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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-
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, through 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, and lists a summary of the results. The report also presents
conclusions about the effectiveness of the survey techniques and about the
rationale of a comprehensive survey of a whole community. The appendices
section of this report contains all the protocols, a 1ist of all the proper-
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

Edgemont is an isolated community in southwest South Dakota at the south-
ern fringes of the Black Hills. In the recent past, Edgemont has depgnded
on two sources for its economic viability - the railroad and the uranium
industry. The uranium mill at Edgemont is an integral part of the town, .
located just across the Burlington Northern Railrcad 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 communities that
had been contaminated by materials that possibly originated from a local
uranium mi'l, This EPA survey, along with several 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 Uranium 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. Instezd, the present owner of
the mill would clean up the mill site under the concitions of the license.
However, the present owner was not legally obligate] 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 State of
South Dakota, conducted a survey to determine whethe- contamination other than
windblown tailings existed on Edgemont public properties. This survey revealed
sixty properties where radioactive material may have been transported and placed
by man. In 1979, the State requested that the NRC conduct a radiological
assessment of Edgemont. NRC agreed to cooperate in a radiological assessment
of Edgemont; however, NRC could not, either dire~tly 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 unacceptable
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 surveys 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
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 the
Department of Energy by the Battelle Memorial Institute, began the Edgemont
radiological survey. In January 1983 Congress amended Title I of 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 DOF
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.



GOALS 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
Edgemont. PNL was requested to provide detailed radiological surveys of all
developed properties in Edgemont and its vicinity. Properties in the vicin-
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 (Region 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.

The NRC work statement to PNL specified the required sampling protocols
and action levels to be used in the surveys and included a flow diagram describ-
ing the survey process. The diagram is shown in Figure 1 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 recuired if resi-
dual radioactivity caused:

(1) average annual indoor radon daughter concen?{?tions (including back-
ground) to exceed 0.015 working levels (WL)(1l);

(2) indoor gamma radiation levels to exceed 20 micro-roentgens per hour
above background; or

(3) average 226Ra concentrations in soil or other materials to exceed 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 failed any one of these criteria because of residual radio-
activity from the uranium milling industry, then remedial action would be
required. In adaition to the EPA requirements, properties are not eligible
for federally guaranteed financing administered by HUD if: gl) indoor radon
daughter weighted working levels are greater than 0.02 WWL(2), or (2) aver-
age gamma exposure rates on open land are greater than 14.5 uR/hr.

(1) Cne 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.

(2) One weighted working level (WWL) is defined as 0.6 times the "grab" working
level measured in a closed up structure.
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The survey protocol (and diagram) were modified and improved with time
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 taie initial
radiological measurements was to locate all sources of elevated radioactivity
so that structures and properties potentially requiring remedial action could
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-
dial action be made as quickly as possible. Any delays in carrying out reme-
dial action caused by a too exhaustive measurement program could have result-
ed 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 discussions
with PNL staff and participation by the NRC staff in the initial radiological
surveys in Edgemont.

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 cttend. Many of the participants were or had been actively
engaged in similar radiological surveys. At that meeting the participants
evaluated the detailed protocols. Those suggested procedural changes which
were generally considered to be necessary were implemented in subseguent
field studies. The conclusions of the workshop and protocol changes are
also given by Perkins et al. (1981) and included in Appendix A.

In October, 1983, NRC further modified the protocol in order to reduce
the length of time required for the measurement of annual radon daughter
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
gamma exposure rate and soil measurements rather than on long-term Radon
Progeny Integrating Sampling Unit (RPISU) measurements. Protocols for RPISU
measurements and for the modified procedure that replaced the RPISU measure-
ments are included in Appendix A. Figure 2 illustrates the final Edgemont
Radiplogical Assessment protocol.

INITIATION OF THE RADIOLOGICAL SURVEY
PROMOTION OF THE SURVEY

In Tate August and early September, 1980, meetings were held in Rapid
City, S.D. and Denver, Colorado, to provide to interested parties a descrip-
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. PNL ecquipped a mobile
laboratory for the p-ogram during the same time interval.
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In the 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, wnuld 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 repcrts 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-
sory.

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
one ;gcation on vacant land near the athletic fields, PNL detected a deposit
of 226Ra and later confirmed the presence of uranium mill tailings. 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 land parcels for the
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 individual radiological

6
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survey, it was more appropriate to classify each as a residence unit in deter-
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
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

was surveyed as vacant land. This kind of property was then tallied as both
a residence unit and a vacant land parcel.

At the 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 the State of South Dakota. There were several problems
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 surveys
detected the possible presence of residual radioactive materials. In some
cases, the property owners did not want surveys. There were multiple entries
because some property owners had requested surveys more than once. Later,
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
was essential that the radiological surveys cover all of a requested property,
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 immediately
attempted to reconcile that map with the ownership records available at the
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
State master list were revised on several occasions. Nonetheless, occasional
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 address, state number, and PNL number. These maps and lists
were essential for determining the status of the program and for contacting
property owners.

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 form letter was good. More than half of the known non-par-



y
. »
.
! H
. %
. 8 ~
s S
DAt | =
Y 48 * ilm
e o -
& s
WO b acabe 4 ¥

ng.d.. L
SR

S|k ek b i

BATTELLE PACHNS SOATHEEST LABS
PROPEATY WAP

FDGEMONT , SOUTH DARGTA

AEARED WA NEL B LA
SOVRED BT O ANDERE & L LA e

w O e

FIGURE 5. Reduction of Property Boundary Map of the City of Edgemont
Prepared by PNL Field Staff (P = PNL Property Numbers, S
State of South Dakota Property Numbers)



':=1§SL-.!fﬁia.
Department of Health

DIVISION OF ENVIRONMENTAL HEALTH
Joe Foss Builaing

Pierre. South Dakota 57501

{6056\ 773-3329

Dear

The South Dakota State Health Department desires to inform you of a radiolegical
evaluation that is presently veing offered, at no cost to the property owner, through
a joint effort of the United States Nuclear Regulatory Commission, Battells Pacific
Northwest Laboratories, and the State of South Dakota. This program has been in pro-
gress for several months and phase | is expectea to terminate early in 1901. The
purpose of the evaluation is to locate and identify anomalous radiation zources that
are the result of residual radiocactive materials.

At the present time, all federally guaranteed loans and many private lenders require the
evaluaticns 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 Geing offered at no charge in order to assist you in
meeting the federal lending requirements. [n the event that uranium mill tailings are
located, the federal government has the authority to finance the remedial action.

A considerable financial burden may be realized by those who do not request the evalu-
ation and desire to sell their property at some future date after the remedial action
program has ended. For exampie, 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 loan.

Therefore, 1f you decire to apply for the evaluation please f111 out the enclosed
consent and indemnity form and return it to John Xrueger at Edgemont City Hall or
the Battelle office at P.0. Box 8, Edgemont, SO 57735. If you do not return the
consent and fndemnity form to the Battelle office or contact the Edgemont City Hall
and fill out a request form within two weeks of the receipt of *fis letter, then it
will be assumed that the evaluation is not desired,

Sincerely,

Joel C, Smith
Director

JCS:RFB:pj!
Faclosure

cc Greg Eadie
Pete Jackson
John Krueger
Prte Teimet

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
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 tc 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
sume 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 1imit. Thus, some owners participated in most of the survey, but
refused long-term testing. Others refused or dropped ou* 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
radon daughter turnovor 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%
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
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effect. Thus, the protocol was also modified so that sampling would not be
done when wind speed was above 8 mph.

No indoor measurements were talen at grsferties when the measured outdoor
radon progeny concentrations exceeded 0.01 . During 1980, the outdoor
measurements were made at one location - the PNL Edgemont field office. That
precedure was modified in February, 1981, because outdcor radon progeny concen-
traticns can be time and location dependent. Thereafter, outdoor radon progeny
measurements 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.

Beginning in early 1981, PNL continued and expanded tke long-term radon
progeny sampling proaram begun by the State of Sovth 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
at that time, it was decided to discontinue sampling at a residence if more
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 samplin? 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.

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
and head reading capability dictated the rate at which measurements could be
completed. Over 300 structures at Edgemont needed long-term rauon progeny
measurements. According to the protocol, which was based on extensive EPA
experience, each of these structures would require 100-hr RPISU measurements
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. 1In 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 RPISU measure-
ments were to be bypassed using the ahbreviated 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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presence of residual radioactive materials. Residual radioactive materials

were discovered during abbreviated engineering assessments on only one of 50

properties that had grab radon prog2ny measurements between 0.010 and 0.033

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

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

jssued the final version of 40 CFR 192 that states that the annual indoor

radon progeny concentraticn 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-

fore, 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 working

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

ties where previous radon progeny concentration measurements averaged more

than 0.010 WL required additional evaluations of the existing exposure rate

measurements and, in some ca§sg, additional testing. This additional testing,

consisting of gamma-ray and <¢ORa in soil measurements, satisfied the reason-

able assurance stipulation in the final EPA standard. A copy of the alternate
otocol is in Appendix A.

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
had performed thcse surveys. He reviewed the completed State surveys and
summarized the results. The results revealed several incomplete surveys and
a lack of engineering assessments. There were no detailed maps showing the
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 uR/hr at a property, PNL would
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
uR/hr and 16.5 pR/hr. It appeared that there was a bias in the State calibra-
tions; PNL's own msgzurements indicated that only for a very small number of
those cases where Ra in soil exceeded 5 pCi/g in a significantly large
area did the dcse rate fall below 17 uR/hr. 1In 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
because of the difficulty of making gamma exposure measurements in the field
of gamma 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
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"shadow" shield on the gamma exposure-rate meter. By holding the shadow

shield in the proper orientation, the influence of nearby radiation sources
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.
For those properties, 12 soil cores were taken from the top 15 cm in a grig
array on the property. If any of those cores contained more than 5 pCi 226Ra/g
of soil, a core was taken from the 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.

In August of 1982, PNL staff requested a minor modification to the origi-
nal pirotocol 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. The
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

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 "Protocol
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 lowerid into the hole and positioned at inter-
vals to measure the gamma rays from 214gi, 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 July
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 assessment 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 Janvary 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, including State survey reports, NRC engineering and radiological
assessments, and other unpublished PNL survey data.

RADIOLOGICAL ASSESSMENTS

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 borehole 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
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 rather than the proposed standards. This change required a
considerable effort and delayed the submission of the first reports. Reports
were submitted in groups throughout 1983, with the last group of reports
submitted in November of that year.

RESULTS SUMMARY

The combined results from the State and NRC/PNL Edgemont radiological
surveys are gresented in Summary Tables One through Five. Summary Table One
summarizes the property inventory. Out of 976 total properties, 941 were
surveyed. 97% of the residential properties received a survey. Summary
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
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 properties
surveyed and 20% of the total properties in Edgemont and vicinity.

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 contzminated properties
conta’ned only windblown contamination. (There are five properties with both
windblown and deposited contamination.) Most of the nineteen properties
with both structural invelvement 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 list of all the properties in Edgemont and vicinity surveyed
by the State and NRC/PNL is included in this report as Appendix B. For each

16



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

SUMMARY 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
Church 6 - - 6
Vacant Land 248 9 4 261
Other(2) _5 - - 5
Column Totals 941(1) 28 7 976(1) '(Ii;::?
Notes:

(1) These totals include one residential property surveyed at the request
of a new owner.
(2) Lodges, meeting halls, etc.

17



Property
Type

Residential
Commercial
Industrial
Government
School
Church
Vacant Land
Other
Total

Legend:

Classification Code

SUMMARY TABLE 2.

Screening Results

Radiological Screening Results -
Numbers of Properties in Each Classification

C

RG

88
2

I8 |

By
7 78 111 4
2 9 15 -
i - 1 .
& - 2 i
1 1 1 .
. . 2 4
. 32 45 -

i - S | i

o 120 w8 _a

Meaning

RG

1. A1l criteria satisfied

2. Six failure pathways
a) Failed average radon progeny

RR

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

IG

0.015 WL)
c) Failed indoor gamma (greater

06

than 20 uR/hr + BKGD)

S

d) Failed outdoor gamma (greater
than 20 uR/hr + BKGD)

RGS

e) Failed Ra-226 in soil (greater

than 5 pCi/gm)
f) Failed radon/gamma/soil (0.01

18

WL-0.033 WL, greater than
4uR/hr + BKGD, greater than

5 pCi/gm)



SUMMARY TABLE 3.

Property
Type

Residential
Commercial
Industrial
Government
School
Church
Vacant Land

Other

Column Totals

Legend:

Classification Code

Engineering Assessments

Engineering Assessment Results -

Numbers of Properties

9

L-amr-olt-olmm

-
—
~N

HS

In

o st W
80 19 23
13 - 1

1 - -

1 - -

1 - -

19 - 20

-1 o= -

116 19 44
Meaning

1. No residual radioactive

HS

materials (RRM) discovered

2. Four categories of
contamina-tion

a) "Hot spots" or easily removed

0D

contamination
b) Outdoor deposits (broken down in

SI

separate Table 4)
¢) Structuralinvolvement (broken

down in separate Table 5)

19
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SUMMARY TABLE 4.

Outdoor Deposits

Volume (cubic yards)

Property

Type <1 1-5 5-10 10-20 20-50 50-100 >100 Totals

R 11 24 8 10 14 7 10 84

co 0 B 2 2 1 1 0 10

I o 0 0 0 1 0 0 1

G 0 1 0 0 0 0 0 1

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 © i W 0 0 0 i B

Column

Totals 14 36 12 14 22 8 12 118 Grand
Total

Legend:

Classification Code Meaning

R

co

20

Residential (i.e.- any property
with an occupiable building)
Commercial

Industrial

Government

School

Church

Vacant Land

Other (e.g.,-lodges, meeting halls)
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P;gggrti Identifiers(l)
roperty State

SUMMARY TABLE 5.

Survey Status

Engineering Assessment
Results Date Results

Properties Having Structural Involvement With Residual Radioactive Material

Type Number Number Number Notes
R 29 -- 239 RG, 1G, 0G May, 1983 oD* *Owner refused borehole through front porch
S ST%w **Either the concrete slab in the porch or
the material used for fill under the slab
contains radioactive material
R 57 - 431 RG, 16, 0G, May, 1983 oD *Uranium-bearing material not native to
S,SI* this property was found adjacent to the
garage and uranium miii tailings were beneath
the rear porch
R 82A -- 411 RG, 0G, S March 1983 0D
SI* *Uranium bearing material on roof of root
cellar
- 98 - 354 RGS May, 1984 Si* *Tailings material used in stucco on
structure addition
R 150 72-40524 1 16 July, 1983 SI* *Tailings material identified beneath floor
office of office living room during ARIX
Engineering Assessment
- 179 -- 485 0G, S March, 1983 Sie *It appears that a stone containing a
OD** uranium mineral was used in the concrete to
construct a_small masonry planter wall
**Positive 226Ra, but less than EPA
standard based on 100 m? area
- 250 -- 358 0G June, 1983 SI* *Contaminated sewer vent pipe
R 261 -- 86 0G, S March, 1983 oD
SI* *Garage built on uranium mill tailings
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SUMMARY TABLE 5 (continued)

Property Identifiers Survey Status
Property  PNL EPA  State Engineering Assessment
Type Number Number Number Results Date “Results Notes
- 319+ - 58l1E 06 April, 1983 Sie* *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
B 403 - 251 0G, S Nov, 1983 SI* *Radioactive material beneath three-
oD quarters of the garage concrete floor
R 453A -- 571 0G, S May, 1983 0D* *A rock wall also contained contaminated
SIew stones
**Uranium bearing materials were used in a
concrete patio slab
R 627 72-40557 773 0G, S* June, 1980* 0D *Engineering Assessment performed by ARIX
SIe+ **Tailings mixed in basement wall plaster
R 649 - 61 16, 0G, S* Nov, 1983 SIvw *State and PNL residence, PNL outdoor
0D surveys
**Soil under the residence floor was
W contaminated
- 703 7811-74 3 RG, 0G, S* June, 1980* 0D *State survey, engineering assessment
72-40538 Siee performed by ARIX
**Tailings were identified under and around
east enclosed porch
- 705 72-40556 6 RG, 1G, 0G, July, 1980* 0D *State survey, engineering assessment
s* Siee performed by ARIX

**Tailings were found under the basement
floor slab and beneath the craw! space
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SUMMARY TABLE 5 (continued)

1 Property Identifiers Survey Status
Property PNL EPA State Engineering Assessment
Type Number Number Number  Results ate Results Notes
- 709 7811-71 13 0G, S* July, 1980 0D *State survey, engineering assessment
Siwe performed by ARIX
**Tailings were mixed into basement wall
plaster
R 735 .- 175 RG, 0G, S* July, 1980 00 *State survey, engineering assessment
Siee performed by ARIX
**Tailings identified beneath north wooden
porch and decks
R 1021 7811-67 15 0G, S* June, 1980 0D *State survey, engineering assessment
Siew performed by ARIX
**Radioactive material beneath southeast
stoop
Notes:

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



CONCLUSIONS
THE SURVEY PROGRAM

The radiological assessment program for Edgemont provided the regula-
tory and scientific community with the most detailed and complete radio-
logical survey ever performed in an entire community. A rigorous protocol,
detailed records, and legalistic decision levels based on regulatory
levels were applied. The program was costly, but not much more costly
on a per property basis than the radiological surveys performed in a
less rigorous manner by other laboratorirs at other sites. A large part
of the cost was determined by the kinds of measurements, records, and
decision levels used for Edgemont. The approaches that were used were
dictated, in part, by the kinds of regulations proposed by the EPA at
the time that the program started. There were very few precedents to
follow at that time, and it was desired to provide a survey that would
ultimately be useful for determining the status of properties in relation
to the final standards that would be set by the EPA.

The protocols used in Edgemont provided a more complete data base
than would be necessary in the future for UMTRA 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 companion
report recommends various survey strategies and techniques based on the
experiences and studies at Edgemont.

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
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.

The restrictions on the conditions during sampling that PNL applied
(air turnover time and windspeed) apparently succeeded in making grab samples
much more meaningful relative to long-term avera?es than the grab sampling
measurements taken in other programs. The correlation between single grab
sample results and the annual averages was even better than that between
single RPISU results and annual averages.

However, the restrictions had a significant effect on the cost of these
measurements. A fairly high percentage had to be repeated because they failed
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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-aful

data.

The use of a year-long radon progeny measurement program for those
properties with inconclusive grab sampiing results was probably not justified
by the additional information obtained. The measurement process is time-
consuming, thus delaying any needed remediation, and it is relatively expen-
sive. PNL cost estimates led to the conclusion that the long-term measure-
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
ments for about the same cost. Moreover, the only results derived from the
long-term measurements were better estimates of the need for an engineering
assessment. It was that assessment that provided the basis for remedial
actions in Edgemont.

It had been reported that excessive working levels in Grand Junction,
Colorado, were often associated with the presence of deposits of residual
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-
surements are unnecessary and the cost of performing them would be better
spent on making gamma-ray measurements, borehole logging, and soil analy-
ses.

Indoor Gamma-ray Exposure Rate Measurements

Measurements of indoor gamma-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
can be used to determine whether the protocols have been properly followed.
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. Because there could be a considerable distance between de-
posits and the accessible locations for exposure rate measur nts, it
is possible that a deposit that exceeds EPA's standards for 22 ain
s011 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 uR/hr. However,
unless a measurement exceeding 20 uR/hr above the ambient background was
discovered, an engineering assessment was not required. In practice in
Edgemont, field personnel attempted to investigate the source of unusually
high exposure rates even though complete engineering assessments were
not required.
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The appropriate level for requiring engineering assessments should
be any exposure rate significantly above the ambient background that
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 uR/hr 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
unless evidence of a deposit was observed. The readings for each room
could be tabulated to document them by location.

In making both indoor and outdoor gamma exposure rate measurements,
much effort was made to use an instrument that could be cross-calibrated
with a pressurized fonization chamber. This was necessitated by the
legalistic levels chosen in the protocol. However, for screening surveys,
the detection of the possible presence of residual radioactive material
is at least as important as establishing the indoor exposure rates. For
this purpose, an uncalibrated instrument with more sensitivity would
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
are available with a count-rate dependent threshold for the audible response.
These instruments are superior to a metered instrument for detecting
small quantities of radioactivity because they can be set to be silent
until the exposure rate exceeds the desired criterion level, at which
time the alarm sounds, immediately causing the surveyor to search for
the cause. With this kind of instrument, no records of exposure rates
would be maintained. If a record of exposure rates was necessary to
compare with EPA standards, a single calibrated measurement could be
taken in each room and recorded.

Qutdoor Gamma Exposure Rate Measurements at Residences

The protocol for the measurement of outdoor gamma exposure rates
near structures also provided good legal documentation of the property
and survey. In this case, however, the decision criterion was arbitrarily
set to match that for the indoor measurements, since there was no EPA
standard for outdoor measurement. The level of 20 uR/hour above background
was also too high to achieve the original goal of detecting any deposit
with a total radium concentration of 5 pCi/g, as was shgun by a correlative
study of the relationship between exposure rates and 226Ra concentrations
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
soil samples at the location of maximum gamma exposure rate gave a backup
mechanism for establishing the need for an engineering assessment. The
proper decision level for deciding to do an engineering assessment outdoors
should have been about 7-10 uR/hr above background to achieve the maximum
stand-alone detection efficiency while avoiding false positives.

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
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detailed exploratory survey in contact with the 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
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. 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 instruments with larger detectors.
This could have resulted in the detection of a few more insignificant
deposits, but would not have significantly increased the probability for
detecting deggg;ts in excess of the EPA's final standard that requires
the average a concentration shall not exceed 5 pCi/g above background
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.

Qutdoor Surveys of Vacant Land

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
cost. The grid map record again had the legal applications already
described. However, the use of a very limited grid on a large vacant
area was not very useful for detecting residual radioactivity. It was
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-
ments would have very little probability of detecting a deposit near the
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
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(T1)
crystal that has a volume that is approximately 1000 times that of a
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
be specified. The use of the random walk between grid points was equiva-
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
such as fla?s or strings that can be spaced at the necessary close inter-
vals and followed. To make the spacing of the survey measurements or
the spacing between walked lines larger, a back-pack detector could be
developed that uses a larger (i.e., 3 inch X 3 inch) sodium iodide detector
for greater sensitivity. Held at the top of such a pack, the detector
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,

Analysis of Radium-226 in Soil

The use of a large volume, Nal(T1) gamma detector for the measure-
ment of 226Ra in soil was an extremely satisfactory technique for field
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surveying. The sensitivity 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
samp11ng gave a backup measurement that often detected small radium deposits
that did not produce gamma dose rates exceeding the exposure rate criterion.
Because of the ease of collecting such samples, more could have been

taken. This was done in the Cottonwood areas where gamma exposure rate
measurements were not meaningful because of shine from mill tailings

piles. The soil samples should have been cores, however. A practicable
core sampling protocol could have determined the concentrations in the

0-15 cm, 15-30 cm, and 30-45 cm depth layers at each sampling site. These
cores would give information about the depth profile of deposits that

could have eliminated many borehole logging measurements.

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

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-
ability with time, these measurements give a reasonably good concentra-
tion result that appears to fulfill the needs of the survey.

Identification of Uranium Mill Tailings by High Resolution Gamma Spectroscopy

This protocol specified that the samples that contained measured
226Ra concentrations in excess of 5 pCi/g should be analyzed to deter-
mine the deg;ee of equilibrium between uranium and its long-lived daughter
products. e uranium milling process reduces the concentration of uranium
relative to its daughters. Thus, it is possible to identify whether
uranium mill tailings are the cause of excess radium concentrations.

This analysis process was very effective in establishing the presence of
mill tailings in soil samples. The only problem encountered in the
Edgemont program was caused by the lack uf a high resolution gamma count-
ing system that could be taken to the field and dedicated exclusively to
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 Egat must be asked is whether it is necessary to kngw
whether elevated 226Ra concentrations are due to tailings. If the 226Ra
is due to ore from the mining and milling operation, it is still classi-
fied as residual radioactivity, and thus requires remedial action. Only
if it is due to natural, undisturbed material is it exempt from remedial
action. It might, therefore, be useful to emphasize the measurement of
a larger number o; gackground samples to determine whether gsg:ral mate-
rials containing ’26Ra concentrations in excess of the EPA a stan-
dard are likely to be present on a given property. If such material
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were not likely to be grgsent, then it would not be necessary to deter-
mine whether elevated 226Ra concentrations on the property were due to
tailings. Any soil containing more than the background levels would be
assumed to be contamined with residual radioactive material. Thus, high-
resolution gamma-ray measurements would not have to be taken at all.
Changing the protocol in this manner would not have significantly changed
the number of remedial actions in Edgemont, but would have decreased
considerably the effort needed for soil analyses.

Engineering Assessments

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-
vided a relatively precise measurement with minimal effort. It is question-
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. Of 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
sites. This process was started in the later engineering assessments
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 collimated gamma-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
Cong-term Radon progeny Measurements

Since the long-term radon progeny measurements specified in the
original protocols for Edgemont required too much time to determine pos-
sible need for remediation, a substitute screenin? survey with lower
gamma dose-rate decision levels and subsequent soil and borehole analy-
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
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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
addition, the technique would stand alone, eliminating the need for any
radon progeny measurements in the structures. If the oriaina] 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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Inited States Nuclear Regqulatory Commission
and
The State of South Dakota
Edgemont Cleanup Action Program

Criteria No.

Any weighted indoor Working Level(a) (WWL) determined to be above 0.02WWL
(including background) in existing residence shall be classified as exceeding
that level determined to be acceptable by the Department of Housing and Urban
Development (HUD).

'thpr a N(:
If 2 weighted indoor working level measurement exceeds 0.02WWL, but is less
than 0.05WWL, a confirmatory grab-WL sample or other special procedure such
as a gamma radiation survey or soil sample analysis shall be made to verify
the anomaly

’rvfpv\a ‘Jr\

Average size individual residential lots for which construction of residential
awellings has not yet bequn may be screened by performing a gamma radfati')n
grid survey'®) or soil sample analysis. Any gamma radiation grid survey's
arithmetic average determined to be greater than 14.5 uR/hr shall be consid-
ered unacceptable by HUD.

Criteria No.

arge size individual residential lots or multiple lot development areas
where construction of residential dwellings has not yet begun may be screened
by performing a gamma radiation grid survey(C) or soil sample analysis. Any
gamma grid survey's arithmetic average datermined to be areater than 14.5
R/hr shall be considered unacceptable by HUD.

’ toriz \‘,1

not identified in the above Criteria shall be handled
y-case basis with consultation of HUD/8 and EPA/8.

Grab-Working Level samples shall be performed using the procedure out-

“r-n,? in ;V'v‘f\!oﬂ‘l\,r.’) ' - (\,p',ﬂ\,u: r‘mp]inv]‘

The gamma radiation grid surveys shall be performed nsing the procedure

outlined in Proc edure Il - '|-!1WT\R Radiation ",”v'vpx/ f"”ﬂ‘] Lots.

The gamma radiation grid survey shall be performed using the procedure

outlined in Procedure IIl -- Gamma Radiation Survey-Larage Lots.




Procedure I -- Grab WL Sampling

In determinin accegtabilit of a residence for federally-supported financing
in Edgemont, South Dakota, the South Dakota State Health Department (SD!D)
will assure that indoor radon daughter measurements are made in the following
manner:

1. For each measurement, an air sample having a minimum volume of 20
Titers will be drawn through a Millipore 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
radon decay product concentration in working levels (WL) will be calculated
and recorded.

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
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
1nflement weather. Accordingly, the WWL is derived as follows: WL (0.6) =
WWL .

5. Special circumstances, such as air conditioning, hot water heatin?.
space heating, wood burning stoves or life style, may he documented but will
not be evaluated.

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
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-
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 qamma



Procedure I -- Grab WL Sampling (continued)

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



' Procedure Il -- Gamma Radiation Survey-Small Lots

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:

1. The narrower side of the lot will be divided into four equal lengths
and the wider side of the lot divided into five equal lengths, forming a
total of twenty measurement areas;

2. The center of each measurement area will be measured for gamma radi-
ation with a pressurized ion chamber rate meter (PIC) or portable radiation
detcctor which is cross-calibrated with the PIC using the gamma 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 an:¢ power supply will be separated
from the ion chamber by the full cazble d stance during each measurement. At
each measurement location, after the rate meter stabilizes, ten measurements
will be taken at one second interval: and the average recorded;

4. After all measurements have been taken, the arithmetic average shall
be determined;

5. If it can be shown that removal of surface radioactivity by scraping,
leveling or other lot preparation will reduce an unacceptable gamma radiation
gev$l to an acceptable level, the lot will be reconsidered on a case-by-case

asis.
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Procedure IIl - Gamma Radiation Survey-Large Lots

Large 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:

1. 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
of any 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.
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Procedure IV -- Indoor Gamma Radiation Survey

A portable gamma survey meter (e.g6 micro R meter) shall be used to complete
the gamma radiation measurements both inside and outside of the structure.
This survey meter shail be cross-calibrated with a Pressurized lonization
Chamber (PIC) in order to provide realistic exposure measurements. This
survey shall be designed to detect the presence of any possible residual
radioactivity under, within or around the structures. A map shall be provided
indicating all locations having above background radiation levels. This
survey need only be performed once for each qualifying structure.

Measurements shall be wade at the three foot height level. Measurements
shall be made oa all floors and the basement at 25 square foot intervals,
and averaged separately per floor. The outside gamma radia*ion measurements
shall be made on a 50 square foot interval.



Procedure V -- Sofl Sampling or Bore Hole Logging and Analysis

Appropriate soil sln?les 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 ?ropert1es that require
remedial action becausz of elevated radiation levels caused by residual activ-
ity is being based upon three standards proposed by the U.S. Environmental
Protection Agency in 40 CFR 192, Federal Register (1980), "Proposed Cleanup
Standards for Inactive Uranium Processing Sites." These proposed standards
state that remedial action shall be required if residual radioactivity causes
(1) average annual indoor r?d?n daughter concentraticns (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
s0i] 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 faiis any one
of these criteria because of residual radioactivity, then remedial action is
required. The measurement procedures are also designed to identify proper-
ties that are not eligible for federally guaranteed financing administered
by the Department of Housing and Urban Development (HUD) beca?zs of (1) indoor
radon daughter weighted working levels greater than 0.02 WWL, (2) average
gamma exposure rates on open land greater than 14.5 uR/hr.

In the following sections, the procedures that, in January 1981, were
considered by 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 prcce-
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-
ever. if serious discrepancies ar: not observed, the re-measurements will be
discontinued because of the time 21d expense involved.

MECHANISM FOR THE INITIATION OF RADIOLNGICAL SURVEYS

Requests for Surveys

Since the Edgemon' program is voluntary, a property owner must first
request a survey befr- it can be performed. Initially, the property owners
either phoned or went in person to the Edgemont City Hall where the city
hall staff filled out a "Radiation Hazard Evaluation, Request for Test" form.
These forms were then given to PNL for the scheduling of surveys. Later, as

(1) One working level (WL) is defined as any combination of short-1lived
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.

(2) One weighted working level (WWL) is defined as 0.6 times the “"grab"
working level measured in a closed up structure.
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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
to each property owner who had not requested a survey, advising them that it
was in their own best interest to have the survey performed. 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 cle- -.ce for
HUD federally zuaranteed 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 buiiding is surveyed unless specific permission is
obtained from both the owner and the occupants to survey on that particular
gay. If permission to survey is obtained, the occupant is instructed as to
when and ‘ow to close up the building for the purpose of the radon progeny
measurements.

FIVE-MINUTE WORKING LEVEL MEASUREMENTS IN HOMES

introducticn

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 measuremenis over the course of
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
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
$<2§0]0 WL) that if the proposed indoor gamma radiation exposure and average

26Ra in soil standards are also satisfied, remedial action is not required.
It is recognized that working levels vary considerably throughout the year,

A-12



so that a single five-minute measurement cannot be used to estimate the annual
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 determine average working levels more accurately.
Stgdiesparegalso besng initiated to determine the adequacy of Track Etch'igs

devices for determining annual average working leveis.

Protocols

During the initial survey of structures at Edgemont, air filter §amp1es
are being collected over five-minute intervals for radon progeny wgrklng
level measurement using 47 mm diameter Millipore type AA filters with a pore
size of 0.8 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-
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.

Commencing less than seven minutes after the beginning of radon daughter
sampling, the filters are counted for three minutes using a ZnS scintillator
covering the entire face of a 12 cm diameter photomultiplier tg?g to deter-
mine the sum of the alpha emission rates of the radon progeny ¢18Po and 214pg,
Two 10-minute counts are then taken commencing 8-1/2 to 12 minutes and 19 to
30 minutes after the beginning of sampling to determine the change in the
emission rate with time. The counts are stored in electronic scalers. These
mig;uremiats ari used to i]culate the concentrations of the radon daughiers
218po, 214pp, 214gi, and 214po and the working level by the general form of
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
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 heen observed that outdoor i1adon 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. If 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
is significantly below 0.010 WL on a given day, no more outdoor radon daughter
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 beirg made to provide information on the degree of
equilibrium between radon and its daughters.
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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, 214ph and 2148i using the
following equations reported by Morken and Scott (1966).

222
218, . ( R"} ‘A (1)
(213 2
Po ) A
218, 0) 7 (2)

Where
222ppn, 218pg, 2l4py.  and 214g;

Air concentration of these
radionuclides (pCi/liter)

Aa® AR® A = Radioactive decay constants of
B ngPO. 214Pb nd 214gi  respec-
tively (min-1)

F = Continuous flow rate of clean,

uncontaminated air into the
structure (liters/min)
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v = Volume of air in the structure
(liters)

And

=  Turnover time (minutes)

|-

Equation 2 can be rearranged to give the turnover time as a function of
210po and 214pb:

2145, (4)
(218Po J 214Pb) i

Y.
F
B

5¥uation 3 ign be rearranged to give the turnover time as a function of
4pb and 214pi.

214, (5)
(214Pb 5 21‘31) o

Ve
F

and substitution of quTtion 2 in equaticn 3 gives the turnover time as a
function of 218pg and 214gi.

. : (6)

218
Po,| 1/2
ZIIBi)]

M |=z

- (AB + ‘c) + [(AB + AC)Z - &g ac (1-

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
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-1ived
radon daughters, but in prsgg;ce thf turnover time is izlculagig from only
the concentrations of the o - 214Bi pair and the 214pp - 214gi pair
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using equations 4 and 6, respectively. Since 218po has only a three-minute
gtlf-life. he turnover time calculated from the concentrations of 218po and

Bi (or 218po and 214pb) is sensitive to conditions just prior to the mea-
surement, but the turnover time calculated from concentrations of the longer-
lived 213pb and 214Bi is sensitive to processes occurring over a longer time
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 218pg 2 214pp 2 214gi, However, statistical fluctuations in the mea-
surements and/or ragid variations in the B]ateout rate (which is signifi-
cantly greater for 218po than for either 214pb or 214Bi) can result in changes
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 214Bi, the calcu-
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 si?nif*cant departure from equilibrium. Therefore, it has been decided
to consider radon daughter measurements to be invaiid 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 corsidered to be
invalid because of short calculated turnover times, the structure 1s 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 fails 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 mace, future modification of
the structure or the living habits of the occupants could lengthen the turn-
over time and rause 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 merning and an attempt
is made to avoid sampling when it is above 8 mph.
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Decision Levels

Working Levels <0.01 WL. If the structure average of the five-minute

working Tevel measurements is less than 0.010 WL, ard if the turnover times
of the radon daughters for the measurements satisfy the criterion described

above, the structure is considered to satisfy the radon progeny criterion
for clearance from remedial action.

Horking Levels > 0.033 WL. If the measured five-minute working level

is greater than 0. 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 anrual 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
criteria for clearance from engineering assessmen é;.g., indoor or outdoor
gamma exposure rates >20 uR/hr above background, 226Ra >5 pCi/g in soil).

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

LONG-TERM RADON DAUGHTER MEASUREMENTS

Introducticn

Where long-term radon progeny measurements are required, the measure-
ments are being made using RPISU and, in some cases, Track Etch®, but the
?PISU will be considered to be the standard instrument, at least until simul-
taneous measurements by RPISU and Track Etch® have shown that Track Etch®
can provide annual average working levels that are of accuracy comparable to
those provided by the RPISU.

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 skielded 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
detachable from the unit. The heads are received from the EPA laboratory
and are returned there promptly after the air sampling has begn completed.
There, they are disassembled, and the thermoluminescent.emis§1ons are read
and converted to radon progeng exﬁosure 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 rotoreter
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 tec turn
off the instrument. When this occurs hefore 100 hours have elapsed, the
Fitter and TLD chip will be replaced (they come as a sealed unit) and (he
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.

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 could 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 gead when there is frequent plugging of the
filter after intervals shorter than 100 hours. (Filter plugging frequentiy
cccurs as a result of the accumulation of particulates from cigarette smoke.)
I¥ 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:

t. W
Wt, o) ——1 (7)

T
Where

W.L.

time weighted Working Level
tiy = sampling time for the i th sample
Wi = Working Level for i th sample

= }E:t1 = total time for all sampling heads, and
must be at least 100 hours.

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
satisfies the working level criterion for clearance from remedial action,
since long-term measurements would not have been made if tihe property had
not passed ali of the other clearance criteria (e.g., ganma exposuie rate
less than 20 uR/hr above background an¢ radium concentration in soil less
than 5 pli/g). Terradex Type F Track Etch® devices will also be placed in
50 structures in which RPISU measurements are being made to determine how
well the working levels determined using Track Etch® correspond to those
measured with the RPISU. The Type F device consists of the 2lpha sensitive
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 Tevels 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 Lne 50
structures, and another will be changed every other month in these structures
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
to those provided by the RPISU, then Track Etch® will be used in the future
to measure annual averages.



INDOOR GAMMA SURVEYS

Introduction

According to 40 CFR 192, remedial action is required if residual radio-
activity resu?ts in indoor gamma radiation exposure >20 microroentgens per
hour (uR/hr) above background. In an earlier survey, J. E. Thrall, J. M.
Hans, Jr. and V. Kallemeyn (1980) of the EPA determined that the outdoor

gamma exposure rate at Edgemont averaged 13.2 uR/hr at locations not influ-
enced by residual radioactivity, and that about 95% of these locations had
average gamma levels less than 14.5 pyR/hr. Therefore, 14.5 uR/hr was chosen
as the background at Edgemont, so that only about 5% of the properties will
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, gamma exposure rates much greater than 20 uR/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.

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 sodium iodide crystals for gamma
detection. These instruments are compared at least once a day to a cali-
brated Reuter-Stokes (Model S-111) pressurized ionization chamber on the
ground floor of homes. The pressurized ionization chamber sensitivity is
checked with a reference source daily. A1l instruments were calibrated at
PNL prior to use and are periodically returned to PNL for recalibration.

A1l pressurized ion chamber readings taken in the field are corrected to the
standardized laboratory calibration. Micro-R-meter readings are corrected to
equivalent pressurized jonization chamber readings using the ratios deter-
mined in the fieid on the day of measurement. Indoor gamma measurements are
made at an elevation of about three feet at the grid points (approximately
every 5 feet) of a 25 ft¢ grid starting at one wall. Measurements are also
made at the far wall (unless this peint is within 2 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 are not
taken until the needle has stabiiized 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 the readings is greater than 14.5 uR/hr, the structure is con-
sidered to pass the gamma radiation criterion for clearance. However, if
readings above 14.5 uR/hr are encountered, or if the meter shows a pronounced
iiwcrease in the exposure rate at any location, a search is made for elevated
r2adings in contact with surfaces of the structure. If a corrected contact
reading greater than 20 uR/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 gamma reading can

be disposed of (e.g., small rocks, radium dial clock), the structure is con-
sidered to fail the gamma criterion and is scheduled for engineering assess-
ment .
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It should be stressed that the primary purpose of the gamma survey is
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 gamma 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 small amounts of residual radioactivity between grid points
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. Theretore, following the workshop the Ludlum scintillom-
eters were fitted with earphones that will enable the surveyor to hear the
clicker without disturbing the property owner. In the future, the earphones
will be used in addition to the meter reading to locate residual radioactivity
during both indoors and outdoors surveys.

GAMMA SURVEYS IN GARAGES AND NONHABITABLE BASEMENTS

Protocols

Prior to the January, 1981, workshop, gamma levels in garages and nonhabit-
able basements were measured at an elevation of about three feet with a Ludlum
scintillometer set on fast response during a slow, serpentine walk-through
(Figure A2). Brief stops were made to allow the meter to stabilize. I[f
readinos greater than 14.5 uR/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 uR/hr above background were
observed, the building was scheduled for engineering assessment. As a result
of discussions at the workshop, gamma surveys in garages and nonhabitable
basements are now being conducted using a 25 fte grid and measurement proce-
2ures 1dentical to those described in the previous section inside other struc-

ures.

OUTDOOR GAMMA SURVEYS OF LAND WITH STRUCTURES

Introduction

According to 40 CFR 192, remedial action is required if residual radio-
activity results in average 225Ra concentrations in soil >5 pCi/g in any 5
cm thickness within one foot of the surface, or any 15 cm thickness below
one foot. Outdoor gamma radiation surveys are being conducted for the pur-
pose of identifying locations where soil samples should collected and
analyzed because they are likely to contain the highest 226Ra concentrations
present at that property.
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Protocols

Gamma measurements are made at an elevation of about three feet using
%udlum micro-R-meters (Model 12?) set at s]gw response at the grid points
approximately every seven feet) of a 50 ftZ square grid in the yards adjoin-
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.

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
square grid. The rest is surveyed using the procedures described below for
open land. The Ludlum scintillometers are cross-calibrated at least once a
day with a pressurized ionization chamber at a location that is to be surveyed.
A1l Ludlum readings are corrected to the equivalent pressurized ion chamber
reading before being recorded on the survey map.

Gamma Radiation Levels <14.5 yR/hr. If no corrected gamma exposure
rates greater than 14.5 uR/hr l?nc%uéing background) are obseg;gg at the
three-foot elevation, surface soil samples are collected for a analy-is
at any two locations showing the highest readings, and contact readings are
recorded at these locations. In the event that it is impractical to collect
a surface sample at a location of maximum reading (e.q., because of the pre-
sence of pavement or valuable shrubs) an alternate location showing a high
reading is sampled.

Gamma Radiation Levels >14.5 uR/hr, but no Surface Anomalies. If cor-
rected gamma exposure rates greater than 14. uR/hr (including background)
are observed at the three foot elevation, or if the readings show a signifi-
cant increase at any location, a search is made for elevated readings at the
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 uR/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 shggs an increase of one uR/hr or more. Sur-
face soil samples are taken for 226Ra analysis at two locations showing maxi-
mum gamma readings.

Contact Gamma Radiation Levels >20 uR/hr Above Background. If surface
gamma readings greater than 20 uR/hr above the 14.5 uR/hr background are
gggerved. up to five or six surfuce and core soil samples are collected for

Ra analysis at locations of maximum gamma exposure rates. The property
is scheduled for a more detailed engineering asseaa t because it is assumed
that material containing greater than 5 pCi/q of 3:: is present, even if
the initial soil samples collected happened to miss it.
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GAMMA SURVEYS OF OPEN LAND

Introduction

rding to 40 CFR 192, remedial action is required on open land if
residcggoradigactivity results in ZzgRa concentrations in soil >5 pCi/g in
any 5 cm thickness within one foot of the surface, or any 15 cm thickness
below one foot., However, the land is aiso ineligible for HUD federally
guaranteed financing if the estimated average gamma radiation exposure rate,
including background, is greater than 14.5 uyR/hr. Outdoor gamma rad1§tion
surveys are therefore conducted on open land to locate any soil containing
greater than 5 pCi/g of 226Ra and to determine the average gamma radiation
exposure rate of the property.

Protocols

Open Tots are divided into grids containing four survey blocks along
the shorter dimension and five survey blocks along the longer dimension of
the property (Figure A4). On very large lots extra rows of survey blocks
are added to keep the maximum distance between measurements below 200 ft.
Extra blocks may be added to irregularly shaped lots where the rectangular
grid leaves unsampled areas. Gamma exposure rates are measured at an eleva-
tion of about three feet at the approximate center of each survey block with
Ludlum scintillometers set on slow response. Readings are not recorded unti
the meter has stabilized for a few seconds. The scintillometers are compared
to a calibrated Reuter-Stokes pressurized ionization chamber at one location
on each 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 yR/hr. If no corrected gamma readings
greater than T4.5 uR/hr [including backaround) are observed at the three
foot elevation, one surface soil sample is collected for 226Ra analysis at a
location of maximum gamma exposure ra‘e.

Gamma Radiation Levels >14.5 uR/br but no Surface Anomalies. If gamma
radiation levels greater than T4.5 . R/hr (including backaround) 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,
if consistent gamma readings above 14.5 uR/hr are observed at the three foot
elevation, and no contact gamma readings greater than 20 uR/hr above the
14.5 uR/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 uR/hr or more at another location. If no contact
reading greater than 20 uR/hr above background is observed at any location,
one surface soil sample is collected for 226Ra analysis at a location of
maximum gamma exposure rate.

Contact Gamma Radiation Levels >20 yR/hr Above Background. If gamma
radiation levels greater than 20 .R/hr above the 14.5 .R/hr background are
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observed at the surface, surface and core soil samples are collected for
26Ra 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.

SOIL SAMPLING PROCEDURES

Surface Samples

The soil 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 cm? area to a depth of 5 cm. The
device is driven into the ground and a small trench is dug next to each end
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 c¢cm depth to enclose the sample. However, this sampler does not work
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. The
surface samples are transferred to a plastic bag and shaken to ceparate the
soil from leaves and grass, which are then replaced in the kole. 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-
sary, the coring procedure is repeated at about the same location, combining
samples from equal depths, until sufficient sample is obtained for analysis.
This latter procedggg has been developed to conform to the criterion proposed
in 40 CFR 192 for Ra concentrations in soil.

Procedure for the Analysis of Soil for 226Ra

Each soil sample is homogenized, weighed and transferred to a metal can
with about a 410 m] capacity. The cans are then sealed with a manually oper-
ated sealer. They are checked for leaks by immersing in nearly boiling water
and inspecting for bubbles. The cans are stored for at least 10 days, and
gi2a1ly considerably longer, to . low radon and its short-lived daughgfr,

Bi, to grow in. The cans are then placed in plastic bags and the 2148
is counted for 10 minutes in a 23 cm diameter by 23 cm deep Nal(T1) well
counter. The cans used are the largest that will fit into the well. The
gamma-ray spectra are stored in a multichannel analyzer. The efficiency of
the detector is de;srmined daily by counting a homogenized uranium mill tail-
ings sample se 226Ra concentration has been established by comparison
with an NBS a standard. The background is determined daily by counting
a can filled with distilled water.
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The 226Ra concentrations are calculated from the measured 214gi, after
correcting for the fractional ingrowth of radon from the parent 226Ra during
the time between sampling and counting. In making this calculation, it is
assumed that the radon concentration was 50% of equilibrium with 226Ra at
the time the can was sea.ed. 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
226Ra, that property is scheduled for engineering assessment. However, reme-
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 recommended pro-
cedures they may use at their own expense to remedy the problem. Therefore,
soil samples that are shown by NalI(T1) analysis to contain greater than 5
pCi/g of 226Ra are shipped to PNL at Richland, Washington. There they are
opened, homogenized, dried, re-weighed, and then counted on an intrinsic
germanium gamma-ray spectrometer system. These analyses indicate (from the
ratios of 234Th to 230Th, 226Ra and 210ph) whether the 226Ra is due 5 mill
tailings or to natural terrestria} radioactivity. The activity of 2341h,
the 24-day half-life daughter of 33U. should be much lower than the activi-
ties of 230Th, 226Ra, and 210pb in mill tailings, but should be nearly equal
to the activities of these radionuclides in uranium ore, whethe- it is from
a natural deposit or ha en transported from a mining or milling site.

(The concentrations of R?h, 238Th, 252Ra and %lon are establisged by com-
parison to standards traceable to NBS or IAEA.) The resolution of the NaI(T1)
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
thar would be possibie using a aermanium diode.

Visual observations of the physical characteristics of the soil samples
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 conside<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>