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ABSTRACT

_ Congress, in 1980, 'gave the Nuclear Regulatory Commission (NRC) .the
~

'.

responsibility to coordinate .and . conduct a monitoring, . engineering assess-!

! ment,~ and remedial . cleanup program in Edgemont, South Dakota. The congres-
:- .sional; intent was to locate public properties in-Edgemont that had been con- y

- taminated by radioactive materials from a. local- uranium mill, and to clean ,

up those properties.- Because the Atomic Energy Act of 1954 gave NRC the '

authority to monitor for contamination but not to clean up contamination,
Congress:later' assigned the. remedial cleanup responsibility to.the Department
of Energy -(DOE). - NRC,3through.Battelle Pacific Northwest Laboratory (PNL), '

conducted a radiological survey of 96% of the properties in Edgemont and
vicinity during the time period of September,1980, through April,1984.>

! -(Out of 976. total ' properties, 941 were surveyed.)

.

'The: strategy _of the survey.was to screen properties for the possible" ^

! presence of contamination by using short .and long-term radon progeny measure-
ments, indoor and outdoor gamma exposure rate measurements, and soil. radium- '

? .226 measurements. . Properties ,that failed the screening surveys were measured
more extensively-to determine whether the elevated readings were due to resi-
dual radioactive materials from the uranium mill. This report contains the

.. historical perspective of.the Edgemont survey, explains the- development and
! . modifications of survey. protocols,~ examines the problems encountered during
| the survey, Land lists a summary of the results. .The report'also presents'
; conclusions about the effectiveness of the. survey techniques and about the

trationale of a comprehensive survey of a whole connunity; The appendices
i section of this report contains all the protocols, a list of all the proper--
1 ties showing: survey results for.each, and reports on special studies _ conduct-
: ed during the survey. .These special studies contain many valuable. insights

that may prove beneficial to future radiological assessment surveys.:
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HISTORICAL PERSPECTIVE
~

1:
' _-Edgemont is an isolated community.in southwest South Dakota at the south-

i ern fringes of:the Black. Hills. In the recent past, Edgemont has depended
on two sources for its economic viability - the railroad and the uranium
industry. The uraniurn mill at Edgemont is an integral part of the town,
located just across the.Burlington Northern Railroad tracks from Edgemont's
main business district. An Environmental Protection Agency (EPA) survey in
~1971-72-identified Edgemont' as one' of a number of western consnunities that-

had been contaminated by materials that possibly originated from a local-

uranium mill. :This EPA survey, along with sev,eral similar surveys at other
: communities and other studies, generated much concern about the health of
; the' general public. living in the environs of uranium mills.

-

,

,' In 1978,| Congress passed the Uraniurn Mill Tailings Radiation Control
>

.

Act (UMTRCA).. Title I of UMTRCA established a program by which the Department,

of Energy (DOE) would clean up certain inactive uranium mill sites and contami-'

:nated vicinity properties. Because the Edgemont Uranium Mill had an active', Nuclear Regulatory Commission (NRC) license, UMTRCA did not include the mill :
! in the Title I. sites to be cleaned up by DOE. . Instead, the present owner of
' the mill would clean up the mill site under the con (itions of the license.

However, the present owner was not legally obligated to clean up contamination
off the site, except for that contamination created by windblown tailings.

,

In 1978' EPA, with assistance from NRC, the mil | owner, and the Stat'e of t

South Dakota, conducted a survey to determine whether contamination other than>

: windblown tailings existed on Edgemont public properties. This survey revealed
i sixty properties where radioactive material may have been transported and placed
j by man. In 1979, the State requested that the NRC conduct a radiological
! assessment of-Edgemont. NRC agreed to cooperate in a radiological assessment
j of Edgemont; however, NRC could not, either directly or.through the mill
| owner licensee, perform remedial cleanup of contaminated offsite properties. :

| During 1980 the Department of Housing and Urban. Development (HUD) determined
that homeowners or_ potential homeowners in Edgemont would not be eligible,

[ for HUD housing assistance if the' house in question contained unaccept'able '

! levels of radiation. A house would need either a passing radiological survey '

or, if it had a high radiation level, remedial cleanup before HUD assistance'
.

would be granted. The, EPA sur_vsys and the HUD action prompted much_ interest<

' in an Edgemont remedial action program both for health reasons and for economic
reasons.

|- Congress, in 1980, gave NRC the responsibility to coordinate and conduct
L a monitoring, engineering assessment, and remedial cleanup' program in Edgemont.

However, there remained considerable doubt about NRC's authority _under the
Atomic Energy Act for any action'other than monitoring.- In September,'1980,

.

'

NRC's contractor, The Pacific Northwest Laboratory (PNL) operated for thel
Department of' Energy by the Battelle Memorial Institute, began the.Edgemont
radiological _ survey. In. January 1983 Congress amended Title ITof UMTRCA to
include Edgemont vicinity properties. . This gave the responsibility for engi-

~

neering' assessments and remedial action cleanup to the DOE;- NRC then began
relaying. radiological assessment'and other survey results to DOE so that DOE
could plan and conduct remedial cleanup at contaminated public properties 'in
Edgemont. The NRC Edgemont radiological survey was completed in early '1984;- :

-and. shortly thereafter, in April of 1984, PNL closed its Edgemont field office.

.

I
'

,
1
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G0ALS AND PROTOCOLS;

In August, 1980, representatives of.the Division of Waste Management
(DWM) in the Office of Nuclear Materials Safety and Safeguards (NMSS).of the.

.NRC requested that PNL. perform the radiological surveys that were.needed in
. dgemont. PNL was requested to provide detailed radiological surveys of allE

. developed properties in Edgemont and its vicinity. Properties in the vicin 'i

; ity._of Edgemont were defined.later to be Dudley, farms and. residences within
Edgemont, vacant lands within 50 feet of the perimeter of the city limits'

; and farms and residences bordering Edgemont where owners requested a survey.
; Personnel of the State of South Dakota had been performing radiological sur-

veys following a protocol defined by HUD (Region 8) with the assistance of-
EPA (Re'ginn- 8). The PNL survey was sufficient for HUD's need; therefore,

,- the PNL survey replaced the HUD survey and PNL, through the State, -supplied
~

HUD with the information necessary for its property evaluations. For_NRC-
purposes,_PNL was not required to re-survey the 192 properties _that had pre-
viously been surveyed by the State.4

4
_ _ The NRClwork statement to PNL'specified the required sampling protocols

| and action levels to be used in the surveys and included a flow diagram describ-
i ing the survey process. The diagram is shown in' Figure l'and_the work state-
! ment protocol is in Appendix A. The work statement protocol was patterned-

after the protocol established by HUD-EPA for the State of South-Dakota. It
'

was intended to meet the needs of HUD as well as evaluate the status of a
: property.in comparison with the proposed EPA standards in 40 CFR 192, " Pro-
! posed Cleanup Standards for Inactive Uranium Processing Sites" (EPA, 1981).

The proposed standards stated that remedial action shall be rer'uired if resi-
dual radioactivity caused:

(1)
ground) to exceed 0.015 working levels (WL)tr6tions (including back-
average annual indoor radon daughter conceni

lU;!

j (2) indoor gansna radiation levels to exceed 20 micro-roentgens.per hour
above background; or~

~

1

! (3) - average 226Ra concentrations in soil or other materials to exceed 5
pC1/g in any 5 cm thickness within 1 foot of the surface, or any 15 cm

i thickness below 1 foot.

If a property failed any one of these criteria because of residual radio-
activity from the uranium milling industry, then remedial' action would be
required. In addition.to the EPA' requirements, properties are not eligible

daughter weighted working levels are greater than 0.02 WWL(2(1, or-(2) aver-
for federally guaranteed financing administered _by HUD if: 1). indoor radon

age gamma exposure rates on open land are greater than_.14.5 R/hr.:,

i

i -(1) One working level (WL) is defined as any combination of short-lived radon
decay products in 1 liter of air that will result in the ultimate emission

-

of alpha particles with. a total energy of 130 billion electron volts.:

4- (2) One weighted working level.(WWL)..is defined as.0.6 times the " grab" working
i Llevel measured in a closed up structure.

'

:

2
.
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FIGURE 1. Flow Diagram for Edgemont Radiological Assessments as Specified in the
Original Statement of Work-
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Th'e' survey protocol'_(and diagram) were modified and improved with time f;"
and experience.in Edgemont to best meet the needs and goals of NRC, HUD, the
State of South Dakota and the property owners. The major goal of the initial
radiological measurements was' to locate all sources of elevated radioactivity

~

,so. that-structures and properties potentially requiring remedial action couldi-

L :be-identified. =However, the measurement procedures,.of necessity, represented
[ .a compromise between the need for. accurate, representative measurements of

"

; radiological. parameters, and the. requirement that decisions concerning reme-
! dialLaction be made:as quickly as possible. Any: delays in carrying out reme-

dial ' action caused by a too. exhaustive measurement program could have result-
*

.

Led in a greater total population dose than minor errors in deciding where
remedial-action was required. -Therefore, some of the measurements had to be
made with less than the maximum possible detail and accuracy in order to
expedite the implementation of remedial-action.- The protocols that were
considered by PNL to represent the best compromise between expediency and

; accuracy:are documented.by Perkins et al. (1981) and are excerpted in
Appendix A. These protocols were approved by NRC personnel after d_iscussions

!. with PNL staff and participation by the NRC staff in the initial radiological
j surveys in Edgemont.
,

L In January, 1981, PNL conducted a workshop in Denver, Colorado,.at the-
] request of NRC. Representatives from federal and state agencies, Indian
' nations,~ federal contractors and interested parties from the private. sector,

,

all of whom were-concerned with monitoring for compliance with.40 CFR 192,
; were invited to attend. Many'of the participants were or had been actively
; engaged in.similar radiological surveys. At that meeting the participants
I evaluated the detailed protocols. Those

were generally considered to be necessary. suggested procedural changes whichi were implemented in subsequent
. field studies. ~The conclusions of the workshop and protocol changes are.
L

.

also given by Perkins et al. (1981) and included in Appendix:A.-
,

j .In October, 1983, NRC further modified the protocol.in order to reduce.
j the length of time required for the measurement of annual radon daughter
J concentrations'in residences where the radon. daughter grab sample result was
! in the range of 0.01 to 0.033 WL. -This was accomplished by relying on quicker

,

f gamma exposure rate and soil measurements rather than on long-term Radon
i. Progeny Integrating Sampling Unit (RPISU) measurements.- Protocols for RPISU
i measurements and for the modified procedure that replaced the RPISU measure-

ments are included in Appendix A. Figure 2 illustrates'the final Edgemont-

Radiq1ogical Assessment protocol.4

:
.

!-
INITIATION OF THE RADIOLOGICAL SURVEY'

!

PROMOTION OF THE SURVEY

|1 .In late August and early September,-1980,-meetings were held'in Rapid
City, S.D. and Denver, Colorado, to provide to interested. parties 1a'descrip- >

i tion of the plans and schedules for the radiological surveys and to permit
| comments and evaluation. Personnel of NRC, the State of South Dakota, the .
| City of Edgemont, HUD, and PNL attended the meetings. . PNL1cquippedz a. mobile- !

L laboratory for the' program during:the same time-interval.

4'
e

, , , ,
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Inithe'first week of; September, a town meeting was held at the Edgemont-

school to inform local residents of the plans and of the mechanism for request-
ing. surveys. Since the requests for surveys.that had previously been per-
formed by the State had been submitted to personnel at the Edgemont City

' Hall,.it was decided to continue the practice of having requests submitted-
there._ The radiological reports, needed for HUD financing, would also be
.sent to the State of South Dakota in Pierre for filing. A copy would be
'sent to the Edgemont_ City Hall where residents could inquire and pick it up.
PNL submitted _ monthly.repcets to NRC,' tabulating the number of properties
requesting. surveys, number surveyed, and numbers of properties that fell
into distinct survey categories.

After the initial attempt'to call attention to the program at the town
meeting, PNL promoted the program by using a prominent billboard style announce-
ment painted on each side of the mobile laboratory stationed in Edgemont and

.by interviews and photographs in the local weekly newspaper. When the rate
of. requests slowed in November, an advertisement was placed in the November
12 edition.of the newspaper to stimulate participation. Copies of one of
the news reports-and the advertisement are-shown in Figures 3 and 4. The
program announcement can be seen on the photograph of the PNL mobile labora-
tory.

~THE FIRST MONTH-

.On September 16, PNL initiated the survey of Edgemont. During the first
month, initial. surveys were performed at 38 properties. These surveys were
not totally completed because of the necessity for re-sampling air from habit- ,

able structures when radon progeny concentrations exceeded 0.033 WL during
the first. measurement. One property that was_ included in early surveys was
the Edgemont school grounds, where EPA (Thrall, Hans, Jr., and Kallemeyn
1980) reported the possible presence of residual radioactive material. At

onejORaandlaterconfirmedthepresenceofuraniummilltailings.gcation on vacant land near the athletic. fields, PNL detected a depositof 2 PNL
also discovered one additional . tailings deposit at a location near the' rear
steps of the high-school gymnasium.

PROPERTY INVENTORY AND CLASSIFICATION PROBLEMS

'In October,1980, when it became apparent' that initial estimates of the
number of properties in Edgemont were far.too low, PNL initiated;an effort.
to determine the exact number by using tax and' utility records and by count-
ing houses. PNL determined that the total number of properties in Edgemont,
Dudley 'and the Cottonwood District of Edgemont was 690 rather than the initial *

estimate of 500 received from the city. This estimate was continually revised
as more detailed information on current ownerships became available. Initial

-

,

estimates were not entirely' accurate because parcels had been subdivided and
structures built or demolished. -Also, city records were incomplete and prop-
erty owners occassionally_ failed to record transactions with the county.
PNL-had to carefully define a residence unit and vacant 11and parcels for the

L purpose of. determining survey statistics. It was necessary to modify some
;- of the-initial _ property definitions-because unexpected situations arose.

For example, a_ multiple-residence unit structure such as a quadruplex or
duplex apartment could be considered a single structure with one owner on a

: single. property. However, since each unit required an individua1' radiological-

| L,_ 6~ s
,

J

. a~ . , . _ - . - - - . - . - _ . - - - _ - _ ..a , _ . . . u. . . - , , - . , _ - . , . - , _ .



_- ._ -- . _. .-. . . _ - _ . _-

|

EDGEMONT NENJLI.D. "

RIBUl%TE.-,. . _ , - -
_, - , - .m.

_

Petitions circulating Battelle starts testing
, _

fqr publoic heering
e .

o - -g-m
.,, 2s.w =.~. 22.: m:: .::.=. .= :m . :::,..= .= -c _ x,. .== = =,. -- - .v:::=:0 _e~,:_ ,_ _ _.a ,

. . . ,

Paula Horrod h,ered - = = = . ' '' ;x .:= =:. v . . . 1

as headlibran.an e 'e= ==:.=:: L.. t m. ._

>

., ,,,,,_ ,,-,,_. _., .

. . - ._:: :::.m -

.

. . .- -:: =e:r := =.r.r: =. _'=
:==r =--- =:;r g--

. ==- .==: :."r-== =*:=. .u===.:= :- . ~. .=:.- : ' ~.: = cr. = r,= : 4 :;=: - - - - - -

. . . _ . - --

=.=:.p=r.=.:u : .. = ; e.;= %:..- := =.

-
=.. :: .= r. _ -

3 n= . = .:- .:::=.,r= =~ e. = . .: v.s. =:= .= :=. . :: .-- := r: - - - - - -.

===,=.:-:=- - =- =w:.::

::=:= n:v. =::,.2 .a .=_.: m22 :::. = .. .=. ,_= r.
-

- . .._, ::: - - ...

.

.=:== . -::.s.n.<~m Mew.:: n'
-

=g=.a- c L=||2 ; F R mai --
Fifty year Mason.ic pin .=._ e: -

- - -

. . .. - -

_., _ . y

Ji$,1
.

presented to Ted Barney i:!:.c. EiUI'd ' . ',, ;.

:x.. .re :.:...,=: .. . c > a.- - . . - .

,._._ _ """ a... M.. Ei:"r . iii Fi ~ , y~
..

' ''

-

. ~., |-|:':::. 0. s**s*.
l'::g:;=:.e.,.;,,'J ,=; ..-- . i.

p= . A .." ::,- - 4 r' .t; ',, ,,y. . - .
,

, .0''|: ;;y, :;; : ) - _7. .. . .,e* -- . a.
: q.-

- - .rm .- < ,,'r.rm' - ' /
. .h. Abdnorreports

--'
., ,

.529, .. '

0 L census folly
'

'
~ ~ ' ' Mi r D, '

.m.
. " ^ " i ".: .'.* '|:: , 2,:|-3;;;:,:-3.,,,, :: ::::t:::::--a==-a* ' -

=mTa' - '+ ** :;|:::: . . ,e--a.:,, ,., .,,, .; :* .""-- . ary := ,.-- * -- *. .::
. .

cNows Briefs '. ". ".J3.=, -* "" g ||:t--- --' * - ||::= . : '---* ::-- -'-t.=:.:.t.c
,

i.

.- ,g=;.=;.,.w: , . .,.,,,,. .. _g_ :=_-
-,ver. , cense sca

. = = , . ,.g = . -. . .
_ , , , ,.:_ =- .:= =-. =,=- . - ,==: - _::*.f;;;2 a,: ;;;f,. *; _.:=::=; a:.:=.: :r . : ===- .a::r=::::|:'."g='.t||r.';:: " .=. J.=t J --.----* :::: ::::::=;,::-2,= ::; m g.---.-: = =.n.. =.

.- _
w :. _- , := ::=_.=. .=._ =.=. s_ _ +. _=n

-

. - -. . . . f, .j:|** - * *** * * g., .,. .;,y, .; 7
.

j Wood Burning sem.inor scheduled ,,,,,,,, ,,,, gy 'fe;|- : -"*" ='*J ||g-=
,

. =._ = .. =_ v_.= u=.- : . - - - , =_ _ .. _.=. =. - __ : ,.=. .=.__. : .: :- _ . . . _ _ _ . - _, .. -
_ __

. =._ ;: :.._ . = = = = . . - - . - .
.

-_===.=.=.-.
es=:=:. e----- A total netloss.f not a d.isasteri

uk mountaincarnperound to dose J.:t::'=':2.:::::r: ::.':" :".=.~ " . '1::':::, m.- ' YJ .="~ " .=.r,.~. :=.:g.;;;, :.... : =. g.;..t..,'.g: .=.,y; a - ::1 _"-'- =.":: J.g=:.;;=;;;,,
-

L7:,,,,,,,,, ~ c ~ . ,_ ..,

| - . - - - = ^ g ,,m,;; .,y;= ::; .,g :::: ,|:~;; , , ,,;.-- .
_ .

; .t === .!::;'=Ti":rt!--'
.

.~.::J.: * - :
" - -

. t::=. . ., - ~ - fJr - _ . -

7;':7::m'='.:::.:::.r::.-~ %'2!| :::: :-:: 2:::: ,,'.0t /:::; .?: :;---*.. - '" =. :-- *.::07.:

__:r::: ':7.g.5.. ,.., g.:=:.=:= - ;.,::- -|
_.: = . . . . . .

. , , _ .

FIGURE 3. Edgemont Newspaper Announcement of Initiation
of Radiological Assessment Program

7

. . , . _ . _ _ _ . . _ _ _ _ __ _ _ _ _ .-__ U



.. . - ..

Mogulc gers br.mg
. _ _ . , _ . _ _ .

-=_=_ :.::= .=_=. .=:r--" _ _ _r
.: - - - =::= <:=.e.::==

HillCityfrophy hcme Eftsgs.!.R5=C9EU!:E*EIE:
1 'A Mogvis end season with E:E'=&s:4

:-

win over New Underwood Esc!$3F,Is
.

_ :: :: :- - - -. ,=.:::2 =. : ... _. --
- - .. : =-.

'

$$:,":~:: Ed $5'~'~:2:5' :5 ''#-' FN
.

E ::m.~ ~.::5 IF.iEh:=': GOOD NEWS
:::. , .:.:--" :: =--"----

TODAYJ| ||| *. "".". ~/:"w',".'.*7* E CALL
*

::T"'""" ","''m : Winter schedule at $4s.7201i

.|:.=: :,,,, . :: ,.::: .. t."=:: :::::: ';;'.ta:~ :|rm. :" :r=".:':4 :?.s windcov.announc.d a wa wiu.-

aws(:: . .. :: . :. = ~.::E,#b ~%:E !~.::~,::i3233 :::::E:E~::6.=

'iF# dO3=~~=: Eia, _'.g.:: . :=.':i :'""'Eli.".~''~~'"I
t o

; :- : r. ~-

.2===": ' .fEF::=r!;: %.=,=. w, .C= L, THANKYOU -~ g q
,

J
.

-. r

3'::7u -|T.||:::|: 3::||.;:::/::'CL'' :|; d /**** Thada'87 ird T; Lu ' tt..
=:.":::". r|:::''"""u'"*- " .": J' ".".T.'::: *- h

" *;;: .".g.'g';;|::|:t ** J ,,.- ::= ~:: y~- q kE.$enwwhowrafksw h
''if n.|:::":'''"*:" :3:13t Ti.E,""."==T.*-'t :: .:: '.:g"|| ts;.".1 1,|::.|:,;r|;;fE:r,;,3:

.

| "??". '::ru
, . ,

n - " h hmeGewa@saser h:|"7 ;;r.t'.g
.

.r C~* .|
c ::::.'|' ; ':::: 1-- ".?. ?:.:::,* '--'h =f"||'m ||n :,:: .-,.,. ,:: ::*. %, w h'

:: ~- -' - - h f##,# p' " ''

#::Tr.''.=:.T1 ..:::r'" ::'u::"-.:::||||"J'::f=*; . :t-||::'|:::'::. ::- :: :::". : * ::'. :|||:.~ '3||"W.J'-;:'.|w,.,:::::- -.* h *****/87"dd"7* Jh' -6 w
' ** '' *

Ju..

f.|:".' ::::::":: ':::: L'::::' ::/=f.2::'.:'":|:':||: "" "y# '".,.g .. ::' : ':: h
": . m 2|"

---- --------- ---- - , ,. '::' t".34, * - *.:.g.gg
: h* J
'

." 3.:.|| ::"."::= '':|'.f ~:.':|*!" . - .
.7 "

. .. - = .: Q MershallTruex d
-

.

. .,., ,,; q-i
. p,

5 State Senator Distn,ct25 i
,

,

' E=EE:~.?~M N...- ~~= M = E F -"."" =. aJIGLOO BAR
'

c\.-. _ . _ . , n-.
Edgemont's . . . .

: s_.,.,.g=[g, ,
"i ,

se m FORDTRutH5i we
LiquorStore F*p.:f..:::;::::::1 '

u

\ HIPOINTBEE8WUM&MNETOGO ::51.=E.5:$ |,

| #WeIM#smkWe N0derA: $":fM,',|::!: ' IHI

.'~~,h' _i::.:~. G' RRY G
,

3.2 Beer On Top Kegs To order ;. -

.. .-
iUSE OUR HANDY DRIVE UP WINDOW *".""*/',,.,.,,,,

Io. .-

[[,, .y,JQgNEW NoUR$IFFICTIVIoCTotit 27
onuriocam..uioer.m.m.ad y seterdey

I ,; =.. - - - .
Talk To Jack,Estheror Carol E:E: 2E:=,"-

; About YcurSpecialChristmas Orders ; :::':::: ? :".|::"P2|
E

--- i . Yr::.E5' . " ~ ' " .1 DISCOUNTON CASE LOt _ _ - _ _ - - - - - - - TS. .

- ATTENTION-
Property Owners and Residents of Wrt T

Edgemont and Dudley ,,.EEMEi E
The EdgemontCleanup Action Program

"0 7 @EJT
s

0"jis a Federally financed effort to locate and # 3
| remove residual radioactiva material from

-

properties in Edgemont and vicinity. If C 'j, M, - FORD
'"
-

you have not requested a survey NOW is
. ,:: g,:::::::::::b i--- .3=g:::,,'athe time to sign-up. Inquire at City Hall :

5 :~;,.;:::=f=::662 7422 day or at the Cleanup Program L_ .n
office 662 7693, evenings. This service is :rtr.'-* 4:;.~, ,,,,,,,,,,, ,,,,,,-~" : -.

performed WITHOUT COST to the Porter Brothers Fordproperty owner. , ,

FIGURE 4. Advertisement Placed in the Edgemont Newspaper
to Encourage Participation in the Radiological
Assessment Program (Lower Left Corner)

| 8

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



I
,.

-

b - '
!'

9,

s

survey, it was more" appropriate to classify each as a residence unit in deter- '
,

i mining the level of effort expended per time period. Two other examples are'
' mobile homes'and large residential. properties such as ranches. Initially
PNL surveyed all mobile homes as residential structures. However, after I

,

several months, a number of mobile homes were removed from their sites after ,
:

-_ receiving indoor radiological. surveys.' Subsequently, mobile homes were clas-
'sified as temporary structures unless.remodeling indicated that the struc-

[ ture was intended to be permanent. The property was surveyed as vacant land.
' -

. Surveys >of large ranches were time-consuming because the outdoor radiological ,

_

survey grid for residences required many more measurements per unit area< -
'

than vacant land. Therefore, . land within 50 feet of the principal resi-
dence(s)'was surveyed using the residence grid, while land beyond 50 feet.

~

' - . as:surveyedlas vacant land. This kind of property was then tallied as bothw

a residence unit and a vacant land parcel.

LAt tie start of the program,' PNL' received the master. list and tabula-
tion of survey results'of;those properties where owners had requested surveys-

from personnel of th~e State of-South Dakota. There were several problems
F with the list. Not all_ entries were from property owners requesting a survey;

a-portion of the list consisted of. properties where the EPA; mobile van surveysa

; detected the possible presence of residual radioactive materials. In some
! cases,= the: property owners did not want surveys. There were multip,le entries
[ because some property owners had requested _ surveys more than once. Later,

j- when PNL started to make surveys,'some owners who had received surveys from
the State requested them again. Another difficulty with the records resulted -

! from remodeling, or sale of portions of properties. 'Sometimes the street-
address did not fit with the location of the front door of a residence. It

-

t

I was essential that the radiological surveys cover all of a requested property,i
but not infringe on neighboring properties where no request had been received.-

In 1980, the City of Edgemont gave to PNL copies of a plat map of the
city that had been prepared in 1962-and revised in 1979. PNL inmediatelyi

| attempted to reconcile that map with the ownership records-available at the
i county recorder ~in Hot Springs, South ~ Dakota. After the records had been
;

checked, the boundary-of each owner's property was-indicated.- The map and
~

i State ~ master-list were revised on several occasions. Nonetheless, occasional
j . errors in records were discovered throughout the period of the survey. .A

reduction ~of the latest version of the: map is shown in Figure 5~. PNL kept a
copy of all current county property records for Edgemont at it's Edgemont
field office.- An alphabetical cardex file was established by property owner,

! showing the addre'ss, state number, and PNL' number. These maps' and lists-
!' were essential for determining the status of-the program and for contacting
[ property owners,

.

i
|

PROPERTY OWNER PARTICIPATION '

After completing the- review list of property. owners-in Edgemont, PNL
staff found that a substantial fraction of owners had still not requested
radiological surveys. PNL staff: asked the South Dakota Department of Health,
Division of-Environmental-Health, to give assistance in contacting and en-
couraging participation of all those who had not. participated as of December,

.1980. !The State _ prepared a form letter (Figure 6) and,-in January, 1981,-
mailed 'a copy to each property owner on the list _ of non-participants. The
response to the formzletter was good. More than half of the known non-par-
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Deportment of Health

' DIVISION OF ENVIRONMENTAL HEALTH
Joe Foss Builoing
Pierre ' South Dakota 57501
(605)773 3329

t. -,
,

( . Dear

The South Dakota State HealtL0epartment desires to inform you of a radiological-
evaluation that is presently'being offered, at no cost to the property owner, through
a joint effort of the United States Nuclear Regulatory Commission. Battelle Pacific

- Northwest Laboratories, and the State of South Dakota. This program has been in pro -
gress for several months and phase 1 is expected to terminate early in 1901. The
purpose of the evaluation is to locate and identify anomalous radiation sources that
are the result of residual radioactive materials.

At the present time, all federally guaranteed loans and many private lenders require the
evaluations and a letter of certification from the State Health Department attesting
to the results, prior to the is;uance of a loan on property in Edgemont and vicinity.
The radiological evaluation is being offered at no charge in order to assist you in
meeting -the, federal lending requirements. In the event that uranium mill tailings are
located, the federal government has the authority to finance the remedial action,

kconsiderablefinancialburdenmayberealizedbythosewhodonotrequest'heevalu-t

ation and desire to sell their property at some future date after the remedial action
program has ended. ' For example, you might have to make arrangements for a special,

. evaluation and snould the evaluation indicate anomalous radiation. the property owner
could be required to finance the remedial action, prior to the issuance of a federally
' guaranteed Joan.

Therefore, if you desire to apply for the evalua'tlon please fill out- the enclosed
consent and indemnity form and return it to John Krueger at Edgemont City Hall or
the Battelle office at P.O. Box 8. Edgemont. 50 57735. If you do not return the
consent and indemnity form to the Battelle office or contact the Edgemont City Hall
and fill out a request form within two weeks of the receipt o' (Ns letter, then it
will be assumed that the evaluation is not desired.

Sincerely.

Joel C. Smith ~
Director-

JCS:RFB:pjl .
.

Enclosure

cc Greg Eadie.
Pete Jackson
John Krueger
Pete 7elmet

'
. .

.
.

. i

' ~ FIGURE 6. ' Letter Sent by the State of South Dakota
'to Edgemont Property Owners that were
not participating in the Radiological

.

Assessment Program as of December, 1980
'*
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-ticipants requested surveys. To encourage the remainder, the City of Edgemont i
'

'drafted and sent a form. letter to the remaining known non-participants, and
in November,1981, PNL staff also sent a letter by certified mail to the
remaining non-participants. Enclosed with the letter was a form on which
the owners were requested to sign and to indicate whether or not they desired
a survey. Written refusals were documented. Finally, each remaining non-

' participating property owner was contacted in person or by telephone and
asked to sign a refusal form if they did not want a survey. Those who would

,
<

not sign ~any form were documented by the staff member making the contact. A
number of property' owners were out-of-town residents. Those who could be
located were mailed the-letter and form. Those who did not respond were
telephoned. A few property owners could not be contacted or failed to respond.
Those owners were documented as nonresponsive.

" Partial refusals" occurred when an owner or resident initially partici-

pated in the program but later declined to permit completion of all phases
of measurements as required in the protocol. One example was encountered at
some properties where~ radon progeny concentrations were below 0.033 WL
(0.02 WWL) but above 0.01 WL. Those concentrations were below the. original
HUD criterion for withholding federally insured mortgages on the properties.
However, according to the NRC/PNL protocol, a long-term RPISU sampling pro-
gram was necessary to determine whether the concentrations'actually exceeded
the proposed EPA annual average standard of 0.015 WL (including background).
Some owners may have felt that there was a risk of jeopardizing HUD financing
for those properties if the RPISU measurements led to an annual average above
the HUD limit. Thus, some owners participated in most of the survey, but
refused long-term testing. Others refused or dropped out of the long-term
sampling after a time because of annoyance with the disturbance created by

! the presence of the RPISU. Where possible, those properties were' tested
using an' alternate sampling protocol that is discussed in Appendix A of this
report. Where conclusive test results could not be derived from the data at
the time of the termination of measurements, such properties'were tabulated
as refusal cases.

SURVEY PROTOCOL MODIFICATIONS

| _ By November of 1980, it became apparent.that some radon progeny measure-
| ments were being influenced by rapid indoor and outdoor air exchange rates

or by plateout of radon daughters on interior surfaces. PNL developed a
i

| radon daughter turnovar time screening test based on a model in Morken and
Scott (1966). The test examined the ratios of the radon progeny in comparison
with the ratios predicted for a well-mixed closed system having a constant
radon input and given numbers of pure air exchanges per unit of time. The
characteristic turnover times per complete air exchange were computed for
the first 2-3 months of measurements using the procedure outlined in the
protocols excerpted from Perkins'et al. (1981). (See Appendix A.) Only 10% j

-of the results showed turnover times less than once in 32 minutes (Figure 2
of Perkins et al., 1981). That value.was chosen as an acceptable exchange-
time; thereafter, measurements with shorter times were repeated.- Property
owners were notified of the. reason for making new measurements to insure
their added care in. preparing for them. When examining:these data, PNL-staff
also noted that'short turnover times and extremely low radon progeny.concentra-
tions (<0.01 WL) often occurred when samples were collected on windy days.
Measurements taken with wind speeds of 8. mph or less did not exhibit this

.

12

_ - _ _ _ _ _ _ _ _ _ _ . - . - . .,



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

..

f effect. Thus, the; protocol was also modified so that sampling would not be
'

'

donejwhen: wind speed was above 8 mph.

I No indoor measurements were taken at properties when the measured outdoor
radon progeny-concentrations exceeded 0.015 WL. During 1980, the outdoor
measurements were made at one location - the PNL Edgemont field office. That>

procedure was modified in February, 1981, because outdoor radon progeny concen-
trations can be time'and location dependent. 'Thereafter, outdoor radon progeny ;

measurespents were made near the properties where indoor measurements were
taken. PNL took the outdoor measurements immediately before or at the same
time'as the indoor measurements. -Measurements taken when the outdoor concen-
trations exceeded 0.015 WL were not used for interpreting the status of'a
property; instead, new measurements were made.

;

~

; Beginningsin early 1981,'PNL continued and expanded the long-term radon
: -progeny sampling program begun by the State.of-South Dakota. In May,_1981

the RPISU sampling program was modified. Previously, the sampling of some
residences _for a total of 100 hours required several TLD filter-heads because

~

filters. plugged after less than 24 hours in some cases from cigarette smoke.
Because only a limited supply of detector heads was available' from the EPA

i at that time, it was decided to discontinue sampling at.a residence if more
i than three sampling heads was-required to achieve a total sample of 100 hours.

Thus, the-available-heads were to be used primarily for residences of non-<

smokers until the supply of sampling heads could be increased. Later, those
: measurements that could not be completed were either completed in the same

bimonthly sampling intervals in the following| year, or~else the revised abbre-,

; viated radiological assessment,. discussed below, was used in place of long-
_

| term radon progeny measurements.
1

i Later in 1981, it became: apparent that the completion of long-term radon
'

progeny analysis by RPISU measurements in Edgemont might require 2-3 years
; with the. equipment that was available. The RPISU'is a custom-made instru-
'

ment, borrowed from the' EPA laboratory in Las Vegas, Nevada. The EPA Las
Vegas laboratory also supplied the detector. heads and: performed the calibrat-

'

ed readouts of exposed heads. The limited supply of sampling. units, heads
i and head reading ~ capability digtated the rate at which measurements could be
i completed. Over 300 structures at Edgemont needed.long-term racon_ progeny-

measurements. According to the protocol, which was based on' extensive EPA
experience, each of these structures would require 100-hr RPISU' measurements o

- every other month for one year to determine whether.they would require engi-|
neering assessment because of average annual working levels greater than
0.015 WL. In an attempt to reduce the excessive time required by the'long-

'

term radon progeny analyses, PNL, under NRC direction,: developed an abbrevi-
ated' engineering assessment protocol. (See Appendix A.) The RPIS.U measure-

.ments were to be bypassed using the-abbreviated engineering assessment. This
abbreviated engineering assessment. protocol'was the same protocol contained

~in the' engineering assessment protocols (Appendix A).for buildings that had
five-minute measurements exceeding 0.033 WL or annual ~ averages exceeding
0.015 WL, but where none of the other remedial action criteria were exceeded
during the initial ~ screening | survey.-

There were two problems with the abbreviated ~ engineering assessment.
protocol. The first problem was_that most of the grab radon progeny measure-

.ments between 0.01~and 0.033 WL apparently were'not associated with the
.
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4

: presence of residual radioactive materials.. Residual radioactive materials
were discovered during abbreviated engineering assessments on only one of 50
properties that had grab radon progany measurements between 0.010 and 0.033 :

WL. Secondly, the abbreviated engineering assessment did not make a direct l
.

measurement of the parameter specified by the proposed EPA standard, 40 CFR 192,"

namely the annual average radon progeny concentrations. Therefore the abbre-
viated. engineering assessment protocol was discontinued. Later, the EPA:

-issued the -final version of 40 CFR 192 that states that the annual indoor
radon progeny concentration may exceed the specified standard (0.02 WL in

,

.the final version) when it is due to sources other than residual radioactive
materials as defined in UMTRCA. It also states: " Remedial actions are not'

required.when there is reasonable assurance .that residual radioactive materials+

are -not the cause of 'an observed excess." Results of previous property surveys
<

in Edgemont revealed that radon progeny measurements were a poor screening'

. test for the presence of residual radioactive materials. However, gamma-ray
exposure rate measurement and soil sampling survey techniques gave reasonable.
assurance of the presence or absence of contamination on a property. There-

,'

fo.e, in August, 1983, PNL, under NRC direction, developed a new protocol
for detecting the possible presence of residual radioactive material at proper-'

ties originally scheduled for long-term radon progeny measurements. In.that

! protocol,' properties where the radon-progeny concentrations averaged less
than or equal to 0.01 WL were presumed to be below the final EPA workinga

level. standard of 0.02 WL, and did not need additional measurements. Proper-s

; ties where previous radon progeny concentration measurements averaged more
i than 0.010.WL required additional-evaluations of the existing exposure rate

measurements and, in some casts, additional testing. This additional testing,
: consisting of gamma-ray and 220Ra in soil measurements, satisfied the reason-
| able assurance stipulation in the final EPA standard. A copy of the alternate
! . otocol is in' Appendix A.
i

To clarify the status of existing radiological surveys that had been
performed by the State of South Dakota at Edgemont prior to the NRC program, ,

PNL hired as a consultant the former State radiation protection officer who
i had performed those surveys. He reviewed the completed State surveys and
' summarized the results. The results revealed several incomplete surveys and

a lack of engineering as_sessments. There were no detailed maps showing the
j locations of high gamma exposure rates and no consistent program of soil analy-
! sis.. PNL staff proposed an arbitrary criterion: -If the highest corrected
|

outdoor gamma exposure rate exceeded 16.5 R/hr'at a property, PNL.would 1
'repeat the outdoor survey and then prepare a site map and perform soil analy-

ses necessary for any followup engineering assessment. That level was chosen'

because of the high frequency of State measurements that fell between 14.5:

: pR/hr and 16.5 pR/hr. It ' appeared that there was 'a bias in the State calibra- |
1tions; PNL's-own meigurements indicated that only for a very small number of'

those cases where ZZORa in soil exceeded 5 pCi/g in a significantly large 1,

! area did the'dese rate' fall below 17 R/hr. In' July 1981, NRC staff approved
the criterion and the resurveys.

.

In July of 1982, PNL' initiated outdoor radiological surveys'at properties.

; adjacent to the uranium mill at Edgemont. Those surveys had been deferred
I because of the' difficulty of making gamma exposure measurements in the field

of gama rays from the nearby mill tailings areas. PNL developed a modified
survey protocol:for determining the presence or absence of residual radio-
active material on such properties. The survey protocol. utilized a lead ~

14 :
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4

" shadow". shield.on the-gamma exposure-rate meter. By holding the shadow
. shield ~in the proper orientation, the . influence of nearby radiation sourcesF

could be. reduced and gamma-rays from beneath the detector were emphasized.
'At properties within one city block of'the mill the gamma field intensity
was still- too high to' determine the location of residual radioactive material.
ForLthose properties,12 soil cores were taken from the top 15 cm in a grid
array on Lthe property. .If any of those cores contained more than 5 pCi 226 a/gR

of. soil, a core was taken from thy 15-30 cm depth at that location. If that

core. contained more than 5 pCi 226Ra/g of soil, the property would receive
an engineering assessment survey.

~

j

In August ofD1982,'PNL staff requested a minor modification to the origi-
nal protocol for outdoor surveys of vacant land. The original protocol re-'

. quired that a grid of. exposure rate measurements be made at 5 grid points'on'

the longer side of a property and four grid points on the shorter side. Because
,

; some properties 'were extremely long and narrow, or irregularly shaped, NRC
approved a change to allow more flexibility in the survey protocol. Then
modified protocol called for a total 'of at .least 20 measurements to be made

,

; in a pattern that spaced the grid _ points as uniformly as possible in the
case of properties whose length to width ratios-exceeded 2 to 1.,

:

PROPERTY REPORTS.

4

ENGINEERING-ASSESSMENT

PNL was required to submit formal engineering assessment reports to NRC
for those properties found to be contaminated with residual radioactive mate-
rial from the uranium milling industry. In July of 1981, a draft " Protocolr

! for Engineering Assessments of Properties at Edgemont, S.D." was submitted
: to NRC. .During that month, the equipment necessary for performing engineer-

ing assessments was ' assembled at the PNL Laboratory in Richland, WA. The
,

! primary tool for the engineering assessment was a borehole logging detector.
| To determine the depth and extent of underground deposits of residual radio-

active material, the draft protocol specified that boreholes would be augered;

and a gamma-ray detection probe lowered into the hole and positioned at inter-:

vals to measure the gamma rays from 21481, a short-lived daughter of 226Ra.
'

A measurement probe was constructed, a-temporary calibration . facility for
the probe was built and the' probe was calibrated. During the week of Julyj
27,1981, PNL initiated the Engineering Assessment measurements. Revisions-
to the draft protocol made by NRC staff were implemented in the field work
and, later, the final-protocol for engineering assessments was submitted to
NRC. A copy _of that protocol is included-in Appendix A.

Late in 1981,'a subcontract was let to~ARIX, Inc., to: provide' architect-
engineering services in the preparation of. engineering assessment reports.
ARIX was to prepare the engineering assessment reports using the results of

- PNL's radiological ass'essment data. A total. of 11'such reports 'were prepared
and submitted to NRC for evaluation. . After reviewing:the reports, NRC staff
indicated that they were more. detailed .in scope than NRC-had intended and
that the architect. engineering portion of engineering assessments'should be
prepared by the agency performing remedial action. When DOE was given the
responsibility in. January of 1983 to. clean-up public properties in Edgemont
under Title I of UMTRCA,'NRC directed PNL to develop a report format for the
purpose of transferring information_to DOE. . DOE is currently in the process

|

|
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:of- making' remedial: action decisions based on all radiological data available
_

_ .

,

on Edgemont,1 including State survey reports, NRC engineering.and radiological i
''

y ' assessments, and 'other unpublished PNL survey data.

' RADIOLOGICAL ASSESSMENTS i
.

In February of 1983,:a draft of the PNL " Radiological' Assessment" report
.

form was'sent to the NRC.' Those reports were to be prepared by PNL only for-

! properties where ' deposits of residual radioactive materials had been located
in the' engineering; assessment surveys. The draft contained a tabulation of

,

the-radon progeny measurements, maps showing the ~ gamma exposure-rate measure-
,

, ments, soil analysis .results, and borehol_e logging results._ The report also'

| contained a " significance of findings" section which compared' survey results
to the final EPA standards. published in January, 1983. Since the start of .,

~ the program, all measurements had been designed to detect contamination in -;
1

.

excess,of the proposed EPA standards for vicinity properties (40 CFR 192).
! .Because DOE's remedial cleanup.was to be based on the final -standards, NRC

,

requested that-PNL staff base the significance of findings section on-the
: final standards ratheri than the proposed standards. This change required a-

considerable effort and delayed the_ submission of the first reports. -Reports'

i were submitted-in groups'throughout.1983, with the last group-of reports
j submitted in November of that year..
+

i- RESULTS SUPNARY

I The combined results from the State and NRC/PNL Edgemont radiological
surveys'are presented in Sumary Tables One:through Five. Sumary Table One :;

summarizes the. property inventory. Out of 976 total _ propertie_s, 941'were! i

surveyed. 971.of the residential properties received a survey. . Sumary
,

Table Two is a tabulation of the screening survey results. Thirty-five per-,

! cent of all properties (39% of residential. properties) failed one or more
,

j screening test. Summary Table Three.is a tabulation of. engineering assess- '

- ment results. A total of 311 properties (those that failed the' screening
survey) required an engineering survey; however, only 278 engineering:

surveys were performed because contamination contiguous on two properties
,

were covered by a single ' assessment and because some owners refused the assess-
,| ment. Of the 278 engineering assessments,166' detected residual radioactive

materials on a total of 199 properties. This represents 21% of the propertiesI

! surveyed ~and 20f of the total properties in Edgemont and vicinity.
4

Although one out of five properties in Edgemont were found to be contami-
nated, the magnitude of contamination throughout the town is not great. Most.-
deposits of tailings were small and did not exceed the EPA standard for a
significant size deposit - 100 square meters. . Summary Table Four_ lists the
deposits and their sizes.- In addition. 39 of- the 199 contaminated properties'
conta'ned.only windblown contamination.- (There~are five' properties with both
windblown-and deposited contamination.) Most of the nineteen properties
with both structural involvement.of residual radioactive materials -did not
present a significant health hazard because of the relatively small involve-
ment. Summary Table Five lists the nineteen properties and explains the

,-structural involvement.

.

A master >1ist of all th'e_ properties in Edgemont and vicinity surveyed
'by the State and NRC/PNL is included in this report as. Appendix B. For.each

i - 16
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property,|the results of the screening survey and the engineering survey, if
required, are given and appropriate comments are annotated.

SUMARY TABLE 1. Property Inventory

Property Row
Type Surveyed Survey Refused No Response -Totals

Residential 612(1) 17 2 631(1)

Commercial 57 2 1 60

Industrial 3 3- -

Government 4 4-- -

School 6 6- -

- - 6Church 6
,

Vacant. Land' 248 9 4 261

Other(2) 5 5- -

Grand
i Column Totals 941(1) 28- 7 976(1) Total

Notes:*

(1) These totals include one residential property surveyed at the request
, of a new owner.

( (2) Lodges,meetinghalls,etc.

,

,

i

^

!

|

i
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SUMMARY TABLE 2. Screening Results

a
~~

Radiological Screening Results -
Numbers of Properties in Each Classification ;

Property
Type C RG RR IG OG S RGS

Residential 382 88 24 7 78 111 4

Commercial 34 2 3 2 9 15 -

Industrial 2 1- - - - -

2Government 2 - - - - -

School 2 - 1 1 1 --

Church 4 1 2- - - -

Vacant Land 203 - - - 32 45 -
7

Other 3 2 1- - - -

Total 630 92 30 10 120 178 4

Legend:-

Classification Code Meaning

C 1. All criteria satisfied

2. Six failure pathways-

RG a) Failed average radon progeny

b) grab (greater than 0.033 WL)RR Failed RPISU (greater than
0.015WL)

IG c) Failed indoor gamma (greater
than 20 ~ R/hr + BKGD)

OG d)Failedoutdoorgamma(greater
than 20 pR/hr + BKGD)

S e) Failed Ra-226 in soil (greater
than 5 pCi/gm)

RGS f) Failed radon / gamma / soil (0.01
WL-0.033 WL, greater than

'4 R/hr + BKGD, greater than |

5pCi/gm)
,

j

!
1

l
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i SUMMARY TABLE 3. Engineering Assessments

Engineering-Assessment Results -
Numbers of Properties

~ Property.
' Type- N HS OD SI W

80 19 23. Residential 95' -

Commercial. 6 1 13 1-

Industrial 1- - - -

Government 1 1- - -

School. 1- - - -

; . Church ~.1 1- - - -

I Vacant Land 8 19 20--

Other 1 1- - -

,

Column Totals 112 2 116 19 44-

:

Legend:

;

| Classification Code Meaning
4

i- N 1.'No. residual radioactive
materials (RRM) discovered

2. Four. categories of
contamina-tion

HS a)"Hotspots"or.easilyremoved.

'

contamination
OD b) Outdoor deposits (broken down in

separate Table' 4)
,

SI- c) Structuralinvolvement (broken,
'

down in separate Table 5)
| W 'd) Windblown
.

;.

i

i

t i
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LSIMMARY TABLE 4. Outdoor Deposits
.

.

Volume'(cubic yards)
'

Property . 1,Type- f51 -1-5- 5-10 10-20 20-50- 50-100 >100 Totals:,

''
'

R- 11 24L 8 10 14 7 10 84

CO- 0 4: '2 2- 1 1- 0 10
'

I O O O 0 1 0 0 l'

,
, G. 0 1. O' 0 0 0 0 1

i S~ 0 0- :0 0 0- 0 0 0.

'CH .: 1~ 0 1- 0 0 .0 0' 2

V -1 7 1 2 6 0~ 2 19
; ,

0. .1 0 0 0 0 0 0 1. :

[ Column

| Totals 14 36 12 14' 22 8 12 118 ~ Grand<

; Total

Legend: ,

,

i
!

| Classification Code Meaning

'
R Residential (i.e.- any property

with an occupiable building)
'

CO . Commercia1
i

i I- Industrial
> ,

i G Government-
,

: S- School
|
: CH Church

i' V. Vacant Land

0 - Other (e.g.,-lodges, meeting halls)

j.

:.

i-

4
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SUMMARY TABLE 5. Properties Having Structural Involvement With Residual Radioactive' Material

. Property Identifiers (l) Survey Status
Property PNL EPA State . Engineering Assessment

Type Number Number ~ Number Results Date Results Notes

R 29 -- 239 RG, IG, DG May, 1983 OD* *0wner refused borehole through front. porch
5- SI** **Either the concrete slab ~in~the porch or

the material used for fill under the slab
contains radioactive material-

R 57 431- RG, IG, OG, May, 1983 OD * Uranium-bearing material not native to--

5,SI* this property was found adjacent to the
garage and uranium mill tailings were beneath4

the rear porch

411 RG, DG, S March 1983 OD -R 82A --

SI* * Uranium bearing material on roof of root-
D3 cellar

R 98 354 RGS May, 1984 SI* * Tailings material used in stucco on--

structure addition

R 150 72-40524 1 IG July, 1983 SI* * Tailings material identified beneath floor<

office of office living room during ARIX
Engineering Assessment

R 179 -- 485 OG, S March, 1983 SI* *It appears that a stone.containing a
OD** uranium mineral was used in the concrete to

construct a small' masonry planter wall
** Positive 226 a, but less than EPAR

standard based on 100'm2 area4

R 250 358 OG June, 1983 SI* * Contaminated sewer vent pipe--

R 261 86 OG, S March, 1983 OD--

SI* * Garage built on uranium mill tailings

___ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _
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SUP9tARY TABLE 5 (continued)

Property Identifiers Survey Status
. Property PNL EPA State Engineering Assessment
' Type Number Number- Number Results Date Results Notes

R 319* 581E OG April, 1983 SI** *See PNL 328 also--

** Radioactive rocks in concrete foundation
and sidewalk

R 366 467 RGS May, 1984 SI* * Radioactive material under disintegrating--

concrete basement floor in vicinity of
sewer line

R 403 -- 251 OG, S Nov, 1983 SI* * Radioactive material beneath three-
OD quarters of the garage concrete floor

R 453A -- 571 OG, 5 May, 1983 OD* *A rock wall also contained contaminated
SI** stones

E3 ** Uranium bearing materials were used in a*

concrete patio slab<

R 627- 72-40557 773 OG, S* June, 1980* OD * Engineering Assessment performed by ARIX
j SI** ** Tailings mixed in basement wall plaster

''

R 649 61 IG, DG, S* Nov 1983 SI** * State and PNL residence, PNL outdoor--

00 surveys
** Soil under the residence floor was

W contaminated

: R 703 - 7811-74 3 .RG, 0G, S* . June, 1980* OD * State survey, engineering assessment
72-40538 SI** . performed by ARIX

** Tailings were identified under and around
east enclosed porch

R 705 72-40556 6 RG, IG, OG, July, 1980* OD * State survey, engineering assessment
S* -SI** performed by ARIX

** Tailings were found under the basement
floor slab and beneath the crawl space

!
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StM ARY TABLE 5 (continued)

Droperty Identifiers Survey Status
Property . PNL EPA State Engineering Assessment.

Type Number Number Number Results Date .Results Notes ~

i R 709 .7811-71 13 OG, S* July, 1980- 0D * State survey, engineering assessment
SI** performed by ARIX-<

** Tailings were mixed into basement wall
plaster

-

R 735 -- 175 RG, OG, S* July, 1980 00 * State survey, engineering assessment-
SI** performed by ARIX.

. .

-

** Tailings identified beneath north wooden
porch and decks

R 1021 7811-67 15 -OG, S* June, 1980 OD -* State survey, engineering assessment
SI** performed by ARIX

..

** Radioactive material beneath southeast
w stoop

4

Notes:,

i
'

(1) Codes are explained in Explanation of the Master Table, Appendix B

~
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CONCLUSIONS
,
.

'

THE SURVEY' PROGRAM
,

L The radiological assessment progran for Edgemont provided the regula-
t 4- tory ~and scientific community with the most. detailed .and complete radio-

logical survey ever performed in an entire community. A rigorous protocol,
,

Ldetailed records,:and legalistic decision levels- based on regulatory :
,

Elevels were applied.. The program was costly, but not much more costly+

j on a per property basis than the radiological surveys performed in_ a
less rigorous manner:by other laboratories at other sites. A large part

h , of the cost was determined by the kinds ~ of measurements, records, and
4 decision levels used for Edgemont. .The approaches that were used were

dictated, in part, by the kinds of regulations-proposed-by the EPA atn

:the time that the program 1 started.--There were very few precedents too
follow at that time, and it was desired to provide a survey that would.;

f ultimately be useful for determining the status of properties in relation-.

j to the final standards that would be set by the EPA.
1:

I 'The protocols used in Edgemont provided a more complete data base
'

j- than would be-necessary in the -future for UNTRA sites. Some'of the measure-
,

: ments could be. eliminated or modified in future surveys if the only purpose- "

were the discovery of residual radioactive materials. PNL, under. con-
tract to NRC, published a companion report to the Edgemont Survey pro-
gram entitled, " Radiological Surveys of Properties Contaminated by-Residual

-Radioactive Materials from Uranium Processing Sites." This companion4

i report reconnends various survey strategies and techniques based on the
{ experiences and studies at Edgemont.
1.

I The survey program .has ~ provided all of the necessary information
for DOE's remedial action planning. Very little rechecking of the surveys

'

was required. On this basis, the program was; successful.
;

SURVEY PROCEDURES AND TECHNIQUES
;

Radon Progeny Measurements

|- The protocol used-in Edgemont.for the measurement of radon progeny. proved
i to be useful for making statistically valid judgements based on grab sampling .
! --in place of long-term measurements. Using a subdivision of properties into

classes based on the radon ~ progeny working levels in the residence ' units-,

permitted rapid decisions to- be made about their. status, relative to EPA and.
;

| HUD' standards. '

t

j. 'The restrictions on the conditions during sampling that PNL applied-s

i. -(air turnoverf time _and windspeed) apparently succeeded in making grab samples'
much more meaningful . relative to long-term averages than the grab sampling: s

[ measurements taken in other prograns. The correlation between single ' grab
L sample results and the annual averages was even better than that-between

,

| single RPISU results _and annual averages. 'd
f

However, the restrictions had a significant effect on the cost of these!

j measurements. A: fairly high percentage had to be repeated because they' failed. '>

l

!
^

,

L;
.

.
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I to ' meet-one' of the restrictions at the time of sampling. The wind speed
. restriction greatly reduced the freedom of planning and scheduling activi-

: ties. Thus,.the usefulness of measurements in a major sampling program was >

; limited by the necessity'of using such restrictions to produce meani oful
.

, data. j
,

'i

The use of a year-long radon progeny measurement program for those
: properties:with inconclusive grab sampling results was probably not justified

by the additional information obtained. The measurement process-is time-i-

c consuming, thus delaying.any-needed remediation,.and it is relatively expen- -

~

- sivei 'PNL cost estimates led to the conclusion that the long-term measure-
1 ments could be 'by-passed .since all; properties with radon progeny concentra-

.

;
'

.tions in' excess of 0.01 working. levels could have received engineering assess '

e ments for about the same cost. Moreover, the only results derived from the
i long-term measurements were better estimates of the need for an engineering
i assessment. - It'was that. assessment that provided the basis for remedial
4' actions in Edgemont.
!

'It had been reported that excessive working-levels in Grand Junction,
Colorado, were often associated with'the presence of deposits of residual4

e radioactive materials in or around the structures. In Edgemont, no such'
correlation was found, making all working-level _ measurements of little,-

! if any, use for evaluating the presence ~or absence of residual radioactive ;
; material. _ Since very few, if any,-of the highest working level measure-

'ments could be associated with deposits of residual radioactive materials,'

these measurements only provided information about the natural background
in Edgemont that might be useful for other purposes ~than the program,

; intended. Based on PNL's experiences, radon progeny concentration mea- '

j surements are unnecessary and the cost of performing them would be better'
spent on making gama-ray measurements, borehole logging, and soil analy-, 3ses.,

3 s .

j. Indoor Gamma-ray Exposure Rate Measurements
,

[ Measurements of indoor gama-ray exposure rates using the Edgemont
^

protocol provided documents that can be extremely valuable as' legal records:

{ of the status.of a property at a given time, and for establishing proof
that a survey had been made. They also provide some information that! ,

!
' >

canbeusedtodeterminewhethertheprotocolshavebeen1roperlyfollowed.'

The protocol had one major flaw. Residual radioactive ~ material could be :
present that did not necessitate an' engineering assessment, because of

; the use of,a decision level based on the EPA exposure-rate standards for
,

| residences ~.1 Because there could be'a considerable distance between de-
posits and the accessible locations for exposure rate _ measurements, it1

j is ,possible that a deposit that exceeds EPA's standards for 226 a inR
L soil will~ not exceed their standard for gamma exposure rate. _The protocol

called for a detailed search at the surface for more elevated exposure
rates when any indoor grid measurement exceeded 14.5 pR/hr. However,

|-unless a measurement exceeding 20 pR/hr above the ambient' background was
discovered,'an engineering' assessment,was not required. In practice in

j

Edgemont, field personnel attempted to investigate the source of. unusually
i

L
'

-high exposure rates even though complete engineering assessments were.
not required.

,

4
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'Theappropriate.levelforrequiringehgineeringassessmentsshould
- be any exposure rate significantly above the ambient background that i

e cannot be explained by a visible source, such as natural quarry tile or
: certain' porcelain tiles. Inside a structure, this could be as little as

3.pR/hrL above the ambient background, based on Edgemont experience.

'The additional cost-of the resulting additional engineering assess-- |'
-

ments could be balanced, in part, by not drawing interior survey maps i

. unless evidence of a deposit was observed. The readings for each room
[.- could be tabulated to document them by location.
;. m.

.In making bothiindoor .and outdoor gama exposure rate measurements,
much effort was made to use an instrument that could be cross-calibrated'

i : with a pressurized ionization chamber. This was necessitated'by the
i- - legalistic levels chosen in the protocol. However, for screening surveys,-
|- the detection of the possible presence of residual radioactive material
i - is at least as important as establishing the indoor exposure rates. For

this purpose, an uncalibrated instrument with more sensitivity would i

give a higher count-rate per unit of exposure rate, and that would improve
; the counting. statistics, making it possible to use a threshold closer to
' the average background for a decision criterion. Automatic instruments
i are available'with a count-rate dependent threshold for the audible response. '

|- These instruments are superior to a metered instrument for detecting
j small quantities of radioactivity because they can be set to be silent
j until the. exposure rate exceeds the desired criterion level, at which
! time the alarm sounds, imediately causing the surveyor to search for
! _ the cause. With this kind of instrument, no records of exposure. rates
i would be maintained. If a record of exposure rates was necessary to
f compare with EPA standards, a single calibrated measurement could be
} taken in each room and recorded.
f' ;

i Outdoor Gamma Exposure Rate Measurements at Residences ;
4

: The protocol for the measurement of outdoor gama exposure rates
: near structures also provided good legal documentation of the property
1 and survey. In this case, however, the decision criterion was arbitrarily

,set to match that for the indoor measurements, since there was no EPAi

j. standard for outdoor measurement. The level of 20 pR/ hour above background
,
*

was also too high to achieve the original goal of detecting any depositi
i

with a total radium concentration of 5 pCi/g, as was shown by a correlative r ;
study of the relationship between exposure rates and,226 a concentrationsR ',

; in nearby soil. However, in most outdoor cases, it was possible to have
! a favorable geometric relationship between the detector and the deposits
! of residual radioactive materials, making the decision level more nearly

correct'than the indoor decision level. In addition, the collection:of ' )
4

: soil samples at the location of maximum ~gama exposure rate gave a backup
~

mechanism for establishing the need for an engineering assessment. The-i

proper decision level for deciding to do an engineering assessment outdoors-; -

should have been about 7-10 pR/hr above background to achieve the maximumt

', . stand-alone detection efficiency while avoiding f alse positives,
i

,

:
i

| PNL staff associated with the surveys found that the existing proto- |
; col for outdoors was adequate. However, in no case did we feel that a '

! significant deposit had gone undetected. The criterion that calls for a
3 :

{ a
,

t

t
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F detailed exploratory survey in contact with tha: surface at any place
'

where the exposure rate exceeded 14.5 pR/hr was the key to the success
of.the survey. A grid survey taken with the probe elevated above the-

L surface has good. sensitivity to deposits fairly close to the grid point,
. and the contact measurements'has a higher response when right above the

,

' source.L The grid spacing was about right, but the detection efficiency-
could have been improved a~ bit by making the grid spacing five instead
of seven feet, or by using more sensitive instruthents with larger detectors.-

' This could'have resulted in the detection of a few more insignificant
_

i deposits, but would not have significantly increased the probability for
detecting densitsiin excess of the EPA's final standard that requires
the average u6 a concentration shall not exceed '5 pC1/g above backgroundR

. .in the top 15 cm over any 100 m2 area. The probability of detecting
deposits of this size was already essentially 100% for the protocol used.

i

| Outdoor Surveys of Vacant Land
t
i The protocols for vacant land surveys on parcels of various sizes
! were a compromise intended to give a reasonable probability of. detecting

significant deposits of residual radioactive material at a tolerable'

a cost. The grid map record again had the legal applications already
i described. However, the use of a very limited grid on a large vacant
j area was not very useful for detecting residual radioactivity. It was
i the random walk survey, performed with the detector at waist level while -

| traveling between grid indices, that gave the highest probability of
detecting deposits of residual radioactive material. Small survey instru-

|E ments would have very little probability of detecting a deposit near the
j specified limit of the final EPA standard from a distance of more than
; 20 feet. ,Thus, the grid served primarily as a frame of reference in
! such surveys since the spacing often exceeded 20 feet. Investigation of
j- the detection capability of the DOE mobile scanning-van indicates that
; it has difficulty detecting such sources from distances greater. than 30
; to 50 feet, even though the detection system in the van has a NaI(TI)
| crystal that has a volume that is(approximately 1000 times that of a
j hand-held ~ instrument. If surveys of outdoor vacant areas are needed,-
; the available information indicates that a walk-through survey with the
! spacing similar to that used on residential properties in Edgemont should
j be specified. The use'of the_ random walk between grid points was equiva-
j lent to that kind of a survey. For very large areas, however, it is
; difficult to be systematic in a random walk survey. A modification that
| should be added in the future is some kind of position. determining system

'

j such.as flags or strings that can be spaced at the necessary close inter-
L vals and followed. To make the spacing of the survey measurements or
is- the spacing between walked lines' larger, a'back-pack detector could be _ .

j developed that uses a larger (i.e., 3 inch X 3 inch) sodium iodide detector
l' for greater sensitivity. Held at the top of'such a pack, the detector
i could permit'a rapid walk-through survey of large areas with more sensi--

tivity than either a~ hand-held probe or a scanner van on the perimeter-

( of a property,
i

| Analysis 'of Radium-226 in Soil
' ~ .

j The use of a large volume, NaI(Tl) gamma detector for the measure-
226 a in soil was a extremely satisfactory technique for field; ment of R

|
!
,
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Lsurveying. Theisensitivity was adequate for the measurement of 226Ra
,

~

:

; . concentrations well below the EPA standards'in-very short times. It was !

" -possible to_ measure the radium content of 5-10 samples per hour. Soil
h 1 sampling gave'a backup. measurement that often detected small radium deposits

that did not' produce gamma dose rates exceeding the exposure rate criterion, r

Because of the-ease of collecting such samples, more could have been '

'

;taken. LThis wasLdone in'the Cottonwood areas where gamma exposure rate,

1 : measurements were not meaningful because of. shine from mill tailings
I' piles. -The soil samples should have been cores, however. A practicable-

.

i core sampling protocol could have determined the concentrations in the
i. ' 0-15 cm,15-30 cm, and;30-45 cm depth layers at each sampling site. These
i cores would give information-about the depth profile of deposits that
i .could have eliminated many borehole logging measurements.

L .The collection of soil samples only at selected properties where .

!! gamma exposure rates indicate the possible presence of residual radio-
| active materials should be considered. ' The core samples .would be col-
; lected at sufficient points to define the contaminated areas in con -

junction with exposure rate measurements. .In many cases the. depth pro-
' file would also be defined.

,

i
i Some laboratories have interpreted the EPA standards to be based on
! the dry weight of soil. PNL has used the as-sampled weight, since dried
]. weight was not specified in the standards and because of the time require-
[ ments for drying. Although the as-sampled weight is subject to vari- ;
i ability with time, these measurements give a' reasonably good concentra- i

tion result that appears to fulfill the needs of the survey. i

i
.

Identification'of Uranium Mill Tailings by High Resolution Gamma Spectroscopy

! This protocol specified that the samples-that contained measured
226 a concentrations-i.n excess of 5 pci/g should be analyzed to. deter-R!.

[ mine the degree of equilibrium between uranium and~its.long-lived daughter '

;: products. The uranium milling process reduces the concentration of uranium
1 relative to its' daughters. Thus, it is possible:to identify whether
i uranium mill tailings are the cause of excess radium concentrations.- !

,

| This analysis process was.very' effective in ~ establishing the ' presence of '

! mill tailings in sot _1 samples. The'only problem encountered in the.
,

j Edgemont program was caused by the lack of'a high resolution-gamma count-
i ing system that could be taken to the field ~and dedicated exclusively to
I the. program.- Thus, the radium concentration in. samples had to be measured
; once in the' field for. screening purposes.-'The samples then.had to be..
!, shipped to the PNL Richland laboratory for. the second analysis. This.
[ sometimes caused delays because of scheduling the: equipment usage..

! , One' question that must be asked is whether it is necessary to kngw
i

!- whether~ elevated 2zoRa. concentrations are due to' tailings. -If the 220Ra
is' due to ofe from the mining and milling operation, it is still classi- ,

fled as residual radioactivity, and thus requires remedial action. . Only - _|.if it|is:due to natural.nundisturbed' material is it exempt from remedial, ,

j - action. !!t might,' therefore, be useful to emphasize the measurement of

alarger"numberofbackgroundsamples!todeterminewhethernggRastan.ural mate-!

rials containing>220Ra concentrations in excess of the EPA 22i

| ;dard'are;1ikely to be present on a given property.1 'If such material-
i e ;

| _
28
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i :were not likely|to'be prgsent, then it would not be necessary to deter-
! -mine whether elevated 22 ora concentrations on the property were due to

.
. tailings. Any soil containing more than the background levels would be

t' assumed to be contamined-with residual radioactive material. Thus, high-
resolution gamma-ray measurements would not-have to be taken at all.

i
' Changing the protocol in this manner would not have significantly changed' ;

i the number of remedial actions in Edgemont, but would have decreased ;

. considerably.the' effort:needed for soil analyses. ;
o

Engineering Assessments l

i

'The engineering assessment protocol was adequate to establish the!

! extent and depth of significant deposits of residual radioactive materials.
~ Borehole. logging is an effective measuring tool. However, its results

; are only approximate because the complexity of' deposit geometries make
precise calibrations for each geometry impractical. . PNL's approach pro-;

i vided a relatively precise measurement with minimal effort. It is question-
I able whether making an additional effort to control other variables,

such as soil moisture content and loss of radon from the soil would signifi-
cantly improve the overall; accuracy of.a .large number of measurements,

. because the remaining uncontrollable geometry variables appear to be'the
[ dominant source of error in field sampling. 0f course, that effort would

improve the accuracy of calibration measurements in the carefully mixed.

! and positioned sources used for evaluations. But it is much less certain'

that the added cost of such protocols would actually be justified by a
significant improvement.in the knowledge of the concentration and loca-
tion of a deposit .of residual radioactive material.

! Borehole measurements cost more per site than soil core measure-
|. ments if the deposit is confined to the top 30 cm of the soil. Thus, an

improved cost effectiveness was achieved in Edgemont by reducing the,

; numbers of boreholes and increasing shallow soil core analyses at.~some
s sites. This process was started in the later engineering assessments
i and radiological assessments. It could have been used for all properties,
! especially after one borehole indicated that the deposit was shallow.

The use of a lead co111 mated gama-ray exposure ratemeter. greatly
improved the precision with which surface dose rate measurements could
determine the perimeter of a deposit. Here, a definite grid of-close
.(2.5 feet) spacing was used, because it was very important to keep records
of the deposit location. This was time consuming, but necessary, especi- :
ally since the final EPA standards' for remediation were based on the
area weighted concentration of radium in the soil.- '

Detecting Residual Radioactivity Around Structures as a Substitute for
Long-term Radon progeny Measurements

.

Since the long-term radon progeny measurements'specified in'the
original ~ protocols for Edgemont required too much time to detennine pos-

.

sible need for remediation, a substitute screening survey with lower. !

gauna dose-rate decision levels and subsequent soil and borehole analy- r

ses was used at about.30 properties. Through this procedure, four addi- |
tional. properties were discovered: to have deposits of residual radio-
active material. The technique was practical-and fast. The previous

29
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. failure to discover these deposits was caused by the higher decision
,

levels used in the indoor and outdoor gamma-ray survey protocols. In i

addition, the technique would stand alone, eliminating the need for any I

radon progeny measurements in the structures. If the original decision
levels used for the gamma-radiation surveys had matched this protocol,
these four properties requiring engineering assessment would have been
detected during the original radiological survey at very little extra
cost. Thus, it appears that decision levels-for those outdoor measure-
ments within one meter of a structure should be lowered as.close to the
background exposure rate as possible, as in the case of indoor measure-
ments. Then there~would be no need for decision levels based on working.

level measurements.

,
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United States Nuclear Regulatory Commission
and

.The State.of South Dakota
Edgemont Cleanup Action Program

- Criteria No. 1

Any weighted indoor Working Level (a) (WL) determined to be above 0.02WL
(including background) in existing residence shall be classified as exceeding

_

that leve1' determined to be acceptable by the Department of Housing and Urban
Development (HUD).

Criteria No. 2

If a weighted indoor working leve1' measurement exceeds-0.02WL, but is less
than 0.05WL, a confirmatory grab-WL sample or other special procedure such
as a gama radiation survey or soil sample analysis shall be made to verify
the anomaly.

Criteria No. 3

Average size. individual residential lots for which construction of residential
owellings hpp
gridsurveyto)notyetbegunmaybescreenedbyperformingagammaradiationor soil sample analysis. Any gamma radiation grid survey's
arithmetic . average determined to be : greater than 14.5 pR/hr shall be consid-
ered unacceptable by HUD. '

Criteria No. 4-

Large size individual residential lots or multiple lot development areas
where construction of residential dwellings (has not yet begun may be screenedby performing a gama radiation grid survey c) or soil sample analysis.' Any

-

gama grid survey's arithmetic average.' determined to be greater than'14.5'
.

pR/hr shall be considered unacceptable by HUD.

Criterie No. 5

Unique circumstances not identified in the above Criteria shall be handled
on a case-by-case basis with' consultation of HUD/8 and EPA /8.-

- (a).-Grab-Working Level samples shall be performed using the procedure out- ;
lined in Procedure I - . Grab-WL Sampling. '

' (b) The gama radiation grid surveys 'shall be performed using the procedure
outlined in Procedure II -- Gamma Radiation Survey-Small Lots'.

. (c) The gama radiation grid survey shall- be performed using the procedure
outlined in. Procedure III -- Gama Radiation Survey-Large Lots;

A-3
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Procedure I -- Grab WL Sampling

In'determininSouthbtabilit of a residence for federally-supported financingacce-

( in Edgemont, akota, he South Dakota State Health Department (SDf!D
will assure that indoor radon daughter measurements are made in the follow)ing

,

:
:
"

. manner:
.,

'

. = 1. For each measurement, an air sample having a minimum volume of 20
liters will be drawn through a M1111 pore Type AA filter having a pore size.

! of 0.80 microns, Either the modified Kusnetz or Tsivoglou (Thomas) methods
may be used for counting alpha activity with a scintillation counter. The-

L radon decay product. concentration in working levels (WL) will be calculated
,

| and recorded.
i

2. 'A house closed reading (HCR) shall be made on the ground floor after :
; the residence has been sealed for an optimum period of eight hours, but a-

,

: minimum period of three hours. Sealed means that all windows,' doors and
i outside vents are closed. Wintertime conditions between November 15 and
| April 1.will be considered a substitute for the house sealed requirement.
<

[ 3. 'If the house has a finished and routinely used basement sleeping
quarter, an additional HCR shall be made in the basement. The two calculated
HCR's will then be averaged and recorded.

4. . The weighted working level (WWL) shall be used to approximate the
annual concentration. In the Edgemont area, approximately seven months-(60%
of the year) are chosen as precluding the use of outside ventilation due to
inclement weather. Accordingly, the WWL is derived as follows: WL-(0.6)=
WWL.

,

t

5. Special circumstances, such as air conditioning, hot water heating,
space heating, wood burning stoves or life style, may be documented but will:

! not be evaluated.
i-
U 6. An al+ernate method of determining acceptability of a residence is '

| the use of data acquired by measurement of an integrated indoor radon decay
i product sample, Individual data will be derived from a minimum sampling
(- time of 100 hours since shorter integrating time periods are frequently the !

; result of plugged filters for which the airflow is not readily determinable.
The average of the data acquired in the period between November 15 and' April
1 may be substituted for HCR. The arithmetic average of measurements taken

- at intervals over the entire year will be considered as equivalent to the
weighted working level (WWL).

[ ~7. Confirmation of the grab sample measurements determined to be be-
tween 0.02WWL and 0.05WWL shall be performed to prevent unwarranted penaliza-I

!- tion of dwellings affected.. This is necessary because of increased measure-
ment uncertainty with the grab sampling technique in this range. The measure-
ment uncertainty in this range.is due, in part, to variables which may cause
unrepresentative' radon / radon decay product disequilibrium. . In lieu of repeated
grab-Working Level measurements, a combination of indoor and outdoor gamma ~

;
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. Procedure I -- Grab WL Sampling (continued) ,

radiation surveys,iques may be utilized to identify all radiation anomalies,
soil sample analysis for radium-226 content, and bore

hole logging techn
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4 ' i * _. Procedure II -- Gamma Radiation Surve_y-Small Lots -
1

Individual residential lots not exceeding 75' x'125' for which construction
of a residential dwelling has not yet begun will be screened in the following,

- manner: a

,

-1. :The narrower side of the lot will be. divided into four equal lengths--

t and the wider side of the lot divided into five equal. lengths, forming ai
~

tata1:of twenty measurement areas;+

i
- 2. The center |ofJeach measurement area will be measured for gama radi-~

-

| ation with a pressurized | ion chamber rate meter.(PIC) or portable ~ radiation
detcetor which.is cross-calibrated with the PIC using the gama ray energies
of interest;

.
3. The center of the detector will be three feet from the ground.' If-

; = a PIC is used, the digital rate meter and_ power supply will be separated
|- from the ion chamber by the full cable distance during each_ measurement. At
! each measurementulocation, after the rate meter stabilizes,: ten measurements
1 will be taken at one second intervals and the average recorded;

A

i '4 After all measurements have been taken, the arithmetic average shall.

.
be determined;

i

5. If 'it can be shown' that removal of surface radioactivity _by _ scraping, |
1eveling or other lot preparation will reduce an unacceptable gamma radiation .

level to an acceptable level, the lot will be reconsidered on a case-by-case '
-

basis.
,

! .

!-
!

!

!
'

!

,
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Procedure III - Gamma Radiation -Survey-Large Lots
i

; LLarge ' size ' individual lots or multiple lot development areas for which con-
.struction of residential dwellings has not yet begun will be screened in the ,

~following manner:

l'. -A 200'. grid measurement pattern will be developed utilizing a chain.

or a tape to determine measurement intervals. However, the entire lot will-
be screened by a walk-through gamma radiation survey to determine the presence
ofiany area having greater than background radiation levels.

2. Measurements will be taken in the same manner as described for small
lots.

3. After all measurements have been taken, the arithmetic average will
be determined.

4. -If it can be shown that removal of surface radioactivity can be
removed in the same manner as described for small lots, larger lots will be
reconsidered on a case-by-case basis.

1
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Procedure IV -- Indoor Gansna Radiation Survey - 1

'

A ' portable gauna survey meter (e.b. m'icro R meter) shall be used to completethe gauna radiation measurements th inside and outside.of the structure. <

This survey meter shall .be cross-calibrated with a Pressurized Ionization
Chamber (PIC) in order.to provide realistic exposure measurements. This

.

*
'

survey shall be' designed to detect the presence.of any possible' residual- L

radioactivity under, within or around the structures. A map shall be provideda

indicating all locations having above background radiation levels; This'

;survey _need only be performed once for each qualifying structure.

Measurements shall be'made at the three foot height level. Measurements
shall be made on'.all floors and the basement at 25 square foot intervals,
and averaged separately per floor. The outside gamma radiation measurements
shall be made on a 50 square foot interval.
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Procedure V~-- Soil Sampling or Bore Hole Logging and Analysis

Appropriate soil samples shall be obtained and analyzed for the radium-226
concentration, and all areas having greater than 5 pCi/gm of radium-226 shall
be indicated on a suitable site map.

Bore hole logging may also be substituted for actual soil sampling and analy-
sis but the bore hole log shall indicate the radium-226 soil concentration.

.,
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MODIFIED PROTOCOLS (FROM PERKINS et al,1981)

: INTRODUCTION,

,

; ,The identification of offsite structures and properties that require
'remedial ' action because of elevated radiation levels caused by residual activ-

ity is being based upon three standards-proposed by the U.S. Environmental
l' Protection' Agency. in 40 CFR :192, Federal Register (1980), " Proposed Cleanup

Standards for Inactive Uranium Processing Sites." These proposed standards
:

i .
state that remedial action.shall .be required if residual radioactivity causes.

_ '

(1) average annual indoor radon daughter concentrations (including background)-

>0.015 working levels (WL),(1) (2) indoor gamma radiation levels >20 micro-'

roentgens per hour above background, or (3) average 226Ra concentrations in
'

:

. soil or. other materials >5 pCi/g in any 5 cm thickness within 1 foot of.the
,

.

surface, or, any 15 cm thickness below 1 foot. If a property fails any one
.

l' of these criteria'because _of residual radioactivity, then rerredial action is
j requiredi The measurement procedures are-also designed to identify proper-

ties that'are not eligible for federally guaranteed financing administeredx

! by the Department of Housing and Urban Development (HUD) becay19 of (1) indoor ;

radon ~ daughter weighted working levels greater than 0.02 WL,W (2) average
gama exposure rates on open land greater than 14.5 pR/hr.;

-In the following sections, the procedures.that,.in January 1981, were !

considered t'y Pacific Northwest Laboratory to represent the best compromise'

; between expediency and accuracy are outlined. The flow diagram shown in
Figure Al outlines the measurement and decision making process. These prc.ce-'

| dures have evolved with time as experience has been gained in the field,.new
| ideas have been obtained from current literature, and discussions have been

held with investigators experienced in the field. Some of the early measure-
ments that were made using the original procedures are being repeated using - :

current'precedures. If serious discrepancies between the original and the
re-measurements are observed, these re-measurements will be continued. How-,

>

i ever, if serious discrepancies are not observed, the re-measurements will be
[ discontinued bf.cause of the time and expense involved. ;

i-
!

| MECHANISM FOR THE INITIATION OF RADIOLOGICAL SURVEYS

Requests for Surveys j
i

Since the'Edgemoni program is voluntary,-a property' owner must first
request'a survey befem it can be performed. Initially, the property owners |

,

either phoned or went'in person to the Edgemont City Hall where the city j
hall, staff filled out a " Radiation Hazard Evaluation, Request for Test" form.p -

These forms were then given to PNL for the scheduling of surveys. 'Later,_as' !

i (1) f 0ne working level (WL) is defined as any combination of-short-lived.
i. radon decay products in_.1111ter of air that will; result in the ultimate
i emission of alpha particles with a total-energy of 130 billion electron

'volts.-;.

-(2) ' One weighted working level (WL):is defined as _0.6 times the " grab" ~
working level measured in a closed up structure.

.I
'

! 1.A 10
~

i
\
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the number of requests for tests.had begun to lag, a paid advertisement was
placed in the local newspaper. The State of South Dakota also sent a letter 1

to each property owner who had not requested a survey, advising them that it Iwas-in their own best interest to have the survey perfomed. A " Radiation '

-

; Hazard Evaluation Test Request" form was sent with each letter. These letters )
: were effective in eliciting additional requests for surveys. A final letter !

-was then sent by the City of Edgemont to those remaining property owners who |

did not respond to the. State's letter. |

Scheduling of Surveys |

Originally, the PNL staff delivered " Consent Release and Indemnity"
forms to the owner (s) of-the property and any resident other than the owner

-when the property was to be scheduled for survey. These forms gave PNL legal,

; permission to enter the property and perform the tests. A questionnaire
. describing the. property was filled out'by the PNL staff member using informa-

' tion supplied by the occupant. Later, these forms were mailed to the owners
of property that had not yet been surveyed. These forms were also enclosed

' in the letter sent by. the State of South Dakota suggesting participation in
the program. No property was surveyed until the " Consent Release and Indem-
nity" form had been signed.

The City Planning Office at the Edgemont City Hall notified.PNL which
,

! properties were to be given priority because the owner .needed cler .ra:e for
HUD federally guaranteed financing. These properties were surveyed as soon,

| as possible. An attempt is made to schedule residences in clusters of up to
,

! four, because radon progeny concentrations can be measured simultaneously in
| up to four buildings at once with the PNL mobile laboratory if the four build-

ings.are close to each other.. The day before a structure is to be surveyed,:

! the owners and/or occupants are telephoned to request permission to survey.
; the following day. No building is surveyed unless specific pemission is
i obtained from both the owner and the occupants to survey on that particular
; day. If permission to survey is obtained, the occupant is instructed as to

when and how to close up the building for the purpose of the radon progeny'

i measurements.
'

FIVE-MINUTE WORKING LEVEL MEASUREMENTS IN HOMES
-l

' Introduction

The proposed cleanup standard (40 CFR 192) states that remedial action
shall.be required if average annual indoor radon daughter concentrations- <

,

| (including background) exceed 0.015 WL. However, the determination of aver- |
'

age annual working levels requires extensive measurements'over;the course of 1

a-year and is therefore costly and time consuming. Therefore, to reduce the
. number of structures that require long-term measurements, and thereby to
. expedite the. remedial action, five-minute radon daughter measurements under-

;

-standardized conditions (windows and doors closed, air fans off) are being 1

carried out to screen out those structures where the radon daughter concentra- |
tions.are either (1) so~high (>0.033 WL)~that an engineering assessment to |
determine the need for remedial action is clearly required, or (2) so low !t

'

]2.010 WL)-that if the-proposed indoor gamma radiation exposure and averageRa in soil: standards are also satisfied, remedial action is not required.
It is recognized that working levels vary considerably throughout the year,

A-12
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so that-a. single five-minute measurement cannot be used to estimate the annual l

average very accurately. Therefore, structures in which the radon daughter |
'

concentrations measured in five-minute samples are between 0.01:WL and 0.033
WL are being scheduled for long-term measurements using Radon Progeny Integrat->

ing Sampling Units (RPISU) to detennine average working levels more accurately.-

Studies are also being. initiated to determine the adequacy of Track Etche(3)
; devices for determining annual average working levels.

Protocols-
'

'.
During the initial survey of structures at Edgemont, air filter samples

are.being collected over five-minute' intervals for radon progeny working
level measurement using-47 mm diameter Millipore type AA filters with a pore'

size of'O.8' microns. : Air.is drawn through_the filters at flow rates of about'

40 liters per minute using Gast rotary vane pumps. One filter is collected
_in the main living area on the ground floor of each structure and one in any'

habitable basement. The home owners are. asked to keep windows, doors and
outside vents closed, and to turn off air fans, but not heating systems, for.

' eight hours-(three hours minimum) prior to making the grab working level
measurements to minimize the dilution of the indoor radon progeny concentra-

L tions.by outside; air. Prior to measurement, the homes are checked for open
~

,

doors, windows or vents,_and for operating fans. If any are noticed, radon
|

daughters are not measured in that home that day.
:

i Comencing less than seven min'utes aft'er the.beginning of radon daughter
sampling, the filters are counted for. three minutes using a -ZnS scintillator'

j covering the entire face of .a 12 cm diameter photomultiplier tyhg to deter-
; mine the sum of the alpha emission rates of the radon progeny noPo and 214po,
.

Two 10-minute counts are then taken comencing 8-1/2 to 12 minutes and :19 to
j 30 minutes after the beginning_ of sampling to determine the change in the
j emission rate with time. The counts are stored in electronic scalers. These

asurements are used to calculate the concentrations of the radon daughters
mg8po,214

,

2 Pb, 214 1, and 214 o'and the working level by the general form of8 Pt
'

the method of Thomas (1972).
'

An air filter is collected each morning outside of the Battelle office
,

at 107 N. 6th- Avenue, because natural _ outdoor radon -daughter _ concentrations
j in excess of 0.015 WL could cause indoor concentrations to increase.to the

point where structures would fail the working level criterion for clearance'

from remedial action. However, it has been observed that outdoor radon con-
! centrations vary with time and location at Edgemont. Therafore, beginning
( in February of 1981, radon daughters will be measured outside of each ,struc-

ture before or during the indoor radon ~ daughter measurement. fIf the outdoor-
radon daughter _ concentration exceeds 0.015 WL, indoor concentrations will |

'

'

not" be measured.until the outdoor concentration falls below 0.015 WL. If it :

, ;is found that the outdoor radon. daughter concentration in _any part of town t

-is.significantly below 0.010 WL'on a given day, no more outdoor radon daughter __
.

t

concentrations:will be measured for the rest of that day. As soon:as the
necessary equipment is obtained, grab radon measurements will also~ be made
outside and_inside of the structures _at the same time as the working level

!

.

.

(3) Track Etch * is' a' registered-trademark of the Terradex -Corporation.
; Measurements are being made to provide information on the degree of-

~

i equilibrium between radon and its daughters.
-

3

'

;
-

$ A-13-
'

4

~

. . .- - - -- .- .



-Turnover Time of Radon Daughters in a Structure

Radon daughter working levels in a-structure depend not only upon the
rate at which radon' diffuses into the structure, but also upon both the rate
of exchange of. air inside the structure with outside air, and the rate of
plateout of radon daughters on the surfaces of the structure. It is pos-
sible for unusually-rapid plateout and/or exchange with outside air having
low working levels prior to a five-minute working level measurement to de-
crease the measured working level significantly below the annual average for
the structure. It is for this reason that the occupants.are asked to close
both windows and doors for eight (at least three) hours prior to the five-
minute working level measurement. However, in order to tell whether the
measured working level can be used to' estimate the annual average, it is
also necessary to have some method that can be used to determine whether the
structure has in fact been closed up properly prior to measurement, or whether
plateout or exchange has been unusually rapid for some other reason.

The turnover time of the radon daughters in the air in a structure prior
to a five-minute radon daughter measurement can be calculated from the degree
of disequilibrium between the daughters 218po, 214Pb and 214 1-using the8
following equations reported by Morken and Scott (1966).

218 Rn A
Apg , (1)

A
A

(218po\ x214 j B (2)Pb =

A
B

214 C (3p81 =

A
C

|

Where
r

; 222 n, 218po, 214Pb, and 21481R Air concentration of these=

radionuclides (pCi/ liter)i

'

R$8po, 214dioactive decay constants of
=xA, xB, AC

2 Pb and 21481, respec-
i -tively (min-1)

| -F Continuous flow rate of. clean,=

! uncontaminated air into the
structure (liters / min)

.-
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Voltsne of air in the structureV =
i

(liters)
'

And

Y. Turnover time (minutes)=

F

~ Equation 2 can be rearranged to give the turnover time as a function of-

210Po and 214 b:P

.

214V, Pb (4)
F_ /218pg , 214Pb A

B

ecuation 3 can be rearranged to give the turnover time as a function of
214Pb and 21481:

-

214V, 81 (5)
F 214Pb 214B1

AC

and substitution of equation 2 in equation 3 gives the turnover time as a
function of 218Po and 21481:

V, 2 (6)

C B C B C(1 24Po)
1/2-(AB+A)+ IA A) - 4A A

These equations are only approximate because they assume (1) steady
state, (2) complete mixing within the structure, and (3) negligible radon
concentrations in the outside_ air. None of these assumptions is strictly

; true for a typical house, but the calculated turnover times do provide a
i useful parameter' for identifying measurements that were made under condi-

tions of rapid plateout'and/or air exchange.

<
. The equations of Morken and Scott can be used to calculate the turnover

: time from the relative concentrations of any two of the three short-lived
radon daughters, but-in' practice the turnover time is qqlculated from only
the concentrations of the 218po _ 214 1 pair and the 214Pb 214Bi pair8

i
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using equations 4 and 6, respectively. Since 218Po has only a three-minute
- the turnover time calculated from the concentrations of 218Po and

gf-life,218 o and 214 b) is sensitive to conditions just prior to the mea-Bi (or P P<

surement but the turnover time calculated from concentrations of the longer- ,

lived 214 b and 2141 is sensitive to processes occurring over a longer timeP B

period. If the calculated turnover times are unusually short, plateout or
air exchange has been unusually rapid prior to measurement, suggesting that
the measured radon daughter concentrations will tend to be uncharacteristi-
cally low.

Under ordinary conditions the radon daughter activities decrease in the
order 218po > 214Pb 2 214 1. However, statistical fluctuations in the mea-8
surements and/or rapid variations in the plateout rate (which is signifi-
cantly greater for 218Po than for either 214 b or 2141) can result in changesP 8
in this order. The intermittent operation of a circulating heating system,
for example, can cause rapid variations in the plateout rate. If the measured
concentrations of 218Po and 214Pb become less than that of 2141, the calcu-8

lated turnover times become negative. If the departure from equilibrium is
slight,-indicating that plateout is slow, the calculated negative turnover
time will be long. However, if the departure is large, indicating rapid
plateout, then the calculated negative turnover time will be short. Review
of past measurements has shown that positive turnover times calculated from
either pair of radon daughters were longer than 32 minutes 90% of the time
if the wind speed was less than 8 mph. Inspection of the turnover times
has also shown that negative turnover times shorter than 100 minutes result
from significant departure from equilibrium. Therefore, it has been decided
to consider radon daughter measurements to be invalid because of excessive
plateout and/or air exchange when either of the two calculated turnover times
is positive and shorter than 32 minutes, or if either is negative and shorter,

than 100 minutes- (unless the measured radon daughter concentration is >0.033
,

|
WL, in which case the measurement is considered to be valid).

; If the radon daughter measurement in a structure _is considered to be r

invalid because of short calculated turnover times, the structure is schedul-
ed for re-measurement at a later date. If both of the calculated turnover ,

times for the re-measurement are either positive and longer than 32 minutes,
or negative and longer than 100 minutes, the re-measurement is accepted as
valid and is reported. However, if the re-measurement also f ails the turn-
over time criterion, it is considered that five-minute radon daughter mea-
surements will not provide a sufficiently accurate estimate of the annual
average working level, so the structure is scheduled for long-term radon
daughter measurement. However, the measurement showing the longer turnover
times will be considered to be the more representative of the annual average
and will be reported as an interim value. It should be remembered that even
if short turnover times are characteristic of a structure during the period

-of time that the five-minute measurements are made, future modification of
the structure or. the living habits of the occupants could lengthen the turn-
over time and cause the radon daughter concentrations to rise to unacceptable
levels.

It has also been observed that there is a significant reduction in the
number of measured working levels above 0.010 WL when the wind speed is above
8 mph. Therefore, the wind speed is now checked each morning and an attempt
is made to avoid sampling when it is above 8 mph.

A-16
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Decision Levels

[ _ Working Levels'<0.01 WL. If the structure average of the five-minute
working level measurements is less than 0.010 WL,fy the criterion describedand if the turnover times

| of the radon daughters for the measurements satis
i above, the structure is considered to satisfy the radon progeny criterion

for clearance from remedial action.

Working Levels > 0.033 WL. _ If the measured five-minute working level,

is greater than 0.033 WL on either floor, a second measurement is made at a*

later time to confirm the elevated concentrations. The valid measurements
taken on each floor during the initial survey and during any repeat surveys
are averaged floor by floor. (This is necessary since there may be more
valid measurements available for one floor than for another.) The average
for the structure is then calculated as the average of the individual floor
averages.. However, beginning on February 25, 1981, all indoor working levels
above 0.010 WL measured on days when the outdoor. working level is above 0.015
WL will be disregarded.. The measurement.will be repeated at a later date
because the elevated indoor working levels could be due to outside air, and
might not:be characteristic of the structure. If the structure average is
greater than 0.033 WL, the structure is considered to exceed the EPA annual
average' working level standard of 0.015 WL and is immediately scheduled for
engineering assessment.

Working Levels of 0.01 to 0.033 WL. If the structure average of the
valid working level measurement is between 0.01 and 0.033 WL, it is consider-
ed-that grab samples will not provide an estimate of the average annual work-
ing level that is sufficiently accurate to provide a basis for a decision on;

remedial action. Therefore, the structure is scheduled for long-term radon
| progeny measurements, unless the structure or yard fails either of the other

criteriaforclearancefromengineeringassessment{Ra>5pCi/ginsoil).| e.g., indoor or outdoor
gansna exposure rates >20 R/hr above background, 22;

In the latter case, the property is scheduled for engineering assessment
without further radon daughter measurements.-I

LONG-TERM RADON DAUGHTER MEASUREMENTS

Introductionn

Where long-term radon progeny measurements are required, the measure-
ments _are being made using RPISU and, in some cases, Track Etch *, but the
RPISU will be considered to be the standard instrument, at least until simul-
taneous measurements by RPISU and Track Etch * have shown that Track Etch *:

l can provide annual average working levels that are of accuracy comparable to
| those provided by the RPISU.
1

Experimental Sampling Protocol

The RPISU's are shop-made and are obtained from the Las Vegas laboratory,

| of the U.S. EPA. These units consist of an air pump and clock contained in
'

a capped plastic pipe about 30 cm in diameter by 60 cm tall. The RPISU col-
lects radon daughters on a filter-located next to a thermoluminescent dosim-
eter (TLD) chip. A second TLD chip that is shielded from alpha and beta
particles is also used to. give a correction for background gamma radiation.
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These~ components are contained in a small, externally mounted head which is i

detachable from the unit. The_ heads are received from the EPA laboratory
and are returned there promptly after the air sampling has been completed.
There,' they are' disassembled, and the thermoluminescent emissions are read
and converted to radon progeny exposure rates using calibrations which the
EPA has established for each batch of TLD Chips.

The total quantity of air sampled is determined using a rotometer supplied.

-by the EPA' to measure the flow rate at the beginning and completion of sampling.
The running time; clock readings are also recorded.

.
Track Etch * devices consist of thin sheets of alpha sensitive material

that are passively exposed to the atmosphere. Alpha particles from radon
.and radon daughters produce damage tracks in the sensitive material. These
tracks are later made _ visible by a suitable etching technique, and then count-
ed. Working levels are calculated using an assumption about the degree of
equilibrium between radon and its daughters (usually 50%).

.

The major advantages of the Track Etch * devices are that they are small
and require no pumps, electricity or any other associated hardware. Therefore,
they can be exposed over long periods of time without maintenance. However,
potential errors produced by the assumption of a constant degree of equilib-,

rium may limit their accuracy, and could lead to bias in their results in
individual structures.

Protocols

Annual average working levels are determined from six integrated RPISU
measurements taken during the course of a year on the main floor of each
structure. PNL places the RPISUs in the structures to be measured and deter-
mines the air flow rate at the beginning and end of sampling using a rotometer
supplied by the EPA. The flow rate is generally one to two liters / minute. ,

The filter on the RPISU tends to plug up, causing a pressure sensor to turn -
off the instrument. When this occurs before 100 hours have elapsed, the
filter and TLD chip will be replaced (they come as a sealed ~ unit) and the
measurement continued until a total sampling time of 100 hours has been ob-
tained. When filter head plugging reduces the flow rate below a preset point. *

| a safety switch turns the pump off to protect it from damage. The flow rate
can be checked by installing a rotometer at the inlet and. momentarily restart-
ing the pump. A built-in time delay prevents shutdown for a long enough
interval to take the reading. 'After each filter is changed, the running
time meter is read to determine the number of hours of exposure. EPA has
indicated that five working level liters is the smallest measurable sample.
At a flow rate of one liter / minute and a working level of-0.015 WL, it requires
about five hours to obtain five working level-liters. -Therefore, any TLD
chip that is not exposed for _at least five hours is not included as part of
the 100-hour sample. <

i

Measurements of at least 100 hours duration are made. Each measurement
is made approximately every other month for a year. If a problem occurs in
sampling during a scheduled month, a sample ~is collected in the succeeding
month.. If that cannot be done, then it is necessary to repeat the sampling
during a succeeding year sometime in the three-month interval which is cen-
tered on the scheduled month. (For example, if-a sample were taken in February
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1981' that coul'd not be used for' some reason', and for some other reason it.
: was not'possible- to .take.a ' repeat sample in March 1981, then a repeat sample
;_ . must be:taken during; January, February, or March of a later year).,

. - Since.the~ minimum sampling time .is 100 hours, it is sometimes necessary
'

- to use more than.one sampling head when there -is frequent plugging of the-

filter after intervals -shorter than 100 hours.' _ (Filter plugging frequently
Joccurs ast a result of the accumulation of.particulates from cigarette smoke.)
' If more than one:RPISU sampling head is used to obtain the minimum total of
-100 hours of- sampling, ~the valid measurement is calculated from the time.

weighted average of.all the-individual RPISU sampling head measurements as
.. follows:-

_

i i (7)W.L. =

Where>
>

~

[ W.L. : = time weighted Working Level

| tj sampling time for the 1- th sample=

:

} W1 Working Level for i th sample=

= - [tj = total time for all sampling heads, andT
,

; must be at least 100 hours.
:
c

, .

<

: If the annual average working level calculated-from six RPISU samples
'

is greater than 0.015 WL, the structure is scheduled for' engineering assess-
ment, but if ~ the' average _is less than. or equal to 0.015, the structure then-i

'

satisfies the working level criterion for clearance from remedial action,
L since long-term measurements would not have been made if the property had

not passed all of the other clearance criteria (e;g., gauna exposure rate
| less than 20

than 5 pCi/g)pR/hr'above background and. radium concentration in, soil less; . - Terradex Type F Track Etch * devices.will also be placed in
i 50 structures in which RPISU measurements are being made to determine:how-
! well the working levels determined using Track Etch * correspond to those
i measured with the RPISU. 'The Type F device. consists of the alpha: sensitive-
i detector taped to the ' bottom (inside) of a plastic cup and protected from

ambient radon daughters by a . filter. It measures- only radon.(and daughters :
~

produced by the decay of radon inside the cup). . Working -levels 'are calculated
: assuming 50% equilibrium with the~ measured radon concentration. This configu-

ration avoids problems' produced by the variability in the plateout.of radon;

daughters on the surfaces of the structure 'or of the-detector caused.by: vari--,
*

'

-'ations in atmospheric parameters such as humidity and aerosol concentration.. -

.

[ One Track Etch * will be placed for. a period of one year -in each of the 50-
; Lstructures, and'another will be changed 'every other month'in these structures
i at. the same time as the RPISU.is. installed. If these measurements show.that

: the Track Etch' yields average. annual' working levels-of comparable accuracy;

i to-those provided by the RPISU, then Track-Etch * will-be used in the future:

. to measure annualfaverages.
_

:

,

! LA-l'9
i.

s - _

,

--g. 7 y y ve . vi e'- , #w - ,, -y, , .r --r 8 . . , , n. & v4-'+r * + ------e= ~ = -.e--* * - -



, ,. _ _ _ ~ . _ - - . _ _ . _ _

,

w _r

:

$ ' INDOOR GAP 9|A ~ SURVEYS
'

Introduction<

: According to 40 CFR'192, remedial action is required if residual radio-
[ activity results in indoor gama radiation exposure >20 microroentgens per
L -hour -(pR/hr) above ' background.. In an earlier survey, J. E. Thrall, J. .M.

Hans, Jr.L and V..Kallemeyn (1980) of the EPA determined that the outdoor,

gamma exposure rate at Edgemont~ averaged 13.2 pR/hr at locations not influ-.

enced:by residual. radioactivity, and that about 95% of these locations had.

*

average gamma levels -less than:14.5 pR/hr. Therefore, 14.5 pR/hr was chosen
~as the background at Edgemont, so that only about 5% of the properties will,

p- exceed this background: as a result of natural radioactivity. Our measurements
at Edgemont have yielded average outdoor background levels very close to
those reported by EPA. . In any event, in _most cases where residual radioacti-
'vity is present, gama exposure rat.es much greater than 20 pR/hr above back-
ground. are observed,'so the exact' value chosen for the background has rela-.

tively little effect on the decision as to whether engineering assessment is
: required.

a*

Protocols

. . Indoor gamma surveys are made of all habitable floors and basements
$

using gamma survey meters.- The' survey meters being used at Edgemont are
Ludlum micro-R-scintillometers that' employ soditsn iodide crystals 1for gamma4

detection. These instruments are compared at:least once a day to a cali-
'

'

brated Reuter-Stokes (Model S-111) pressurized ionization chamber on the
i - ground floor of homes. The pressurized ionization. chamber sensitivity is
! checked with a~ reference source daily. All instruments were calibrated at

PNL prior to use and are periodically returned to PNL- for recalibration.
|

i

! All pressurized ion chamber readings taken in the field are corrected to the- '

'

standardized laboratory calibration. Micro-R-meter-readings are corrected to-
equivalent pressurized ionization chamber readings; using the ratios deter->

mined in the field on the. day of measurement. Indoor gama measurements are.

[ made at an' elevation of about three feet at the-grid points (approximately
every 5 feet) of a 25 ft2 grid starting at one wall. Measurements are also ;

;

made at the far wall (unless this point is within a couple of. feet of another-

measurement, such as in another room). The measurements are made with the
,

: survey meter' set on slow response (long time constant). Readings a're not
taken until the needle has stabilized for a few seconds. The corrected read-

: ings are recorded on' a detailed drawing of the floor. plan 'of the structure '

,

that-is drawn based on measurements taken using a tape measure (Figure A2)..
'

If none of theTreadings is greater than 14.5 pR/hr, the structure is'. con-
; sidered to pass the gama' radiation criterion for clearance. However, if
'' readings above 14.5 pR/hr are' encountered,'or if:the meter shows.a pronounced

11 crease in the exposure rate.at any location, a' search is made for elevated-

-readings in contact with surfaces-of the structure. If a corrected contact
reading greater than 20 pR/hr above background is observed, this reading is.-

_

,

;
~

. recorded.. The contact reading is recorded beneath a line drawn under'the
surface reading. - Unless the object causing the ~ elevated gama reading can

L 'be disposed of (e'.g., small-rocks, raditan dial clock), the structure is con-~

-

p sidered to fail the-gama criterion _ and is scheduled for engineering assess-
ment.

.tj
,

--

.
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FIGURE A2. Illustration of Indoor Gamma Survey
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!Itshouldbestre'ssedthattheprimarypurposeof.thegammasurveyis
: to locate any. deposits of residual radioactivity. Therefore, the detector

,

' output _is observed carefully, and.any suspicious changes in the meter read-
. . ings-are followed up to insure that no deposits anywhere inside the structure

are missed. The grid measurements serve as a record that a detailed survey'
,

.. has been made.

The Ludlum_ scintillometer is equipped with.an audible signal that-clicks
! -at a: rate proportional to the gama exposure rate. Prior to the January

1981 workshop, the audible signal was not used because it does not provide a: :

- numerical. signal,'and because its clicking might.cause the owner.or neighbor
- to fear that:his building was highly radioactive. However, the clicker does

have the advantage that-it provides a faster response than does the meter,
so it:might detect 'sma11 ~ amounts:of residual radioactivity between grid points4

that,the meter would not~ detect. 'At the workshop, it was. suggested that the
. clicker.has proven'very useful for locating residual activity during surveys''

. at other locations. Therefore, following the workshop the Ludlum scintillom-
!' eters were fitted with earpnones that'will enable the surveyor to. hear-the
e clicker without disturbing the property owner.. In'the future, the earphones ,

i . will be used in addition to the meter reading to locate residual radioactivity-
|- during'both indoors and outdoors surveys.

GAMA SURVEYS IN GARAGES- AND NONHABITABLE BASEMENTS

' Protocols ,

;

| Prior .to the January,1981, workshop; gama-1evels .in garages and nonhabit-
i able basements were measured at an elevation of about three feet with a Ludlum
i scintillometer set on fast response during a slow, serpentine walk-through

(FigureA2). Brief stops were made to allow-the meter to stabilize. If ~,

- readings greater than 14.5 pR/hr were encountered, or if the. reading showed -

a significant increase at any location, a search was made for elevated contact,

readings; If contact readings greater than 20 pR/hr above background were
,

'

,

observed, the building was scheduled for engineering assessment. As a result
j_ of discussions at the workshop, gamma surveys in garages and nonhabitable

,

! basements are now being conducted using a 25 ft2 grid.and measurement proce-
|= dures' identical to those described in the. previous section.inside other struc-
I tures. "

OUTDOOR GAMA SURVEYS OF LAND WITH STRUCTURES
!

Introduction-
_

,

, s ' According to 40 CFR-192 remedial; action is= required-if_ residual radiS '

activity.results-in average E26 a concentrations in_ soil'>5-pCi/g in any 5='
R

.

,

; - cm thickness within one foot of the surface,.or any 15~cm thickness below "

one foot. - Outdoor gama radiation surveys are being conducted for the pur .:

> . pose ofridentifying locations where soil' samples should he collected-and
- analyzed because they are likely to contain the highest a 6 a' concentrations ,

R
1 present at that property.

.

L
:

'
t-.

3
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I- Protocols '

\ 1,

( _ _ .Gama measurements are made at an elevation of ab'out three feet using |
i

.(approximately every se(Model 12S) f a 50 ftZ square grid in the yards adjoin-
Ludlum micro-R-meters set at slow response at the grid points |

ven. feet) o |

ing homes. : Readings are not taken until the meter has stabilized for a few |

seconds. The corrected readings are recorded on a drawing of the yard made '

~ using_a tape measure-(Figure A3). The house and other structures are shown '

( on the drawing.,

t
. To save time, the distances.between grid points are paced off, rather

'

.than measured. -In the event that a lot.is exceedingly large, only that por-
; -tion that is within~50 feet of:the structure (s) is surveyed using the 50 ft2-

i square grid.- The rest is surveyed.using the procedures described below for
! open'1and. The Ludlum scintillometers are cross-calibrated at least once a-,

. day with a' pressurized ionization chamber'at a location that is to be surveyed.
;

, All Ludlum' readings are corrected.to the equivalent pressurized ion chamber-

reading before being recorded on the survey map.'

Gama Radiation' Levels <14.5 uR/hr. If no corrected gama exposure
rates greater than 14.5 pR/hr (including background) are obserygd at the4

three-foot elevation, surface soil samples .are ' collected for 220Ra analysis
at~any twoilocations showing the highest readings, and contact readings are ,

i recorded at these locations. In the event that it is impractical.to collect
a surface sample at a location of maximum reading.(e.g., because of.the pre- !

sence of pavement or valuable shrubs) an alternate location showing a high'

reading is sampled.
'

.

F Gamma Radiation' Levels >14.5 uR/hr, but no Surface Anomalies. . If cor-
} rected gamma exposure rates greater than 14.5 pR/hr (including background)
; are observed at the three. foot elevation, or if the readings show a signifi-
L cant increase at any location, a search is made for elevated readings at the

.

i surface, and contact readings are recorded on the drawing of the property (a'

line is drawn beneath the three-foot reading -and the contact reading.is
entered below'the line).- However, if the three-foot readings ~are consis-
tently greater than 14.5_pR/hr, but no gamma anomalies are observed during
the first two. surface searches, no more surface searches are conducted unless; ,

'

a three-foot elevation reading shgys an increase of one pR/hr or_more. Sur-
face soil samples are taken for 2coRa analysis at two locations showing maxi-
mum'gama readings.

!

: Contact Gama Radiation Levels >20 uR/hr Above Background. . If surface
i- gama readings greater than 20 pR/hr above the 14.5 pR/hr background are
L1

,4gORa analysis at locations of-maximum gama exposure rates.g gerved, up to five'or six surface and core soil. samples are collected for'

The property-
is scheduled for a more detailed engineering assesspent because it is assumed
that material'containing greater than 5'pCi/g of zzoRa is present, even if 1

! the initial ~ soil samples collected happened to miss it.
!

i
,

{
\

'
.

h"

L
|
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FIGURE A3. Illustration of an Outdoor Gansna Survey
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- GAP 9% SURVEYS OF OPEN LAND.
'

I_ | Introduction
n

_ _ u
i- - According to 40 CFR .192, remedial . action is required on open land if

'

iresidual radioactivity.results in 226Ra concentrations in soil >5 pCi/g in.

i- any 5-cm thickness-within'one. foot of the surface, or any 15 cm thickness
! .below one foot. However,.the land is also ineligible for HUD federally

guaranteed financing if thelestimated average gamma radiation exposure rate,
including background, is greater than 14.5 pR/hr. Outdoor. gama / radiation

n . surveys are therefore conducted on open land to locate any soil containing
greater.than 5 pCi/g.of 226Ra and to determine the average gama radiationc

. exposure rate of the property.
-

Protocols
.

-Open -lots are. divided into grids containing four survey blocks along
| the shorter dimension and five survey blocks along the longer dimension of i

; the property (Figure A4). 0n very large lots extra rows of survey. blocks
j are added to keep the maximum distance between measurements below 200 ft. -

| Extra blocks may be added to' irregularly shaped lots where the rectangular
j grid leaves unsampled areas. Gama-exposure' rates are measured at an eleva-

F ~
tion of- about three feet at the approximate center of:each survey block with
Ludlum scintillometers set on slow response. Readings are not recorded until

| the meter has stabilized for a few seconds. The scintillometers are compared
j to a calibrated Reuter-Stokes pressurized ionization chamber at one location

onTeach lot, and a correction table prepared for each instrument. The.

| corrected gamma readings are recorded on a drawing of the _ lot. A serpentine
walk-through between each row of sampling locations is also made with the.

,

;

scintillometers set on fast response. The highest reading is' recorded. The-

[ average gamma exposure rate for the property is calculated from.the grid
| center measurements.
,

Gamma Radiation Levels <14.5 uR/hr. If no corrected gamma readings F

greater than 14.5 pR/hr (including background) are observed at the three-

s

;. foot elevation, one surface soil sample is collected for 226 a analysis at aR
location of maximum gama exposure rate.

Gamma Radiation Levels >14.5 uR/hr but no Surface Anomalies. .If gamma-
;

radiation levels. greater than 14.5 pR/hr (including background) are. observed
at the three-foot elevation, or if the readings show a significant' increase

! at any location, a search is.made for elevated readings.at the/ surface, and
.

-maximum contact readings are recorded on the drawing of the property. However,;

j if consistent gama readings-above 14.5 pR/hr__ are observed at the three foot
elevation,. and no contact. gamma r_eadings greater than 20 pR/hr above the -'

14.5 pR/hr' background are observed.during the 'first two surface surveys, .no -
,

more surface surveys are conducted unless the three-foot elevation reading-
shows'an~ increase of one pR/hr or more at another location. -If no contact
reading greater than'20 pR/hr above background is. observed .at any location,
one surface soil sample is collected for.226 a analysis at.a location ofR

. maximum gamma exposure rate..
1

;, ,

Contacc Gamma Radiation Levels >20 uR/hr Ab$ve Ba ground. _If_ gamma
_ radiation . levels. greater than 20 pR/hr above the 14.5 R/hr background are

,

'

.

p
!;
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observed at'the surface, surface and core soil samples are collected for *

; 226Ra analysis at those locations. The property is scheduled for engineer-
ing assessment because it is assumed that material containing greater than 5,

pCi/g of 226Ra is present, even if it happened to be missed during initial: < :

soil sampling.[_
'

ISOIL' SAMPLING PROCEDURES:

Surface Samples

F TheLsoil' sampling' procedures at Edgemont have changed with time. -Before
:- January of 1981~, surface samples approximately 15 cm wide by 10 cm long by,

8 cm _ deep were taken with a shovel' with about a 15 cm wide blade. Beginning-
in -January of:1981 surface samples are being collected, whenever possible,
using a sampling device that samples a 200 cm2 area to a depth of 5 cm. The'

device is driven into-the ground and a small trench is dug next to each end.*

i 'of the sampler _(preserving any grass sod for later replacement) to allow ..
! guillotine-type blades to be inserted.into both ends of the sampler at the
' - 5 cm depth to enclose the sample. However, this' sampler does not work
i properly in frozen or very rocky ground, so in these' cases a shovel.is~still-

used to collect soil samples, but the depth is kept to less than 5 cm. _Thei

.

surface s.amples are transferred to a plastic bag.and shaken to separate the
! soil from leaves and grass, which are then replaced in~ the hole. If _an in-

sufficient-soil sample remains, an adjacent surface sample is combined with
the first sample.

Core Samples
,

; Core samples are taken with a 3.8 cm diameter split' tube corer that is
driven-into the ground to a depth' of 46 cm. Before March of 1981 the entire --

<

core was homogenized to form a single sample. Beginning in March of_-1981,,

;- the top' foot;of-the core is'being divided into five samples, each'about 5 cm
[ in length, with the remaining 15 cm of core forming a sixth sample. If neces-
r- - sary, the coring procedure is repeated at about the-same location,: combining
I samples from equal depths, until sufficient sample is obtained for analysis.
i

Thislatter-procedgRaconcentrationsinsoil.has been developed to conform to the criterion proposedin 40 CFR 192 for

j' Procedure for the' Analysis of Soi1~for 226 aR >

i-
L Each soil sample is homogenized, weighed'and transferred to a_ metal can

- with about a 410 ml capacity. -The cans are then sealed with a manually oper- >
,

ated' sealer. They are checked for leaks by imersing.in nearly boiling water
i- and inspecting for bubbles. . The cans are stored for at least 10 days, and'

ally considerably longer, to ', low radon and its short-lived daughj
gB1,togrowin.-Thecans'arethenplacedinplasticbagsandthegpr,1481-;

'

is counted for 10 minutes in a'23 cm diameter by 23 cm deep'NaI(T1) wel1~
L counter. . ~The cans'used.are theglargest that will fit:into the well. The
! gamma-ray spectra are stored in.a multichannel analyzer. The efficiency of-
[ the detector is detennined daily by counting a homogenized uranium. mill tail-

zz6 a concentration has been established by comparison.ings sample
withanNBS_ggse

i R

DRa standard.-1The background is determined daily by counting: ;

! a can filled with distilled water. ~ ~

F
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-The' 226Ra concentrations are calculated from the measured 2141, af ter
'

8..

i correcting for the fractional ingrowth.of radon from the parent 226Ra during
- the time ~ between sampling and counting. -In making this calculation it is ]- t
assumed that the radon concentration was'50% of equilibrium with 220Ra at-E
. the time the can was.seaied. .-Ten days after the can is sealed, the radon

,

'

!-
will be <at 92% of. equilibrium' using this assumption, versus 84% if the radon;

.

concentration was zero.at' the time of sealing. Since most. cans are allowed
to sit considerably longer than :10 days-before counting, the assumption of

,

50% equilibrium at the time of can sealing introduces little error.'

If any soil sample from a property contains greater.than 5 pCi/g of
226 a, that property is scheduled for engineering assessment. However, reme-R:

n ~ dial action will not be undertaken if-the 226Ra is not due to residual radio-- -

active materials, although for those cases the engineering assessment will
,

still provide the property owners with an indication of- the recomended pro-i

-
cedures they may use at-their own expense to remedy the problem. Therefore,--

! soil samples that are shown by NaI(T1) analysis to contain greater than 5
pCi/g of 226 a a're shipped to PNL.at Richland, Washington. There they areR-

opene_d, homogenized, dried, re-weighed, and then counted on an intrinsic'

{ These analyses indicate (from the
gemanium gamma-ray skctrometer system.Pb) whether the 226 a is due tg millratios of 234Th to 23 , 226 a-and 210 RR:

tailings or to natural terrestria radioactivity. The activity of 239Th, '
.

the 24-day half-life daughter of _ 38 , should be much lower than the 'activi-Ui

! ties of 230 h, 226 a, and 210 b-in mill tailings, but should be nearly equalT R P-
; to the activities of these radionuclides in uranium ore, whether it is from
! a-natural deposit or has been transported from a mining or milling site.

(The concentrations of 234Th. 230Th, 226Ra and 210Pb are established by com .
'

parison to standards traceable to NBS or IAEA.) TheresolutionoftheNaI(Tl)
is not adequate to measure the concentrations of these radionuclides, so it

: cannot be used to determine whether the 226Ra is due to mill tailings. How-
ever, its higher sensitivity permits a'much more rapid screening of samples
than would be possible using a gemanium diode.

,

| Visual observations of the physical characteristics of the soil samples -
-

t' and the deposits _of the sampling sites are also used to indicate whether.
residual radioactivity is present. This.is especially needed to differenti-
ate between translocated ore (which is considered to be residual radioactivity)

- ,

and ore in a natural, undisturbed. deposit (which is not considered to be
' residua 1' radioactivity).

:
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WORKSHOP CONCLUSIONS AND PROTOCOL CHANGES

CONCLUSIONS FROM WORKSHOPo
;

In order'to ac' quaint interested investigators with the procedures PNL
;

has developed and the measurements that have been performed at Edgemont using-

these procedures,'and also to obtain suggestions for the improvement of these
procedures, PNL organized a " Workshop on Radiological Surveys in Support of
the Edgemont Clean-up Action Program" on behalf of the Nuclear Regulatory
Commission.- This workshop was held in Denver'on January 21 and 22, 1981.3-

.On the first day of the workshop an in-depth discussion of the proceduresf-

employed in the entire radiological survey program-at Edgemont was held. It'

included a description of the equipment,; techniques and procedures employed.

tin. radon daughter measurements within structures, indoor and outdoor gama
,

! radiation surveys, and 226Ra measurements in surface and sub-surface soil
: samples. On the second day,' the,results.of.the measurements that have been
; conducted at Edgemont were presented.. During the afternoon an open discus-
| sion of the radiological survey procedures used at Edgemont was held for the.

purpose of obtaining suggestions for the possible improvement of- these pro-'

i cedures. Many useful suggestions were made and a few modifications in the
survey procedures at Edgemont have been made in response to these suggestions.

.

:

No really important shortcomings of the PNL approach were brought out1

at the workshop. The purpose of the survey was to identify property requiring
.

remedial action, and to release property that satisfied HUD criteria. The'

i survey was not a research project. HUD does not intend to " split hairs"
about meeting EPA clearance criteria.

| The validity of grab working level measurements was questioned by several.
! However,+ grab measurements are probably appropriate for the purpose they
[ were intended, which was to screen out structures having working levels much
L different (either higher or lower) from the 0.015 WL clearance criteria.

However, a_ statistical study should be made of the grab working levels, the:

long-term working levels, and the' subsequent results of engineering assess-
,

i ments to determine how accurately grab working levels identify structures
| that either clearly do not, or clearly do require remedial action. '

There was a strong recomendation for the use of the audible signal and
earphones during the gama radiation surveys.

Some believed that more soil samples;at greater depth should be taken.
However, if no elevated gam a exposure rates or1 working levels can be detect-
ed, then the subsurface residual radioactivity, if any,.will not produce?a
signifigggt radiation dose to the population. When anomalous'gama _ exposure *

rates, ZzoRa concentrations in surface. soil, or elevated working levels are
' observed,= core samples and searches for the source of the radiation should
be conducted.

.Several' attendees expressed their confidence in Track Etch * film tech-
niques and recomend that Schiager's review of: the Grand Junction program be-
studied carefully. The practical worth of these methods is still being-

jguestioned. It is clear-that further research should be.done to determine
how accurately Track Etch * devices; determine working levels, and to determine '

.

'~ hether some films _and techniques of mounting, track developing,' calibration,.w

~

.

'
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and'rea' ding are better than others. This research should be done before
,

*replacing RPSIU working. level measurements with Track Etch * measurements, to.

4 insure that large . numbers of Track Etch * measurements of dubious validity
are not made.

L |It_.was mentioned several times that barometric pressure changes affect >

indoor and outdoor. radon and daughter concentrations. Although the Edgemont
,

. survey .is not _a research project, the barometric pressure. data should te;

studied to determine whether it can be useful;in accounting for or defining
the range of uncertainty of the indoor working _ level measurements, or in 4

estimating. annual averages from either single or multiple five-minute measure-''

|
ments.'

-TheLquestion'of simultaneous indoor and outdoor radon and daugh'ter mea-
,

~surements was raised several times. As a result of the workshop, radon daugh-*

!- ter concentrations are now being measured simultaneously.inside and outside-

F of structures being surveyed to identify cases where high outdoor.concentra-
| tions could be causing-increases in indoor concentrations. A large number .
| of comparisons ofrindoor and outdoor radon and daughter concentrations could
i help to determine;(1) whether radon or radon daughter measurements provide a
' -better measure of the lifetime average working levels in a structure, and
! (2) whether multiple five-minute measurements or Track Etch * can replace
[ RPISU's for determining _ annual average _ working levels.
:

L The relationship of outdoor gama dose rates to the .226Ra concentration
i. of' soils-(one,of the questions. raised) does not affect:the existing protocol.
| Radium-226 measurements are being made in soil at every house regardless of
; the gama exposure rates. The use of a gamma exposure rate criterion for.

outdoor surveys covers-only those rare cases where there is a small deposit
containing 22 era which the soil core samples miss, so that the radium mea-

,

,

surements themselves do'not show:a'need for an engineering' assessment.

l It was felt by many that a similar workshop to discuss the radiation
surveys at Butte, Montana, at Edgemont, and at 00E remedial action sites
should be held in about a year.' -

CHANGES IN EDGEMONT PR0 TOC 0t.S MADE AS A RESULT OF !
'

. DISCUSSIONS AT THE WORKSHOP ;

As a result of suggestions made by attendees at the Denver workshop, we -

have made .a few changes in the protocols used to conduct radiological surveys
at Edgemont.- These changes are reported in the protocols, but.for_the con- r

'

venience _of the reader, they are also listed:below.~

f Beginning in February of 1981, radon daughter concentrations will be t

measured'outside of structures before or during the time that radon daughter-;.

| measurements are made inside the structures to determine whether the outdoor
|- concentrations-can be causing increases in the' indoor concentrations. _However,
L 'if it is found.that the outdoor concentrations:at any part of town on a given -

day'are considerably below 0.010 WL, no more outdoor working-levels will:be.
measured for the rest.of_the day..

As~ soon as' the necessary equipment is obtained, grab radon measurements-
will also be made~outside and inside of structures at the same timeias the

,

'

,

'
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indoorLradon daughter concentrations.are being-measured. The data gathered
will be used to determine whether radon measurements instead of working level
measurements 1could be used for screening purposes in future surveys.

,

Terradex type F Track Etch * devices will be'placed .in 50 structures'in.

Y . which~RPISU measurements are-being made to determine how well the working
levels determined using the Track Etch * correspond to those measured with-

- RPISU.' One Track Etch * will|be placed for a period of one year in each of
these structures, and another will be changed every other month at the same
time as the RPISU samplers are installed.

! (Beginning in February of 1981, gamma surveys in garages and nonhabitable
basements will be conducted using grid networks and raeasurements procedures .
identical to those used inside other structures (i.e., at the grid points of '

2a 25 ft . grid). Previously, we had measured the gamma exposure-rates during --

.

2 a serpentine walk-through of the garages and non-habitable basements.

b The Ludlum.scintillometers-have been fitted with earphones.- The audible
signals will be used in addition to the meter reading to locate residual,

radioactivity.

i-
)
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ABBR $VIATED ENGINEERING ASSESSENT PROTOCOL
.

L .'An abbreviated engineering assessment will.b'e performed in lieu of RPISU
'

measurements _on structures where radon progeny concentrations measured by
grab sampling were in the range from 0.010 WL to 0.033 WL, indicating that

; ' they.could have annual average working levels greater than 0.015 WL because
- of natural |or residual radioactive material in the soil around the structure.

The abbreviated assessment will also be_ performed at those structures where,
,

after-two attempts, it was not possible to obtain a grab sampling measurement
i for which the ratios.of radon progeny concentrations indicated that the turn-
j; over time between.the' air in the structures _ and outdoor air. complied with
j the grab sampling protocol. A full engineering assessment and remedial action
! will be required only in cases where residual radioactive materials-containing

226 a concentrations greater than 5 pCi/g are identified.in the abbreviatedRj
assessment. It will not be necessary to search for radioactivity in the'
construction material.of the structures because this was done during the,

i original radiation survey. .If gama radiation exposure rates greater than
20 pR/hr above background were observed that'were due to material that could . '

i

! not easily be removed, the.. structures were; scheduled directly for. engineering
.

assessment.without making RPISU measurements.:

:

[ SAWLING PROTOCOL

One borehole will be drilled into the soil exterior to each side of the . I

building within two meters of the building at the location showing the highest
gamma radiation exposure rate, unless that location is obstructed at or below

; surface by an object such as a sidewalk or a sewer pipe. In that case, the

i borehole will be drilled as close as possible to the location showing the
|- highest exposure rate. If there is 'a garage, patio,' or other structure atu

tached to .a side of the building that prevents the drilling of a borehole*

i within two meters of the building, the hole will be drilled within two meters
! of the main building as close as possible to a point of attachment of the
; attached structure. The holes will be drilled to a depth of two meters-below

the surface, or to the level of the foundation, whichever is. deeper. If<

; obstructions make it difficult or risky to drill the hole,- it will be hand-
; dug instead to as great a depth as practical (generally about one meter).-
| If residual radioactive material is measured at the bottom of this. hole,
! another hole will be drilled nearby, avoiding the obstruction to determine-
| the depth to which the residual radioactivity extends. The 2E6 a concentra-R

i tion surrounding the boreholes will be logged _every 15 cm in depth (starting-
| at the surface) using a NaI(T1) gama-ray detector.

If no 226 a concentrations greater than 5 pCi/g are measured in theL R

boreholes, it will be assumed that the structure does not have elevated work-- )
:

cleared from remedial action. However, if ggrefore, the-structure _will be
ing levels due to residual radioactivity.;.

DRa concentrations greater:than.

( 5 pCi/g are logged in any hole, the property will receive a radiological
| assessment report documenting the extent and nature of the radioactive' deposit.

.

,

! Calibration procedures for the borehole logging detection system are- ,

' included as a. separate. topic of this report. |>

:-

||
r
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RADIOLOGICAL PROTECTION.

The responsibility for the control'of residual radioactive materials
Northwest Laboratory (the4r existing location by people employed by Pacificthat are removed from| PNL? shall reside with the PNL staff. Appropriate;

survey meters (including a portable alpha-particle survey meter) will be'

used to determine the _ level of; alpha-particle emitting surface contamination,

of the' area around any location that has been selected for drilling prior to
.

the drilling of..the borehole.- Following the drilling operation', the areai
!- will again be surveyed. Any' detected contamination with alpha-particle

. emitting materials will be ~ removed until the disintegration rate at any sur-.
-

face location is not significantly higher than the measured disintegration
' rate prior to drilling;

,

:

|During drilling, the ground around each hole will be covered with a,

; plastic-coated tarp that will'be used to catch the soil from the borehole.
If no 226Ra concentrations greater.than 5 pC1/g are logged in-the borehole,

; the soil will be replaced in the hole. However, if the average 226 a' con-R

i centration is greater than 5 pCi/g, the soil will be disposed of at the
and the hole.will be filled with soil that hasj uraniummilldisposal'siggS a concentrations below 5 pCi/g.been detarmined to have R'

''

All residual radioactive material will be stored in metal cans or a '

; double wall container (such as plastic bag.inside of a box or. drum) during
-

j transport. Tarps with detectable surface contamination will be folded and
! placed in plastic bags during transport. All personnel and equipment sur-

faces exposed to residual radioactivity will be monitored for surface alpha
particle contamination before leaving the property under test. Contaminated
borehole drills will be cleaned before leaving the site, and ' waste material
will be discarded at the Silver King disposal site.

i

t
:
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ENGINEERING ASSESSMENT PROTOCOL

INTRODUCTION'

According to the proposed standards in 40 CFR 192, remedial action shall
be required on a property if residual radioactivity causes (1) average annual
radon daughter concentrations greater than 0.015 working levels (WL) inside

- a structure; '(2) gama radiation exposure rates greater than 20 R/hr above
background inside a structure; or (3) 226Ra concentrations'in soil greater
than 5 pC1/g in any 5 cm thickness of soil within 1 ft of. the surface or any
15 cm.below 1 ft. Any property that the initial radiation survey has shown
to have radiation levels in excess of these standards will have an engineering
assessment performed to determine whether the high radiation levels are due
to residual radioactivity, and, if. they are, _.to determine the extent of the-

radioactive materials and the extent of the remedial action that shall be'
~

performed. No remedial action will be performed if _ the high radiation levels
are due to natural radioactivity, although the property owner (s) will be
advised as to the steps he may take to lower the levels.

AVERAGE ANNUAL RADON DAUGHTER CONCENTRATIONS >0.015 WL,

!

Structures that Require Engineering Assessment

Five-minute radon daughter measurements are being made in all reasonably
airtight structures for which surveys have been requested. If the average
of two measurements is greater than 0.033 WL, the property is scheduled for,

engineering assessment. If the five-minute measurement is 0.10 to 0.033 WL,
or if two measurements show unacceptably. short calculated turnover times, it
is assumed that the five-minute measurement will not indicate with suffi-
cient accuracy whether the annua'l average is greater or less than 0.015 WL.'

Therefore (if the structure does not already required gngineering assessment
because of failure of the gama radiation and/or the 2<6 a criteria), a 100-R

| hour Radon Progeny Sampling Unit (RPISU) measurement will be made every other
month during'the course of a year to determine the annual average in some of
these structures. If the annual average is greater than 0.015 WL, the pro-
perty will be scheduled for engineering assessment.

| Protocols

The engineering assessments of structures that are' required-because of I
radon daughter concentrations will consist of borehole logging and soil analy-~ '

|- sis around the structures to determine the extent of any deposits of residual '1
I radioactive materials containing 22 bra concentrations greater than 5 pCi/g.

l
l Very few, if any, cases have been observed where residual radioactivity in )
; the building materials of a structure could possibly cause significantly i

| increased radon daughter concentrations. The engineering assessment of build- I
| ing materials showing gama radiation exposure rates greater tnan 20.pR/hr - !

above background will be discussed below. A diagram of these procedures is
shown in Figure AS. '

.j
l

A |
One' borehole will be drilled into the soil exterior to each side of the ;

building within two meters of the building at the location showing the highest-
gamma radiation exposure rate, unless that location is obstructed at or below
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b ;the surface by an~ object such as a sidewalk'or a sewer pipe. In that case,
1

:the:holeLwill- be drilled u close as possible to the location showing the .
,
' . highest: exposure rates. . If there is a garage, patio, or other structure

f attached to the side of the pain building that will prevent the drilling of- ;

:a-hole within two meters of3he main building, the'~ hole will be drilled as a

close as:po W ble to that point of' attachment of the attached structure, ando
P within two' meters of the main building. Each hole will-be drilled to a depth
: Tof;two meters below the surf ace, o: to the level:of the foundation, whichever
:. >is' deeper. ;If obstructions make' it difficult or risky to drill the hole..itL r

F will'be hand-dug:instead to as great a. depth as practical (generally about -
i- - one meter). .If residual radioactivity is measured at the bottom of this-
;. -hole,:another hole will .be drilled nearby. . avoiding the obstructionThe225aconter-

to de
'mine:the depth to which the residual radioactivity extends. R,

(centrations-surrounding the boreholes_will be logged every 15 cm from the,

surf ace'to 'a depth of' 45 cm, and every 30 cm thereaf ter. The concentrations' '

' will be logged using a:NaI(T1);ganna-ray spectrometer. If the 226Ra:is greater'~ =

dthan:5 pCi/g, or?is . increasing at a rate. greater than 1 pC1/g/15 cm' at the
,

deepest'leve1 ~ monitored, the hole will:be extended in one-meter. increments'-
.

,

until the concentrations at the~ bottom of|the hole are less than 5 pC1/g and-
! are not1 increasing.atsa rate, greater than -1TpC1/g/15 cm. A' grid of contact;
i . gamma exposure rate measurements.will'be made around any borehole where the

z26 a concentration-exceeds 5 pCi/g at.any depth increment or.where existing !R. .

or grements; indicate gamma exposure rates- exceed 20 pR/hr above background_ meat
S a concentrations in soil exceed 5'pC1/g. The grid spacing will beR

' =

2.5-feet. The grid will extend to locations where exposure rates-are at.;

j_ - background levels..
.

.
. .c

i -No 226Ra concentrations-greater than 5 pC1'/g

If no 226Ra' concentrations greater than 5 pCi/g are measured in any- I
~

borehole, it will be assumed that the radon ~ daughter. concentrations.are due "

F to natural radioactivity, so the structure will.not require further radio-
L -logical assessment (and will be' cleared from remedial : action:(unless 5aradiation exposure rates greater than '20 pR/hr .above background or. 2 -

i

concentrations greater. than 5 pCi/g were also measured at other. locations;

during the' radiation: survey,- in which case the engineering assessments that- ,,

[ will- be' described ~in later sections :of the protocol will;be: performed).- ,

iRadium-226 Concentrations-Greater than-5 pCi/g

! 'If 226 a coric~entrat! ions ' greater than.5 pCi/g areilogqed in' any hole,R

required to determine whether the }q logging using germanlum diodes will be
additional. soil analysis or borehoj

r6d Ra is due to mil 11 tailings. The: soil
I' will be analyzed f at locations |and-depths where the 226Ra- concentrations are

high enough to insure.that reasonably accurate concentrations of the 238
chain members.canLbe obtained by 'germantun diode analysis. If thec226 ULRa11s4

[ duel to mill: tailings, the; a'ctivities'of 234Thi(24-day)1shouldbesignificantly
C quer than the activities of the: longer-livedfuranium chain membersp230Th.

- 1I i 20Ra, and 210Pb C However, if thez 2z6 a~is-due:to uranium 1 ore or to local '

R

!: -natural; radioactivity, the activity of_234Th should beisimilar to1those of~
~

,

Jthe other<chainJmembers. Samples off natural soil from:the survey; area will
.be: analyzed forJthe'se radionuclides to determine the. natural ~'variabilitiesi. ?

| cof-the-ratios ofn234Th.to the other uranium' daughters, so thatfsoil samples- '

; containing ratiosibelow this range [can bebidentified as containing millstail- .. ,
.

I
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1. ~ ing The resol'ution of NaI(T1) is~not good enough to measure the spectrum
8 . daughters necessary to distinguish between mill tailings and unpro-i - of 0

- cessed uranium ore, but NaI(T1) is used for the original screening of bore-
. holes because its greater sensitivity permits a much more rapid screening

; - than would be possible using germanium diodes.
7

Radium-226: Concentrations >5 pCi/g Due to Natural Radioactivityp ,

. If the activity of 234Th (24-day), the short-lived. daughter'of 2380, is'

comparable to those of the other 238U daughters, it will be concluded that
the 226Ra, and the radon daughter concentrations in the building are_due ;

either to uranium ore or to' local' natural radioactivity. Uranium ore is
likely to be'present in the fonn of yellow (sometimes green or black) rocks

. or flakes that have high 226Ra concentrations and are generally different in
' appearance from the' surrounding soil matrix. If no such material is present

.

and evidence is present of native material that is naturally' radioactive, it
;

226 a concentrations are due to local natural-will-be concluded that the high R

radioactivity. .Therefore, the property will-be cleared from further remedial
~

action (unless further eDgineering assessment is required because high gamma
,

exposure ratesLand/or 2ZORa concentrations had been measured at other loca-1

tions on the property).,

- Radium Concentrations >5 pC1/g Due to Residual Radioactivity
.

If.the concentration of the;short-lived 238U dauahter, 234Th, is signi-
L ficantly lower than the concentrations'of the other 2380 daughters, or if

there is physical evidence that uranium ore is 'present, residual radioactivity
| . can be. considered to be present, so additional gamma surveys _will be carried

out.and boreholes-drilled to determine the extent of the residual radioactivei

; materials. The holes will be drilled in a pattern:that will be modified if
~

'

: -gama exposure rates or visual clues provide 'an estimate of the-size of the
deposit or_ residual radioactivity.

i

L When borehole logging _and. soil analysis has been ggsppleted, a map will
be drawn showing the boundaries and the depths of the zeoRa concentrations'

greater than 5 pCi/g.- The drawing'wi11' provide an_ estimate of the quantity
of soil that'will have to be removed during remedial action..

INDOOR GAP 94A RADIATION EXPOSURE' RATES >20 uR/hr ABOVE BACKGROUND

Structures in which gamma' radiation exposure rates greater than 20 pR/hr
above background were measured during the: original. gamma survey _will' require
engineering assessment to determine _the extent of any residual radioactivity
present (unless the gamma radiation was from _ an easily removable object).:

Elevated gama levels in structures could-be .due to-(1) Leasily. removable

objectssuch~as'oreLsamples;-(2)'materispDRaconcentrations'aroundthestruc-used in the construction of-the
structure; or_(3) soil'containing high 2

: ture.-
~

< - Gamma' Exposure Rates Due to Removab1e Objects

The' owners or, occupants of: structures have been informed about the emis-
sion rates ~offe'asily. removable. objects that gave. gamma exposure rates greater

; than 20 pR/hr above background during the gamma' survey.- .Their disposal is
-

4
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at the' discretion of the occupant, so.no engineering assessment or remedials

. action.will,be required, other than to take away items for disposal at owner's t

request..;.

' Gamma Exposure Rates Due to Building Matsrials :

- In a few cases,:the original gama survey identified gamma exposure-

rates greater than 20 pR/hr above background that could be clearly attributed -

; to materials used in the construction of the structure, such as rocks-used.
t- in building a fireplace. A NaI(Tl) detector will be used to confirm that

.

~

; the gama exposure rates are due- to 226Ra. If the gamma-ray spectrum.is-
'

'

| primarily that'of 226Ra andtits short-lived daughters, the. building material
~

: willi be scanned with aL gama-ray. detector to detemine the extent of.Lthe
residual radioactive-material causing gam a. exposure rates greater than 20-

l- 'pR/hr above) background. That_ area will be eligible for remedial action,
,

! .although remedial action will obviously be performed;only if it is desired
;' ~ by the: owner.L If the.high gamma readings _are'not due'to 226Ra or 2380 decay-

-

chain members, no further engineering assessment will'be performed (unless
required by-failure ofzother criteria). >,

: 'Gama Exposure Rates that-Could be Due Either to Building Materials
or to Surrounding Soil

f

Gama exposure rates greater than.20 pR/hr| above background have been

.observedincontal26Raconcentrationsinthesoilontheother,sideofthe.t with outside walls and basement floors that could havei

: been due to hi-wall or floor.ghi- In~ cases where such exposure rates were measured in contact
!_ with.outside walls, soil core. samples will be taken or boreholes' drilled as. .

p close;to the building as possible'next-to the~ location of the maximum-indoor
| gama reading. .If the high 'gama~ exposure rates are measured in the basement

floor,-a core.will.be drilled through the floor at.the-location ~'of maximum ~
! gama reading. . Each core will be analyzed for 2z0Ra using 'a NaI(Tl) ' detector. ,

| Borghgles will be logged using either NaI(T1) or; germanium diode detectors.
If z20Ra concentrations greater ~than 5 pCi/g are measured, additional ggre-holes will be' logged to determine the~ extent of the. deposit. If the 2 ora|

L is due to natural radioactivity, and is high.'enough to:cause the measured-
! gamma-exposure rates, no further engineering: assessment o'r' remedial action

.

will be pgrformed (unless required by high working levels, gamma readings
and/or;220Ra concentrations at other locations).

. .

-If no 226 a concentrations'are measure'd in the' soil samples that couldR
~

(: have caused'the high ggyna.exposyrg rates, samples of the- building material ;
l- will be' analyzed foriz wRa..-If z2 ora concentrations greater than 5 pCi/g .
I are measured, a gamma-ray ~ detector will be:used to determine the extent of
''

the source of elevated gama exposure rates. Sufficient detailiwill-be pro- :
vided to establish.the remedial action: required.-1

In. the unlikely event that the cause of the elevated gama readings has
notyetbeendiscoveredatthispoint,addjtionalsoil-samplesandpossibly-samples of,the wall will|be analyzed for Z bra'until the'cause is~ discovered.
Particular attention will;be givenito discovering any_ hot rock ~that could be-
causing thetanomaly..

.

b
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OUTDOOR GAMA EXPOSURE RATES >20 nR/hr ABOVE BACKGROUND AND/0R
440Ra CONCENTRATIONS >5 pCi/g IN SOIL

Locations where 226Ra concentrations greater than 5 pCi/g were measured
in soil samples during the radiation survey will require engineering assess-
ment to dete mine whether the 226Ra is due to residual radioactivity and, if

_

it is, to determine the extent of the deposit. Engineering assessments will
also be performed at outdoor locations where gama radiation exposure rates
greater than 20 pR/hr above background were observed, because it is assumed
that soil or rocks containing 22 bra concentrations greater than 5 pC1/g are

_

.present at these locations even if it was not measured during the survey.

NaI(Tl) grid _ pattern of boreho?es will:be logged at these locations usingdetectors to determine the extent of the 226 a concentrations greater
A

R

than 5 pCi/g, with one of those holes being drilled at the location of maximum
ga:ma exposure rate. A grid of gamma exposure rate measurements in contact
with the surface will be made in the vicinity of each borehole where 226 aR
concentrations exceed 5 pCi/g at any depth increment, or where existing measure-
merh. *noicate gama expostre rates exceed 20 pR/hr above background or 226 aR
concentrations in soil exceed 5 pCi/g. The grid spacing will be 2.5 feet.
The grid will extend to locations where exposure rates are at background
levels. The measured gamma exposure rates will be used to determine the
size, shape, and density of the borehole grid. One hole will be drilled to
a depth of two meters initially but if any hole shows 226 a concentrationsR
greater than 5 pCi/g or 226 a co,ncentrations increasing faster than <1 pCi/g/15-tl
cm at the bottom, that hole will be extended in one meter increments until
the 220Ra concentration at the bottom of the hole falls to around 5 pCi/g,-.
or less. If the initial hole indicates that the deposit is shallow, each
additional hole will only be drilled to a depth of at least 30 cm below the
maximum depth at which 226Ra concentrations greater than 5 pCi/g.have been
measured in previous holes. At.least one soil sample will be analyzed r
boreholelogged,withagermaniumdiodetohelpdeterminewhetherthe22gRa
is due to residual radioactivity. If it is, a map will be drawn showing the
boundaries of the 226 a concentrations greater than 5 pCi/g and the depth ofR

the deposit to. provide an estimate of the quantity of soil that will have to i

j be removed during remedial action.

i
'

|

|
|
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. PROTOCOL FOR DETECTING CONTAMINATION | M ND STRUCTURES
. .

. WITH ELEVATED RADON DAUGHRR CONCENTRATIONS j

! INTRODUCTION

I. . Protocols that/were ' originally used at Edgemont, South Dakota required
that 100-hour. Radon Progeny Integrating' Sampling Unit (RPISU) measurements }

abe made'every other month during the course-of a year to determine the ir
annual average radon daughter concentration in a building if the radon-

~

'

: daughter concentration in an acceptable ' air filter measurement was between
~0.010.and.0.033 working 1 levels (WL).- However, all of the annual average

y Lradon-daughter concentrations estimated on the basis of air filter measure-
,

ments in, this range would-be less than' the final EPA 0.020 WL radon daughter'

standard.< It was found at Edgemont thet'the annual average radon daughter
,

concentrations.obtained from six RPISU measurements averaged only 0.6
-times the air filter measurements, because the air filter measurements .

were made~in: closed-up: buildings. Therefore, the air filter measurements-
,

should be multiplied by.0.6 to obtain the best estimate of the annual
average'(0.33 X 0.6 Y 0.0198). The average _ radon daughter concentration. .

: estimated in this manner is commonly referred to as the " weighted working'

level".. The protocols used.at Edgemont required RPISU: measurements if''

the air filter' measurements were between 0.010 and 0.033 WL because it
i: was considered that air filter measurements in this range would not pro- .

vide estimates of annual averages that'were sufficiently precise to give
,

adequate assurance that the annual average concentrations would be.less
than the 0.015 WL standard that was in force when the protocols were
adopted..

;

There are 217 residence units that would still require year-long;

L RPISU measurements if these protocols were followed. These measurements'
[ would. require considerable ~ time and money and,would lead to a considerable

. delay in the completion of the remedial action program. .In addition,t ;

previous measurements at Edgemont have indicated that'(1) residual radio- !2

activity would be-discovered at few, if any,,of these properties; (2) the '

-

probability of discovering residual radioactivity would be relatively-;

j independent of the measured radon daughter concentrations, and (3) gama
radiation and 226Ra' measurements would be much more useful for discover-

~

ing residual radioactivity than would _ radon daughter measurements. There-
fore, it would ' appear to be neither cost-effective nor.necessary from a
radiation' protection standpoint to complete the RPISU measurement series.'

; . - Gama radiation and 226Ra measurements should be used instead to locate
residual radioactivity. ,

.

~RESULTS 0F PREVIOUS MEASUREMENTS AT EDGEMONT
jj .

Duringtheperiodfrom_ July,1981thSoughAugust,1982,boreholes- !

e

t

were logged close to the sides of.212 buildings during the engineering
i assessments;of' properties-in Edgemont. These engineering assessments
b were carried out'because 226Ra concentrations in soil. greater than,5 l

pC1/g, indoor. or outdoor.gama radiation exposure rates gr' eater than 20 j

pR/hr-above~ background, and/or: indoor radon daughter-concentrations greater -|

;

|
than 0.01 VL were measured during the radiological surveys of these prope~

; ties. . Residual. radioactivity was discovered within?a few; feet of 32
~

;' .(15%)-of,the buildings. However, residual radioactivity was discovered
|
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! - -in only two'of more than 140-cases (1.4%) in which boreholes were logged
}. .near a. building solely because of elevated radon daughter concentrations.
j. In both of these cases ~ residual radioactivity was also discovered at >

L- .other locations on the property that were some distance from the buildings.
. In all of the other cases indoor or outdoor gama exposure rates greater:

*

|~ than 20 pR/hr or.226Ra concentrations greater than 5 pCi/g were measured
within a few feet of the building during the radiological survey. More-4

over, the' probability of discovering residual' radioactivity appeared to'
be: essentially. independent of the measured radon daughter concentrations.-

Residual radioactivity was found within a few feet of 16% of the buildings'

showing weighted working levels less than or equal to 0.020 WL, but was
found within a'few feet of only 13% of the buildings showing weighted

~ working levels greater than 0.020 WL. Therefore, gamma radiation and
226 a measurements appeared to'be much more useful for discovering resi-4

R

dual radioactivity than'did radon daughter measurements. .
,

The gamma radiation exposure rate at the one meter elevation increased.
'

about 4 R/hr above surrounding measurements at the locations where resi-
dual radioactivity was'later discovered by borehole logging in both of*

the two cases where radon daughter concentrations greater than 0.010 WL,

g2.Raconcentrationsgreaterthan5pCi/gweremeasuredduringtheradio-
no gama exposure rates greater than 20_ pR/hr above background or

i

1 logical surveys'. Radium-226 concentrations greater than 5 pC1/g were.
mea ured-in soil samples at these locations during the engineering assess-
mer. s. Soil samples.had not been collected at these locations during

| the radiological surveys because higher gama exposure rates were mea-
i surt i'at other locations on the properties where residual radioactivity-
: was found to'be present, and the-protocols called for the collection of'

soil samples only at the two-locations o'n the property showing the highest
gama radiation exposure rates. -It seems likely that these cases would
have been-detected if their radiological gurvey measurements had been. <

( studied, and soil samples ~ analyzed for 22 ora ~at the location's within a-
few feet of the-buildings that had gamma exposure ~ rates at the one meter
elevation ^that were equal to or greater than 4 pR/hr above the-surrounding

| measurements, and that' radon daughter measurements would not-have been?
| necessary to indicate the possible presence of residual' radioactivity.

226 a concentrations'in soil greater than 5~pCi/g haveAt Edgemont R

been measured at only|about 2% of the locations showing one meter eleva-
tion gama exposure rates less than 4;pR/hrf above background. - The proba-
bility of measuring'ZzbRa concentrations greater than 5_pCi/g increased
sligStly' at gama exposure rates that were 5 and'6 pR/hr above background,
and then increased rapidly with increasing exposure rates to'over 90% at
exposure rates greater than 20 pR/hr above background.' It therefore.

does not appear that itLis'necessary to analyze soil samples at locations
' showing gama radiation exposure rates less than 4 pR/hr -above background ,

but that. soil samples should be analyzed at locations showing higher
exposure rates.L

RECOP94 ENDED PROCEDURES

The five-minute and RPISU radon daughter measurements'that have
been made up to the present time should'be used to estimate the annual
average radon daughter concentrations.in the 217' buildings that would.be

L
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required by present protocols to have year-long measurement series. The !
'

annual averages in' buildings in which only five-minute measurements havet

been made should be estimated to be 0.6 times the measured concentrations
to correct for the. fact that the measurements were made in closed-up

; buildings. -Single RPISU measurements have been made in addition to the. i

five-minute ' measurements in many of the buildings. The annual averages - :
.

!

in these buildings:should be taken to equal the average of the RPISUf

measurement.and 0.6 times the five-minute measurement. Previous measure-
<ments have shown that this average will1 provide a more accurate estimate

,

i-

iof the annual average than either the five-minute or the single RPISU
measurement alone.

,

._[Gammaradiationexposureratesand.226Raconcentrationsin: soil,'

rather than_ radon' daughter concentrations, should be used to deteminei
' which of the 217 buildings'should require engineering assessment. The *

radiological survey measurements in and_ around the building should be.<

inspected to determine whether there is evidence of somewhat elevated
-*

gamma radiation exposure rates. Special attention should be given to ;

j buildings that have estimated. average annual radon daughter concentra-
1tions greater than 0.020 WL. If there are no locations that show gamma''

_

: radiation exposure rates at contact or at the one meter elevation that
| -are 4 pR/hr or more higher than those _at surrounding -locations, the build-

ing should be cleared from remedial action. If the indoor. gama exposure
rates next to an outside wall, or the outdoor gama exposure rates within
a few feet of the building, show an increase of 4 pR/hr_or more above

i surrounding areas.at any location (s), a series of contact and one: meter
. ,

,

|
! exposure rates (corrected to equivalent pressurized ionization chamber !

i readings) should be measured-around that location (s). These additional !

measurements should be made to confirm the-elevated exposure rates, and i

L to determine the locations of maximum exposure rates more accurately.
| If_ the additional measurements show no increases in the gama exposure
! rate equal to or. greater -than 4 pR/hr at any. location, the building should

be cleared from remedia1' action, but:if increases equal to or greater
i. than 4 pR/hr are observed at any location (s), 0-15 cm-and 15-30 cm depth

. soil samples should be collected outside the building ~as glose to thel

locations of maximum' exposure' rate'as possible. If no z2 era concentra-
-

tions are measured that are greater than 5 pCi/g in any of the 0-15'cm
or 15-30 cm samples, the building should be cleared from remedial action, ,

but if concentrations due to residual radioactivity that are greater -
than this limit _are measured in any of these samples, boreholes should
be logged and gama radiation measurements should be made using -lead
co111 mated detectors around theflocations from which the soil samples
were collected to determine the locations and dimensions of_the deposits
of residual radioactivity.

If' the indoor gama-radiation exposure rate either. at' contact (or.
the one meter' elevation shows an increase equal to or greater than 4

~

'

pR/hr at- any ground-floor or basement location that is not near to an
a borehole should be logged :through the floor at .this loca -

"

outside wall,226 a concentrations due to residual radioactivity _ that -are -tion. 'If no R

greater than 5 pCi/g are measured, the building should~be cleared from
remedial action, but any concentrations-in excess of_5 pCi/g are' measured,

-

collimated contact gama-radiation exposure rate measurements and borehole 1
|- logging should be extended as necessary to determine the' dimensions'of
( the deposit.

'
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Inspection of gamma radiation measurements around several buildings
in Edgemont . suggests that additional gama exposure rate measurements
would be required at about 30 of the_217 buildings at Edgemont if the
above protocols were followed. The additional gamma radiation measure-
ments would probably_ fail to discover exposure. rates equal to or greater
.than 4 pR/hr above. surrounding measurements at some of these locations.
'In addition, some of the soil samples collected at locations showing
gamma exposure rates greater than 4 pR/hr above surrounding measurements
would undoubtedly'contain 226 a concentrations-less than 5 pCi/g. There-R
fore-the number of engineering assessments that would be required if the
proposed. protocols were followed would be less than 30.
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APPENDIX 8

MASTER LIST - PROPERTIES StRVEYED, WITH RESULTS
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Explanation of the Master List ;

-1

The Master List contains a list of all properties surveyed with results
segregated into classes. The codes and their meanings used in each column
of the Master List are given below. Asterisks are used in columns 1 through 7
to call attention to a-comment in column 11 under NOTES.

PROPERTY IDENTIFIERS

Column 1 Property Type

Code Meaning

R Residential (i.e.- any property
with an occupiable building)'

CO - Camnercial

I Industrial
G- Government

S School

CH Church

V Vacant Land

0 Other (e.g.-lodges, meeting halls)

Colunn 2 PNL Nunber This is the number assigned to each,

property for identification purposes by
Pacific Northwest Laboratory.

Colunn 3 EPA Number This is- the Environmental Protection
Agency survey nunber assigned to
certain _ properties surveyed by them.

Column 4 State Number This number was used for identification
puposes by the State of South Dakota.

|

I
.

|
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-SURVEY STATUS

Column 5 Results

Code Meaning

C 1. All criteria satisfied

2. Six f ailure pathways
RG a) Failed average radon progeny

grab (greater than 0.033WL)
RR b) Failed RPISU (greater than

0.015WL)
IG c) Failed indoor gamma (greater

than 20 pR/hr + BKGD)
OG d) Failed outdoor gamma (greater

than '20 R/hr + BKGD)
S e) Failed Ra-226 in soil (greater

than 5 pCi/gn)
.

RGS f) Failed radon / gamma / soil (0.01WL-
0.033WL, greater than 4pR/hr
+ BKGD, greater than SpCi/gm)

Engineering Assessment

Column 6 Date This is either the date of issuance
of the engineering assessment report
or the date the property was cleared
by the engineering assessment.

Colunn 7 Results
'

Code Meaning

N 1. No residual radioactive materials
(RRM) discovered

2. Four categories of contamination
HS a) " Hot spots" or easily removed

contamination
OD b) Outdoor deposits (broken

down in separate Table 4)
c) Structural involvement (broken

down in separate Table 5)
W d) Windblown

:

f

|
t
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- NOTES-

. Column 8 : Notes are comments to. clarify or qualify entries in other
columns. For survey purposes, .a lot is defined as a parcel of
land roughly corresponding to one-half city block or less which
is given a radiation survey based on a single set of grid->

. points. Distinction is made in Table by capitalizing Lot when
referring to a survey Lot, and using Tower case when referring
to a city or platted lot. A Block (capitalized) is a large
parcel-of land given a single survey grid as opposed to a city
block :(lower case).
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Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes

R 1 250 RR July, 1983 N--

R 2 341 C-.

,

R 3- -- 315 C

R 4 373 RG July, 1983 N.-

'R 5. 374 RG, OG, S April, 1983 00--

.........--.............................................................................................................

R 6 ~345 C! --

om ~
R 7j, 335 RR July, 1983 N--

253 CR 8 .-

267 OG, S April ,1983 ODR 9 ..

267. * * * Mobile home on same tot asR* 10 .--

State 267, see PNL 9
................ ............. .......................................................................................

R* 11 7811-08 281 C *PNL 11 and PNL 12 are on adjacent
lots surveyed as 1 Lot

R* 12 282 C *PNL 11 and PNL 12 are on adjacent--

lots surveyed as 1 Lot

R 13 7811-66 10 OG, S J une, 1980* OD * Engineering Assessment performed by ARIX

384 RR July, 1983 NR 14 --

318 C.R 15 --

.......................~ ..............................................................................._..............

e , - -
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Property Identifiers Survey Status

: Property PNL EPA State Engineering Assessment
' Type Number Number Number Results Date Results Notes-,

R 16 252 C--
1 ,

383 CR 17 --

i .
386 .C:R' 18

-
-

'102 C-R 19 .--

359 RG July.-1983 'NR 20 --
, 3
t _ _ _ . _ _ _ _ _ _ . . . . _ _ . . _ . . . . . . . _ _ _ . . . . . . . . . . _ _ . . . _ _ _ _ . . . _ _ _ _ _ . . . . . . _ _ . . _ _ _ _ . . . . _ _ _ . . . . . . . . . . . . . _ _ _ . _ _ _ . . . . _ _ _ . . . . . . . . . _ _ .

.R 21
'

329 RR July, 1983 N.--

co -
4- e

91 Cm' R' 22 --

,.

i-

336 RG, S July, 1983 NR 23 --
j

[ R -24 323 RG July, 1983 N-.

1277 RR July, 1983 NR 25 .-
3

2 _.___....____.__.......___.......____.______.....___ __.............____....................__.__...___ ......__....____

284 Cc. V . 26 : --

%- .R 27
'

337- C--

.

'

395 CR' 28 --

i
239 RG,,1G, DG 'Nay, 1983 OD* *0wner refused borehole through front porch! .R 29 -- -

S. SI** **Either the concrete slab in the porch- or'

the material used for fill under the slab
contains radioactive material

398 CR ' 30 -

__.._..__.............___.............__...............-_- .___...__.. .........___.._-_-___.______....__.-__...__.__._

491 CP 31 --

,

1
*

.

32 7811-24 404' RR, S June, 1983 , 00CH
-

<

4

1

4

. ;~. . - , , - ,, _ .,y , , . . ,,-
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Property Identifiers Survey Status d'?

p Property PNL EPA State
.

Engineering Assessment
'

Type Number Number Number -Results Date Results Notes ,

:147 RG, 5 April,fDB3. ~ 00R- 33 --<

R .34 7811-51 291 C
-

-259 CR 35 --

283 CR -36 --

R 37 7811-16 413 C
. . . . . - - . . . . . . . . . . . . . . . . . . - - . . . . . . . . . . . . . . . . - - . . . . . . . . . . - . . . - - - - - - - - - . . . . . . . . . . . . . . - - - - . . . . . - - - - - . . . . . . . . . . . . - - - - - - - - ..

R 38 -- 409 C

oo .

39 . 7811-06 300 Cf- R-

378 OG Sept, 1982. N* *0wner refused ' removal of radioactive -R 40 .--

native stone in outdoor barbecue
;
t

325 CR 41 --

,

421 CC0 42 -.

|,

..--...................-------.........-------------....-- ...--.........--..............---........--..................

420 S June,1983 00I 43 --

!

143 RG Feb, 1983 NR 44 --

:

310 CR 45 --

i

402 R* *0wner refuseo further testing after firstR 44'6 --

visit

301 CR 47 --

------------... -----............--...........-------.----------------------------------..............-.............--.-

% .

*

1

1

.-



. . . _ _ _ _ _ . , _ _ _ _ _ _ _ . _ _ _ _ _.. _ _ _ _ _ _ _ __

Property Identificrs Surv;y Status
Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes

R 48 220 RR, S Feb. 1983 N--

R 49 7811-58 17 OG, S July,_1980* 00 * Engineering Assessment performed by ARIX
7811-74

R 50 7811-39 32 S Nov 1983* 00 *ARIX performed part of Engineering
72-40540 Assessment-

R 51 425 C--

R 52 72-40540 24 5 RG June, 1982 N* * Uranium mineral samples stored in attic
o= removed from property by owner
~a ------------------------------------------------------------------------------------------------------------------------

R 53. 326 RR Feb, 1983 N--

R 54 72-40558 22 RG, RR March, 1983 N

R 55 410 C--

R 56 1 84 C--

R 57 431 RG, IG, OG, May, 1983 00 Nranium-bearing material not native to--

S SI* this property adjacent to the gara9e and
uranium mill tailings beneath the rear
porch were found

------------------------------------------------------------------------------------------------------------------------
R 58 -- '242 C

R 59 330 RG Feb. 1983 N--

R 60 367 RG Feb, 1983 N--

R 61 363 C--

R 62 222 RG Feb, 1983 N--
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Property Identifiers Survey Status
. Property PIR. EPA _5 tate Engineering Assessment4-

Type ilumber Blumber Number Results Date Results Notes

R- '63 -364 C-- -

R: 64 280 C--

t-

R 65 '7811-15 -208 C

i R 66 .- 192 C,

' 327 CR 67 -

_
. ... . --.. . --......................................--.........-- .....................--................--....

R 68 .342 C-

as
B

m R 69 406 RG, S Feb, 1983 N--

130 C *1 BlockV* 70A" -

4

130 C *1 Block: V* 708 --
a

V 70C 130 C--,

.................--.........-.....--.....--..--.........--......------------------- ..... ...............--...........

| V - 700 130 |C-

.

.130 C
,

V 70E --

,.

V 70F- 130 C-

i

V- 70G 130 C--

130 -CV 70H --

. ...................-- ....................--............................................................................
k

a V 701 130 -C--

130 S Feb, 1983 MV 70J .--

130 CV 70K -

,

.

.I

, _ . _ _ _ ._-. _ - - . _. . ... - _ _ _ _ . - _ _ - _ - _ _ _ - _ _ _ - - _ _ _ _ _
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Property Identifiers Survey Status
Property PNL

.
EPA State Engineering AssessmentType Number Number- Number Results Date Results Notes

V 70L 130 C--

-Y 70M- 130 C--

V 70M 130 C- "

V 700 130 C '--

V 70P 130 C--
*

.--... m.............................................................. .......... ...........

..........................V 70Q 130 C--

co -

* V 70R 130 C--

.

V 705 re130 C--

V -70T 130 C--

V 700 130 C-

._________.........___.... _.................____.......__............ .. .............................. ............. ,-V 70V- 130 C--

!

!. V 70W 130 C--

i

! V 70X' 130 C--

1
'

'V 70Y 130 C'--

;

i V 70Z 130 C--

,me....wemmemme...m...mm.pm.em.pme..em..e...m..mem-e..mm..mm..mmmmem.....Wm..me........m..me.m..mm......' e.em.pmeme..pemme

V 70AA
'

-130- C--
'

'V 7088 130 C--

,.

V 70CC 130 C--.

,

.
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Property Identifiers Survey Status

Property PNL EPA . State Engineering Assessment
Type Number _ Number NuRber Results Date Results ' Notes

130 CV 7000 -

130 CV 70EE --

.y
130 CV 70FF. --

,

130 CV -70GG -

130- CV- 70HH --

............................................................................................... .......................
441 RR Feb, 1983 NR 71 --

,,
e

256 C' Es R 72 --

346 RR Feb,1983 NR 73 --

415 CR 74 --

,

428 CR 75- --

........................................................................................................................
200 RR Feb, 1983' N *2 units surveyed as 1 residence unitR* 76 .--

.

439f RG Feb, 1983 NR 77_
--

423 CR 78A --

423 IN3 Feb, 1983 NR 78B --

396 S Feb, 1983 00R 79 --

... ........................................................................................................._.........
407 CR 80 --

256 CR 81 --

a

r - - - - .- - _ - - - - - - - - - - _ _ -- - - - - - - - _ - - - - . - - - - - - . . - - - _'
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- Property Identifiers Survey Status

Property . Number Number Number Results Date Results Notes
PNL EPA State Engineering Assessment

Type

R 82A 411 RG, DG, S March _1983' .(X)
.

.

--

SI* * Uranium hearing material on roof of root
cellar

R 823 411 * * * * Common outdoor contamination with PNL 82A--

R 83 343 C.-

V 84A 440 C--

V- 848 440 C--
,,
, . .....................................................................................................................
O V. 84C 440 C--

V 840 440 C--

i

V 84E~ 440 C--

V- 84F 440 C.--

V 84G 440 C--

. .....................................................................................................................
V 84H 440 C--

,

R 85 372 C--

R 86 465 C-

R- 87. -332 C--

R 88 352 C......................'..................................................................................................
--

-

R- 89 103 C--

R 90A 437 C--

1

.

1

. . _ . -- _ -
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Property Identifiers Survey Status
i ' Property -PNL EPA . State Engineering Assessment

Type' Number Number Number -Results' Date- Results Notes
s.

437 CR 908 .--

: R 90C' 437 C--

R :91 7811-17- 438 C

~ '

R 92 .7811-33 '328 C

348. CR 93- --

................................................................................................................:........
R 94

'

286 C' --

co'e
188 C| R; ' R - 95 --

,

1

412 DG, 5 April, 1983 00RE 96 ---

R- - _97 7611-10 .268 C

Tailings material used in stucco on354 RGS May, 1984 SI* ' *R- 98 -.
- structure addition m

..................................................... .................................................................

116 CR 99 .--
.

R -100 -7811-43- 350 C

! 246 S April, 1983 00RL 101- --

,' R- 102 123 RG -Feb, 1983 'N--

247 . RG - Feb,'1983 N:R- 103 --

.........................................................................................................................

. C0 7 104-
' 457' -C--

.0 105A- 72-42520 49 S Feb, 1983' M* * Radioactive soil from highway right-of-"
C

way, not property was located
"

.
+

-s

'o

a --- -__ _ . _ _ _ _ -____ m_r' h - _-.W--*u- W tt N~ _ --_ _ _ - . _ _ _ - . _- t h
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' Property Identifiers- Survey Status
t.*

Property PNL. EPA .5 tate Engineering Assessment -
'"

,

Type Number Number Number Results Date Results Notes
.

~

t Ac
~

.R ~1058 72-42520 49 * * **Cn==an -apparent outdoor contamination' ,

. with PNL 105A -

I CO 106 433 C--

- .,
,

R 107 262 C..

R- 108 72-40535 36 C

R 109 232 "C 4-
--

---___..___..-.... .._------_--_...------_-___-------_---........_----------_.......__ -----._----_-_....--_-_.----_....
I "" CO- 110A 72-40534 37 C

r.
.

,

'#
; V 1108 72-40534 37 - C

1 -

CO 111 331 RG Feb, 1983 N--

,

, - C0 112A 7811 13 142 C* * *' *Run in conjunction with PNL 1128
72-40549 -

CO 1128 7811-13 142 IG* July.-1982 N * Box of ore samples removed by owner
: . 72-40549 ~

;
; .-_-_____-____ _-_-__ --_______-----_.....--_______-- --...--_.------___.------ ..............-__-------_. --__----__--. :

CO '113 455 C--

t

CO 114 ~72-40550 '21 - C

R 115 7811-09 461' C

R 116 165 C--

t

R 117* 355 C *This property changed hands and was rerun
' *

--

at owner's request; see PNL 340, State 355!

---__-___- ......--____ ________..__._------....-_-__._------___....--------..--------_-___------------- --- ------__.--,

L

e

-4 .---3 - + - - - , . - tw--y -r-+ * .-e-



y

,/..

Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results -Notes

R 118 464 C' --

'

R 119 72-40529' 42 OG, S . April , 1983 00
'

313 C. R. 120 . - -

41 C10 1210 --

CO '122 4 34 C. - -

-----...................... .---------.......-- ..--.......................------........ --.........................--

448 RGS _May, 1984 00R 123A --

cm
8

448 * * * * Common outdoor contamination with PNL 123A '"" R 1238 --*

446 CR 124 --

260 OG, S Sept 1983 00CO. 125 .--

_

376 C'R 126 --

290 CR 127 . - -

R 128A 7811-60. 2 S March, 1983 00
72-40542

* >* * * Common outdoor contamination with PNL 128AR 1288 7811-60 :2
-72-40542

249 CR 129 ---

CO 130A 72-40541 31 C
.--. ---.. .... .--.......... -- .......----..........--...................--......--..-.....-----------------------..

CO 1306- 72-40541 31 C

495 CR 131 --

._ ._ - - _ _ _ - __



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

r

-

Property Identifiers Survey Status '

Property PIE. EPA 5 tate Engineering Assessment ~ !
-Type Number' Number Number Results Date Results Notes

,

R 132 266 C-

R 133 381 C-

R. 134. 382 C--

R 135 339 C-

R 136 334 RG Feb. 1983 N-

. . . . . - - - . . . . . . . . . . . . . - - . . . . . . - - - - - . - - - . . . . - - - - - - - - . . ~ . _ - - - - - . . . . . . . . . . . . . . . . . . . . . . . - - . . . . .
R 137- 475 C-

-as
e

5 R 138 244 C G. - -

R 139 303 C-

R 140 408 C-

,

R -141Ag .134 C--

---.--....--. .. .. .._.. _.........--....--...................--....................--....................--..... ;
-R 141A2 134 RG Feb, 1983 .N

--

;

134 .C !R 141A3 .-

R 141A4 134 C-

134 CR 141Bg -

',
R .141b2 '134 C--

R :14183 134 C i
-

i

134 CR 141B4
-

R 142 72-40521 48 RG Feb, 1983 N
,

.

6

,.

.. -- _______.



_

- .

ci

i

!
Property Identifiers Survey Status

Property PNL EPA State Engineering Assessment
-Type Number Number Number Results Date Results Notes

129 CR 143A --

-129~ CR 1438 --

|

-129 CR- 143C --

129 CR 143D --

:132 RR Feb 1983 N iR 144 .--

. . ... ..... . .....--... .....---.....-- ..... --.--. --......--............... .......----.......-----.

287 C1R 145 ---

as

-197 C
-

E;- -R 146A --

'197 CR 1468 --

459 RR, S March, 1983 00 ;

0 147 l--

299 RG Feb, 1983 NR 148 --

--..... ... ....... ....------------...----......... ...........---.........- .................---.---......--...
|458~ S April, 1983 00R 149 --

R 150 -72-40524 1 IG July, 1983 .SI* * Tailings material identified beneath floor
office-

of office living room during ARIX
Engineering Assessment

l
R 150A 72-40524 1 C

R 1508 72-40524 1 C

R 150C 72-40524 1 RG July, 1983 N

. -- -- . -- .....--. ......-------..........------- .----........... ---------. .......... --.............--
R- 1500 -72-40524 1 C

-

R 150E 72-40524 1 C



- .. . - - _ - - - - . _ _ _ - . _- .-
._

.

Property Identifiers Survey Status
Property PML EPA . State Engineering Assessment

Type- Number Number Number Results Date Results Notes

R .150F 72-40524 1 C

R 150G 72 Ic524 1 C

R 150H '72-40524 1 OG, S July, 1983 00

R 1501 72-40524 1 * * * * Common outdoor contamination with PNL 150H'

R 150J 72-40524 1 * * * *Ca==an outdoor contamination with PNL 150H
. .--.....--..---- ...----......... ....----.. . ...---. . ...--..-------------------....--......--. .. .......

.R. 150K 72-40524 1 * * * * Common outdoor contamination with PNL 150H.,

0-6
-4 R 150L 72-40524 1 C

R 150M 72-40524 1 C

R. '150N -72-40524 1 C

R 1500 72-40524 1 C

R 150P 72 40524 1 C

R 150Q .72-40524 1 C

R 150R 72-40524 1 C

R 1505 72-40524 1 C

R 150T 72-40524 1 C

R 1500 72-40524 -1 C'

R 150V 72-40524' 1 C

R 150W 72-40524 1 C



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

Property Identifiers Survey Status

Property PNL EPA State Engineering Assessment
Type Number Number Number Results Date Results Notes-

R 150X 72-40524 1 C

R 150Y 72-40524 1 C ,

R 150Z 72-40524 1 C

R 150AA 72-40524 1 C

R 150BB 72-40524 1 C
---.....--------------------------...-------..... -------------------.......-------------..........--------------------

R 150CC 72-40524 1 C
'

em

. f; R 15000 72-40524 1 * * * * Common outdoor contamination with PNL 150H

R 150EE 72-40524 1 * also RG * * * Common outdoor contamination with PNL 150H

R 150FF 72-40524 .1 * * * * Common outdoor contamination with PNL 150H4

R 150GG 72-40524 1 * also RG * * * Common outdoor contamination with PNL 150H
-------------...............---......--------------------------------------.....- .................... .......--...-- .

* Common outdoor contamination with PNL 150HR 150HH 72-40524 1
* * *

,

R 150l! 72-40524 1 * * * * Common outdoor contamination with PNL 150H

* Common outdoor contamination with PNL 150HR 150JJ 72-40524 1 * * *

* Common outdoor contamination with PNL 150HR 150KK 72-40524 1 '* * *

?

R 150LL 72-40524 .1 * * * * Common outdoor contamination with PNL 150H
. ..............----.. ---------- ... ..----------------------------------------------------------.......--...-------

R 150MM '72-40524 1 * * * * Common outdoor contamination with PhL 150H

R 150NN 72-40524 1
* * * * Common outdoor contamination with PNL 150H

.- - - - - _ _ - _ _



- -- -.. . _ _ _ _ _ - _ _ _ _ - _ _ _ . _ . _ . _ _ - . . . , _ . _ _ - , - . - . . . . . . . . . . . . . - . . . _ . . - _ _ . _ . .
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" r

Property Identifiers- Survey Status
Property PNL EPA. . State Engineering Assessment

Type- Number Number Number Results Date Results , Notes

' '

R. 151 418 RG .Feb, 1983 N
-

--

403 ~ CR .152 . - -
4

139 C . ,R 153 --

.-!

l 'R 154 82 RG Feb, 1983 N
'

- - .

.

R 155' .7811-41 344 RG Feb, 1983 N

R 156 7811-59 450 C
as
a

- y; .. R 157 7811-02 353 RG Feb 1983 N'

436 RG, S March, 1983 .(X)R 158 --

391 CR 159 --

i R 160 ** R** * Basement fireplace contains. ore samples in141 IG*, R**--

rock work
**0wner refused RPISU, Engineering . ;,

_

Assessment '

;

1316 CR 161 .--
,

!.
'

233 RG Feb, 1983 NR 162 --

442- OG, S : March, 1983 00R~ '163 --

R 164 _ . - - ~322 RG, S April. 1983 00
'

:478 .RR, S* Feb, 1983 N * Bentonite clay lens found at depth ofR - 165 --
1

radioactive zone'

------------------------------------------------------------------------------------------------------------------------

369 OG, RG, S March, 1983 00R 166 --

,

w - e ,-v n ,



%
- - . . . . . . - . . - . . - . . . - . - -, . . - .. . . .. .

>

'
,

,

' .

;,- O,

'

-$ f

,~ >n
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' Property Identifiers Survey Status -

F Property- PNL- . EPA- State Engineering Assessment
..

Type Number- Number' Number Results Date Results Notes

iR 167 ;7811 53% 477~ C u
_

-.

R 168. 7811-14 419 RG Feb, 1983 N-

R' 169 416 C---

'

R 170 429 RG Feb. 1983 N--

i ,

171
.. .

,

R '243 RG, DG, S' March. 1983 00
'--

........................................................................................................................
R 172 387 C--

,,
,

ev
c> R- '173 ~72-40539 33 RG, RR, S- March, 1983 00

*

R 174
~

154' RG Feb, 1983 N--

i

R 175- 479 C
'--

R :176 ' 279 RR Feb, 1983 N--

........................................................................................................................
.R' .177

'

190' .RG Feb, 1983 N--

R- '178 |72-40554- 24 . .C
3

. .
8

;~ R 179' -.- : 485. DG , S . March,.1983 SI* . *It appears that a stone containing a
00** uranium mineral was used in the concrete to

construct .a-small masonry planter wall
- ** Positive 226Ra, but less than EPA.

'

standard based on 100 m2 area
.'

r.
;

R 180 4 56 C--

379' CR- 181 --

..................................................................................--....................................
.

+- - _ _ . _-___-___-.-__..______._m- -_ - ___- - _ w - T 4'i y - - m+w - t--''
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Property Identifiers Survey Status:
Property PNL. EPA State Engineering Assessment.

Type Number Number Number. Results Date Results Notes

i CO '182 7811-75; -305 .. C .
,

. R .- 183 258 C--

,-

CH ~ '184 488 C---

R- 185' ~40-516 445 RR, S. March, 1983 N-
~

471 |C-R' 186. --

,........................................................................................................................ ,

'R .187. 370 OG, S March, 1983 DD i--

ao
t* e

. 188 . 237- C
.

. Of Rf :
--

,

R- 189 470 C.--
,

,

i
R '190: 72-40517- 50 S Sept, 1983 00* * Anomaly appears to be related to highway )

run off- }

R 191' 7811-22 397 C

.._..................................................................................................................... 1

'R 192' 7811-28 273 RR March, 1983 N i

i
* R1 193 482 C ;-

..

.

'R 194' 490 C-- '

e'
R '195 7811-52 226~ C* * State residence, PNL outdoor surveys

.

;

-109- RG March, 1983 N
.

jf R- 1961 L
--

........................................................................................................................ -

R 197 ~7811-03 114 C-

i R. 198. 241 C--

i
!

L
t

>

$' l

'
- - , _ .



-- . _ . _ , . . _ . _. _ .

Property Identifiers Survey Status
Property PNL EPA. State Engineering Assessment

Type Number' Number Number Results Date Results Notes

'R 199L 375 C* *0wner removed rock from back yard- --

.R 200 209 C--

-R 201 127 RR- Feb, 1983 N.--

--

R. 202 340 RG 'Feb, 1983 N--

R '203 -. 264 RG Feb, 1983 N

.--.....................................................................................................................
R 204 321 C* * House d2molished af ter survey--o,

n.
N
ro R' 205 320 RG Feb, 1983 N--

R 206 285 RG Feb, 1983 N--

R 207 72-40553 25' RG Feb, 1983 N

R '208 493' 6
'

--

......--.............................................--.....--........................----........................--....
- V. :209A. 443. C.--

V 209B 443 C.--

I

V < 209C 443 |C--

V- 2090 443 C--

V 209E 443 C-.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - . . . . . . - - - . . - - . . . . . . . . . . . . . . - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - . . . . .
V 209F 443 C-.

d

V. 209G 443 C--

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



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

Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

[ Type . Number Number Number Results Date Results Notes

443 C-V- 209H --

.

'V 2091 .443 'C--

-443 CV. 209J- --

.

.443 CV. 209K --.

V' '209L 443 C--

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - . . . . - - . . . . . . . . . . - - - - - . . . . - - . . . . . . . - - . . . . . - - . . . . . . . . . . . . . . . . . . - - . . . . . - -
,,

443 Ci ~V 209M --

N
1 LJ

443 CV~ 209N ---

I

: -

V' 2090 -443 C- - -

443 CV .209P- . - -

I- V- 209Q 443 C;--

---.....- ............................--.....................................-- .....-- ......----......................

443 CV| 209R :--

74 OG, S Nov. 1983 00|- 'R 210.- --

.R '211A 40-506 64 OG, S July, 1983 W

j- V |211B 40-506 64 OG , ' S July, 1983 00

' R* 212 40-504 68 S. June, 1983 W . *6 small lots surveyed with home
: .............--..........-- --- ................... .........--.................................................- ..-- .

67 - S' Oct, 1983 W-R :213 --

385 CR -214 --

.4

. - - - - _.-- . - - ,-



- . . . . ._ - ..

Property identifiers Survey Status
Property PNL EPA State Engiceering Assessment

Type Number Number Number Results Date Results Notes

.R 215 393 C--

R. 216 394 C--

R 217 392 C--

R. 218 -- 405 RG March, 1983 N
,

236 OG, S April, 1983 00* * Positive 226Ra, but less than EPA standardR 219 --

based on 100 m2 area

o' - R 220A 7811-54 351 RR, DG, S March, 1983 N* * Removal of radioactive rock and
surrounding soil eliminated high readings--na

#'
Owner refused borehole at spot where
radioactive rocks were found

....................................................................................................... ...............

C0 220B. 7811-54 351 RR* * * * Common outdoor contamination with PNL 220A

R 221- -- 401 RG' March, 1983- N

95 OG, S March, 1983 00R 222 . - -

1

* Positive 226 a, but less than EPA standard186 S March, 1983 00*R 223 R--

based on 100 m2 area

R 224 7811-49 496' OG,15 April, 1983 00* * Positive 226Ra, but less than EPA standard
based on 100 m2 area

........................................................................................................................

R* 225 7811-29 486 C *Nonhabitable house on property .

119 RG March, 1983 NR' 226 - - -

R 227
'

506 OG, S April, 1983 00--.

R 228 7811-44 481 RG March, 1983 N

-- . -- - _ _ _ _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ - -_-



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

4

w

Property Identifiers Survey Status
Property . PNL - . EPA State Engineering Assessment

3 Type Number Number Jhrber Results Date Results Notes

R '229' 480 C--
,

'R' 230' '7811-48 505 C
. s

R~ 231 347 S. July, 1983 W---

R. 232 297. 'C--

'

R 233 494 C---

,R 234 270 C-- '

; e, ' ........................................................................................................................
> no R 235 292 RG March, 1983 N---

u,
,

i R 236 ' -. 361- RG March, 1983 N

; R 237 500 C--

;

i- R 238L 7811-01 503 C-

R 239 502 'C--

:........................................................................................................................
R 240 497. C--

! R 241 293 C|
--

R' .242 113 C !--

R ~243 72-40519 234 RG, RR, OG, Oct 1983 W
'S

i

R 244 257. OG, S April ,1983 00*. * Positive 226 a, but less than EPA standardR--
.

based on 100 m2 area
*........................................................................................................................

R 245 254 C--

4

1

. - - -



_ _ _ - - - - - _ _ _ _ _ _ _ _ _ _ . . _ ___ _. . _ ._ _., _ _ . _ . . . .__ .

.

.
,: ,

Property Identifiers Survey Status
Property .PNL EPA State Engineering Assessment'
Type _ : Number- Number Number Results Date .Results Notes

1R' -246. 126 C---

R 247 7811-47 101 C

R 248- 513 C--

R 249 498 C--

.R 250 358 OG June,.1983 SI* * Contaminated sewer vent pipe--

R 251 272 C

i= __________......_ _____- __.......... _. _______....... _____...._____ ...._______.....______....__________.._____...___.

ER - R 252 314 C--

V 253 453 C--

'

R 254 311 C--

R 255 99 C--

R 256 .466 C-
..........__.. __...._ _________........... __.. . ___....... _-_______..._______.________________ _____...______......._

R 257 432 .RG March, 1983 N--

274 RR March, 1983 N'R 258 --

.V 259A 520- C--

V 2598 520 C--

V 259C 520 C---

.___.__............................................. ..__....__.....___.__................._____ __...____......___.. __ ,

R 260
'

333 RG March, 1983 N--

.]



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ __ _ .. __ ._ , ._ .

5

Property Identifiers Survey Status
4

Property PNL EPA State Engineering Assessment
Type Number Number Number Results Date Results Notes

R 261 86 OG, S March, 1983 OD
--

SI* * Garage built on uranium mill tailings
R 262 248 RR March, 1983 N

--

_V 263A 117 C--

V 263B 117 C-

V* 264A 7811-63 52 OG, S *- 00 *1 Block
7811-83

ao,

03 S 264B 7811-63 52 IG* July, 1983 HS** * Sample of uranium oxide in chemistry
7811-83 laboratory

** Common outdoor contamination with PNL
264A

...... ---------------........--- .......--- ........................----...........--.........-------..... -----.---.--
S- 264C 7811-63 52 * * *

* Common outdoor contamination with PNL 264A7811-83

S 264D 7811-63 52 * * *
* Common outdoor contamination with PNL 264A7811-83

S 264E 7811-63 52 RG* * * * Common outdoor contamination with PNL 264A
7811-83

S 264F 7811-63 52 0G, S* * * * Common outdoor contamination with PNL 264A
7811-83

S 264G 7811-63 52 RG* * * * Common outdoor contamination with PNL 264A
7811-83

- - - - - - - - - - - - - - - - - - - - . . . . . . . - - . . . . . - - - - . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . - - - - - - - - - - - - - - - - - - - - . . . - - - - - - - - . . . - - - - - - - - - - - - - -
CH 265A 7811-50 228 C

R 265B '7811-50 228 C



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

,

Property Identifiers Survey Status

Property FNL EPA State Engineering Assessment
Type / Number Number Number Results Date Results Notes

0 265CT 7811-50 228 C

0 c266 72-40552 231- RR March, 1983 N

535 C0 267 --

518 OG,.S July, 1983 00* * Positive 22sRa, but less than EPA standard
R 268 ---

: based on 100 m2 area

577 CR 269 --

om R 270 7811 72 19 S June, 1983 OD

no ............................... _............-_...... ..................................................................
00'

585 CR 271A --

585 CR 271B --
.

R 272A --L 578 C~

578 RG March, 1983 NR 272B --

4

536 CR- >273 -..........................................................................................................................
594 CV 274 --

546- -CV 275 --

380 C! V 276 --

G 277 72-40551 _5. .S Feb, 1983 N

474 CC0 278 --

..--...........................................................--........................................................

;

, - _ _ - _ - _ . _ _ _ _ - _ _ _ - _ _ _ - - _ .



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

Property Identifiers Survey Status
Property PML . EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes
i

00 - 280 278 C- - -

C0~ 281- 447 C.--

CO -282 72-40550 105 C

-

CO 283 539 RR- March, 1983 N..--

! .R 284N 526 S Sept, 1983 00* * Positive 226Ra, but less than EPA standard.-.

based on 100 m2 area
i.

as R 2845 526 * * ** Common outdoor contamination with.-

So PNL 284N42 ...______________...____________.....____. __ ______________......___.~....________________________...______.____________
'R- 285- 556 C--

R 286 606' C---

R 287 476 RR March, 1983 N--

R. 288 83 C-.

R 289 93 C.--
, __....... _______________________.__.__________... ___ .___..____... _____..._______.._______........ ______________....

-135 RG March, 1983 NR: '290 :--

44 RG, DG, S March 1983 00* '* Positive 226Ra, but less than EPA standard~R 291 --

based on 100 m2 area
~

524 RG- March,1983 .NR 292 --

368 -CG 293A- --

V* 2938 368' C *1 olock--

_______..__......__................._-_________.___......_____________________._____________....__._____..______________

.

-n,_ - - _ . - . . - _ - - ..



. . .. .. . ._ .
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- .. . ..
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Property Identifiers Survey Status

Property- PNL EPA State Engineering-Assessment
Type Number Number Number Results Date Results -Notes

368 C *1 Block .V* 293C~ --

529 CR~ 294 --

530 Ck 295. --

487 RR March, 1983 N
C0 ?96 --

599 C-C0 :297 --

- - . . . . . - - . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . . . . - - - . . . - - . . . . - - - - - - - - . . - - - - - - - - - - - - - - - - - . - - - . . . - - - - - - . . . . . . . . . . . . . - - - . . . . . .
579 CCO 298A --

03-

So ~ R '2988 ~.. 579. C
;

'|: c)

158 OG, S July, 1983 OD * Chunks of uranium bearing stone were
R 299 .--

HS* present when surveyed, but were gone when
engineering assessment was done.

|

472 OG, S April,1983 DD* * Positive 226 Ra, but-less than EPA -1L C0 300 --

HS** standard based onL100 m2 area;

|
** Chunks of uranium bearing stone used as
stepping stones and ir. wall

|-
L

L CO 301 563' .C
c

-

......................................--........-- .........--..--..........------- ..--......-- .......................-

'512 CV 302 --

'

613; OG , . S April ,1983 00* - * Positive 22sRa, but less than EPA standard
C0 303 --

based on 100 m2 area

582 OG, S Sept, 1983- OD
| C0 304 --

V* 305A '29 C *1 Block vacant land--

29 CI 305B ' --

_ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _____ . . - - _ _ _ _ _ _ _ _ - _ - _ _ - _ _



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

Property Identifiers Survey Status '

Property- PNL
. Number Number Results Date Results Notes'

EPA . State Engineering Assessment
Type Number

V. -306 1161 C--

V 307A 72-40537 34 C
e

V 307B 72-40537 34 'C

V- 308A :72-40532 39- C
I

V 3088 '72-40532 39 C

........................---------.....__....................-- ....------ ....-- ..--...........................--......
V 308C 72-40532 39 '

0D '
C

; e

&f - V* 309A: -- 473 'C *1/2 lot surveyed as 1 Lot.
,

V 3098 473 C---

t

R 310 469 C--

. R '311E - - - 521 C

... -- ........................--..............................--.....-- ................--....--....................--.
'

'R 311W 521 C--

R 312 574 C--
.
;

.R 313 611 C--.

,

'

V* 314 '605 OG , S ' April, 1983 00 * Commercial garage on property-.

V .315 '365 C--

3 ..........--................. - ..................--......-----......-- ................................................
CH 316. 537. S June,1983 - N* * Positive 226 a, but less than EPA standardR--

based on 100 m2 area.

R '317 302: C--

.

1

4

_ _ _ _ _ - - - - _ - . _ _ _ . _ - - - _ _



.._. -
_

,

-

Y

Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes

R. 318
~

523 S March, 1983- N--

R 319* -- 581E OG April , 1983 SI** *See PNL 328 also
** Radioactive rocks -in concrete foundation
and sidewalk

603 CR 320 -- ,

534 C
, R 321 --

525 CR 322 --

ou ........................................................................................................................

fj R. ~323 7811-18 468 S April, 1983 OD* * Positive 226Ra, but less than EPA standard
based on 100 m2 area

377 S April,1983 00R 324 -.

* Positive 226 a, but less than EPA standard551 OG, S Oct, 1983 00* RR' 325N --

based on 100 m2 area

* * * * Common outdoor contamination with PNL 325N551;R 325S --

550 CR 326 .-

...............................................................-........................................................

549 IG, OG March, 1982 N** * Mobile home removed before engineeringR* 327 --

asse'ssment
** Hot rock removed

R 328* ' 581W * * * *Same as PNL 319--
.

592 CR 329 ---

i
517 C *Nonhabitable house on propertyR* 330 --

* Refused engineering assessment312 S R* *
R 331 --

!
!

I.



2

Property identifiers Survey Status
l'

EPA State Engineering AssessmentProperty . PNL -

Type humber Number Number Results Date Results Notes
_

-
' '

604 CR 332 --

596 C'R 333' --

133 RG March, 1983 N* * Bentonite clay at 4 ft to 6 ft depth -R 334~ --

462 CV' 335 --

587 RG March, 1983 NR 336_ --

..................--.............-.....................-- ..---. --. ----....----..........--...........................
131 CR 337 -.

co
-

do- R 338 616 C--

w '

* Positive 226 a, but less than EPA standard636 OG, S April ,1983 00* RR 339 --

based on 100 m2 area l

i

'355 C * Resurvey of residential property PNL 117, ;*~ 340* --

f -

State 355 at new owner's request |

:

507 CR 341 --

. . . . . . . - - - - - . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - . . . . . . . . . . . - - . . . . . - - . . . . . . . . - - . . . . . . . . . . . . . . . . . . . - - - - . . . . . . . . . . . j,

516 RG March, 1983 N |
R 342 --

538 CCH 343 --

.614 RG. March, 1983 NR 344E --

614 C-R 344M ---

614 RG March, 1983 NR 344W --

- - . . . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . - . . . . . . - - . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . .
183 C0 345 --

238 C-R 346 --

,

- - - - - - _ u___ _ _ _ _ - -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __



- -. ..

2

0

y

<

Property identifiers Survey Status

Property. PNL EPA State Engineering Assessment

Type- Number Number Number- Results Date Results Notes

R- 347
' 510 C--

53 CR 348 --

|

R*. 349 :-- 349 C *Also used commercially

533 OG, S June, 1983 00-R 350 ---

608 CV 351 --

........................................................................................................................
414 CV 352 --

em
3 . .

399 Cjg V 353 -.

V' '354 557. C--

615. C..V 355 --

435- OG, S March, 1983 00 *1 Block (outlot)V* 356 --

........................................................................................................................
602 CC0 357WW --

602 C |C0 357SS --

601 S June, 1983 W * Tank farm areaLV * 358 --

430 OG, S May, 1983 00CO 359 --

508 C'V 360 --

........................................................................................................................

'V. 361
'

508 C
,

--

600 CC0 ' 362 ---

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

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



_ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ . - . . . . . . _ . _ _ - _

Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

Type- Number Number Number Results' Date Results Notes

CO 363 584 S Sept, 1983 00* * Positive 226Ra, but less than EPA standard--
'

based on 100 m2 area

C0 364 572 OG, S Sept, 1983 00* *Also chunks of ore scattered on ground--

R' 365 467 C--

R 366 467 RGS May, 1984 SI* * Radioactive material under disintegrating--

concrete basement floor in vicinity of
sewer line

?' V 367 559 C--

oo - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -'"
388 S July, 1983 00* * Positive 22sRa, but less than EPA standardV 368 --

based on 100 m2 area

V* 369 593 S July, 1983 OD** *3 lots surveyed as 1 Lot--

** Positive 22sRa, but less than EPA
standard based on 100 m2 area

V* 370N 72-40547 27 S June, 1983 N *1 Block
,

V* '370S- 72-40547 27 C *1 Block

R -371 454 C-.

------------------------------------------------------------------------------------------------------------------------

R 372A 357- C--

i

V* 3728 357 C. *1 Block--

1

R 373 489- C--

R 374 483. C* * Radioactive plastic tubing source in house--

removed at owner's request. No elevated
gamma after source removed

.



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

Property Identifiers Survey Status

Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes

598 S June, 1983 OD* * Positive 226Ra, but less than EPA standardC0 375 --

based on 100 m2 area

547 CV 376 --

V* 377 72-40525 46 S March, 1983 N** *13 lots surveyed as 1 Block
** Deposit buried by City. of Edgemont during
park construction. Can no longer locate
elevated gama nor radium

V*' 378 597 C *2 lots surveyed as 1 Lot--

,

444 OG, S June, 1983 00 *1 Blockjp V* 379A --

.....--..................................................---......--.......--...........................................

444 C *1~ BlockV* :379B. --

543 RG March, 1983 NR 380 --

214 RG March, 1983 NR 381 --

554 OG, S May 1983 OD* * Positive 22sRa, but less than EPA standardV 382 --

based on 100 m2 area

555 CV 383 --

.................................................. .........----- .....--.........---...................................
* Positive 226 a, but less than EPA standard515 RG, DG, S Nov 1983 OD* RR 384 --

based on 100 m2 area

610 CV 385 --

463- CV 386 - - -

4

212 S June, 1983 00* * Positive 22sRa, but less than EPA standardV 387 --

based on 100 m2 area

:

,



_ _ . _ _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ . _ _ _ . _ _ - _ _ _ _ _ _ ___ _ _ . . _ . _ . __._. . . _ . _ _ . _ _. . _ , _

l

; Property Identifiers Survey Status

Property PNL EPA State Engineering Assessment.
Type Number Number Number Results Date Results Notes'

i

;553 OG, S May,.1983 DD *2 lots surveyed as 1 Loti V* 388A --

553 C *2 lots surveyed as'l Lot_V* 388B --
1

519 CV 389 --

552 CR 390 --

'

511 CR 391E --

.........................................................................................................................

I R- '391W 511 C--

as
e

; R$ R 392AL 449 C--

,

449 C *10 lots surveyed as 1 Block *

V* 3928 --

'
504 S Sept, 1982 NR. 393A' ---

i

504 .C *5 lots surveyed as 1 LotV* 393B .-

t .........................................................................................................................

362~ LC;. R 394A --

362 CV 394B. --4

389 C..R 395A --

389 S June, 1983 W- *1 BlockV* 3958 --

528 CV~ 396' --

........................................................................................................................

~565 C *2 lots surveyed as 1 LotV*' .397 --

564 OG, S May, 1983 DDR 398 --

i -
.

%

b

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



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

Property Identifiers Survey Status

Property . NumberL Number Number- Results .Date- Results Notes
PNL. EPA State

Type
.

Engineering Assessment

,

R- 399 168 OG June, 1983 HS* *Two sections of-white.6 in, plastic pipe--

stored on ground were radioactive+

V* 400A- 417 C *8 lots surveyed as 1 Block--

417 CR 400B- --

L

R 401 7811-62 308 .C* * Radioactive rocks in gara9e were removed
by owner.

'R 402 '619 RG March, 1983 N'--

oo -_.......-------......---...--...----. -.------------------.---------------.....----------------..-------------...------

Eg R 403 251 OG, S Nov. 1983 SI* * Radioactive material beneath three---
.

! ,

00 quarters of the garage concrete floor

V* 404 620 C ' *Nonhabitable house on lot not surveyed--

,

R 405- 460 C--

298' 'CR 406 --

,

t

548 C.V 407 .-

--................-....- .......--- ......---....----..........---------------...----........------- .........------...-

R '408A .118 C--

t

V* 408B
'

118 OG, S July, 1983 00 _ *1~ Block.--

'

G- 409 366 .S May, 1983 00--

R '~ 410 A 72-40531 .40 S: Sept, 1982 N
7811-84

V* 410B. 72-40531. 40- C *22 acres surveyed as 1 Block '

7811-84
--------....--....---............--....-----.......-----.........--.........- .......--------.-------.....-- ...--------

b

_ _ _ _ _ . . _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ .



_ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ . - - _ - - _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ - - _ . _ . . _ _ _ _ _ _ . _ _ _ _ . _ , , . _ _ . __.__ ______ _ . _
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,

.

Property Identifiers Survey Status
. Property PNL EPA. State Engineering Assessment

Type Number ~ Number- Number Results Date Results Notesi

R. 411A
'

633 C.--

.V* 4118 633 C *415 ft x 450 ft surveyed as 1- Block ---

parts of lar9e. farm

R 412A 72-40555 23 C
7811-79

R '412B 23 C--

'

R 412C 23 C--

as
........................................................................................................................

60 R. 412D. 123' C--
e

'

R 412E ' 23. C--

R- 412F 23 C---

,

-R 412G- 23 C--

4

'R' 412H .3 C2--.

........................................................................................................................
R 4121

.
23 C--

j. R 412J 72-40555 23 C
.7811-79

<
'

1R .412K 72-40555 23 C
'

7811-79

R ~412L- 72-40555 23 'C'
7811 79

.1,

! R 412M 72-40555 23' RG March, 1983 N-"

7811-79

:
i



.- _ -- - _ . . . . _ _ _ . . . _ . . _ . _ - , - . _ ._. .._

i

f

Property Identifiers' Survey Status

Property -PNL EPA State Engineering Assessment ,

Type Number Number. Number Results Date Results Notes:

.R 412N- 72-40555 23 C-
~7811-79

R 4120 72-40555 23 C
7811-79

.

R 412P 72-40555 23 C

7811-79

R 1412Q- .72-40555. 23' C

7811-79

i' R L412R 72 40555. 23 RG . March, 1983 N

' is ' 78'l-79
........................................................................................................................

R 412S 72 40555 23 C

7811-79

: 3: C
-

R 412T 72-40555- 2
7811'79-

R- 4120 72 40555 23 C

7811-79

R '412V 72-40555 '23 C-

'7811-79
3

.

'R- 412W 72-40555 23' =C.
-7811-79

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,

R .412X 72-40555 23 C -'

7811-79

R' '412Y. 72-40555 '23 C
7811-79-

t

_________________._~_._________i__



- _ _ _ _ _ _. _ _ _ _ ___ . _ _ _ - _ . _ _ _ . . ._ _ _ - - - _ _ _ _ . _ - _ - . . _ _

' Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results- Notes

'V* 413. 527 C *1 Block--

V 414' 218 C--

R 415 - 627 RG March, 1983 N
--

R '416- 501 C--

R 417 155 C-.

--..--..............--...............-- .........--.......--.............................................................
'R< 418 609 C---

co
I

am. R 419 '40-523 306 OG, S June, 1983- W--

V 420 304 C--

V 421 588. C--

R~ '422 40-505' 94 OG, S June, 1983 W
'

,

> ........................-- .........................--------........--.........---.......---.........--....-- .--.......
R -423 70 OG, Sf Nov. 1983 OD--

V* 424.*

561 C *2 nonhabitable buildings + 6 lots surveyed--
'

as 1 Lot

V* 425 567- C *1 nonhabitable building on Lot '--.

1

V* 426 562 C *1 nonhabitable structure + 3-1/2 lots--

surveyed as 1 Lot:

V* '427 560 OG, S March, 1983 N** *9 lots surveyed as 1 Lot---

** Radioactive rock removed
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - . . . . . . . . . - . . - - . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . - - - . . . . . . . - . . . . . . . . . . . . . - . .

.C0 428A 590 C--

:

I

a

6

_.



_ _ _ _ .- . . _ _ _ _ .-. .. . ... . - .. - - --.

Property Identifiers Survey Status

Property PNL EPA State Engineering Assessment
4

~ Type ~ Number Number Number 'Results Date Results Notes

589 *11 lotsV*. 4288 --

590 S Oct, 1982 N** 16 lots 41 lots surveyed as'1 Block
591 14 lots stockyards

** City excavated after survey-resampling
found no residue ,

i . V* 429A 40-514 626 OG, S July, 1983 W *6 lots surveyed as 1 Block

*See also PNL 724, State 56
R* 4298 40-514' 626 ** ** **

** Common outdoor contamination with
PNL 429A

7 *PNL inside survey only, state did63 C*ps R 430 --:

remainder

65 RG, OG, S June, 1983 W
R 431 --

---------------------

--------------------------------------------------------------------------------------------------Lot580 C *3 lots surveys as 1
V* 432 --

595' C *21 lots surveyed as 1 Block
V* . 433 --

i 618 CR 434' --

* Positive 226 a, but less than EPA standardR124 S July,-1983 00*
R ~ '435 --

; based on 100 m2 area

240 RG March,'1983 N
R 436 --

---------------------------------

-------------------------------------------------------------------------------------- i ve roc k i n r ock p i l e on p ro p e rty
558 OG Sept, 1983 HS* *Radioact

R 437A --

558 C *3 lots surveys as 1 Lot
V* 437B- --

452 C *130_ ft x 300 ft = 1 BlockV* 438 --

623 C *7 lots surveyed as 1 Lot
V* 439 --

t

_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ . . . _ _ _ _ _ _ _ . _ _ _ _ _ . _ .



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

Property Identifiers Survey Status
'

Property PNL EPA State
.

Engineering Assessment
Type Number Number Number Results Date Results Notes

CO 440 632 C--

C0 441 319 C--

R 442 566 C--

R 443- 360 C--

R 444 499 C--.

........................................................................................................................
V 445 612 C--

ca
e

g; 446* 338 *
* Void see State-562, PNL 426

--

'V* 447A 422 C *9 lots surveyed as 1 Block--

R 447B 422 -S Oct, 1982 N
--

V* 448 371 C *1-1/2. lots surve--

..............................................................................................yedas1 Lot 1

...........-..............
V 449 540 C--

V* 450 317 C *2 lots surveyed as 1 Lot--

V* 451 622 S March,_1983 00 *5 lots surveyed as 1 Lot--

-R 452- 621 C--

R 453A 571 OG, S May, 1983 00* *A rock wall also contained contaminated
--

SI** stones
** Uranium bearing materials were used in a

........................................................-.............................. patio slabconcrete
..............-..................

V* 453B 571 C *6 lots surveyed as 1 Lot--

<

.-



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

Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

Type Number ' Number Number Results Date Results Notes

-V* 454 617 C *1 Lot - mobile home not surveyed--

390 OG, S Sept,'1983 00'* . * Positive 226Ra, but less than EPA standardR' '455 --

W based on 100 m2. area

583 C *1/2 of;2 lots surveyed as 1 LotV* 456 --

400 S July 1983 WC0 457 --

R '458 451 C--

----.....-- --------------------------------..........------------------...-----------...----------........-------------

ou R' 459 628 C--

e
Jh
#'

288 C * Parts of 4 lots + 6 acres = 1 BlockV* 460 --

.

108 S July, 1983 WR 461- --

573 C *4 lots surveyed as 1 Lot.V* 462A --

573 C-R 462B --

....---...............................-----...............................----------------------- .......---------------

R. 463' 4 84 C---

324 CR 464A --

1

324. CR 464B --

629 S ~ July, 1983R ~465 --

V* 466E .-- ' 426 C *Approximately 15.5 acres = 1 Block '

- - . . . . . . . . . . . . - - . . . . . . - - . . . . . . . - - . . . - - . . . . . . . . . . . . . - - . . . . . . - - - - . . . . . . . . . . . . . . . . . . - - - - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - -

426 C *10 acres = 1 Block IV* 466W --

,

V* 467A 7811-77 356 C *6 lots surveyed as 1 Block

_ _ - - - _ - - _ _ _ _ _ __ _ _ __



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

Property Identifiers Survey Status
Property PNL EPA _ State Engineering Assessment

Type Number Number Number Results Date Results Notes
,

R. 4678 7811-77 356 C

.V* '468-1 541 C *3 acre Block--

.V* 468-2-
.

541 C *3 acre Block.--

'V* 468-3: '541 C *3 acre Block--

J

V* 468-4 541 C *3 acre Block.--

.

- - - - . . . . . . . . . . . . . . . . - - . . . . - - - - - - - - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - . . - - . . . . . . - - . . . - - - - - - . . . . . . . . . . . . . . . . . . . . . . - -
V* 468-5 541 C *3 acre Block--

03 -
.

** V* 468-6 541 C *3 acre Block--u,

V*. 468-7 -. 541 C *3 acre. Block

'V* 468-8 :541 C *3 acre Block--
,

R .- 468-9R -- 541 C

---------..--................ ..-- .........-- ..-----------...-- .....-----------.....------------------........----...
V* 468-9 541- C ~ *3 acre Block--

V* .468-15 541 C *3 acre. Block--
,

V* 468-16 541 C *3 acre Block--

V* 469 631 C *10.4 acre Block--

I .470 295 C---

...........................--------------- ..------------..............-------------. ------..........-----..............
V* 471 '40-515' 294 OG, S Nov,'1983. OD *1 Block railroad right of way within

72-40536 Edgemont'

R .472 152 RG March, 1983 N--

i

,

I



__ . - _ _ _ _ _ _ _ _ _ - - - - - - _ _ _ _ _ _ _ _ - _ _ . ____ , _ _ - . . _.

Property Identifiers Survey Status

Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes

C0 473 72-40522 630 OG, S July, 1983 OD* * Positive 226Ra, but less than' EPA standard
based on 100 m2 area

C0 474E 72-40548 26 RG, IG March, 1983 N*- * Gamma . reading from large bag of rocks.
When rocks were removed, no contamination -
measured

R 474W 72-40548 12 6 C

522 CR 475 --

570 Cj'~ R 476 --

g_...--.........--..........--- ...................................--.....................................--- ............

79 RG March, 1983* N * Engineering assessment performed by ARIXR 477 --

4

635 CV 478 --

634 OG- June, 1983 HS* * Radioactive rocks in garden rock; R 479 --

collection

638 C *About 5.7 acres surveyed as 1 BlockV* 480 --

637 C *About 5.5 acre's surrounding shop-officeV* 481A --

surveyed as 1 Block
. . . . . . . . . . . . . . . . . . . . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - . . . - - . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - . . .

637 CG 481B --

639 OG, S March, 1983 N *Small contaminated area removed whileR 482 --

boreholing

640 C-R 483 --

569 CR 484 --

531 OG, S July, 1983 W *3 lots surveyed as 1 LotV* 485 --



_ __ - ___ _ __ _ _ _ - - _ _ _ _ _ _ - _ - _ _ _ ____-_ --____ _ _ .- _ _ _ . _ _ _ . _ _ _ _ _ - - _ _ _ . _ _ _ _ _.

.

Property Identifiers Survey Status
Property.'

Number- Number Number Results Date Results Notes
PNL. EPA . State Engineering Assessment

Type

* 486 544 * * VOID - see PNL 591 State 737'--

* 487 545 * * VOID - see PNL 578, State 724.--

5 V* 488' 625- OG, S July. 1983 W *14 lots surveyed ~as 11 Block, nonhabitable--

residence. on property.

V 489 576 OG, S June, 1983 W--
,

.

V* 490 40-512 509 OG, S Oct, 1983 OD *4 lots surveyed as 1 Lot
'

'

- - - . . . . . . . . - _ . . . . . . . - - - - . . . . . . . . . - - - . . . . . . . . - - . . . . - - . . . . . . - - - . . . - - - - - - . - - - - . . . . . - - - - - - - - - - . - - . . . . . . . . . . . . . . - - - - - - . . . . .
as V* 491 568 OG, S Oct 1983 W *2 lots surveyed as 1 Lot--

E

'&m
'd - * 492' 624 * * VOID - see PNL 585, State.731--

V* 493 71~ .0G, S- July, 1983 W *1 Block, --

E

V* 494 575' S Sept, 1983 W *17 lots surveyed as 1 Block--

,

'

R 495 641 C ----

, .............--........--..................--....--....--.........-- .............---- ...--......... ........---...--..
-R 496 642 C-- '

,

R 497 643 C--.

i
R 498- 644' |S. June, 1983 00* * Positive 226Ra, but less than EPA standard--

based on 100 m2 area

R. 499 7811-61 645 S May, 1983 00* * Positive 22sRa, but less than EPA standardi

based on 100 m2 area

R 500 '-- 646- OG, S June, 1983 OD
..........--.-----..........--....................................... ................-- ....... ....--............-----

R '501 . 647 C-.

,

$

]

__ __ _ - - _ - .___.__________ _ _ _ _
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Property Identifiers

Property PNL EPA Sta{e-
Survey Status
Engineering Assessment

Type. Number Number Number Results Date Results Notes-

R 502 648 C--.

649 S Sept, 195s 00R 503 ---

650 CR 504- --

R 505 72-40526 651 C

'

652 OG April ,1982 N* *2 radioactive sandstone rocks in garage on.V 506 --

a shelf
........-- ................................-- ......--.....------.......-----------...---------...................... --

653 S May, 1983 00o' V. .507 --

=

654 C
~

V 508 --

655. C *1 BlockV* 509 --

656 -C *1 BlockV*. 510 --

657. CV 511 --

...--........-----....-- ........-- .............-----.............-- ....------------------------ .............--......

658 CV 512 --

659 C * Commercial garage on propertyV* 513 --

660 :CV -514 --

V* 515 72-40546 .661 C *4 lots surveyed as'1 Lot

662 OG, S July, 1983 WV 516 --

.... ........ ......................................................--......----.....--..----........--...------..------
'

663 CV 517 --

664 OG, S Sept, 1983 00V .518 . - -



_

_

Property Identifiers Survey Status

. Property ' -Number Number Number Results- Date- Results- Notes
PNL - EPA State Engineering Assessment

Type

LV; ;519
'

665' 03, S EJune, 1983 W---

1666~ C *2, lots surveyed as 1 tot'V* '520- - - -

V*- 521-
'

667- C * Boarded-up house not surveyed'at owner's- - -

request

V* -522 668 C *1 Block--

V 523 669 C--

......................................................................................................................_ .
c' EV 524 670 OG, S June, 1983 W---

- s,
to

V 525 671 C--

'672 S ..e, 1983 WR' 526 ---

R 527 673 C--

C0 528 674 C......................'........................................................................................... _ ....
--

R 529 675 C--

. V. .530 676 C--

|

V 531
'

677 C--

V 532A 678 '0G, S July,1983 W--

'R 5328 678 ~0G, S July, 1983- W. - - -

.................................................................................. ...................................._
V* 533 -679 C *2 lots surveyed as 1 Lot--

-V 534 -680 C'--:



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

,

Property Identifiers Survey Status

Property . PNL. EPA State Engineering Assessment
Type Number Number ~ Number Results Date Results ' Notes

'

681 OG, S July, 1983 00** *6 lots surveyed as 1 Lot.V*- 535 -.

** Positive 226Ra, but less than EPA
standard based on 100 m2 area

682 C *5 lots surveyed as 1 Lot; V* .536 --

683 CR 537' ..

684 C: R 538 .-

4 ~

R 539. 685 C- - -

: ca ........................................................................................................................-

686 C* e- R 540 .-

o

687 CR -541 --

4

CO 542 72-40533 688 .C

689 * * * * Common outdoor contamination with PNL 543BC0 543A .-

'689 S . July, 1983 DDCO- 5438 --
.

. ........................................................................................................................

-690 'CR 544 --

R 545- 691' C-- ,

692 RG, 0G, S July, 1983 HS* * Radioactive stepping stones and wind blown~R 546 --

W
.

,

R' 547- '7811-21: 693 S ' July,.1983 00 * Positive 22sRa, but less than EPA standard
W based on .100 m2 area

694- CR 548 --
,

........................................................................................................................,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . , ,_



c -

Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes
___

R 549 695 C.-

696 C_V 550 --

V 551 697 C--

V 552 698 C--

699 C *2 lots surveyed as 1 Lot-V* 553 --

.............--................................-- ..............................-- ...-- ........................-- ....

700 C *1 BlockV* 554A --

cm
B

|S R 5548 700 C--

R '555 '701 OG, S June, 1983 OD--

R 556 702 C--

R 557E 703 RG March, 1983 N j--

................................................-- ...................--...--.............-- ........--...............--

R: 557M 703 .RG March, 1983 N--

703 RG _ March, 1983 N.R 557W --

704 R* * Refused testing - residentialR 558 --

.00 559 .705 C--

C0 560 706 C--

...........................................--................--.........--..........--.................--...--..........

-V 561 72-40516 707 R* * Refused testing, mobile home on lot
|

R 562 708 R* * Refused testing--

|

_ - _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ - _ - _ _ _ _ . - - .. . -



. . . _ . . - _ _ _ _ _ _ _ _ . . . . . _.._ -_ . , _ . __ .. - - _ _ _ _ . . __
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-
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Property Identifiers' Survey Status
Property PNL EPA State

.

Engineering Assessment
Type Number Numter Number Results Date Results Notes

V 563 709 R* * Refused testing, no signed refusal, mobile--

home on lot

V 564 '710 C--

.

LV' 565 711 C--

V (566 712 C--

R 567 713 C--

........- ..........-----------------...-........----------.....--.---------------..................--.......---........ ,

- o' R- .568 714 C--
B

u,
N

R: 569 -715 R* '* Refused testing--

V 570 716 R* * Refused testing -' vacant' Block--

V 571 -717 R* * Refused Testing - vacant Block--

,

'V 572 718 C--

- - - - - - - - - - - - - . . . . . . . . . . . . . . . . . . - - - - - - - . . . . . . . . . . . . . . . . . . . - - - - - . . . . . - - . . . . . . - - - - - . . . - - - . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . - -
.V- 573 719 C--

V 574 '720- C ---

.R 575 721- C--

'

V 576 -722- R* * Refused testing--

V* - 577 -- 723 C * Commercial garage on property ;

--

t

V -578. ~724 C--

R 579A. 725 R* * Refused testing-.

,

- _ - - - - - _ - - - _ . - - _ _ - _ _ _ _ _ _ - - _ _ .



-

Property ' Identi fiers Survey Status- ,3

EPA State . Engineering Assessment iProperty . : PNL .
Number Number' Results Date Results Notes:' Type Number

.R' 5798 725 R* * Refused testing---

726 R* * Refused testingC0' 580 --

CO .581
'

727 .C--

728 :CR 582 --

729 .S Nov 1982 N.R- '583- -.

......................--........................----....--....... ----- .........-...........-------- ..........--......

730 03, S- Nov, 1983 ODR 584- . - -

- 03

'E( .V. 585' 731 OG, S July, 1983 W~--

us.

732 CR 586 --

733' ls Nov, 1982 NR: '587 --.

:734 'CR 588L -- ,

--...............-- ......---......a-.;......................--.............-------........-.....................--.....

735- C *18 city blocks. surveyed as 1 BlockV* 589A .--

,'

:735 R* * Refused. further testing, unsigned refusalR 5898 : --

736 -R* * Refused testingR- 590 -.

737 R* * Refused testingR. 591 --

eV' 592 --- 738 OG, S Sept,.1983 W
..............--..................--.....--...............--...............................-..........................--

739 . 0G -Sept, 1983 HS* * Stepping stone in walkway - owner refusedR 593 --

removal

740 C:-V 594 --.

'

. _ _ _ _ . _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . -



. -. . . . . . . -- -. - - . - - . . - - . . . . . . _ .. .-
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Property Identifiers Survey Status .

Property PNL : EPA State Engineering Assessment
'

-Type Number ' Number Number Results Date Results ' Notes

:741 'C'CO 595- --

S. V' 596 '742 0G, S July, 1983 W--

743 R* * Refused testingV ;597 --

744 R* * Refused testingV 598 --

'

* Positive 226 a, but less than EPA standard745 S July, 1983 . G)* RF CO 599 --

based on 100.m2 area
__________........______....... ______..._-_____......._________...... ___________....._..__........._________.. ______.

,

" i'. R 600 746 C--

(n .
3% -

601 . 747 R* - Refused testing*
R --

748 R* * Refused testing, nonhabitable residence'on.R
'

602 --

property

749 C.V 603 '--
,

V. 604 '72-40527 750 R* * Refused testing, no signed refusal-
'72-40528

,

. _______...................______......... ___....... ________________...._-_.......__......._______.............____....

: R 605 7811-80- 751 R* * Refused testing, no signed refusal

i R 606 -7811 69- ' 752 R* * Refused testing, no signed refusal-

i

.V 607; 40-510 753 . 0G , . S J uly, 1983 W
.

R 608 -.754 C.--

755 R* * Refused testingC0 609 ---

: .___________............. ___________._....____.__....... ___________...... _____...____.....___.........___ ______... __

4

'
.
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Property Identifiers Survey Status
Property- PNL EPA State Engineering Assessment

Type Number Number = Number Results Date Results Notes-
'

756 * *' *'CO. 610A * Common outdoor contamination with'PNL 610B'4 --

R 610B ~-- 756 OG July, 1983 GD
,

V 611 .-- 757- C

758 RGS May, 1984 HS* * Uranium mineralsR 612 --

R- 613 759 C--

--.............................................................................-------....-----......-------............

V* 614A 7811-56 760 R* * Refused testing - vacant Block
D3*

e
on R 6148- 7811-56 760- R* * Refused testing
on

761 CV 615 --

762 S Nov, 1982 N *1 Block"V * 616 --

763 :CV 617 .--

--------------------------..................---------................--------------------- ..............--......--.....

764 CV 618 --

765 C. *Also a business presentR* 619- --

766 NR* *No response-V 620 --

;

767' NR* *No responself 621 --

V- 622. ~-- 768. NR*- *No response
.........--.......................................------------------- ......--- ..--.......-----------------------------

R 623 769 NR* *No response--

770 NR* *No responseCO 624 --

771 NR* *No response.R 625 .--

_ _ _ _ _ _ _ _ -



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

_,

Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes

V 626 772 NR* *No response--

R 627 72-40557- 773 OG, S* June, 1980* OD * Engineering Assessment performed by ARIX
SI** ** Tailings mixed in basement wall plaster

R 628A 774 C--

V* 628B -- 774 C *1 Block

'C0 629 775 OG, S Oct, 1983 DD. - -

------------- ...-------------------------------------------------------------------------------------------------------
oo V* 630 776 C *1 Block--

v.
""

V* 631 777 S Aug, 1982 N** - *1 Block--

! ** Natural bentonite clay deposit

R -632 40-509 69 DG, S* April, 1983 OD *PNL outdoor only State indoor survey
W

4

V* ' 633A' '62 DG, S Sept, 1983 W *1 Block '--
,

R 633B 62 OG, S** -Sept, 1983 W **PNL outdoor only, State indoor survey--

V* 634 778 C *1 Block--

V 635 779 C--

V 636 780 C----

V* 637 781 C *1 Block--

if 638 782 C--

' ..........--------------------------------------------------------------------------------------------------------------

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ . _ - _ - _ - - _ -
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Property Identifiers Survey Status
Property PNL. . EPA . State Engineering Assessment *

'
Type ' Number . Number Jhadier Results- Date Results Notes

;.

. V. |639L -783 C---

; .R .640:

159_ C* * State residence, PNL outdoor surveys.
--

R' 641 7811-11 122 S* April, 1983 00 * State residence, PNL L outdoor surveys
R' 1642 136 OG, S* June, 1983 00 * State residence,~PNL outdoor surveys

--

,' R L643- 153 C* * State residence, PNL outdoor surve.--

....................................... ___ - .._.......-__....-- .... ......---- .... ---.........__..........-_ys,

_..___..

R 644'. 7811-35 199 C* * State residence,lPNL outdoor surveys. ,

E" - R 645 202 OG, S* May, 1983 OD * State residence, PNL outdoor. surveys.---

; V 646 225 C* * State -residence, PNL Loutdoor surveys
---

,V 647'
289 C* * State residence, PNL outdoor surveys

--

'

R -648 169 C* * State residence, PNL outdoor surve !
--

.......................--.................................--...................................................ys-
........

R 649 61' .IG, OG, S* Nov, 1983 SI** * State and PNL residence, PNL outdoor--

00 surveys
** Soil under the residence floor was

L' contaminated1

R 650 60 0G, S* 0ct, 1983 W * State residence. PNL outdoor surveys--

R. .651- 59 0G, S* July, 1983 W * State residence, PNL outdoor surveys--

-V, 652A 57 OG, S* Sept, 1983 00 * State . residence, PNL outdoor surveys--

. . W:

R. 652B 57 OG, S* Sept, 1983 W * State residence, PNL' outdoor surveys--

. . . . . . . . . . . . . . . - - - . . . . . . . . . . . . . . . . . . . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

p

- - - -- - - _ - - - _ < e , -
$



.
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Property Identifiers Survey Status ,

/Property PNL EPA State Engineering Assessment
Type Number Number Number Results Date Results Notes

V* 653A 40-507 55 ' OG, S** Nov, 1983 W *1 Block
' ** State residence, PNL outdoor surveys -

R 653B 40-507 55 OG, S* Nov 1983 W * State residence, PNL outdoor surveys

66 OG, S* Oct, 1983 W * State residence, PNL outdoor surveys |
R 654 --

174 OG, S* July, 1983 00** * State residence, PNL outdoor surveys
R 655 --

** Positive 226Ra, but less.than EPA
standard based on 100 m2 area

84 C* * State residence, PNL outdoor surveys- " ' R 656 --

----------------------------------------------------------------------------------------------------------gg
-------_-----57R 6 7811-36. 92 C* * State residence PNL outdoor surveys

97 OG, S* June, 1983 00** * State residence, PNL outdoor surveys
R 6F8 --

** Positive 226Ra, but less than EPA
standard based on 100 m2 area

167 R* *0wner refused testing
R 659 --

87 S*- June, 1983 00** * State residence, PNL outdoor surveys
R 660 --

** Positive 226Ra, but less than EPA
standard based on 100 m2 area

138 C* * State residence, PNL outdoor surveys
R 661A --

------------------------------------------------------------------------------------------------------------------------
138 C* * State residence, PNL' outdoor surveys..R 6618 --

191- R* * Refused testing
R 662 --

181 C* * State residence, PNL outdoor surveys
R 663 --

137 CR 664 --

_ _ - _ _ _ _ _ _ _ -- _ _____ _ -_ - __
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Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes

C0 665 88 OG, S* July, 1983 00 * State residence, PNL outdoor surveys ---

R 666 80 C* * State residence, PNL outdoor surveys--

V 667 784 C* * State residence, PNL outdoor surveys.-

R 668 78 OG, S* Sept, 1983 W * State residence, PNL outdoor surveys--

R 669. 81 C* * State residence, PNL outdoor surve----................--.....................--......--.--...................--...----..........................ys
........

R 670 115 RG, S* Sept, 1983 OD * State residence, PNL outdoor surveys--

ca
8

hg R 671 150 C* * State residence, PNL outdoor surveys--

-R 672 179 C* * State residence, PNL outdoor surveys--

R 673 189 RR* March, 1983 N * State residence, PNL outdoor surveys--

V* 674 785 OG, S Nov 1983- 00* *0re truck spill
--

......................................................--.................................................................
R 675 786 C* *0utdoor survey done in conjunction with--

PNL 17 and 19

R 676 7811-65 20 C* * State survey

R 677 96 C* * State survey--

R 678 112 C* * State survey--

CO 679 120 C* * State survey.-
,

...........................................................-- ...........................................-- ..........--
; .R 680 128 C* * State survey--

R 681 145 C* * State survey--

____ _ ________-- - -___ . - _ - - __--- --. . .



. _ - - _ _ _ - _ . . . . . . ~ ._

Property Identifiers Survey Status-

Property. PNL EPA State Engineering Assessment -

Type Number ~ . Number Number Results Date Results Notes

146 C* - State survey*
R .682 --

151 C* * State surveyR 683 --

,

160 C* * State survey:R 684A --

160 C* * State surveyR. .684B' - - -

166 C* '* State survey.-R -685 --

........................................................................................................................

172 C* * State surveyR -686 --

,,
- e

176 C* '* State survey!$ R 687 --

R 688 --- 180 C* * State survey

185 C*- - * State surveyR' 689 ..

R 690 7811-23 187 C* * State survey
.........................................................................................................................

R '691 7811-07 195 C* * State survey
.

.
C0 692

'

196' C* * State survey.--

1-

R 693 7811-19 205 . C* * State survey
i

:211 C* * State surveyR 694 --

~ t,

215 C* * State survey.R 695 --

........................................................................................................................
-221 C* * State survey

R 696' --

.

R 697 7811-04 227 C* * State survey

229 C* * State survey
R 698 --

-

4

- - - - - - - _ - _ _ _ _ - - - _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ - . - - _ _ _ _ . - - - - - - - - - . - - _



,

Property Identifiers Survey Status
Property PIL _ EPA . State Engineering Assessment

Type Number Number Number Results Date Results Notes

235 C* * State survey
,

R 699 .--

R 700- 269 C* * State survey--

e
'

..

R- 701 271 C* * State survey---

275' C* * State surveyR 702 --

R 703 7811-74 3 RG, OG, S* J une, 1980* OD * State survey. engineering assessment
72-40538 SI** performed by ARIX-

** Tailings were identified under and around
? east enclosed porch
en ------------------------------------------------------------------------------------------------------------------------ 1~

R 704' 72-40543 _4 OG, S* June, 1960* OD * State survey, engineering assessment |
performed by ARIX

R 705 72-40556 6 RG, IG, OG, July, 1980* 00 * State survey, engineering assessment
*

'S* SI** performed by ARIX . .
**Tallings were found under'.the basement
-floor slab and beneath the crawl space

R 706- 72-40557 7 * * * * VOID - same as PNL 627, State 773

.R 707 72-40559 8 OG, S* July, 1980* 00 * State survey, engineering assessment
performed by ARIX

R 708 7811-64 9 C* * State survey
------------------------------------------------------------------------------------------------------------------------

R 709. 7811-71 '13 OG, S* July, 1980 OD * State survey, engineering assessment'
SI** performed by ARIX

** Tailings were mixed into basement wall
plaster

R 710 7811-82 14 RG, OG, S* July,-1980 00 * State survey, engineering assessment
performed by ARIX

! _ . _ _ _ _ -.__



. _ - _ _ - - _ _ - - _ - - _ _ _ _ - _-- - - - . - - - .. -. -. .

,

Property Identifiers Survey Status

Property PNL EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes-i

R 711 7811-68 16 RG, S* July, 1980 DD * State survey. engineering assessment
performed by ARIX

. CH* 712 7811-73 18 C** * Church on several lots
! ** State survey-

I R 713 72-40544 -30 OG, S* July, 1980 00 * State survey, engineering assessment
performed by ARIX

| R 714 7811-37 54 RG* July, 1980 OD * State survey, engineering assessment
| performed by ARIX
4 - as

Es R 715 7811-26 85 C* * State survey
' ^ * ------------------------------------------------------------------------------------------------------------------------

R 716 7811-40 89 .RG* July, 1980 N * State survey, engineering assessment
performed by ARIX '

90 C* - July, 1980 N * State survey, engineering assessment 'R 717 --

: performed by ARIX

100 C* * State surveyR .718 --

i R 719 104 C* * State survey--

|
106 C* * State surveyR 720' --

------------------------------------------------------------------------------------------------------------------------

R 721 7811-20- 107 C* * State survey

110 C* * State surveyi R 722 --

-111 C* * State surveyR 723 --

125 C* * State survey.R 724 --

140- C* * State surveyR 725 --
.

1
- _ - _ _--__--___ _ ____. _ . _ _ - . - _ - _ _ . _ . _ _ _ _ _ _ _ _ - _ _ _ _ _ . _ __. _ _ _ _ _ _ _ ___
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Property Identifiers Survey Status

Property PNL- EPA State Engineering Assessment
'

;

Type Number Number Number Results Date Results Notes
^

'

144 C* * State survey 1'R 726 --

.148 C* * State surveyR .727 --
,

:i
> \

149 C* * State' survey. iR -728 -.
i

156 C* * State survey [R 729 --

157 C* * State surveyR .730 --

..........-- .........................................-- ..........................-- .....--..................---......

163 C* * State surveyR 731 . - -

cm
e -

)
,

164 C* * State survey23 R -732 --

~

l
170 C* * State survey jR .733A --

170 C* * State surveyR 7338 --

170 C* * State surveyR 733C --

. ....--.....................----.........---------------................--...........................-- ..............

170 ' C* * State surveyR 7330 --

170 C* * State survey-R 733E --

'173 _C* * State surveyR 734 --

R 735 . - - - 175 RG, DG, S* July, 1980 OD * State survey, engineering assessment
SI** performed by ARIX

** Tailings identified beneath north wooden
porch and decks

-R' 736 177 C* * State survey--

..............................-...................................--................................-............--.....

A



_ _ _ _ _ - - - - _ - _ . - _ _ - - - _ _ _ _ _ _ _ _ _ . _ _ . _ __.. _ _. ,_ _ . - _ . . _ . - _ . . _ _ _ _. -_ . _ . - . .. , ,
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. Property Identifiers Survey Status
Property PNL- EPA State. Engineering Assessment

Type Number Number Number Results~ Date- Results Notes

R 737 7811-27 178 C* * State _ survey

i R 738 182 C* * State survey--

193' C* * State survey.R 739 --

R 740 198 C* * State survey.--

,

R -741 201 C* * State survey-- *

. . . . . . . . . . . . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . - - . . . . . . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - . . . . - - - - - - . . . . . . . . . .

R 742 7811-05 203 C* * State survey
- G3

-
e

j| R 743 204 C* * State survey---

R 744 206 C* * State survey--

R 745 207 C* * State survey--

R 746 210 C* '* State. survey--
i

..--..................--.................-....--------------------................--....................................

R 747- 213 C* * State survey--

R 748 216 C* * State survey--

R 749 217 C* * State survey--

: R 750 219 C* * State survey--

t

223 C* *R 751 State survey--

- - - - - - - - - - - - - - - - - - - - - - - - - . . . . . - - - - - - - - - . . . . . . . . . . - - - - . . . . . . . . - - - - - - - - - - - - - - - - . . . . . . . . . . . . . - - - - - - - - - - - - . . . . . . - - - . . . - - . . . .

224 C* * State surveyR 752 --

'

.
R 753 265 C* * State, survey--

' '

.

,, -- -- ~ _ - - _ - - _ - - _ - _ _ - _ _ - _ _ - - - - - - - _ - - _ - - - - -
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Property Identifiers Survey Status
Property Plt. EPA State Engineering Assessment

Type Number Number Number Results Date Results Notes

R 1021 7811-67 15 OG, S* June, 1980 00 * State survey, engineering assessment
4

SI** performed by ARIX
** Radioactive material beneath southeast
stoop

i

i
,

.i

Si

e

I

4

5 .

!

4

- _ _ . - -
.- . ,
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DIFFERENTIATION OF WINDBLOWN AREAS
AND DEPOSITS IN COTTONWOOD !

|
lNRC requested that PNL locate those properties where the deposits of

residual radioactive material were present from causes other than being trans-
ported there by wind and water erosion of the mill waste storage areas. There-
fore, differentiation between windblown and deposits from other means was
necessary. It is not technically feasible to discriminate between naturally
transported deposits and those transported by other agencies, except by their
thickness and location. The EPA, in its 1980 report about Edgemont (Thrall,
Hans, Kallemeyn,1980), identified numerous properties in the eastern part

-of Edgemont near to the mill which, in their opinion, had been contaminated
by windblown ' tailings.- In PNL surveys, many of the deposits in all parts of
town were found to be relatively thin, although the absence of such deposits
in neighboring properties made a windblown hypothesis unlikely in many of
these cases.

PNL ' evaluated survey techniques for discriminating between radiation
from the mill itself, naturally transported residual radioactive material,
and material brought in by people at properties close to the uranium mill,

| storage areas in Edgemont. When making gama surveys, as one approached the
. mill storage areas, the gamma radiation field from the storage areas became

' an ever larger proportion of the total that was measured. When this back-
ground was very high, locating local deposits of residual radioactive mate-
rials by means of gama radiation measurements became a very insensitive
technique. To reduce the background, a lead collimating shield was attached
to our normal micro-R-meters (Figure C1). This shield was found to reduce
the background by about a factor of 2-3, depending on the location.4

For evaluation purposes, readings with this instrument were taken at
most of those properties near the mill. In addition goil samples were col-
lected at 4-5 sites on each property to compare the 22 ora concentrations
with gamma exposure rate measurements. In practice,. exposure rates were

.

measured following the normal grid survey protocols with the following modi-
' fications:

i 1. Since the collimated micro-R-meter readings could not be related to
: . the free field exposure rate readings measured with a pressurized

ionization chamber, no attempt was made to apply correction f actors
| to the micro-R-meter readings.

2. Two readings at one meter above the ground were taken at each grid
location--one taken only with the collimator in place, the second

i

with the bottom window of the collimator (and therefore the bottom
| of the detector) shielded with a one-half inch thick plate of lead.

3. At each location where a 5 cm thick soil sample was collected, a
reading was taken'with the collimated micro-R-meter held in contact

. with the soil, in addition to the two exposure rate readings made
at a height of one meter.

The difference (delta) between the two readings taken at one meter at
each grid point would be expected to emphasize photons coming from beneath
and a short distance to each. side of the detector. -Local sources would also

| C-2
|
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' be expected to be largely responsible for the collimated exposure rate read-
ings made(in contact with the ground. To test these hypotheses, a linear,

regression analysis was applied to the 52 comparison measurements completed'

: at that time. The linear dependence of delta readings on 226Ra concentra-
tions gave a correlation coefficient squared (R2) of only 0.049, hardly better'

. - than the value of 0.048 obtained for measurements taken with the collimator
; - window open. The correlation was only slightly better for the contact expo-
E . sure rate measurements, for which R2 was equal to 0.14. An examination of

the: plotted delta-versus 226 a concentrations showed that in many ggses theR
dose rate was much higher than would be predicted from'the local 2zoRa con-
tent of the soil. All of those higher dose rate measurements were from proper-

} ties adjacent to the mill and within the distance.of a city block. At other=

i properties where the local exposure-source terms were a? higher percentage of
1 the total gama expq1ure rate, the correlation was much better (R2 of the
! - delta values from ZZoRa concentrations was 0.61). For the same data set,

gglineardependenceofthereadingswiththecollimatorwindowopenon
*

DRa concentrations was almost the same'(R2 = 0.60), indicating that at the
one meter height, the added effort of taking delta readings was not justified.

j Window open reading greater than 17 micro-R/hr were normally from those parts
| of properties with abnormally high dose rates adjacent to the mill. Readings

below 9 micro-R/hr indicated that the 226 a content of 2-inch thick soilR
! cores was less than 5 pCi/g.
!
'

Thus,- although the co111 mated micro-R-meter technique could provide an
; evaluation of the presence of absence or residual radioactive material at
i all but those properties closest to the mill, it was necessary to use another
i technique for the latter. Further discussion of the co111 mated meter and
j measurements was reported in NUREG/CR-3479 (Thomas and Kinnison, 1983). A
j larger number of soil samples taken using a grid sampling pattern on those

properties could define contaminated areas. However, we had already found
! that soil from the top 5 cm of many of the properties contained ZZORa con-

centrations slightly in excess of 5 pC1/g, presumably from windblown tail-'

ings. Since soil samples from only about one-third of the properties in,

226 a/g in the top i; that locale had concentrations in excess of 15 pCi of R
j 5 cm, a test based on the average concentration in the top 15 cm of soil |

| would probably not have exceeded the EPA final standard for cleanup of uranium
mill tailings (40 CFR 192) if the material was indeed windblown and on the.

| surface.

} siteswhere22gme,weproposedthat15cmdeepcoresbetakenatthosegridAt that i
Ra concentrations of the 5 cm thick samples were between 5 pCi/g.

-

and.15 pC1/g to determine which of them exceeded the standard. In addition. |
,

| a method of using collimated micro-R-meters in selecting soil sampling loca-
i

i tions was proposed as a part of the survey technique, although all criteria -

i for establishing the need for engineering assessments would'still be based
{ on the concentration of 226 a in the soil. During engineering assessments,R
'

the borehole logging technique could define the depth of significant deposits
in this locale when they were = deeper than 15 cm because the shielding effect

'

of the local soil on gamma photons from nearby tailings areas when the detector;

; was underground reduced its sensitivity to the aboveground radiation field.
Thinner deposits which were more difficult to define by this technique would,

L be detected using the soil cores. Based.on the above evaluations, PNL pro- )

i posed the following draft, supplementary protocol for use in areas that were i
; too close to the mill for the application of existing protocols:

j C-4 j
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L 1. ~When the source of the elevated background reading can be ascribed
; :to nearby uranium processing sites, and a gamma survey using uncolli-

mated micro-R-meters indicates that'a gamma field reading is present'

which is in excess of 14.5 micro-R/hr, micro-R-meters that are col-
11 mated to emphasize radiation from beneath them shall be used or
soil sampling grids shall-be required at that property or portion
.of the property.

2. -When a co111 mated micro-R-meter grid survey is performed at one
: meter height, and any reading exceeds 17 micro-R/hr, it will be
necessary to collect a 15 cm thick surface soil sample at that grid j;

; location. :A maximum of twelve soil samples will be used to char-
'

; acterize such properties. Soil samples will be collected at uni-
formly positioned grid sites when the total number of survey read-

[ ings greater than 17 micro-R/hr exceeds twelve.
i

3. At properties.where no collimated grid dose rate measurement exceeds
! 17 micro-R/hr, two 15-cm deep soil samples will be collected at
| grid locations where the co111 mated micro-R-meter readings show the
| , highest gama exposure rates.

! 4. .Whenever the measured 226 a concentration of a 15-cm thick soilR
'

sample exceeds 5 pCi/g, that property will require an engineering
: assessment to determine the extent and depth of residual radioactive

material.,

5. If 5 cores from the top 5 cm have already been taken at prQDerties
within 3 city blocks of the mill waste storage areas,.the 226Ra

,

| content of those samples can be used as an alternative screening
; mechanism. If the concentration of 2zeRa.in any top 5 cm soil core
~

is greater than 15 pCi/g, that' property'will be given an engineer-
ing assessment. That assessment can use cores from the top 15 cm
to define grgas that exceed the standard because of windblown tail-
ings. If 42 ora concentrations in the top 5-cm samples are less
than 5 pCi/g, no engineering assessment will be required if two of
the samples were collected at the grid locations where the highest
gamma exposure rates were measured. At those properties where the
top 5 cm cores show concentrations greater than 5 pCi/g but less

than15pCi/g,additionalsoilcoresfromthetoggRa.5 cm will be
taken to determine the average concentration of z2 If the
average concentration exceeds 5 pCi/g, an engineering assessment
will be required.

An evaluation of the above suggested supplementary survey. procedures
for Cottonwood, based on about two or three times as many measurements as
were available in the initial tests reported above, found that the use of .'

gamma dose rates as an indicator of local 226 a concentrations gave a cor-
~

R
2relation coefficient (R ) of 0.73 when only properties which were more,than!

one block from the mill were considered. However, the original conclusion-
.,

that closer properties could also be screened on the basis of the maximum. ;

gamma exposure rate (protocol steps 2 and 3) was not' proven to be acceptable.
Low exposure rates were present in some areas close to the mill which had
soil with significantly more than 5 pCi of.226 a/g. This phenomenon com-R

bined with properties where cores were essentially background soil,.but had

C-5
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readings of 15 to.20 micro-R/hr.(from shine), caused R2 to decrease from |
..

. .

- 0.73 to only 0.34 when the data set was limited to properties where the maxi- i

mum dose rate was 17 micro-R/hr-instead of those more than a block from the
mill. Thus, it was not possible to use gamma exposure rates to assure.that,

;'

the concentration wastless than 15 pCi/g at locations .in the vicinity of.the.

; ,

'

mill ,

i

j Because of|these limitations of the gamma exposure. rate measurements,
| . we began using a combination of shallow cores taken from 0 to 5 cm, O to

15'em and_15.to 30.cm depths, along with dose rate measurements to define4

the perimeter and depth of shallow deposits. Borehole logging was used for
- deeper deposits when doing engineering assessments in Cottonwood. A large

number of soil core samples were collected throughout the Cottonwood area.
and other Edgemont locations near the uranium mill in the process of perform-;.

[ ing radiological surveys and engineering assessments. Most of them were_.
j samples of the top 15 cm of soil. Where the radium concentration-'in the top

'

; 15 cm exceeded 5 pCi/g, cores from the 15-30 cm depth were taken. When the ,

; deposit was confined to the top 15 cm and was from an area close to the mill-

|
tailings pile, it was presumed to be windblown tailings. Deeper deposits.

; were-assumed to be possibly transported by human agencies.

! In conclusion, at those properties where gamma-ray measurements could
j be made without being unduly influenced by the gamma shine from the uranium
i mill tailings storage piles, a combination of gama dose rate measurements,
1 shallow soil core samples and borehole' logging was used to differentiate ,

j between shallow widespread _ deposits of uranium mill tailings.which were attri-
]- buted to windblown causes.and more localized deeper deposits which were attri-
; buted to other causes. However, in those areas near.the mill tailings piles
| where gamma' radiation shine unduly influenced the gamma-ray measurements,
[ making them unreliable, a regular grid of core samples from 0-15 cm and 15-

30 cm in depth were analyzed for 2z6 a concentration, and these measurementsRj
were used in conjunction with borehole logging to differentiate between wind-;

! blown and local deposits.
e
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. CORRELATION OF GAMMA MEASUREMENTS AND 226RA IN SOIL

.Surfage soi1= samples were collected at Edgemont properties to determine |[ .whether ZZORa concentrations greater than 5 pCi/g were present, and to deter- :
! mine from the ratios of the 238U concentration (actually estimated from the |

measured concentration.of 234Th) to the concentrations of other radionuclides |

'in the 238 ~ decay chain, whether the 226 a was due to naturally depositedU R
radioactivity or to uranium mill tailings. Soil samples were collected at,

.. two locations on each property containing habitable buildings and at a single
'

location on each. property having no habitable building. Samples were also
: taken at locations having gamma-ray exposure rates greater than 20 pR/hr
. above background. Although the final EPA Standards for radium concentra-

tions in soil were based on concentrations above background, the criteria
for the Edgemont surveys were based on the total radium concentration speci->

1 'fied on the interim EPA standards.
'

The pgreentage of 951 surface soil samples containing greater than
5 pCi/g 22 era (including background) as a function of contact gamma-ray expo-:

sure rate is shown in Figure C2. From 8 to 20 pR/hr, each point represents
the percentage for each one pR/hr exposure-rate increment from 8 to 20 pR/hr,

! but for exposure rates greater than 20 pR/hr, each point represents the percen-
|

tage for.a range of exposure rates.

j The 226 a concentrations were greater than 5 pCi/g only about 2% of theR

; time if the exposure rate was less than 15 pR/hr (<4 pR/hr above the average
. Edgemontbackgroundgf10.9pR/hr). Most of this 2% of the samples contained
i only 5 to 6 pC1/g z2 ora, and all of this 2% cogtained less than 9 pCi/ .

The ratios of the measured concentrations of zc0Ra to uranium (234thissmallfractionofthesamplesindicatedthatthesourceofthe}2Th n
;

Ra
i was not uranium mi11' tailings. When concentrations as high as 5-9 pCi/g

produced exposure-rates less
tobemuchsmallerthan100m}han15pR/hr,thesizeofthedepositstended

.

| The percentage of soil samples containing 226 a concentrations greaterR
j than 5 pCi/g increased very little from 15 to.17 pR/hr, but increased rapidly
| from 17 to 30 pR/hr, reaching 90% at 30 pR/hr.

( During gamma-ray surveys at Edgemont,-a waist-level gaana dose-rate
j measurement of greater than 14.5 pR/hr dictated that a contact survey search-.

of the immediate area be made to locate the~ source of the elevated gamma,

| radiation. The relationship described in the last two paragraphs indicates
that.the decision level of;

-findingelevatedlevelsofg4.5pR/hrwasvalidinthattheprobability'of26 a did increase significantly just above the| R

decision level.

Ninety percent of the soil samples collected at locations showin
rayexposureratesgreaterthan20pR/hrabovebackgroundcontajngdZ'ggamma-6Ra
concentrations greater than 5 pCi/g. Seventy-five percent had 2 ora con-
centrations greater _than 15 pCi/g.

The measured gamma exposure rate depends not only on the concentration
226 a present, but on the dimensions of the deposit, and also upon itsof R

thickness and the thickness of any uncontaminated cover material. A higher
exposure rate was expected from a given concentration of radium as the area-

C-7
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of the deposit increased. .However, it was not possible to derive a functional
relationship between the. areas of deposits and the exposure rate produced by
a given radium concentration from the Edgemont data. In addition to the
other factors affecting the relationship, the lack of uniformity of most
. deposits made it impossible to define the areas that corresponded with given
concentrations and exposure rates.

I
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7 INTERCOMPARISON OF EDGEMONT RADIOLOGICAL ASSESSMENT
'

RESULT 5 WITH MOBILE SCANNING VAN RESULTS i
* '

,

1

,In late 1983,.the Department of Energy (DOE) sent to Edgemont the mobile ,

, '

scanning van designed and operated by Oak Ridge National Laboratory in 1979:

_

(Myrick et'a1. 1982) and used in support of DOE's UMTRCA, Title I radiological i

F_ surveys. The, survey of Edgemont was conducted as a test of the van capabili-
. ties because of the extensive radiological surveys that had been conducted'

'there by PNL and-the State of $outh Dakota. The van survey was conducted!- ,

prior-to the availability of the results of those surveys to assure that the .

'

norma 1' operational procedures would be tested in an unbiased manner..

DOE conducted a serie's of workshops where a consnittee reviewed and evalu-
ated the results of an intercomparison of the van data and PNL data. The

j- initial comparison showed that,of 96 properties where the State or PNL had
found measurements exceeding 20 pR/hr, the van had discovered 46. .This gave

iscovery rate of 48%. Of 62-properties defined as having a deposit of
.

3gRaexceedingtheEPA'sfinalstandardsforvicinityproperties(40CFR192),z2
-

' 38 were discovered by.the van, for a discovery rate of Gl%. In addition,

based on initial interpretations by-DOE contractors, the van had given indica-
tions of 52'new discoveries not previously found or reported by PNL. It was
not clear whether or not the new discoveries were measurements of undiscovered
deposits of residual radioactive materials or false positives caused by the>

variability of background radium sources in Edgemont.

After review of the. scanning van results, it was suggested by PNL that
j" the statistical test criteria used for evaluating.results might be biased so

as to reduce the van sensitivity unnecessarily. Subsequent testing of new ,

crjteria' demonstrated that a higher fraction of the properties could be located

{ by the4 truck, but the number,of false positiv'es greatly increased.

!- PNL staff, reviewed the 52 cases of new van discoveries. presented at the
: workshops. Very few of these could be considered as valid new discoveries'
! of residual radioactive material deposity that contained an average of 5 pCi
! 226Rn/ gram of soil over an area of 100 mt. Most of'the cases could be con- i
| sidered as having detected something, but not'something new or significant.
| The details of that comparison are presented in Table C1 at the end of this
; special study.

! Some of the properties that had been included as new discoveries ~were
' properties on which PNL had found no deposit, but were next door to a property

that PNL'had identified previously as' being contaminated. . Although they may_:
lhave been valid, they were not new discoveries that can~be added to those

previously reported by PNL. In~others, the. maximum. gamma dose rate measured
| by PNL or the State'of South Dakota on the. property. precluded the existence
!; of.a significant radium deposit as defined above. -The measured dose rates.
| for.these properties are shown in Table C1.

A correlative study'(Young, Jackson, Thomas, 1983)'on 951 Edgemont soil
samples.taken from the top 5 cm of soil showed that only 2% of samples taken

i

where dose rates were below 15 pR/hr contained more than 5 pCi/g including. 1

background radium. No sample contained more than.9.pC1/g. It is virtually.
certain that no deposit containing 5 pCi/g above background in the top'15 cm
would read as little as 15 pR/hr if the area'were significant. Thus, that- :

}:
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TABLE C1. Evaluation of "New Discovery (Hit)" List Properties
Identified in Mobile Van Surveys of Edgemont, South Dakota

Significant
Site Deposit?*

PNL No. Otherflo. State No. Yes N_o Comments

28 395 X Next door to PNL No. 29 which has reported contaminated. Max
R a = ' 2.0;' Max Y = 11.

41 325 X From location, possible surface windblown but Ra <5 pCi/g,
(0-5 cm); (probably (0-15 cm) 5pCi/g).

66 192 X Found 2 hot rocks stored in garage - Not a significant deposit.

97 268 X Max Y = 12, Max Ra = 2.5 next door to newly discoverad contami-
nated property not yet reported by PNL.

99 116 X Max Y = 12, Max Ra = 2.3; next door to contaminated property 1

previously reported by PNL. ]o

C 110 37 X Max Y = 11 no exposed soil - brick bldg. is naturally more
radioactive.

229 116 480 X Wrong PNL No.; No. 229 is 209 4th; 116 is 306 C St.; near
contaminated street area; for either one Max y = 12, Max Ra =
2.0.

118 464 X Max Y = 12; Max Ra <2; average Y = 10.4

154 82 X Max Ra - 6.3 including bkg. (0-5 cm) but Ra <5 (0-15 cm) high
W.L.

181 379 X Max Y = 12; Max Ra 2.5. Rock garden present but no hot rocks
found

182 305 X Max Y = 14; Max Ra 3.5, average Y = 12.1

*Significant deposits are defined as having a deposit of residual radioactive material that averages 5 pCi
22 ora / gram in the top 15 cm of soil averaged over an area of 100 m2 or 15 pCi 226Ra/ gram for deeper 15 cm layers.

l
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TABLE C1 (continued)

Significant
Site Deposi t?*

PNL No. Other No. State No. Yes N_o Conments

185 445 X Max Ra 7.4 (0-5 cm), Max Ra <5 (0-15 cm), no significant
deposit. Possible windblown.

192 273 X Max Y = 13; Max Ra 4.1 (0-5 cm). Next door to PNL reported
contamination

194 490 X Max Y = 15; Max Ra 2.6, average Y = 12
206 285 X Max Y = 14; Max Ra 5.0 (0-5 cm), <5 (0-15 cm) including bkg.;

high W.L.
207 25 X Possible Wrong address PNL No. 207 is 207 4th, no house on 205th. One

borehole indicated possible Max Ra = 6.4 (0-15 cm) not
confinned by repetitive soil analyses there. Street

p contaminated under asphalt but area is #2 m2 Max dose in
g street was #21 R/hr at contact. EPA previously reported 100

R/hr on ;ontact. Consider this a renotely possible hit but
very unlikely to be significant.

229 480 X Address wrong, should be 209 4th Avenue. Max Y on lot = 11
pR/hr, average Y = 9.4; Max Ra = 1.9. No elevated Y found on
street here. Don't give multiple hit credits for one street
deposit.

238 503 X Max Y = 14, average Y = 12; Max Ra = 2.5. Area with 14 Y and
Ra = 2.3 is small - possible f alse hit on natural bentonite
s eam.

248 249 513 X Property on 112 Second Avenue is PNL 248. Max outdoor Y = 14
(Max Y of PNL 249 also 14) Max Ra = 4.5. Similar to 238.
Apparent f alse hit.

*goRa/ gram in the top 15 cm of soil averaged over an area of 100 mjgnificant deposits are defined as having a deposit of residual radioactive material that averages 5 pCior 15 pCi 226 a/ gram for deeper 15 cm layers.2 z R
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TABLE C1 (continued)

Significant
Site Deposit?*

PNL No. Other No. State No. Yes No Comments

313 611 X Max y = 11; Max Ra = 3.9. Small deposits were present on
neighboring property, but were less than 5 pCi/g/100 m2 there
too.

318 529 X Max y = 14, Max Ra = 5.3 (0-5 cm) but repeated samples
taken at site of that sample were all <5.0 and area <100 m2,
Borehole showed no buried deposit.

320 603 X Max y = 13, Max Ra = 2.1. Radiological survey completed except
owner refused RPISU.

331 312 X Max y screening survey = 20, Max Ra = 8.9; owner refused
engingering assessment. However, area was at most 10' x 25'

? (23 m2). Estimate 0.23 x 8.9 = <5 pCi/g above bkg. on 100 m2
O bas is .

333 596 X Max outdoor y = 13; Max Ra = 5.5 outdoor (10 m2). Max indoor y
= 16, in basement area 410' x 10' not significant deposit.
Max borehole Ra = 6.1 top 5 cm. Top 15 cm Ra <5 pCi/g above
bkg.

334 133 X Max y = 16, Max Ra = 3.8. Max borehole Ra = 5.5 inc. bkg.
Not >5 pCi/g above bkg. Apparent shale deposit - not residual
radioactive material.

358 601 X Previously reported engineering assessment case by PNL found
226 a >5 pCi/g top 5 on but no deposit >5 pCi/g in the topR

15 cm .

383 555 X Max y = 10, Max Ra = 2.4. Next door to a previously reported
'

*Significant deposits are defined as having a deposit of residual radioactive material that averages 5 pCi
226Ra/ gram in the top 15 cm of soil averaged over an area of 100 m2 or 15 pCi 226 a/ gram for deeper 15 cm layers.R
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TABLE C1 (continued)

Significant
Site Deposit?*

PNL No. Other No. State No. Yes No Comients

engineering assessment case by PNL. Not a new hit.

410 40 X Max y = 14, average y = 12, Max Ra 2.3. Recheck
of area indicated by van found no deposit.

428 591 X Max y = 20, average y = 13, Max Ra = 7.4 (0-5 cm). Borehole
<5 t io 15 cm. Actual location of indicated van hit is on
railroad right-of-way not surveyed. Van indicates Th (shale)
present . Deposit is near known outcrop of bentonite. This
appears to be a natural deposit.

285 496 556 X Vacant lot E. of 1005 E. Street is actually a part of P285.
Survey of 285 shows Max y of 14, Max Ra = 2.5. Hillside with

n shale behind property. False hit.4,
497 643 X Max outdoor y = 12; Max indoor y = 14 in basement. M ax R a =*

2.3. No y detected in street check. Next door to P207 where'

street showed a deposit #2 m2 fran surf ace check. Not a new
hit. Already credited street hit to P207.

542 588 X Max y = 16, Max Ra = 4.6 (0-5 cm). Possible trace of windblown
but will be <5 top 15 cm.

561 X Possible Never surveyed by State or PNL because of refusal. Possible
hit. Neaby properties had windblown tailings . Some nearer to
mill had >5 top 5 cm but not in top 15 cm.

571 717 X Possible Truck survey location unclear. State survey of lot 173 closest
( 173) to description had Max y of 13 (corrected). PNL 571 West of

intersection not surveyed because of refusal. Potential hit'

*Significant deposits are defined as having a deposit of residual radioactive material that averages 5 pCi
226 a/ gram in the top 15 cm of soil averaged over an area of 100 m2 or 15 pCi 226Ra/ gram for deeper 15 cm layers.R

|
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TABLE C1 (continued)

Significant
Site Deposi t?*

NE'No. Other No. State No. Yes N_o Connents

but not likely use of tailings because it is an unimproved lot.
582 728 X 13, Max Ra = 2.2. No reason for van hits other than

Max 7 =le natural deposit.poss1b

605 751 X Possible No data - Refusal
606 752 X Van did not actually indicate a hit on this property. Credit

given for hit under PNL No. 662 below, where owner refused
survey. 662 is adjacent to this property. Cwner of 606 also

*

refused survey.

Max y =luding bkg.22 on bentonite outcrop (natural). Max Ra top 5 cm =
631 777 X

7.2 Inc Not residual radioactive material.n

IX 662 191 X Possible Refusal - Not surveyed by PNL. Potential hit. State survey
Max y = 17 corrected.

912 219 X Not surveyed by PNL. State survey Max y = 13. Recheck found
homemade bricks potentially contaminated but area is only <3-4
f t.2 or 4.3 m2 From 7 exposure rate, 226 a is much less thanR
200 pCi/g. Thus, deposit per 100 m2 is less than 200 x .3/100
= 0.6 pCi/g, thus insignificant.

913 227 X Not surveyed by PNL. State survey Max y = 13 corrected. Not
enough to be >5 pCi/g above bkg. in top 15 cm.

914 177 X Not surveyed by PNL. State survey Max y = 12 corrected. Not
enough to be >5 pCi/g in top 15 cm.

*Significant deposits are defined as having a deposit of residual radioactive material that averages 5 pCi
226 a/ gram in the top 15 cm of soil averaged over an area of 100 m2 or 15 pCi 226 a/ gram for deeper 15 cm layers.R R

.
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TABLE C1 (continued)

Significant
Site Deposit?*

PNL No. Other No. State No. Yes No Comments

915 217 X Not surveyed by PNL. State survey Max y = 14 corrected. Not
enough to.be >5 pCi/g in top 15 cm.

916 X Possible Refusal - not previously surveyed. Investigator observed a
pile of rubble that may have contained pieces of uranium
bearing minerals. Potential hit.

917 195 X' Not surveyed by PNL. State survey Max y = 15. Not high enough
to be >5 pCi/g in top 15 cm. May have seen granite on property
or next door.

918 100 X Not surveyed by PNL. State Max y = 14 corrected. Not enough
to be >5 Pci/g top 15 cm.

n

h 919 X Not originally surveyed by PNL. No elevated y dose rates
along edge of roadway. Trace of residual radioactive material
may have washed to the edge from windbl n or ore trucks, but
won't be >5 pCi/g in top 15 cm on 100 m basis.

571 920 X Description of property identical with PNL 571 already credited
as a possible hit above. State No.173 (adjacent) survey indi-
cates Max y there of 13 corrected. Not an additional hit.

921 216 X Not surveyed by PNL. State Max y = 14 corrected. Not enough
to be >5 pCi/g in top 15 cm. Next to PNL 219 a reported
engineering assessment case.

*Significant deposits are defined as having a deposit of residual radioactive material that averages 5 pCi
226Ra/ gram in the top 15 cm of soil averaged over an area of 100 m2 or 15 pCi 226 a/ gram for deeper 15 cm layers.R
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l TABLE C1 (continued)

Significant
Site Deposit?*

PNL No. Other No. State No. Yes No Comments

922 221 X Not surveyed by PNL. State Max y = 13 corrected. Possible
shale from hill behind. Not enough to be >5 pC1/g in top 15
Cm.

923 X Possible Not previously surveyed - beyond PNL survey perimeter.
Contamination verified. Probable uranium ming equipment
maintenance shop. Area involved was <100 f t.2 or <10 m2 but
possible Ra contamination >50 pCi/g. Consider this potential
hit.

929 216 X Sane description as No. 921. State Max y = 14 corrected.
Property is next to PNL 219. A reported engineering assessment

? case with <5 pC1/g/100 m2 deposit.
O

gnificant deposits are defined as having a deposit of residual rgdioactive material that averages 5 pCi
*{DRa/ gram in the top 15 cm of soil averaged over an area of 100 mc or 15 pCi 226Ra/ gram for deeper 15 cm

i layers.

Note: Units of results shown as y in comments are pR/hr of exposure rate corrected to the equivalent
226 a/ gram for soil weightpressurized ionization chamber reading. Units of results shown as Ra are pCi R

as sanpled.

I
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cutoff was used as a criterion to eliminate those properties where State of
South Dakota gamma survey information indicated no dose rate exceeded 15
pR/hr. Where PNL had performed a survey and soil analysis and no signifi-
cant deposit, as defined above, was located on the properties, we also elimi-
nated them as being valid new discoveries even if there were natural or small
deposits present.

:

There is a deposit in the street on 4th Avenue, which PNL had previously
noted on a survey report, and a case of contaminated building materials which

= was not found at the time of the van survey comparison. The only other lo-
cations that could not be eliminated from the totals of new discoveries made
by the van were those which were not surveyed because the owner refused per-
mission or because they were in open areas more than 50 feet from the perim-
eter of the Edgemont and Dudley city limits, that marked the normal boundary
of our survey area. Some of the refusal cases may contain significant depos-
its, and since there is no information on the others, they are retained on
the table as potentially significant new discoveries.

Thus, for the purposes of evaluating the ability of the van to discover
new deposits averaging 5 pCi/g on a 100 m2 area basis, there were eight pos-
sible new van discoveries, all of which were either not a surveyable property
or were discovered in PNL surveys made after the van intercomparison.

g C-18
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CORRELATION OF RADON PROGENY CONCENTRATIONS
WITH PRESENCE OF RESIOUAL RADI0 ACTIVE MATERIALS

At the request of NRC, a brief study of the correlations between measured
radon progeny concentrations and other parameters indicating the presence of
residual radioactive material was conducted. The data set selected was from
a group of properties where working levels and indoor and outdoor gamma expo-
sure rates had been measured. At a portion of the properties, surface soil
samples had been collected near the foundation, or borehole logs of the depth
profile of radium contaminations had been measured. As shown in the following

0 results, there were no significant linear correlations between grab working
.

level measurements and the following selected parameters:
.

: 80 average indoor gamma dose rate measurements - correlation coef--

2ficies.t (R ) <o,1

214 average outdoor gamma dose rate measurements - R2 <0.1-

273 maximum indoor gamma dose rate measurements - R2 = 0.12| -

! 73 average measured soil radium concentrations - R2 <0.1-

73 averagg borehole logging measurements adjacent to the struc--

tures - R2 <0.1

p These low correlations confirm the observations that elevated radon
daughter measurements at a property were not useful for discovering residual
radioactive material. Our correlative studies indicated that a high average

$ gamma dose rate or 226 a concentration does not necessarily correspond withR
L elevated working level measurements; however, these analyses are affected by

extreme values among results (i.e., the cases when large deposits of residual
,

radioactive material produced little, if any, increase in the working levels
i or conversely, the cases where high working levels were accompanied by low

radium concentrations or gamma exposure rates).

We hayg also performed a linear correlation analysis of the maximum<

i detected 220Ra concentration at any depth on all sides of each structure
measured during abbreviated engineering assessments with the grab working;

level measurements made in the stryctures. There was essentially no linear
correlation between the maximum z2 ora content detected and the working levels

measurements either at all 102 locations sampled (R2 = 0.11i

1 where soil radium concentrations did not exceed 10 pCi/g (R{ or at those= 0.04). This
means that one could not predict the radon progeny exposure level in a struc-

5 ture from the radium content of soil surrounding it. Many factors such as
i the porosity of the soil, the existence of convective flow paths from the
=: soil into the structure, the degree of contact between the soil and the struc-
, ture, and the presence or absence of phys}qpl barriers between the soil and" the basement must be as important as the zoRa content of the soil in determin-
| ing radon daughter concentrations.

-

-

1

-
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CORRELATION OF RADON PROGENY GRAB MEASUREMEN1
RESULTS WITH RADON PROGENY INTEGRATING SAMPLIh3

UNIT (RPISU) RESULTS

Buildings that should not require 1cng-term radon daughter measurements
were identified by screening radon-daughter concentrations measured in five-
minute air filter samples using the Thomas modification of the Tsivoglou
method (Thomas 1972). The samples were collected by the procedure given in
the protocol (see Appendix A). The screening decisions are also described
in the protocol. In short, if the wind speed and turnover / plate-out rate of
the radon daughters were within prescribed limits, the measurement was accepted
as a valid estimate of the working level.

Invalid air filter measurements were repeated at later dates until a
valid measurement was obtained or until the staff decided a valid measurement
was impractical to obtain. The latter buildings were also scheduled for
long-term measurements using Radon Progeny Integrating Sampling Units (RPISU).

If the' valid WL estimate was greater than 0.033 WL (based on the average
. of measurements made on two different days), the building was scheduled for

engineering assessment to locate the cause of the elevated radon daughter
concentration. If the estimate was less than 0.010 WL, the building was
cleared from engineering assessment and remedial action unless required for
other reasons. In those buildings where the air filter WL measurements ranged

, from 0.010 to 0.033 WL, long-term WL measurements were scheduled to be made
using RPISU. Measurements in this range were not considered to provide a'
sufficiently reliable indication of whether the building average annual WL

j would exceed the proposed EPA limit.

Radon daughter concentrations expressed as working levels were determined
by both short-term air filter measurements and by six 100-hour RPISU measure-
ments on the same floor in several buildings. Figure C3 shows a linear regres-
sion analysis of 84 pairs of such measurements. There was a small correlation
between radon daughter concentrations as determined by single 5-minute air
filter measurements and RPISU average annual radon daughter concentration

The linear correlation coefficient, r, 2) of the variation in
measurements. between the two tech-
niques was only 0.61. This indicates that only 38% (r
the air filter measurements could be linearly correlated to the RPISU measure-
ments, assuming the RPISU measurements to be the independent variables.

i The scatter of the data about the regression line increased as the radon
p daughter concentrations increased, and the air filter measurements averaged
| considerably higher than the RPISU annual averages. The average ratio of

the RPISU annual average to the air filter measurements was estimated to be
' O.63 (Young, Jackson and Thomas 1983). Air filter measurements were made in

closed-up buildings and presumably this was the cause of the higher air filter
!

measurement values. The estimated portion of the time residential buildings
are open in Edgemont used by the EPA (Giedt 1980; Lloyd 1981) for HUD radio-
logical surveys was 40%, yielding 60% of the time closed up. When the build-
ings are open to flushing with ambient air, radon daughter concentrations
should be negligible. Thus, the annual average should be about 0.6 times

[ the concentration measured in a closed building. This average factor was
confirmed by measurements made in Edgemont.

|
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These data were made available for use in a research task being performed
for the Office of Nuclear Regulatory Research evaluating and comparing short-
and long-term methods of measuring radon and radon daughters (Young, Jackson
and Thomas 1983). Analysis of this data set during that study indicated
that the decisions based on five-minute air filter measurement estimates of
average annual working levels were reasonable.

;
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THE IDENTIFICATION OF RESIOUAL RADI0 ACTIVE MATERIALS BY USING HIGH
USING HIGH RESOLUTION GAMMA-1AY SPECTROSCOPY

Before initiating field sampling in Edgemont, a protocol was established
for the purpose of identifying properties potentially contaminated with resid-
ual radioactive material (RRM). A portion of this protocol addressed soil
sampling and analyses. At least two surface soil samples were collected at
each lot with a habitable structure, and at least one soil sample was collect-
ed on vacant land parcels. More surface or core samples were taken as neces-
sary if gammi-ray exposure rates indicated the possible presence of RRM.
Initially, those samples were weighed as collected, and were hermetically

The 226 a content of the soil was measured using a 23sealed in metal cans. R

cm tall X 23 cm diameter NaI(Tl well counter. After allowing at least 10
days time .or the ingrowth of 2 2 n and its short-lived daughters (from 226 a),R R

concentrations of 2148i above 1 pCi/g were easily measured using 10-minute
counts. Thus, this technique was useful for making large numbers of screen-
ing survey measurements in the field.

To evaluate the possible presence of uranium mill tailings in the depos-
its, the concentrations of 238U and its long-lived decay chain progeny were

= measured using an intrinsic germanium detector. This instrumgnt h p suffici-
ent resolution to measure the low energy photons of 230Th, 22DRa, 10Pb, and;

238U (by measuring its daughter 234Th which has a half-life of 24.1 days and
may be expected to be in secular equilibrium in soil samples).

To expeditiously determine which samples should be analyzed, the results
| of screening counts were compared with thg_ interim EPA standard for soil.
; Any samples measuring greater than 5 pCi dioRa/ gram in thc screening surveys

were initially presumed to possibly contain RRM and were scheduled for high
p resolution spectroscopy counting. Those samples were shipped to PNL in Rich-
V

land, Washington, where the cans were opened and the weight of soil was deter-
mined before and after drying. The dried soil was placed in a mortar and

(' ground with a pestle. Sixty grams of ground soil (from a total of about 500
' grams collected) were mixed with 9 grams of cellulose powder and formed into

a pellet about 1.5-2 cm thick X 5.1 cm in diameter using a forming die in a
30-ton press (the thickness of pellets varied with the soil density). After
wrapping the soil pellets with polyvinyl-chloride film, their photon emissions
were routinely counted using a planar intrinsic germanium detector.

Thedetegtgrwascaligrptedusicasourcesmadebyblendingstandardsolutions of 2300, es0Th, 20Ra and ZIOPb with blank sand, drying and quan-
_ titatively pressing into pellets as done with the samples. Instrument con-

trol counts ware periodically made using an International Atomic Energy Agency
(IAEA) uranium ore standard, blended with blank soil.

'

This technique is capable of providing sufficient sensitivity for radio-
nuclide determinations at 5 pCi/g if counting intervals of 500-1000 minutes
are used. However, since most samp ks contained in excess of that concentra-
tion, they were routinely counted for 60-200 minutes, and only those with a
large statistical uncertainty were recounted for longer intervals.

226 a to 238U has proven to be the most re-In practice, the ratio of R

liable indicator of the presence of uranium mill tailings. Since uranium
has been extracted from the native ore, the tailings must show a 226Ra to

C-23
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; 238U ratio significantly greater than one. Thorium-230 could be used in-
i stead of 226Ra, but is much less precisely measured than 226Ra because of
# its relatively small photon emission rate per disintegration. Lead-210

angears to be measured with about the same sensitivity as or better thanP

i ZZoRa but it was not used because of concern for the possible enhancement
- of 210Pb by fallout from the decay of atmospheric 222Rn.

The decision level for determinin when a ratio indicated a significant
i disequilibrium was based on 226Ra and 380 concentration variations observed
; in native minerals for the area. In Table C2, are tabulated analyses of

several native materials from Edgemont identified by(the program field staffI

geologists. These minerals are Quaternary alluvium coded QA), Quaternary-

7 windblown material (QW), Tertiary-terrace gravel (TG), Cretaceous-Belle
_

Fourche shale (KBF), Cretaceous-Mowry shale (KM), and the inclusive mate-'

g rials, bentonite clay (KBFB), and manganosiderite concretions (KBFMN).

Il The standard deviations based on counting statistics for these native

{ material samples were used to obtain approximate upper bounds for the ratio

226 a/238 The formula for the upper limit of the ratio is:R U

226 226 226
pCi Ra/g _ (pci Ra/q) + standard deviation of Ra (1)

h (pCi 0/g ) Maximum (pCi 0/g) - 1 standard deviation of g238 238 238

i
$ which has a confidence limit of about: 100 1 -(.16)2 = 97%. The maximum
C upper-limit ratio obtained for the tabulated native materials was 2.2 for
; manganosiderite concretions in Belle Fourche shale. Thus, PNL arbitrarily
6 selected as decision levels a ratio of 2.5 for the minimum that can be con-
i sidered evidence of a "probably significant disequilibrium", and 5.0 as a

" highly significant disequilibrium."

y After initial testing during the early portion of the program, two arbi-
trary screening tests were adopted to improve the probability of detecting a4

E significant disequilibrium while minimizing the chance that a natural material
E wouldbemiggRatoentifigg8as being mill' tailings. First, the ratio of the concen-tration of c z 0 was compared with the decision levels above (2.5
f and 5.0). If it exceeded either limit, the precision of the measurement was

examined. Only if the relative standard deviation of the measured ratio was;

i less than 0.17, was the result flagged as having a "possibly significant" or
$ " highly significant" disequilibrium depending on the decision level that was
K exceeded. This test reduced false positives caused by imprecise measurements
i of ratios that could have come from background materials. However, with
F this test, there is the possibility of missing a very significant disequilib-

rium measured imprecisely.;
-

To detect the latter cases, the second test was also used. The ratio
b 226 a to 2380 for each sample was adjusted using the propagated precisionof R

estimate of each measurement in a similar manner as was done for background"

samples. In the case of samples, the numerator was reduced and the denomi-,

nator increased. The modification is as follows:
_

'
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TABLE C2. Uranitn Decay Chain Measurements for Background
and Source Residual Radioactive Materials

2380 230Th 226Ra 210Pb

Sanple Date Counted pCi/g Std.Dev. pCi/g Std.Dev. pCi/g Std.Dev. pCi/g Std.Dev.

BLK SAND 1 5-M ay-82 -1.5 0.20 4.1 2.0 0.41 0.46 0.62 0.24

BLK SAND 2 5-May-82 0.81 0.21 2.2 2.1 1.6 0.57 1.2 0.27

KM 1 13-N ov-81 0.86 0.091 1.6 0.84 0.86 0.21 0.56 0.11

KM 2 6-M ay-82 2.5 0.32 0.78 3.1 4.3 0.83 2.7 0.45

QW 3 4-M ar-82 0.45 0.068 2.1 0.73 0.71 0.18 0.75 0.11

KBF 1 13-N ov-81 2.3 0.24 0.98 2.1 2.4 0.55 1.7 0.30

KBF 2 22-M ay-82 2.6 0.19 2.0 1.1 2.0 0.29 2.0 0.21

p KBF 6-Aug-81 2.5 0.30 2.9 2.5 3.6 0.84 1.6 0.34

5 KBFB 14-Nov-81 4.4 0.41 2.7 3.4 4.1 0.84 3.5 0.51

KBFM4N 25-S ep-81 0.99 0.19 4.0 1.7 1.4 0.59 0.74 0.24

QAL 1A 24-May-82 0.78 0.084 0.58 0.77 0.85 0.20 0.71 0.12

QAL 18 23-M ay-82 0.66 0.14 1.2 1.5 1.3 0.36 0.40 0.17

QAL 2 14-Nov-81 2.3 0.212 0.47 1.8 2.2 0.48 1.7 0.26

S0IL 3 16-Jan-81 1.3 0.16 4.0 1.6 2.0 0.41 1.5 0.24

QW 25-S ep-81 0.48 0.15 0.45 1.8 0.13 0.43 1.1 0.25

QW 3 4-Mar-82 0.45 0.068 2.1 0.73 0.71 0.18 0.75 0.11

TG 5-Aug-81 2.4 0.26 0.37 2.2 3.1 0.64 2.0 0.32

TGB 23-May-82 2.2 0.20 0.73 1.6 2.9 0.46 1.7 0.25

ORE SPILL A 23-M ay-82 0.73 0.11 0.58 1.2 1.6 0.32 1.7 0.22

ORE SPILL 8 2-M ay-82 150 9.6 160 15 150 13 130 12

ORE SPILL C 23-M ay-82 210 13 220 20 180 16 200 18

ORE SPILL D 23-May-82 0.75 0.097 1.4 1.1 1.2 0.24 0.93 0.14

ORE SPILL E 28-Aug-81 110 7.1 95 16 100 10 96 8.9

'!
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TABLE C2. (continued)
i

238u 230Th 226Ra 210Pb

S twpl e Date Counted pCi/n Std.Dev. pCi/g Std.Dev. pCi/g S t d . Dev . pCi/g Std.Dev.

**SKMA 10-J an-81 2.9 1.0 58 15 220 20 230 21

**SKMB 10-J an-81 3.7 0.97 56 13 150 13 140 13

**SKMC 20-J an-81 7.7 1.0 41 13 140 13 170 15

* * SrJ40 11 -J an-81 4.2 0.88 24 12 94 9.0 120 11

**SKME 12-J an-81 1.5 0.93 40 13 130 12 160 15

SKMF 11-J an-81 950 61 1200 120 940 85 640 58

?
y * Possibly significant disequilibriun.

** liighly significant disequilibriun.
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226 226
! Ratio A = (pCi Ra/g) - 2 X standard deviation of Ra (2)

DO 8(pCi U/g) + 2 X standard deviation of U

When ratio A exceeded the decision levels, the sample was also flagged as
having a "possibly" or " highly" significant disequilibrium. The latter test
permitted decisions when the measurements were relatively imprecise but the
disequilibrium was significant relative to the measurement error. These

i tests and arbitrary limits were chosen from among several options because
they did not yield positive indications for a set of samples known to contain
ore or native material. For another large block of samples they also tended
to " catch" most cases which had been judged to have significant disequilibrium
by a careful examination of the results for all radionuclides in the decay
chain.

Also included in Table C2 of the test results for native soil samples
are results from samples collected at the local mill which were identified
as ore (SKMF) or tailings (SKMA-SKME) and samples collected at the site of a
reported spill from an ore truck. The precision estimates are based on the
propagation of counting statistics with an additional error of 9% included
for the limiting error in excess of counting statistic errors determined fori

replicate sample pellets.

As previously mentioned, this test was normally applied on
whichhadbeeninitiallyscreenedashavingconcentrationsof2}ytosamplesora above 5
pCi/g. Although it might be presumed that those samples not found to have a
siggificant disequilibrium probably contain uranium ore, the concentrations
of abRa measured in samples identified by physical characteristics to bec

? bentonite clay were found during screening measurements to be as high as 6.2
pCi/g at one location in Edgemont. In practice, at some locations field
geologists working on the program could identify the characteristic " popcorn"r

! or " expanded-mica" like appearance and the grey / white color of bentonite
E clay. Such obvious deposits were noted on the outdoor gamma survey maps forproperties.

When the only soil samples from a property containing more than 5 pCi
226 a/ gram were from such identified deposits, the property was classifiedR

as not contaminated with residual radioactive materials in the engineering
assessment screening. Although the physical characteristics of uranium min-
eralization could be detected in some samples, it was not possible to physi-
cally detect small quantities of uranium minerals at low levels in all cases.
Even though positive physical evidence of uranium mineralization was lacking,
samples were assumed to contain uranium minerals which had been transported
to the property unless there was a positive identification of bentonite clay.

I
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BOREHOLE LOGGING IN EDGEMONT ;

An engineering assessment protocol was developed for Edgemont in 1981.
-

226 a, theRTo evaluate the depth profile of underground deposits containing
protocol specified the use of a borehole lggging technique. Gammg-rays from

-

the decay of the short-lived daughters of 222Rn resulting from 22cRa can be i

measured through a significant thickness of contaminated soil by a probe
--

"lowered into the borehole. A detection probe for this purpose was constructed
L at PNL in Richland. This probe used an integrally canned NaI(Tl) gama scin- :

tillation crystal and photomultiplier tube obtained from the Harshaw Chemical -I
Co. To maximize the sensitivity of the probe, a crystal nominally 7.6 cm in -

diameter by 7.6 cm tall was used. For this detector size, the probe diameter
i was 8.9 cm. The detector crystal was collimated front and rear with at least =

L 1.3 cm of lead. The probe was 53 cm long. It could be lowered into an uncased
-

j

s 10.2 cm diameter borehole, which was about as large a diameter as could be
drilled to the necessary depths with a portable power auger. The sensitivity 1

was sufficient to provide that counting errors of less than 11% relative
-

standard deviation at 5 pCi/g when a 100 second count was used for measurements. {'

The calibration of the detector was based on three kinds of assumed
'deposits. The first was a uniform deposit that was large enough so that theg

counting rate from 609 kev photons reaching the detector would not increase a
n if the deposit were made larger. A source of these dimensions is equivalent

-

to an infinite planer source. The second source was a planer source 15 cm"

| thick and large enough in diameter to be equivalent to an infinite planer i
source. The third was a similar source 5 cm thick. A laboratory facility

~

i was designed to simulate these characteristics. 5

; The use of these kinds of deposits was based on the requirements of the
-

proposed EPA standards for concentrations at properties in the vicinity of ig

S uranium processing facilities. Those standards required measurements at 5 y
cm intervals for the first foot of depth, and 15 cm intervals below that g

depth. We i The 609 kev photo- (peak of the gnded to simulate the 5 cm and 15 cm layers.Bi daughter of z22Rn formed in the decay of
e

226 a was selected ^

R

because of its abundance and relative freedom from interference caused by -e
gamma-rays from other naturally radioactive species. The use of a relatively -

low energy gamma-ray also limited its range in soil. Thus, the detector
response would give more precise information about the depth of a deposit of: --
residual radigtive material than could be obtained if the higher energyphotons from Bi were used. g

a

'The efficiency for counting of a uniform infinite source increases with
-

depth. because of the geometric relationship of the source and detector. At =

g the surface, the geometry approximates a hemisphere. The efficiency will --

"
S increase with depth until the detector is deep enough that the range of gamma

rays in the soil prevents those rays from the surface reaching the detector. j
Thus, the appropriate efficiency factor is depth dependent, until that limit- 2

ing depth is reached. ;

a

For layers of contaminated material in background soil, the geometry ]x

effect is different. The counting efficiency is maximum when the detector j
? is centered in the layer, but the detector will continue to respond to gamma- a

j rays from the layer when it is positioned at nearby depths. Thus, the rela- m

tively thin layered source produces a gamma field, the intensity of which 3
~

.
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i

i decreases with distance from the layer. To determine the position and inten-
sity of the source layer, the response of the detector must be transformed

i to conform to the original concentration profile with depth.
s

: For the Edgemont program, an iterative calculational process was used.
: First, all deposits were assumed to be uniform in concentration. Appropriate
; efficiency factors for each depth were used to convert borehole logging gama
t counts taken at various depths to the equivalent concentration for a uniform
- deposit. Then each concentration was compared to the concentration of the
; next deeper layer. If a non-uniform deposit was present, the computed con-
| centrations would show a change even though the appropriate efficiency correc-
? tion had not been used. When a layer was found to contain more 226 a thanR

the next deeper layer, its thickness was determined. If the thickness was
i greater than 30 cm, it was assumed that the efficiency for measurement of
; 609 kev gama-rays from the layer would be similar to that for uniform de-
' posits and no recalculation would be needed. If the thickness was between
i 15 and 30 cm, a correction factor, based on the calibration taken with the
r 15 cm thick layer, was used to correct the excess 226 a activity of the layer.R

( If the layer was less than 15 cm thick, the excess 226 a activity was re-R

determined using the calibration based on the 5 cm thick layer.

For calibration purposes, a cylindrical tank (102 cm in diameter X 86 cm
,i tall) was constructed of 1/16 in. thick aluminum. The tank was equipped
'- with a 4 in. diameter concentric aluminum tube, down which the probe could

be lowered. When this tank is filled with so l the center will receiveabout92%ofthe609keVphotonemissionsofjN
t

Bi frgm an infinite sphere
of the same soil, neglecting the potential loss of z22Rn from the tank. For
thin layers, the photon emission at the center of the tank will approach

i 100% of an infinite planer source. The thickness of the center tube walls
g would attenuate the photons by less than five percent.

The detector was calibrated with 5-cm and 15-cm thick layers of uranium
T

milltailings,andwithpzoRaconcentrationofabout5pCi/g.
yers of uranium mill tailings diluted with blank

sand to a cotal averagee
;

In the calibrations for 5 cm thick layers and 15 cm thick layers, the
; detector response for each 5 or 15 cm interval was entered into the com-
t putational prggram, and the efficiency factor was adjusted to yield the known
t calibrated 22 era concentration of the layer for the measurement taken with
a the detector positioned in its center.
x_.

[ The laboratory facility could give only a preliminary calibration for
; the case of an infinitely thick layer of uniform concentration because of
g the dimensions of the tank size that weie used. Later, one Edgemont property

waschosenforafieldcalibrationbecauseithadrelagyelyuniformgammas

{ exposure rates, and surface samples contained similar ora concentrations.
1 In addition, based on the preliminary calibrations, the borehole logging
( data indicated that the soil on that property was a layer of shale approxi-
| mately 5 feet thick, having a relatively uniform 226 a concentration. SoilR

core ere taken at three locations on the property to a depth of 6 feet,5

f The gRa concentrations were determined from the soil core sampler for each
r 5 cm increment for the first 30-cm and each 15-cm soil increment thereafter.
7 Then these data were compared with borehole logs made in the same holes.
g Efficiency factors were adjusted so that the average concentration measured
w

C-29

3
.

_



- - - _ _ _ _ . .. _

q
$

-

*
> for the three holes by borehole logging at each depth increment was the same a

as the average concentration measured in the soil cores. Counts for borehole
-

logging were taken at 5-cm increments for the first 30 cm and at 15-cm incre- :
ments thereafter, to depths of 120 or 180 cm. The. probe was inserted into a 4
borehole until the surface of the ground was aligned with an index mark cor- -

responding to the center of the sodium iodide crystal. A 100 second count ]
was taken at that depth using a multi-channel analyzer. The spectrum was =

stored in the first 1/16th for the analyzer memory. Then the probe was low- :

ered to the position of the next depth increment and another 100 second count
was stored in the next 1/16th of the memory. This process was repeated until ]
each depth was measured. Then, the analyzer was ad.iusted to integrate the j

214 1 and also another 58channels corresponding to the 609 kev photopeak of
energy band at 690 kev. The higher energy band was immediately above the .j

E
= photopeak spectral region and was used to estimate the approximate back-

ground and the compton-scatter corrections from radionuclides emitting higher ;:

energy gamma-rays than 214B1. ;
-

The field personnel recorded both integral counts for each depth incre- 4
~5ment on a survey sheet for the borehole. Later, the depths and the cor-
eresponding counts were entered.into a programmable calculator. The compu-

tational programs determined the net counts for each depth and .E|
results and depths in register arrays prior to computing the 22;itored theDRa concentra- _

tions. At the calibration site, as the depth increased to 75 cm, the geometry ~

and counting efficiency increased. Thereafter, the geometry was relatively
constant, and only random variations of the count-rate were observed from i
the inherent scatter in measurements. Thus, the average efficiency for all

; depths greater than 75 cm was computed and used in subsequent calculations. 1

; The borehole logging technique and program were field tested at several
9residences in Edgemont. Soil cores were taken at several locations and cut -

The 226 a concentration was measured usingRi into five or 15 cm increments.
the large volume sodium iodide well counter and the procedure normally used 55

for soil samples collected at Edgemont. After cores were removed, the coring d

holes were enlarged from 7.3 cm to 10.2 cm in diameter using a portable power 4
aeger. Then the boreholes were monitored using the logging procedures. ]

A comparison of the results of this test is shown in Table C3. The -E"

results demonstrate the approximate nature of the borehole logging and soil _-
core measurements. Soil cores give the concentrations present in the bore- 5

@ hole soil at each depth, whereas the borehole logger detects the gama-rays 2
f emitted from soil surrounding the boreholes, mostly from a radius of about

'

( 15 cm. However, a large, intense source could be detected more than 30 cm 5
t from the borehole. The layers contaminated by residual radioactive material

tended to be detected.by either technique. However, the comparisons of actual _

concentrations at any given depth in a borehole showed a scatter of about q
[

150% relative standard deviation. The overall average ratio of borehole j
' concentration measurements to soil core measurements was about 1.2. When

--

i226 a/g were included, the aver-R; only those measurements greater than 5 pCi =

| Agg ratio was about 1.0, and when onl_y concentrations greater than 15 pCi
| uoRa/g were included, it was about 0.7. These ratios do not demonstrate a 9
i bias of one method from the other since the two techniques were not measur-

--

ing the same source. For example, it might be concluded that the computa- _]
1

tional program caused the concentrations measured at the 20-30 cm increments" u

| of borehole 166-32 to be biased low relative to the soil core measurements ]
( 3
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TABLE C3. Caparison of 226Ra Concentrations Determined by
Analysis of Soil Cores and by Borehole Logging

Identification Code: 261-15 261-16
Depth Increment (cm) Core (C)* Borehole (B)* B/C Ratio Core (C) Borehole (B) B/C Ratio

0-5 2.2 3.5 1.6 7.8 4.2 0.5
5-10 1.9 4.0 2.1 4.2 3.8 0.9
10-15 1.8 4.0 2.2 3.2 3.6 1.1
15-20 1.6 4.4 2.8 2.5 3.0 1.2~
20-25 1.8 6.5 3.6 2.6 3.1 1.2
25-30 7.0 10.3 1.5 3.5 2.9 0.8
30-45 41.4 28.6 0.7 2.6 2.7 1.0
45-60 36.8 11.4 0.3 2.4 2.4 1.0
60-75 5.3 4.0 0.8 2.6 2.7 1.0
75-90 3.0 3.3 1.1 2.4 2.6 1.1
90-105 2.0 2.9 1.5 2.5 2.6 1.0
105-120 2.3 2.4 1.0 2.4 2.4 1.0

? 120-135 2.2 2.5 1.1 -- -- --

M 135-150 2.1 2.5 1.2 -- -- --

150-165 2.2 2.3 1.0 -- -- --

165-180 -- 2.6 -- -- -- --

Identification Code: 261-17 166-32

0-5 10.0 11.8 1.2 50.4 57.1 1.1
5-10 10.3 10.4 1.0 56.6 67.3 1.2
10-15 3.7 4.4 1.2 87.1 63.8 0.7
15-20 3.1 3.8 1.2 87.9 47.1 0.5
20-25 2.8 3.6 1.3 83.5 22.9 0.3
25-30 2.9 3.4 1.2 19.2 12.4 0.6
30-45 2.4 3.0 1.2 3.0 5.2 1.7
45-60 2.5 2.5 1.0 3.4 4.0 1.2
60-75 2.6 2.6 1.0 3.5 3.6 1.0
75-90 2.3 2.6 1.1 3.6 3.4 0.9
90-105 2.6 2.8 1.1 3.2 4.4 1.2
105-120 2.5 2.7 1.1 6.9 4.8 0.7
120-135 -- -- -- 3.9 4.8 1.2
135-150 -- -- -- -- 5.4 --

150-165 -- -- -- -- -- --

165-180 -- -- -- -- -- --

*All concentration results are pCi 226Ra/ gram of soil on a wet weight basis.
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TABLE C3 (continued)

Identification Code: 166-33 166-34
Depth Increment (cm) Core (C) Borehole (B) B/C Ratio Core (C) Borehole (B) B/C Ratio

0-5 9.7 5.2 0.5 2.6 3.7 1.4
5-10 11.1 5.3 0.5 lost 4.2 --

10-15 3.0 4.9 1.6 2.6 4.0 1.5
15-20 2.9 3.5 1.2 2.6 2.6 1.0
20-25 3.2 3.4 1.1 2.6 2.5 1.0
25-30 3.3 3.3 1.0 2.7 2.4 0.9
30-45 3.1 3.3 1.1 2.0 2.5 1.3
45-60 3.0 3.1 1.0 2.3 2.2 0.7
60-75 2.4 2.4 1.0 2.1 2.0 1.0
75-90 1.2 1.7 1.4 1.7 1.7 1.0
90-105 1.3 2.2 1.7 2.1 2.3 1.1
105-120 2.1 2.3 1.1 1.8 2.3 1.3
120-135 -- -- -- -- -- --

? 135-150 -- -- -- -- -- --

M 150-165 -- -- -- -- -- --

165-180 -- -- -- -- -- --

Identification Code: 222-10 222-11

0.5 6.8 8.5 1.3 12.9 16.8 1.3
5-10 7.0 8.4 1.2 8.4 15.7 1.9
10-15 13.2 8.7 0.7 8.8 13.2 1.5
15-20 5.4 6.8 1.3 7.0 10.9 1.6
20-25 2.0 5.8 2.9 3.4 9.6 2.8
25-30 2.0 4.4 2.2 2.1 6.0 2.9
30-45 1.8 2.6 1.4 1.7 2.7 1.6
45-60 2.1 2.4 0.9 2.0 2.3 1.2
60-75 2.9 2.0 0.7 1.9 2.2 1.2
75-90 1.9 1.8 0.9 1.9 2.1 1.1
90-105 1.7 1.7 1.0 1.7 2.0 1.2
105-120 1.5 1.7 1.1 1.9 2.0 1.1
120-135 -- -- -- -- -- --

135-150 -- -- -- -- -- --

150-165 -- -- -- -- -- --

165-180 -- -- -- -- -- --
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TABLE C3 (continued)

Identification Code: 205-5** 205-6** 205-7**
Depth Increment (cm) Core (C) Borehole (B) Core (C) Borehole (B) Core (C) Borehole (B)

0-5 2.7 2.6 2.1 2.6 2.7 2.6
5-10 2.5 2.4 2.5 2.7 2.6 2.8
10-15 2.3 2.7 2.6 2.7 2.8 2.7
15-20 2.5 2.7 2.6 2.4 2.6 2.9
20-25 2.9 3.0 2.3 2.7 2.7 2.6
25-30 2.9 2.7 2.9 3.0 2.6 2.7
30-45 2.7 2.9 3.0 3.1 3.4 2.8

-45-60 2.6 3.0 2.8 2.7 2.7 2.7
60-75 2.5 2.9 2.5 2.7 3.4 2.5
75-90 2.0 2.5 2.7 2.6 3.1 2.5
90-105 2.2 2.3 2.6 2.9 2.7 2.5
105-120 2.4 2.4 2.6 2.6 2.9 2.7 |

i120-135 2.2 2.5 2.7 -- -- --

? 135-150 2.4 2.7 2.6 -- -- --

O 150-165 2.3 2.4 2.8 -- -- --

165-180 2.5 2.6 j-- -- -- --

Overall average ratio i standard deviation = 1.210.5
Average ratio for cores containing >5 pCi/g standard deviation = 1.010.5
Average ratio for cores containing >15 pCi/g standard deviation = 0.7 0.3

**Results from boreholes at property 205 were not used in determining average ratios because
. those boreholes had been used to determine the calibration f actors for uniform layers.
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in those increments. However, an examination of the raw counts from the
photopeak area recorded during the torehole logging process showed that the

.

net counts fell by almost a factor of three between the count taken 15 cm
-

.

below the surface and the one taken 25 cm below the surface. Thus, the rela-
tively constant radium concentration measured in borehole soil for those
increments was not present on the average in the soil surrounding the bore- ;
hole. 7

The principal difficult 1y experienced in,using this method was associ- - >

ated with measurement of thin surface deposits characteristic of windblown
226 a concentrationstailings. These kinds of deposits were detected having R

between 5-10 pCi/g adjacent to structures at distances as far as several -

city blocks from the uranium mill. Apparently, in those cases, the windblown -

material was first deposited on the roofs of the structu,rc and later washed
from the roofs to the surface soil adjacent to the foundation. A similar --

=

effect was noted along the edges of some of the streets. However, in Cotton- LE

wood, where extensive deposits of windblown tailings were present and gamma
-fields were relatively. intense from nearby tailings piles, the borehole logging

_

was supplemented by soil cores taken from the 0-15 cm and the 15-30 cm depth
increments. The need for supplementary sampling was partially based on the ,

cost of performing extensive arrays of boreholes when soil cores could demon- -

strate Jhat the residual radioactive material was confined to the surface,
and could permit the estimation of its areal profile.

It is possible that a bias could exist in the logging techniqua. that
could not be demonstrated by field testing. Since the logging technique -

used only three alternate geometry configyrations, it could not accommodate
every potential spatial distribution of zc6 a in soil. However, one purposeR

of borehole logging was to demonstrate the depth and extent of deposits of
residual radioactive material. Table C3 shows that both borehole logging

~

and soil core analyses techniques gave approximately the same depth profiles,

at each borehole. It will always be necessary to perfgrm test measurements
after any remediation process to determine that the 22 ora concentrations in ^

soil below the remediation depth is within the applicable standards. If the
.

borehole logging process gives a reasonably good estimate of the extent and
depth of the deposit, it serves the purpose of providing information neces-
sary to estimate the cost and complexity of the remediation.

Since the detection sensitivity is theoretically capable of measuring 5
pCi 220Ra/g with a relative standard deviation of 11% even in layers that --

are 5 cm thick, it is unlikely that significant deposits of residual radio-
.'Eactive material would not be detected in this borehole logging procedure.

Many boreholes throughout Edgemont detected the different layars of shale '-

p and sand characteristic of the local geology. Radium concentration changes
-from 2 pCi/g to 4 pCi/g were often detectable. Thus, the use of boreholee

logging results as a criterion for selecting sites for remedial actions is
justified on the basis of these experiences.
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