit gamma rays that deliver adl ti n o e- to nearby
people; unlike the radiation from radon daught r, ch r cipally affects
the lungs, the gamma radiation produces an " ext 1 e posure to the whole
body. The rad is a unit for the measurement of d elved by a person;
for gamma radiation the rad is essentia qual to roentgen, the unit
for measuring the intensity of gamma r la 1 in air.

The BEIR-III report contains b v ra d for determining cancer risk E
,

resulting from exposure to gamo r t'on. is necessary to define the 3
person at risk in order to kn v i is model is applicable. This analysis
assumes the work force is pr o ina t es who range in age from 20 to 49
years. The average age i ss e- to b 35 years and the average age at death
is assumed to be 70 yea

I
I,

I
I
I
I.

G-2
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G.2 CALCULATIONS OF HEALTri EFFECTS

Calculated health effects at the Spook site are presented in the body
of this report. The methods of calculation are shown here.

G.2.1 General public

Only 12 members of the general public live close enough to t e Spook
site to'be affected by detectable concentrations of radon daught from
the tailings. They live at the Hornbuckle Ranch (Figure 1-1) 1.75
direct miles south of the site. Although only seven of the r de ts live
there throughout the year, this conservative analysis ass t at 1 of
them do. Measurements have shown that the radon-daughter o trati is at
background levels at the ranch when the wind is from . so h (FBDU, 1981).

This analysis assumes that the 12 persons spend 7 p nt f their time
at the ranch; 50 percent is spent indoors and 2 e et a s ent outside.

I Of the remaining 30 percent, 10 percent is spe t at a i ta e of 0.75 mile
from the tailings, and 20 percent is spent at a 1 ta c great enough for
the radon-daughter concentration from the tailing t negligible. The

I wind rose for Casper, Wyoming, (FBDU, 1 shows t the wind blows from
northerly directions less than 25 perc he time; this same wind pattern

vh m this analysis assumes thatis assumed at the Spook site. For n r
the wind blows toward the ranch 25 e time.

As noted in Section 2.8, he a age adon concentration 0.4 mile
downwind from the edge of the e 's icocuries per liter (pCi/1),

I
.

while the average backgro co c tr t on in the Spook area is 1.1 pCi/1.
The difference, attribu - to t e ailings, is 1.7 pCi/1.:

To estimate th onc ti of radon daughters at distances other than
p 0.4 mile from the it e essary to know how their concentrations are,

diluted as they mo e h e air. Appendix A-3 of Meteorology and Atomic
Energy (Slade ~ 8) c t i s a log-log plot of normalized average axial

-I concentratio s y s el distance for several conditions of atmospheric
stability. e t e is ances of interest in this report, the slopes of the
curves fo he 't '1 ty conditions are approximately equal; therefore, the

I diluti n co 'nant between two points is affected very little by the
sta i o e atmosphere. The curve for Pasquill's condition F (minimum
dilu b normalized to the measured radon concentration of 1.7 pCi/l

I normalizedh rve is 0.58 pCi/l and at 1.75 miles is 0.17 pCi/1.
at 04 (le o nwind. The radon concentration at 0.75 ndle read from this

To derive the number of working levels corresponding to tnese concen-

I trations, the equilibrium value discussed in Section 2.8 must be estimated.
Measurements at the Vitro tailings pile in Salt Lake City suggest that 10
percent is a conservative estimate of the average equilibrium value at t.ae

I smaller Spook pile. The average wind speed at the Spook site is 13 miles per
. hour. This speed will carry radon daughters 0.75 mile in about 3.5 minutes
| and 1.75 miles in about 8 minutes. The radon-daughter equilibrium will be

less than 10 percent at 0.75 mile and 15 percent at 1.75 miles (Evans, 1980).

Or C Al J0CE C0?Y Ao /o_3
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The radon-daughter concentration is assumed to be at 50-percent equi-
librium indoors. Although some data show that this factor is appropriate for
radon emanating from sources close to a structure (UNSCEAR, 1977), it is an
overestimate for radon carried from distant sources by wind.

For these equilibrium values the radon-daughter concentration in working
levels is calculated as follows:

x 0.1 = 5.8 x 10-4 WL for 0.58 pCi/l at 0.75 mile, and

0.17 pCi/l x 0.15 = 2.6 x 10~4 WL for 0.17 pCi/l at 1.7 4 s.100 pCi/1-dL

Under the assumptions discussed above, a 1-year exposure

(0.1 x 5.8 + 0.2 x 2.6 + 0.5 x 0. 5* *t
'* *

r

x 12 months x 0.25

= 0.007 Wm.

The number of lung-cancer deaths from the Spook ta'l' among the 12 persons
who live within 2 miles of the site wou less t

0.007 W m/yr x 100 x 10-6/Wm- rs ersons

= 8.4 x 10-6

= 0.000008 lung-can e de year of exposure.

During the 4 month' o eme action, the radon concentration is

assumed to be 100 perce i er be use of disturbance of the tailings.
The number of lung- er s ue to the remedial action would then be

O 4 r)ths8.4 x 10-6/ye W x 2.0
nths/ year

= .

0.0 0 ung-cancer death.

ps si n the main text of this assessment, the exposure from gamma
radia e Spook site in all populated areas is at or very near
natural round. This condition is expected to continue throughout the
remedial a on. Therefore, no meaningful calculation of health effects
among the general public from exposure to gamma radiation from the tailings
can be made.

G.2.2 Remedial-action workers

As shown in Section 3.1.2.2, remedial-action workers working directly on
the tailings will receive an exposure of 0.2 Wm. Using the risk estimator of
100 x 10-6 death per WM -person to determine the upper limit for lung-cancer

G-4
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mortality, one calculates

0.2 WLM x 100 x 10-6/WLM-person = 2.0 x 10-5 per person.

( The upper bound for lung cancer among the 16 workers would be

2.0 x 10-5/ person x 16 persons = 3.2 x 10-4 = 0.0003 lung-cancer death.

[ For worker . exposure to gamma radiation, the calculation is based on the
risk factors described in Section G.1.2. The total gamma exposur due to the
tailings'is

D = 480 hours x (330-12) microroentgens/ hour

[ = 153,000 microroentgens

= 0.153 roentgen

where the 12 microroentgens/ hour due to Dackgro d i i ly subtracted.

To estimate the leukemia and bone-cancer .r al't , one uses the

coefficients given in Table V-16 of the BEIR-III The BEIR committee.

recognized that for doses of 1 rad per or less quadratic component--
the term containing the square of the oe the calculation is so small

( that it can be safely ignored. Bec s e o a in this assessment are
much less than 1 rad per year, the o - erm was not included in the
calculations. For these two ca e t in the report recommends a

{
short latent period (assumed re t e0 and a risk period of 25 years.
The age-dependent regression o fi i or males aged 20 to 34 and 35 to
49 are averaged to calcul th nu 1 risk from leukemia as

f 1.
3 0.8M 1 6 ##

x3 rson ad-year x 0.153 roentgens x 1

1.5 x 0 eat r person per year of risk.=

The lifetine mi 's s

1.5 10 y ar x 25 years = 3.8 x 10-6 per person.
{

The bo e a 'r s 2.2 percent of the leukemia risk or

-6 0.022 = 8.4 x 10-8 per person.person x.

To es ate the risk from fatal cancers other than leukemia and bone
cancer, this analysis uses the model given in Table V-19 of the BEIR-III
report. For these cancers the text of the report recommends a 10-year latent
period followed by a lifetime risk. For the remedial-action workers, then, a

[
25-year risk period follows the 10-year latent period. The annual risk from
cancers other than leukemia and bone cancer would be

(* )x10-6
+ ##*

/ person-rad-year x 0.153 roentgens x 1
2 roentgen

= 3.1 x 10-7 death per person per year of risk.

[ 2o6 V/
"~'
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The lifetime risk is

3.1 x 10-7/ person-year x 25 years = 7.8 x 10-6 per person.

The lifetime risk from all forms of cancer is obtained by summing the risk of
leukemia, bone cancer, and other cancers. This gives

3.8 x 10-6/ person + 8.4 x 10-8/ person + 7.8 x 10-6/ person

= 1.2 x 10-5 per person.

The lifetime risk for a crew of 16 persons would be

1.2 x 10-5/ person x 16 persons = 1.9 x 10-4
9 _

= 0.0002 cancer death.

I
I
I
I
I

9
I
I
I

,

I

|
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