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1.0 INTRODUCTION

This report documents the radiological condition of the George
Herbert Jones Chemical Laboratory (hereinafter referred to as Jones
Laboratory) at the University of Chicago in Chicago, Illinois
following remedial action conducted by Bechtel National, Inc. (BNI)
from July 1987 through October 1987. The work was performed under
the Formerly Utilized Sites Remedial Action Program (FUSRAP), a
Department of Energy (DOE) project that was established to identify
and decontaminate or otherwise control sites where residual
radioactive contamination (exceeding current guidelines) remains
from the early years of the nation's atomic energy program.

1.1 LOCATION AND DESCRIPTION

The campus of the University of Chicago is' on a 171-acre site in
Chicago, Illinois, approximately 7 mi south of the downtown business
district (see Figure 1-1). The University of Chicago was founded in
1891 and contains over 125 buildings that represent architectural
styles of the past nine decades. A major portion of the university
is located in the Hyde Park-Kenwood National Historic District; six
university buildings (including Jones Laboratory) are listed in the
National Register of Historic Places as shown in Table 1-1 (Ref. 1).

The Jones Laboratory is located near the center of the campus on
Ellis Avenue (Figure 1-2). This facility is currently used for
teaching and research purposes.

1.2 SITE HISTORY

The University of Chicago was one of the focal points for supporting
activities conducted by predecessors of DOE: the Manhattan Engineer
District (MED) and its successor, the Atomic Energy Commission
(AEC). These activities included the handling of radioactive
material associated with development of the atomic bomb during World
war II (Refs. 2, 3).
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TABLE 1-1

PROPERTIES OF THE UNIVERSITY OF CHICAGO LISTED IN THE
NATIONAL REGISTER OF HISTORIC PLACES*

Property

Basis for
Listing

Date
Listed

SITE OF THE FIRST SELF-
SUSTAINING NUCLEAR REACTION,
5630 South Ellis Avenue

FREDERICK C. ROBIE HOUSE,
5757 South Woodlawn Avenue

LORADO TAFT MIDWAY STUDIOS,
6016 South Ingleside Avenue

ROOM 405, GEORGE HERBERT JONES
CHEMICAL LABORATORY,

5747 South Ellis Avenue

FRANK R. LITTLE HOUSE,
5801 South Kenwood Avenue

CHARLES HITCHCOCK HALL,
1009 East 57th Street

Site of the first controlled,
self-sustaining nuclear chain
reaction; now marked by
Henry Moore sculpture,
*Nuclear Energy."”

House designed by Frank Lloyd
Wright, completed in 1909; the
archetype for the prairie house
design that revolutionized the
architecture of the American home.

Constructed in 1929 by Lorado Taft
from sections of the first campus
studio that was built in 1906. The
original brick barn continued to be
Taft's private sculpture studio
until his death in 1936.

Room where a group of scientists
under the direction of Dr. Glenn T.
Seaborg first isolated (Aug. 18,
1842) and weighed (Sept. 10, 1842)
plutonium.

Designed by Irving and Allen Pond;
regarded as an architectural
landmark.

Designed by Dwight H. Perkins and
constructed in 1902. This building
combines the neo-Gothic architec-
ture of nearby buildings with a
“prairie” motif.

10/15/66

10/15/66

10/15/66

5/28/67

5/11/76

12/30/74

%xSource: Ref. 1
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The primary focus of activities conducted at the University of
Chicago under contract to the MED was the production and
purification of plutonium. Additional research and development
operations were conducted throughout World War I1 to support the
atomic bomb project. Various laboratories and facilities at the
university were used for these activities, including Jones
Laboratory (Refs. 2, 3). The remedial action conducted at Jones
Laboratory is the subject of this report.

The first contract with the University of Chicago was established
through the government's Office of Scientific Research and
Development (OSRD) in January 1942. By June of that year, the Army
Corps of Engineers assumed responsibility for development of the
atomic bomb, forming the MED for this purpose. The contract was
transferred from the OSRD to the MED in May 1943. In 1947, the AEC
gsucceeded the MED as the government agency in charge of nuclear
programs. AEC-sponsored research continued at the University of
Chicago until 1952. When MED/AEC operations at the university
ceased, the facilities used by the MED/AEC were decontaminated to
meet health and safety criteria then in effect (Refs. 2, 3).

Radiological surveys of these facilities were performed for DOE by
Argonne National Laboratory in 1976 and 1977 (Refs. 4-8). These
surveys indicated the presence of residual radioactive contamination
in four buildings, including Jones Laboratory. DOE performed
decontamination operations in these buildings in 1984; however,
because Jones Laboratory was renovated after MED/AEC activities
ceased, many sections of ductwork were not readily accessible during
decontamination operations conducted in 1984 (Ref. 3).

The remedial action described in this report was conducted in areas
that were identified on the basis of pre-remedial action activities
as being contaminated in excess of guidelines. Pre-remedial action
activities are described in Subsection 3.1; the types of remedial
action conducted are described in Subsection 3.2.



2.0 REMEDIAL ACTION GUIDELINES

The radionuclides of primary concern at Jones Laboratory prior to
remedial action were various isotopes of uranium, plutonium,
thorium, and radium. Because other radioactive isotopes such as
americium-241 and neptunium-237 are still handled in the laboratory.
selected samples were also analyzed for these isotopes. DOE
residual contamination guidelines governing the release of the
property for future use are listed in Table 2-1. DOE implemented
these guidelines on the basis of their compatibiiity with guidelines
established by the Environmental Protection Agency (EPA) (Ref. 9).
The guidelines presented in Table 2-1 were applied primarily to
surfaces such as walls, floors, ceilings, roofing tiles, and
ductwork. On surfaces where contamination exceeded the applicable
guidelines, remedial action was repeated until post-remedial action
measurements indicated that DOE guidelines had been met.

The remedial action guideline for uranium-238 in soil at the
University of Chicago is the 150-pCi/g limit derived for the
Illinois National Guard Armory, another FUSRAP site in Chicago
(Ref. 10). Remedial action guidelines for surface contamination at
the University of Chicago are 100 alpha dpm/100 cmz, average, and
300 alpha dpm/100 cm , maximum; 0.2 mrad/h beta-gamma, average,

and 1.0 mrad/h beta-gamma, maximum; and 20 alpha dpm/100 cm2 for
removable contamination (Ref. 9). Guidelines for radionuclide
concentrations in water to be released to uncontrolled areas at the
University of Chicago site are contained in a DOE memorandum issued
in 1986 (Ref. 11).




TABLE 2-)
SUMMARY OF RESIDUAL CONTAMINATION GUIDELINES FOR THE UNIVERSITY OF CHICAGO
Page 1 of 2

BASIC DOSE LIMITS

The basic 1imit for the annual radiation dose received by an individual member of the general public is
100 mrem/yr.

SOIL (LAND) GUIDELINES

Radionuclide Soil Concentration (pCi/g) above background?:b,c
Radium-226 5 pCi/g, averaged over the first 15 om of soil below
Radium-228 . the surface; 15 pCi/g when averaged over any 15-cm-
Thorium-230 thick soil layer below the surface layer.

Thorium-232 .

Uranium-238 150 pCi/g*

Other radionuclides Soil guidelines will be calculated on a site-specific

basis using the DOE manual developed for this use.

STRUCTURE GUIDELINES

Airborne Radon Decay Products

Generic guidelines for concentrations of airborne radon decay products shall apply to existing occupied
or habitable structures on private property that has no radiological restrictions on its use;
structures that will be demolished or buried are excluded. The applicable generic guideline

(40 CFR 192) is: 1In any occupied or habitable building, the objective of remedial action shall be, and
reasonable effort shall be made to achieve, an annual average (or equivalent) radon decay product
concentration (including background) not to exceed 0.02 WL.9 1In any case, the radon decay product
concentration (including background) shall not exceed 0.03 WL. Remedial actions are not required in
order to comply with this guideline when there is reasonable assurance that residual radioactive
materials are not the cause.

External Gamma Radiation

The average level of gamma radiation inside a building or habitable structure on a site that has no
radiological restrictions on its use shall not exceed the background level by more than 20 uR/h.

Indoor/Outdoor Structure Surface Contamination

Allowable Residual Surface Contaminatijon®

(dpm/100_cm?)
Radionuclidef Average9:h Maximunmhs | RemovablehsJ
Transuranics, Ra-226, Ra-228, Th-230, Th-228 100 300 20
Pa-231, Ac-227, 1-125, 1-129
Th-Natural, Th-232, Sr-90, Ra-223, Ra-224 1,000 3,000 200

U-232, 1-126, 1-131, 1-133

*Argonne National Laboratory. Derivation of a Uranium Residua) Radioactivity Guideline for the
National Guard Armory in Chicago, Illinois, Chicago, IL, May 1987.




TABLE 2-)

(continued)
Page 2 of 2
_ﬂﬁ_*____*________________ —_

Allowable Residual Surface Contaminatione

(dpm/100 cm2

Radionuclidef Average9:h Max imumh, 1 Removabieh,J
U-Natural, U-235, U-238, and associated decay 5,000 o 15,000 o 1,000 o
products

Beta-ganma emitters (radionuc)ides with decay 5,000 - y 15,000 8 - v 1,000 B - vy

modes other than alpha emission Or spontaneous
fission) except Sr-90 ang others noted above

concentration, If other mixtures of radionuclides occur, the concentrations of individyal

radionuclides shall pe reduced so that the dose for the mixtures will not exceed the basic dose
limit.

da working leve] (WL) is any combination of short-Tived radon decay products in 1 liter of air that
will result in the ultimate emission of 1.3 X 105 Mev of Potential alpha energy.

€As used in this table, dpm (disintegrations pPer minute) means the rate of emission by radiocactive
material as determined by Correcting the counts per minyte observed by an appropriate detector for
background, efficiency, and geometric factors associated with the instrumentation.

fﬁhere surface contamination by both alpha- and beta-ganna—emitting radionuclides exists, the limits
established for alpha- and beta-ganna-emitting radionuclides should apply independently.

9Heasurements of average contamination shoylg not be averaged over more than 1 . For objects of
less surface area, the average shall pe derived for each such object.

hThe average and maximum radiation levels associated with surface contamination resulting from
beta-gamma emitters should not exceed 0.2 mrad/h and 1.0 mrad/h, respectively, at } cm.

JThe amount of removable radioactive material per 100 om? of surface area should be determined by
wiping that area with dry filter or soft absorbent paper, applying moderate pPressure, and measuring the
amount of radioactive material on the wWipe with an appropriate instrument of known efficiency. When
removable contamination on objects of surface area less than 100 om? js determined, the activity per
unit area should be based on the actual area angd the entire surface should pe wiped. The numbers in
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3.0 REMEDIAL ACTION

After it was determined that buildings at the University of Chicago
site were radioactively contaminated in excess of existing DOE
guidelines, DOE designated the site for remedial action. Although
access to some of the contaminated areas was difficult as a result
of renovations performed subsequent to the termination of MED/AEC
activities, in 1984 DOE decontaminated those areas of the building
to which access could be easily gained. 1In 1987, the remaining
contaminated areas became more easily accessible following
additional renovations. 1In order to determine the specific areas
where remedial action was required, DOE radiologically characterized
the areas that were suspected to be contaminated.

Based on these characterization activities, remedial action was
performed. Figures 3-1 through 3-8 are floor plans of Jones

Laboratory from the basement to the roof. These figures are grouped
at the end of this section.

3.1 PRE-REMEDIAL ACTION CHARACTERIZATION ACTIVITIES

Several types of areas were suspected to be radioactively
contaninated and were radiologically characterized to provide
clearer definition of the specific areas requiring remedial action.
Detailed characterization results are reported in a separate
document (Ref. 12). Pre-remedial action characterization activities
are described below.

3.1.1 Ducts

Sixty-four ducts in the Jones Laboratory were suspected of being
contaminated. One of these ducts (Duct 19) was never located, even
thouéh it appeared on the original drawings of the laboratory that
were on file with the university. The 63 ducts that were located
were radioactively characterized to support remedial action planning.
Surveys of each duct were performed to determine whether above-
guideline radioactive contamination was present. Measurements were



taken at several elevations on the north, south, east, and west face
of each duct. 1In addition, it was determined based on a review of
historical information that there was a potential presence of
perchloric and picric acid salts in the ducts. Perchloric and
picric acids salts are explosive; they can be detonated by shock,
impact, heat, or friction. Before remedial action was performed on
the ducts, field tests were performed to determine whether these
salts were present. Where positive results were received, they were
verified by laboratory analysis.

Based on visual inspection of the work areas, asbestos-containing
material (ACM) was suspected to be present in the construction
materials. A survey was performed to determine whether ACM was
present.

3.1.2 Chimneys

The duct system in Jones Laboratory terminates on the roof as a
series of chimneys. Each of these chimneys was surveyed for
radioactive contamination.

The roof of the Jones laboratory was radiologically surveyed to
determine whether it had become contaminated by the deposition of
stack exhaust. Figure 3-7 is a plan of the laboratory roof.

The roof tiles were sampled, and analyses were performed to

determine the concentrations of plutonium-239, uranium-238,
thorium-230, radium-226, and thorium-232. It was determined that
the tiles were made from materials containing naturally occurring
radioactive materials.

3.1.4 Steam Leaks and Floors

Prior to the performance of remedial action by decontamination or

removal, the ducts were steam-cleaned to remove any perchloric or .

10



picric acid that might be present. During steam-cleaning
operations, a number of steam leaks occurred. The floors in areas
where these leaks occurred were surveyed to determine whether they
had become contaminated as a result. Several other floor areas were
also radiologically surveyed.

3.1.5 Drains and Sewers

Sediments in the drains inside the laboratory building were sampled
based or findings of the survey conducted in 1984 (Ref. 13). To
determine whether contamination had reached the public sewer system,
water samples were collected from the sewer at points both above and
below the inlet from the Jones Laboratory.

3.1.6 Fans and Blowers

The fans and blowers in the duct system were surveyed for
contamination. A total of 28 direct alpha measurements, 28 direct
beta-gamma, and 7 transferable alpha measurements were made.

3.2 REMEDIAL ACTION ACTIVITIES

Remedial action was performed at Jones Laboratory based on the
results of the characterization activities described in

Subsection 3.1 (Ref. 12). Since above-guideline contamination was
not found in the drains or sewers, no remedial action was performed
in these areas. 1In those areas that were found to be contaminated,
remedial action was performed as described below.

Remedial action consisted of removing chemical and radioactive
contamination from several areas. Four types of remedial action
were performed at the Jones Laboratory. The first two types of
remedial action discussed below were performed to protect the health
and safety of remedial action workers and other persons occupying
the laboratory building.

11



The first of these activities was the steam cleaning of the duct
system. Because the explosive salts of perchloric and picric acids
were determined to be present in the duct system, the ducts had to
be flushed with steam to remove the salts before further remedial
action could be performed.

After the duct system was steam-cleaned, the ACM was removed based
on survey results indicating that it was present in areas where work
was to be performed. The ACM was removed to protect the worker

safety. 'A total of 512 ft2 of ACM was removed from the Jones
Laboratory.

Following the removal of ACM, remedial action continued, consisting
of the removal of radioactively contaminated ducts. Ducts 10, 26,
29, and 64 were removed. The locations of these ducts are shown in
Figures 3-9 through 3-11. Finally, the floors were scabbled to
remove fixed contamination. The areas that were scabbled are shown
in Figures 3-12 through 3-14. Figure 3-15 shows the locations of
the chimneys that were cleaned.

Radioactively contaminated wastes removed during remedial action
were shipped to Argonne National Laboratory (a DOE facility in
Argonne, Illinois) for disposal. The ACM that was not radioactively
contaminated was placed in asbestos disposal bags and transported
from the site by a waste hauler licensed to dispose of ACM. All
water was stored on-site, tested to ensure that it met applicable
limits, and then released to the sewer system.

3.3 CONTAMINATION CONTROL DURING REMEDIAL ACTION

During remedial action, measures were taken to prevent the spread of
contamination and to keep exposure rates as low as possible for
building occupants, including the remedial action workers. Measures
were also taken to monitor airborne radioactivity resulting

primarily from dust and to limit the exposure of personnel to
asbestos.

12



The following contamination control measures were implemented during
remedial action:

Continuous

successful.

All sanding, scabbling, grinding, or cutting was done
within a containment box (a cardboard or plywood box with
a plastic top that permitted the operator to use the
proper equipment but prevented the uncontrolled release
of contaminants). The top also had an opening for the
hose of the high-efficiency filtered exhaust vacuum,
which was used primarily for dust control.

All personnel working in areas where ACM was present wore
respiratory protection. 1In addition, a control area was
established wherein the affected area was .isolated from
the rest of the building using a partition made of
plastic film. This controlled area served as the only
access and egress from the asbestos-containing area. All

equipment was vacuumed before it was removed from the
area.

air sampling was performed at several points within the

building to ensure that contamination control measures were

13



NOTIOB6MIED (2A°2p) 349

IN3IN3ISVE JHL 40 NVid HOO1d I-€ 34NOId

(378vI11ddY SV b9 - ) dNOYI YISIY ¥
NI H3SIH HOV3 404 NOLLVNDISIG U3 INDINN _

1
SILVNISINO HISIH HOIHA MOYH YIBUN ¥OOU L

NOLLYAITI Hidd
NV 1V SILYNIOIHO LVHI JNOM) ¥ 40
MISIH L SILYIIONI LXK ‘oMY H3ISIY

(O£A - 1A) SHIGWN dNOHS HISTH

HIWIN MOOY

03LYNINYINOD 3D
ATSN0IAZHd SYRYY

SONIAVHD INIONING LZ6I
TVNIOIHO NO Q31¥JIONI SNOILYOO0T OOOH

4

ABOLYHOBY YISV

1




pe=re———ie ] (310VI AV SV b9 - 1) dNOHI HISIH ¥ N

NOQ'Z0BGMIED [21°2h) 8D

HOOT4 LSHI4 3HL 40 LNOAVT ¢-€ 3HNOI

’ MISIY HOV3 B4 NOLLYNDISIO M38iN 3NOINA |
an

STUYNISINO H3SIH HOIHM MOHJ HIBNIN 400 —

NOILVA3TI H3dd (111}
NV 1¥ SILYNIOIBO 1¥HL dow ¥ 40 cm=
Y3SI0 L SIAVIIONI X, ‘10U IS
(OFA - 1) SUIAMON dOH HISIY A L.
*r + ¢ ]
+» & L ]
& & + +*
* L L ]
&+ L d * L L

Q3LVNINYINGD
ATSROIATY SYIHY

e
SHMI0 A8 S1HOJZ NOLLIY 1]
IO N GILYDIONI SNOILYDOT OOH
CONIAYEO ONIQWNG 1260 VT o %1] 51

WNISIHO NO GRIVIIGHI SMOILYIOT 0OOH  1— 2= @l i
=y
=
x

L~

A B

HIEVIN 1N00Y [foy]
+
+
+
H

15




ROO'COB6MIED (2)°20] 60

HOOT4 ANOO3S 3HL 40 LNOAVT €-€3HNOI

(F19V21 1ddV SV 9 - 1) JN0YI YIS ¥
NI Y351 HOV3 BOJ NOLLYNIISI HIGNIN JDINN |
23]}

SILYNIONNO ¥ISIY HOIHR WOU4 HIBWN ¥0014 ||||I._
NOILYATTI H3ddN
NY LV STLVNIDINO LVHL dN0¥D ¥ 40 =
YISIY Fi SILVIIONI X “dN0YD ¥ISW

{OEA - 1A} SH3GMMN dNOWD W3SIH

HIENN MOOY

O3LVNIRYLNOD K]
ATSNOIASYd SY3HY

SHIHLOD AB S1HO3Y NOLLJY
WIGN3Y N G3LVIONE SNOILVIOT QOOH

SONIAYYO INIDNG LZ6
TNIOINO NO Q3LYIIGNI SNOLLYIOT GOOH

s Hoee Lans  -lim

52
@
NV
] )

01 L]

AN

[




NIO'POBEMIED L21°Th] *Hhy

HOO1d dHIHL IHL 40 1LNOAVT +-€ JHNOIL

(38Y21NddY SV ¥9 - 1) dNOUI HISIY ¥
NI 43SIY HIVI Y04 NOLLYNDISIQ UIBWIN 3N0INA ]

@n

SILVNIZIYO YISIY HOIHA MOHJ YIBNON HOO1J —
NOIIYAIT H3ddD
NV 1Y SAIVNISIHO LVHI di08D ¥ 40 =
H3ISIY L SILVIIONI X ‘di0¥9 Y3SIY

(OEA - IA) SHIBN(N 40O YISI

H3ENNN NOOY

OILYNINYINOD 30
ATSNOIAZYd SYIUY

SHIHLO A S1HD43H NOILDY
VIOIN3Y NI @LYIIONT SNOILYIOT QOO

SONIMYHQ ONIOTING L1261
TNIORIO NO G3LYIIONI SNOLLYDO0T GDOH




d007d HLHYNOS 3HL 40 LNOAV1 s-€ 34ND4

NOLLYATTI Hiddn
NY IV SILYNIOIBO 1vi1 dnows Y 0 Om
HISIH 3L STV X “down LEY ]

(0FA - W) S a0 LE ]

HIBYN nooy

Oimimvioyg — * +
ASOME v ¢
GXYIIIGAY SV 19 - 1) anowp) sty v SUMLO0 A8 S1H0434 NOILIY
NS 10Y3 404 NOILVNEISI0 30NN 3imey -/ AR W QUVION SNOLLY0Y Gy H
[t
| SNUYHO SNIDHNE 1261 | — —
SUINIGLED S04 NOLLHA MOKS H6AW U004 N0 WO QYA SWOLLYD0 ooy L oo |

VAN LN T3S g

MHVAGNY Y 21401 SIH

18

_ﬂ

o 5l

- 5l L
;! " s 2 124 " amum_. nﬂu
e/ nﬁ__w n@% i T Ly g "o

__=mm ol LI

ﬁE 22 124
N_:: ﬁﬂw Naw (k10 :n___-u”fﬂé BILRE _ﬁu_ﬁ ATy}

(e
0y




OILLY 3H1 40 NV'1d HOO14

(378Y21 ddV SV b9 - 1) dNOYI ¥3ISIY ¥
NI Y3514 HOVI HOJ NOILVNOISIO HIGMAN FNDINN |

SIAVNIIIHO H3SIH HOIHA

1413
NOY4 HIEGNIN HOOW Ill_

NOLLYA313 H3ddN

NY 1V SILYNIOIHO LVHL dNOHI ¥ 40
HISIY 3H1 SILVIION] . "dNOWY HISIY

(OEA - IA) SHIBNTN dNOY9 M3SIY

L3N0 G31INKUND A8 @34 AAIHD

HIBNIN hOOY

UI1VNINY1NODIQ +
A15N0LA3Ed SYRIY

Y

e

._Ea_nt.au

034d¥2] (3

Ul

16158

19iZr

SIIWE0S

9

€ 34NOI4

(1314

.:H-p
[ -
g

w-nni
ot _”.mn_s_

ufpidl B

10015 Jaiadvy

(1319

4711
14151

116w

O hkd¥ )

12k

iy

Ul

RIPLLE J4.)

LA ]

NIT9086MIED (21°¢r) gy

19

W B0 JLLY

{1411}
.::ﬁ:

ﬁ%@ Kﬂ- m

g
i —H"
i

s
K —




400Hd AHOLVHO8V1 3dH1L 4O NV1d /£

£ 3HNOI4

AT FL MOHA.S INOBY LY SILVNINGIL
HODM HORIING A8 (34 SI 3N SIKL S

(WNZ HISIH 40 HLNOS ATID 0.0
1nogy MLY0] 1300 @11 INXIN) WY D1
(HLIINOD Nv4 ¥ AB 034 SI 3N SIHL °r

(VN2 ¥3SIH OL
(E1I]N0D WY4 ¥ A8 @34 SI 3N SIKL X

YEXT AG (31 SI HOMA
W4 ¥ 0L (ELIMM0D ST 3N SIKL T

131 OF-0f MIIM1TE SILVNINMIL
HOIHA YHOALND AG Q34 SI N4 SIHL Y

SILON

Emﬂ.!ﬁ_g SY _Hﬂ-w__ym m._#n_ xum_“h_hﬂ
Y3 404 NO HIGWN _
4]

SIIVNIOINO HISIH HOIHA MOWJ H3GN H00W I._

NOG'LOBGMIED (2120 *uuy

20




NIO'BOBOMIED Ler wri wu

AHOLYHO8V1 SANOr 3HL 40 NV'1d HOO'1d 1TvOIdAL 8- 3HNOId

(37v3S 04 1ON)

21

i

o 7
fﬁ

ﬁumu.u SZA wnnn._, __.“m.: nuw.ua

620 QEA
| Eza bF T T S i 6TA D) i
ms
m;

N\

e

FA
€A
|

V%




NIT'GIB6MIE [21°20) o

92 ANV 0} S10NA 40 SNOILVYOOT 6-€ 3HNDIS . |

(3v2S 01 LON) ¥ NOILD3S ‘8-€ 3uN9I4 335 *ILON _

0-,0 °1 I
INM3SYE _

H0LYATT3

H

0- L1 1
80014 1S4

=

-— e = o e § eows = e e
— e = s = — - —

H01vA113

]

|

IS [T} ettty

ions KN

- e -

(*dAl) ONITII)
Q30N3dSNS —|
o6- 68 T3
40013 G

o

H01vAIY3

U
|
..

=
[
22

z - s
__-[_--_--T_--:T

it
i

HoLYAI 13

: oy

6-,28 13
8001 Hib

e SO, T

—
— - w—f -
- — -

g peswes
=y |
4
|
|

=
e e p e e e = - -
;——r— - — = -

- -
x

=

- pry

>"
s

w
-

©

TIVA Bl
NI 10N SI H3SIY SILYIIONL 3NI1 €170S

TIVA 3HL NI
(30030M3 SI ¥3SIY SILVIIONI 3NIT 03HSVQ

SNOILYJ01 HISIY
NILSAS 1SAVHXI QCOH 3Mnd

(0EA HONOWHL TA) SY3IGWN dNOXD H3ISIW

NOILIV TWIAM3IY INIUNG GIAOHIM

(318Y211ddY SV b3 HONOUHE 1) ANOYD WISIY ¥

NI Y3ISIY HIY3 HOJ NOILYNOISIO HIBWW INVINN ¥IGHIN MOON




NIT'OCBOMIED LCI°2N] iU

6¢ 10NAd 40 NOILVOO1T 01-€34NDid

(31v2S 01 10ON)

«0-,0 "1 4N
INMISVE

8 NOILD3S 8-€ 34NIL4 33S 310N

{'dAl) ONITIT)
030N34SNS
8- 60 °T3
40014 (i€

23

TIVA ML
NI 10N SI Y3ST¥ SIUVIIONI 3NIY 01708

TIVR 3L NI
030036W3 SI Y3SIY SILVIIONT INIT Q3IHSYO

SNOILYD0T y3SIY
N3LSAS 1SAVHXI O0OH Ind

(OEA HONOHHL 1A) SAIGUN dNOwd ¥ISIY

NOTLIV VIO ONIWD QIAOHI

(308Y211ddV SV F9 HINOUHL 1) JNOWD ¥ISIY ¥
NI ¥3SIH HOVI HOJ NOTAVNOISIG HIWWN MNOIND




NITicBoMIED Lerc. .

¥9 1LONA 40 NOILVOO1 i-€ 3HNOIA

3 NOILD3S ‘8-€ JuN9l4 335 :LON
(AWIS 0L 10N o oy
INNISVE

W0- .81 "3
Y0014 1SI

--l---—-.-!

ey

("dAl) ONITI3)
030N3dSNS —
6-2 13
H0014 ONC

24

— — — e = e — - — -

|

I

I
s

|

B
:

-—--u—--_:--—-- —_—

_—— e -

- o —
- —

-— e e - -
—— s

jigphem RO (OHPS

[l
Y
L

£
=

'
'
1
1
'
'
|
T (e
'
44
8eA ¥ZA

D ==
Fh—

P
-

ook -

TIVR 3HL
NI 10N SI H3SIH SAUVIIONI NIV QIN0S

TIVA 3HL NI
03003003 S1 H3ISIY SALYIIONL W17 a3Hsvq

SNOILVI0T HISIY
N3LSAS LSNYHX3 00CH N4

(OEA HONOHHL TA) SHIGHNN dNOYD ¥ISIY

NOLLDYV TWIO3M3Y INIGNG 03A0MIY

(3WVII WAV SY ¥3 HONOBHL 1) dNOHD ¥3ISIY ¥

NI Y3ISIY HOV3 HOJ NOLIVNOISIO H3GWIN 30NN HIGION WOOY




NOZZBGMIED (&8s oo |

HOOT4 HLHNO4 3HL NO ad3188vOS Sv3dy ¢i-€ 3HNOId |

_
(OEA - IA) SH3IBWIN dNOWI HISIY VRV HiMO¥I 3WHILS

(T18VI1ddY SV IS - 1) dNOw HISIY ¥ HIYN MO0Y _ _

NI H3SIH HOYA b0 NOLLYMOISID WiBmiN Jnol — | _
L 31 YNINY INOD3O

STAYNIOINO M3SIN HOILHA MOMS MW ¥00Y ———) Es;!&g

SUIHIO A8 SINOJRY NOLLIY —._ YRIY (38aY5

WIOIGH NI GILVIION! SNOLLYDOT CG0OH

SONINYYHO INIQTLNEG 1261

0! WIVAGNY] IHOLSIH

" o
NS0 NO QILVIIGN( SNOILYIO1 00OH — - =

25

-

«

| £1-¢ 3nal4 335!

——= =

!

[}
]
] E.‘IN_
]
\

(1]

L.
.n..w%. UN TS _Aﬁi

bt T

Ll " _




MOQ"BEBEAIED (21'T¥) 1649

HOO4 OlLLV HOO14 HLHNO4 dH1 NO d3194vOS Sv3dvy €£1-€ 3HNOId

WIS 0L LON)
\ a/
\s - ] /r '
i ian | R 92A
& )
.. _Uﬁt.ei .__
... (€)1G 5bx.61 ; .Cmm (2)16 ©
ININ ———p— (£)0S 1 ()b ol
", AR B
( '
\ ECA (€)1 ! 22N 1ZA
\ _N\w, cﬁwmwuu /
./ .61 .mx..\. \\
% 5 (Z)GP
R ;# (0)9F (2)P
- 317




1E11S ko)

OlLlV 3HL NI d371949vOS Sv3dv

Q319avIs SV

(39VIIddY SY 9 - 1) JNOUD U3SIY ¥
NI Y3514 HOVI HOJ NOILVADISIA ¥IMWN FIOIND |
1411

SILYNIINO HISIY HOIHA MO¥J HIBWN HOO =

(DEA - 1A) SHIENIN JNOHD HISIY 12

1Zns
@S | g

CHIE J03v

e | (THr

Herig iyl

FITTE T

vt

€ 34NOid

NOO'ECBGAIED (21°20) B

o 3ddvD

a (1j%% W

Q373 (0110

15155 | 1012y

RITLE i

i

e
i M

(1

ufisl Ha

wwi

R

o

27




a3L1via3anad 343aM LVHL SAINWIHO 40 SNOILYOOT SH-€ 3dNold

AINNHD QAvIG S5




4.0 POST-REMEDIAL ACTION MEASUREMENTS

Post-remedial action measurements were taken in areas where remedial
action was performed, including the scabbled areas and the walls

behind the removed ducts. These measurements consisted primarily of
direct alpha and beta-gamma measurements.

In the tables shown in this section, use of the "less than" (<)
notation in reporting results indicates that the radionuclide was
not presént in concentrations that are quantifiable with the
jnstruments and techniques used. The "less than" value represents
the lower limit of the quantitative capacity of the instrument and
technique used. It is based on various factors, including the
volume, size, and weight of the sample for bulk samples; surface
area of the detector for direct and transferable measurements; the
type of detector used: the counting time, and the background count
rate. The actual concentration of the radionuclide is less than the
value preceded by the "less than" symbol. 1In addition, since
radioactive decay is a random process, a correlation between the
rate of disintegration and a given radionuclide concentration cannot
be precisely established. For this reason, the exact concentration
of the radionuclide cannot be determined. As such, each value that
can be quantitatively determined has an associated uncertainty term
(+), which represents the amount by which the actual concentration
can be expected to differ from the value given in the table. The
uncertainty term has an associated confidence level of 95 percent.

All the beta-gamma measurements are reported with background
included. These measurements were all taken with portable,
hand-held instruments. Background measurements recorded with such
instruments can vary from room to room for various reasons,
including the use of different instruments in the various rooms, the
occurrence of small changes in the response of the instrument (e.g.,
new batteries), and small day-to-day changes in the ambient
background.
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The areas in which remedial action was conducted were radiologically
surveyed to determine whether remedial action guidelines had been

met. Direct contact measurements were obtained using a
Geiger-Mueller counter. The number of readings obtained generally
averaged five per square meter. Where physical features permitted,
measurements were obtained in the center of a 1-m by 1-m square and
at the four corners of the square. Transferable alpha readings were
also obtained, at a minimum, at the locations that exhibited direct
alpha measurements above guidelines for transferable contamination.
These measurements were obtained by wiping a lo-ém by 10-cm area
with a filter and taking a measurement of the filter.

Additional detail about the methods used to obtain post-remedial
action measurements in specific areas are contained in the
subsections that follow, as are summaries of the findings. Figures
and data tables for the areas in which post-remedial action
measurements were taken are grouped at the end of Section 4.0.

As shown in the tables, some of the direct post-remedial action
measurements exceed 100 alpha dpm/100 cmz. The applicable
remedial action guideline for surface contamination is

100 alpha dpm/100 cm2 averaged over a l—m2 area; while the
maximum for an individual measurement is 300 alpha dpm/100 cmz.
The measurements listed in the tables are individual measurements
rather than averages, and these measurements are all below the
300-alpha dpm/lOOcm2 maximum. For all areas in which measurements
exceeding 100 alpha cpm/100 cmz were obtained, the average
measurement over the inclusive l-m2 area was below the

100-alpha dpm/100 cmz guideline. Therefore, post-remedial action
measurements indicate that applicable remedial action guidelines
have been met.

4.1 DUCTS
Measurements taken following decontamination procedures indicated
that four of the sixty-three ducts (Ducts 10, 26, 29, and 64) were

still contaminated above guidelines. These four ducts were removed,
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and samples were subsequently taken from the walls behind the ducts
to determine whether all the contamination was removed with the
ducts. Measurements taken during the removal of Duct 10 indicated
that a small area on the wall in Room 409 was contaminated. This
area was cleaned, and post-remedial action measurements were taken.
Post-remedial action sampling locations for the ducts are shown in

Figures 4-1 through 4-28; associated analysis results are reported
in Tables 4-1 through 4-8.

4.2 CHIMNEYS

Eleven air vents in the chimneys were decontaminated to bring them
into compliance with current DOE guidelines. Figure 4-29 shows
typical post-remedial action measurement locations. The

measurements obtained at these locations are reported in Tables 4-9
and 4-10.

4.3 FLOORS

Floors that were found to be contaminated above guideline levels
were scabbled to remove fixed contamination. Several areas were
grouted before final post-remedial action measurements were taken.
These areas were scanned before they were grouted, and all readings
were within guidelines. An Independent Verification Contractor
(IVC) was employed to survey these areas before they were grouted
and determine whether remedial action was successful. Figures 4-30
through 4-33 show the floor areas where post-remedial action
measurements were taken. Post-remedial action measurements for the
floors are reported in Tables 4-11 and 4-12.

4.4 BLOWERS

While remedial action was being conducted in the fourth floor attic,
a small blower and its mounting were found to be contaminated and
were removed. Since the entire unit was removed, no post-remedial
action measurements of the unit were taken.
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NS

. ROOM FLOOR (F1G. 4-2) E. DUCT PEDESTAL (FIG. 4-3)
. SOUTH DUCT WALL {F1G. 4-3) F. ROOM WALL (FIG. 4-4)
. WEST DUCT WALL (FIC. 4-3) G. FRONT INSIDE WALL (FI1G. 4-5)

. NORTH DUCT WALL (FIG. 4-3) (NOT 70 SCALE)

FIGURE 4-1 SURFACES OF DUCT 10 WHERE POST-REMEDIAL
ACTION MEASUREMENTS WERE TAKEN
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W

ROOM FLOOR - TOP VIEW

FIGURE 4-2 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACE A OF DUCT 10
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DUCT WALLS

©

TOP VIEW

(&) | e

DUCT PEDESTAL

FIGURE 4-3 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACES B, C, D, AND E OF DUCT 10
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OUTER WALL - SIDE VIEW

FIGURE 4-4 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE F OF DUCT 10
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WD-3

OPPOSITE SIDE OF ROOM WALL
(FRONT INSIDE WALL)

FIGURE 4-5 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE G OF DUCT 10
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A. ROOM FLOOR (F1G, 4-T7) D. EAST DUCT WALL (FIG. 4-9)
B. ROOM WALL (FIG. 4-B) E. INNER WALL (FIG. 4-10)
C. SOUTH DUCT WALL (FIG. 4-9) (NOT TO SCALE)

FIGURE 4-6 SURFACES OF DUCT 26 WHERE POST-REMEDIAL
ACTION MEASUREMENTS WERE TAKEN
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FC1-5

ROOM FLOOR

®

FIGURE 4-7 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE A OF DUCT 26
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A

ROOM WALL

FIGURE 4-8 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACE B OF DUCT 26
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DS-b6 DE-b

SOUTH WALL EAST WALL

REMAINING TERRA-COTTA DUCT

POST-REMEDIAL ACTION MEASUREMENTS

FIGURE 4-9 LOCATIONS OF
ON SURFACES C AND D OF DUCT 26
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WD1-3 wD2-3

INNER WALL

®

FIGURE 4-10 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE E OF DUCT 26
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9?
i

5

A. ROOM FLOOR (FIG. 4-12) D. SOUTH DUCT WALL (FIG. 4-13)
B. NORTH DUCT WALL (FIG. 4-13) E. ROOM WALL (FIG. 4-14)
C. EAST DUCT WALL (FIG. 4-13) (NOT TO SCALE)

FIGURE 4-11

12,12] C3IWIRI2, DN JKL

SURFACES OF DUCT 29 WHERE POST-REMEDIAL
ACTION MEASUREMENTS WERE TAKEN
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ROOM FLOOR - TOP VIEW

FIGURE 4-12 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACE A OF DUCT 29
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DUCT WALLS

©
"

DA-1 DA-2

FIGURE 4-13 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACES B, C, D, AND E
OF DUCT 29
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ROOM WALL - SIDE VIEW

FIGURE 4-14 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACE F OF DUCT 29
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A. ROOM FLOOR (FIG. 4-16) D. DUCT PARTITION (FIG. 4-18)
B. ROOM CEILING (FIC. 4-1T) £. SOUTH DUCT WALL (F1G. 4-18)
C. DUCT PEDESTAL (F1G. 4-18) F. RODM WALL (FIG. 4-18) (NOT TO SCALE)

FIGURE 4-15 SURFACES OF DUCT 64 WHERE POST-REMEDIAL ACTION
MEASUREMENTS WERE TAKEN (FIRST FLOOR)
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S READINGS PER SQUARE METER
"

F1AT-1 F1A1-2 FiA2-2 F1A3-2 F1A4-2

F1Al-3 F1A2-3 FIA3-3  F1A4-3

FiA1-4 F1A1-5 F1A2-5 F1A3-5 F1A4-5

FiB1-3 F1B2-3 F1B3-3 FiB4-3

F1B1-4 F1B1-5 F1B2-5 F1B3-5 F1B4-5

ROOM FLOOR - TOP VIEW

FIGURE 4-16 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE A OF DUCT 64
(FIRST FLOOR)
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5 READINGS PER SQUARE METER
"

CiAal-1 ClA1-2 CiAa2-2

C1A1-3 C1A2-3 C1A3-3

ClAl-4 C1A1-5 C1A2-5 CIA3-5

CiB1-3 CiB2-3 C1B3-3

CiB1-4 CiB1-5 CiB2-5

ROOM CEILING - TOP VIEW

FIGURE 4-17 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE B OF DUCT 64 (FIRST
FLOOR) .
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PARTITION
TOP VIEW (DUCT PEDESTAL) AT

DIE-1] DIN-1 || DIN-B
DIE-2 T DIN-2 || DIN-8
DIE-3 DIN-3 || DIN-10
DIE-4 DIN-4 || DIN-1]
DIE-5 DIN-5 [| DIN-12
DIE-B DIN-6 |[DIN-13
DIE-T DIN-T || DIN-14

=
=

SIDE VIEW REAR VIEW

EAST WALL

"
| W Wik Wiz
in WIAI-3  WIA2-3
L wiaca winiss wiaes
©| . w3 wiezs
WIBI-4  WIBI-5  WIB2-5
WIC1-3  WIC2-3
WICI-4  WICI-5  WIC2-5
WIDI-3  WID2-3

FRONT VIEW (ROOM WALL)

FIGURE 4-18 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACES C, D, E, AND F OF DUCT 64 (FIRST FLOOR)
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. ROOM FLOOR (F1G. 4-20) E. SOUTH DUCT WALL (FIG. 4-22)

. ROOM CEILING (FIGC. 4-21) F. FRONT INSIDE WALL (FIC. 4-22)

. DUCT PEDESTAL (FIG, 4-22) G. ROOM WALL (FIG. 4-23)

. DUCT PARTITION (FIG. 4-22) (NOT TO SCALE)

FIGURE 4-19 SURFACES OF DUCT 64 WHERE POST-REMEDIAL
ACTION MEASUREMENTS WERE TAKEN
(SECOND FLOOR) .
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FIGURE 4-20 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS

) C31w9834,DCN

5 READINGS PER SQUARE METER

Nkl

F2A1-1 F2A1-2 F2A2-2 F2A3-2

F2A1-3 F2A2-3 F2A3-3

F2A1-4 F2A1-5 F2A2-5 F2A3-5

F2B1-3 FeB2-3 F2B3-3

FeB1-4 F2B1-5 F282-5 F2B3-5

F2A4-3

F2B4-3

F2A4-2

F2A4-5

F2B4-5

ROOM FLOOR - TOP VIEW

ON SURFACE A OF DUCT 64 (SECOND FLOOR)
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5 READINGS PER SQUARE METER
"

C2Al-1 C2A1-2 C2A2-2 C2A3-2

C2A1-3 C2A2-3 C2A3-3

C2A1-4 C2A1-5 C2h2-5

C2B1-3 C2B2-3 C2B3-3

C2B1-4 C2B1-5 %

OPEN AREA
CEILING cutout

ROOM CEILING - TOP VIEW

FIGURE 4-21 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE B OF DUCT 64
(SECOND FLOOR)
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TOP VIEW (DUCT PEDESTAL)

D2E-1
D2E-2
D2E-3
D2E-4
D2E-5
D2E-6
D2E-7

D2N-1
D2N-2
D2N-3
D2N-4
D2N-5
D2N-6
D2N-7

| SIDE VIEW
(EAST DUCT WALL)

— "

REAR VIEW
(SOUTH DUCT WALL)

"
L

®

W2A1-1
W2A1-3
W2A1-4
W2B1-3
W2B1-4
w2C1-3
w2Ci-4
w2D1-3

W2A1-5

wW2B1-5

w2C1-5

W2A1-2

W2A2-3

w2B2-3

w2C2-3

w202-3

W2A2-5

w2B2-5

w2C2-5

FRONT VIEW (FRONT INSIDE WALL)

FIGURE 4-22 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACES C, D, E,
“AND F  OF DUCT 64 (SECOND FLOOR)

53

.2} C31w9834.D0N JKL



©

5 READINGS PER SQUARE METER
"1

" 02A1-1 02A1-2 02A2-2 02A3-2

02A3-3

02A1-4 D2A1- 5 02A2-5 02A3-5

CUTUUT
2 7 0283-3
0281-4 0281-5 // 0282-5 0283-5

02C2-3 02C3-3

ROOM WALL - FRONT VIEW (FACING SOUTH)

FIGURE 4-23 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE G OF DUCT 64
(SECOND FLOOR)
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. ROOM FLOOR (FIG. 4-25) . SOUTH DUCT WALL (FIG. 4-27)
. ROOM CEILING (FIG, 4-26) . WEST DUCT WALL (FIG. 4-27)

. DUCT PEDESTAL (FIG. 4-21) . INNER WALL (FIC. 4-21)
. EAST DUCT WALL (FIG. 4-2T) . ROOM WALL (F1G. 4-28) (NOT TO SCALE)

FIGURE 4-24 SURFACES OF DUCT 64 WHERE POST-REMEDIAL
MEASUREMENTS WERE TAKEN (THIRD FLOOR)
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5 READINGS PER SQUARE METER
"

F3A1-1 F3A1-2 F3A2-2 F3A3-2 F3A4-2

F3A1-3 F3A2-3 F3A3-3 F3A4-3

F3A1-4 F3A1-5 F3A2-5 F3A3-5 F3A4-5

F3B1-3 F3B2-3 F3B3-3 F3B4-3

F3B1-4 F3B!-5 F3B3-5

ROOM FLOOR - TOP VIEW

FIGURE 4-25 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACE A OF DUCT 64 (THIRD FLOOR)
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5 READINGS PER SQUARE METER
"

C3A1-1 C3A1-2 C3A2-2 C3A3-2

C3A1-3 C3A2-3 C3A3-3

C3A1-4 C3A1-5 C3A2-5

C3B1-3 C3B2-3 C3B3-3

C3B1-4 C3B1-5 C3B2-5 C3B3-5

ROOM CEILING - TOP VIEW

FIGURE 4-26 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE B OF DUCT 64

(THIRD FLOOR)
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|-— 30 cm —-I

ASBESTOS
pucT

)

TOP VIEW

D3N-1
D3N-2
D3N-3
D3N-4
D3N-5
D3N-6
D3N-T

D3E-1
D3E-2
D3E-3
D3E-4
D3E-5
D3E-6
D3E-7

|

. 5m

=

(DUCT PEDESTAL)

D3W-1
D3W-2
D3w-3
D3W-4
D3w-5
D3w-6
D3w-T7

®

REAR VIEW
(SOUTH DUCT WALL)

SIDE VIEW
(EAST DUCT WALL)

— "
WIA-1  W3A-2
W3A-3
W3A-4  W3A-S
W3B-3
N3B-4  W3B-5
W3C-3
N3C-4  W3C-5
W3D-3

SIDE VIEW
(WEST DUCT WALL)

P SOUTH INNER WALL

h
L

®

FRONT VIEW (INNER WALL)

FIGURE 4-27 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACES C, D, E, F,
AND G OF DUCT 64 (THIRD FLOOR)
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5 READINGS PER SQUARE METER
T
7

03A1-1 03A1-2 03A2-2 - 03A3-2

03A1-4 03A1- 5 03A2-5 03A3-5

WALL
CUTOUT

03B1-4 03B1- 5 0382-5 03B3-5

ROOM WALL - FRONT VIEW (FACING SOUTH)

FIGURE 4-28 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACE H OF DUCT 64 (THIRD FLOOR)
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FIGURE 4-30 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
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FLOOR UNDER ASBESTOS TENT

NOTE: SEE FIGURE 4-30, SECTION A

FIGURE 4-31 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
IN THE FIFTH-FLOOR ATTIC, SECTION A
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NOTE: SEE FIGURE 4-30, SECTION B

FIGURE 4-32 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS IN THE FIFTH-FLOOR ATTIC,
SECTION B
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Sth FLOOR ATTIC

— "

CAt-1 CAt-2

NOTE: SEE FIGURE 4-30, SECTION C

FIGURE 4-33 LOCATIONS OF POST-REMEDIAL ACTION

MEASUREMENTS IN THE FIFTH-FLOOR
ATTIC, SECTION C
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TABLE 4-1
DIRECT POST-REMEDIAL ACTION MEASUREMENTS
IN THE AREAS AROUND DUCT 10
Page 1 of 2

Alpha Activity Beta-Gamma Activity
Location (dpm/100 cm2) (mrad/h)
FAl-12 <29 <0.01
FAl1-2 <29 <0.01
FAl-3 <29 <0.01
FAl-4 <41 <0.01
FAl1-5 <66 <0.01
FA2-2 62 + 56 <0.01
FA2-3 <41 <0.01
FA2-5 52 + 53 <0.01
FB1-3 <41 <0.01
FB1-4 <66 <0.01
FB1-5 <41 <0.01
FB2-3 52 + 53 <0.01
FB2-5 <66 <0.01
oa1-1P <29 <0.01
OAl-2 62 + 56 0.03 + 0.01
OAl-3 <41 0.02 + 0.01
OAl-4 <29 <0.01
OAl1-5 43 + 50 0.02 + 0.01
OA2-3 <l 0.02 + 0.01
OB1-3 62 + 56 0.03 + 0.01
OB1-4 43 + 50 <0.01
OB1-6 127 + 74 0.03 + 0.01
OB2-3 <41 0.03 + 0.01
0C1-3 89 + 65 0.04 + 0.02
0Cl-4 <54 <0.01
0C1-5 34 + 46 0.02 +0.01
0C2-3 80 + 62 0.03 + 0.01
0C2-5 89 + 65 0.02 + 0.01
OD1-3 34 + 46 0.02 + 0.01
OoD2-3 62 + 56 0.02 + 0.01
OD3-3 62 + 56 0.01 + 0.01
WA-1€ <15 <0.02
WA-2 <54 0.01 + 0.01
WA-3 <15 0.01 + 0.01
WA-4 <54 0.02 + 0.01
WA-5 <15 <0.02
WB-3 34 + 46 0.01 + 0.01
WB-4 <15 0.02 + 0.01
WB-5 <15 <0.02
WC-3 <41 0.02 + 0.01
WC-4 34 + 46 0.01 + 0.01
WC-5 34 + 46 <0.02
WD-3 <41 <0.01

65




Page 2 of 2

TABLE 4-1
(continued)

Alpha Activity

Beta-Gamma Activity

Location (dpm/100 cm2) (mrad/h)

pN-194 89 + 65 0.01 + 0.01
DN-2 <66 0.03 + 0.01
DN-3 <54 0.03 + 0.02
DN-4 62 + 56 0.03 + 0.01
DN-5 34 + 46 <0.01
DE-1 43 + 50 <0.02
DE-2 <15 0.03 + 0.01
DE-3 34 + 46 0.02 + 0.01
DE-4 <54 0.03 + 0.01
DE-5 <66 0.02 + 0.01
DsS-1 34 + 46 0.02 + 0.01
DS-2 34 + 46 0.02 + 0.01
DS-3 <54 0.02 + 0.01
DsS-4 34 + 46 0.02 + 0.01
DS-5 52 + 53 0.02 + 0.01
DP-1 43 + 50 <0.02

Location designators beginning with "F" are shown in

Figure 4-2.

brocation designators beginning with "O" are shown in

Figure 4-4.

CLocation designators beginning with "W" are shown in

Figure 4-5.

drocation designators *D" are shown in

Figure 4-3.

beginning with
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TABLE 4-2
TRANSFERABLE POST-REMEDIAL ACTION MEASUREMENTS
IN THE AREAS AROUND DUCT 10

Alpha Activity

Location (dpm/100 cm2)
FA2-28 <2
FA2-5 347
FB2-3 <2
oal-2b <2
OAl-5 <2
OB1-3 <2
OB1-4 3 4+ 7
OBl1-5 3+ 7
0oC1-3 <2
0oC1-5 <2
0C2-3 <2
0C2-5 <2
OoD1-3 <2
OD2-3 3 4+ 7
OD3-3 <2
WB-3€ <2
WC-4 3+ 7
WC-5 <2
pN-14 <2
DN-4 <2
DN-5 - <2
DE-1 <2
DE-3 <2
DS-1 3+ 7
DS-2 <2
DS-4 <2
DS-5 <2
DP-1 <2

ALocation designators beginning with "F" are shown in
Figure 4-2.

blocation designators beginning with "O" are shown in
Figure 4-4.

CLocation designators beginning with "W" are shown in
Figure 4-5.

drocation designators beginning with "D" are shown in
Figure 4-3.
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TABLE 4-3
DIRECT POST-REMEDIAL ACTION MEASUREMENTS

IN THE AREAS AROUND DUCT 26
Page 1 of 2

Alpha Activity Beta-Gamma Activity
Location (dpm/100 cm2) (mrad/h)
FAl-12 34 + 37 <0.02
FAl-2 71 + 52 <0.02
FAl-3 62 + 49 <0.01
FAl-4 71 &+ 52 <0.01
FAl-S 62 + 49 <0.01
FA2-5 24 + 32 <0.01
FB1-3 71 + 52 <0.01
FB1-4 43 + 41 <0.01
FB1-5 62 + 49 <0.02
FB2-3 43 + 41 <0.01
FCl-3 43 + 41 <0.01
FCl-4 62 + 49 0.04 + 0.02
FC1l-5 71 + 52 <0.02
FC2-3 34 + 37 <0.01
oa1-1b <24 <0.01
OAl-2 15 + 26 <0.01
OAl-3 15 + 26 <0.02
OAl-4 <6 <0.01
OAl-5 <24 <0.02
OA2-2 <24 <0.01
OA2-5 <6 <0.02
OA3-2 <6 <0.01
OA3-3 15 + 26 <0.01
OA3-5 <24 <0.01
OB1-3 <24 <0.02
OBl-4 <24 <0.02
OB1-5 <6 0.01 + 0.01
OB2-5 15 + 26 <0.02
OB3-3 24 + 32 0.01 + 0.01
OB3-5 <24 <0.02
0Cl1l-3 <6 0.01 + 0.01
0oC1-4 15 + 26 <0.01
oC1-5 15 + 26 0.02 + 0.01
0C2-5 24 + 32 <0.02
0C3-3 62 + 49 0.01 + 0.01
0C3-5 <24 <0.01
OoD1-3 <6 <0.02
OD3-3 24 + 32 <0.02
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TABLE 4-3

(continued)
Page 2 of 2
Alpha Activity Beta-Gamma Activity
Location (dpn/100 cm2) (mrad/h)

WA1-1°€ 15 + 26 0.01 + 0.01
WAl-2 34 + 37 0.03 + 0.01
WAl-3 34 + 37 0.03 + 06.01
WAl-4 43 + 41 0.02 + 0.01
WAl-5 24 + 32 0.02 + 0.01
WA2-2 <24 0.02 + 0.01
WAZ2-3 15 + 26 0.02 + 0.01
WA2-5 43 + 41 0.01 + 0.01
WB1l-3 62 + 49 0.02 + 0.01
WBl1l-4 52 + 45 0.02 + 0.01
WB1l-5 43 + 41 0.01 + 0.01
WB2-3 <24 0.01 + 0.01
WB2-5 24 + 32 <0.02
WC1l-3 34 + 37 0.01 + 0.01
WCl-4 24 + 32 0.03 + 0.01
WC1-5 24 + 32 <0.02
wCc2-3 43 + 41 0.02 + 0.01
WCc2-5 <24 0.02 + 0.01
WD1-3 15 + 26 0.01 + 0.01
wWD2-3 43 + 41 <0.02
Ds-14 15 + 26 0.02 + 0.01
Ds-2 24 + 32 0.02 + 0.01
DS-3 34 + 37 0.03 + 0.01
DS-4 89 + 58 0.03 + 0.01
DS-5 34 + 37 0.01 + 0.01
DS-6 24 + 32 0.03 + 0.02
DE-1 34 + 37 0.02 + 0.01
DE-2 34 + 37 0.02 + 0.01
DE-3 34 + 37 0.02 + 0.01
DE-4 <24 0.02 + 0.01
DE-5 15 + 26 0.03 + 0.02
DE-6 15 + 26 0.02 + 0.01

4Location designators beginning with "F" are shown in

Figure 4-7.

brocation designators beginning with "O" are shown in

Figure 4-8.

CLocation designators beginning with "W" are shown in

Figure 4-10.

drocation designators beginning with "D" are shown in

Figure 4-9.

69




TABLE 4-4
TRANSFERABLE POST-REMEDIAL ACTION MEASUREMENTS
IN THE AREAS AROUND DUCT 26

Alpha Activity

Location (dpm/100 cn2)
WA1l-32 <1
WAl-4 3 +6
WA2-5 <1
WAl-2 <1
WB1-3 <1
WB1l-4 <1
WB1-5 <1
WC1-3 <1
WC2-3 3 4+ 6
WD2-3 <1
DE-1P 3 4+ 6
DE-2 <1
DE-3 <1
DS-3 <1
DS-4 <1
DS-5 <1

al,ocation designators beginning with "W" are shown in
Fiqure 4-10.

bjocation designators beginning with "D" are shown in
Figure 4-9.
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TABLE 4-5
DIRECT POST-REMEDIAL ACTION MEASUREMENTS IN THE
AREAS AROUND DUCT 29
Page 1 of 2

Alpha Activity Beta-Gamma Activity

Location (dpm/100 cm2) (mrad/h)
FAl-18 <22 0.02 + 0.01
FAl-2 21 + 32 0.02 + 0.01
FAl-3 <22 0.02 + 0.01
FAl-4 <37 0.08 + 0.02
FAl-5 21 + 32 0.01 + 0.01
FA2-2 <37 0.01 + 0.01
FA2-3 <22 0.03 + 0.02
FAZ2-5 <37 0.04 + 0.02
FB1-3 <6 0.03 + 0.02
FB1-4 <37 0.03 + 0.02
FB1-5 <22 0.07 + 0.02
FB2-3 <22 0.01 + 0.01
FB2-5 <6 0.03 + 0.02
FCl1-3 <37 0.02 + 0.01
FCl-4 <6 0.02 + 0.01
FCl-5 <22 0.02 + 0.01
FC2-3 <6 <0.01

FC2-5 <6 <0.01

FD1-3 <22 <0.01

FDl-4 <22 <0.01

FD1-5 <37 <0.01

FD2-3 <22 <0.01

oal-1b <6 <0.01

OAl-2 <22 <0.01

OAl-3 <22 <0.01

0OAl-4 <22 <0.01

OAl-5 <6 <0.01

OA2-2 <6 <0.01

OA2-3 <6 <0.01

OA2-5 <22 <0.01

OBl1l-3 <37 <0.01

OBl1-4 <22 <0.01

OBl1l-5% <22 <0.01

OB2-3 <6 <0.01

OB2-5 <22 <0.01

OCl-3 <6 <0.01

0oCl-4 <6 <0.02

OoCl-5 <22 <0.01

0C2-3 <22 <0.02

0oC2-5 <6 0.01 + 0.01
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TABLE 4-5
(continued)
Page 2 of 2
Alpha Activity Beta-Gamma Activity
Location (dpm/100 cm2) (mrad/h)

Ds-1°€ 30 + 37 0.02 + 0.01
DS-2 21 + 32 0.02 + 0.01
DS-3 <37 0.03 + 0.02
DS-4 <22 0.03 + 0.02
DS-5 <37 <0.02

DS-6 39 + 41 0.03 + 0.02
DS-7 30 + 37 0.02 + 0.01
DN-1 39 + 41 0.02 + 0.01
DN-2 21 + 32 0.02 + 0.01
DN-3 <37 0.02 + 0.02
DN-4 <22 0.01 + 0.01
DN-5 39 + 41 0.02 + 0.02
DN-6 30 + 37 0.03 + 0.02
DN-7 <37 0.03 + 0.02
DA-1 <37 0.03 + 0.02
DA-2 <22 0.02 + 0.02
DA-3 <22 0.02 + 0.01
DA-4 <22 0.02 + 0.01
DA-5 21 + 32 0.02 + 0.01
DB-3 58 + 49 0.02 + 0.01
DB-4 48 + 45 0.02 + 0.01
DB-5 30 + 37 0.03 + 0.02
DC-3 <37 0.02 + 0.01
DC-4 <22 0.02 + 0.01
DC-5 <22 0.03 + 0.02
DD-3 48 + 45 <0.02

8Location designators beginning with "F" are shown in
Figure 4-12.

brocation designators beginning with "O" are shown in
Figure 4-14.

CLocation designators beginning with "D" are shown in
Figure 4-13.
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TABLE 4-6
TRANSFERABLE POST-REMEDIAL ACTION MEASUREMENTS
IN THE AREAS AROUND DUCT 29

Alpha Activity

Location ' (dpm/100 cm2)
Ds-12 <1
DS-2 <l
DS-~-6 <1l
DS-7 <1l
DN-1 <1
DN-2 3 +6
DN-5 <1
DN-6 <l
DA-5 <1l
DB-3 <l
DB-4 <l
DB-5 <l
DD-3 3 4+ 6

3lL,0ocation designators beginning with "D" are shown in
Figure 4-13.
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TABLE 4-7
DIRECT POST-REMEDIAL ACTION MEASUREMENTS

IN THE AREAS AROUND DUCT 64
Page 1 of 8

Alpha Activity Beta-Gamma Activity

Location (dpm/100 cm2) (mrad/h)
F1lAl-12 <37 <0.01
FlAl-2 <22 <0.01
F1lA2-2 <51 <0.01
F1lA3-2 <22 <0.01
FlA4-2 <37 <0.01
F1lal-3 <37 <0.01
F1A2-3 <37 <0.01
F1lA3-3 <37 <0.01
F1A4-3 <22 <0.01
F1lAl-4 <37 <0.01
F1Al1-5 <51 <0.01
F1A2-5 48 + 49 <0.01
F1lA3-5 57 + 52 <0.01
F1A4-5 <22 <0.01
F1B1-3 28 + 40 <0.01
F1B2-3 <22 <0.01
F1B3-3 28 + 40 <0.01
F1B4-3 28 + 40 <0.01
F1Bl-4 <22 <0.01
F1B1l-5 <22 <0.01
F1B2-5 <37 <0.01
F1B3-5 <6 0.01 + 0.01
F1B4-5 <22 <0.01
ciA1-1b <21 <0.01
ClAl-2 <6 <0.01
ClAal-3 <21 <0.01
ClAl-4 <35 <0.01
ClAl-5 <21 <0.01
Claz-3 <35 <0.01
ClA2-4 <6 <0.01
ClA2-5 <21l <0.01
Cla3-3 <21l <0.01
ClA3-4 <21 <0.01
ClAa3-5 <6 <0.01
ClB1-3 <35 <0.01
ClBl1-4 <6 <0.01
C1lBl1l-5 <21 <0.01
ClB2-3 <35 <0.01
ClB2-5 <35 <0.01
ClB3-3 <6 <0.01
ClB3-5 <6 <0.01

74



TABLE 4-7

(continued)
Page 2 of 8
Alpha Activity Beta-Gamma Activity

Location (dpm/100 cm?2) (mrad/h)
D1N-1€ 21 + 33 <0.01

D1N-2 <37 <0.01

D1N-3 40 + 42 <0.01

D1N-4 <23 <0.01

D1N-5 * . <0.01

D1N-6 * <0.01

D1N-7 * <0.01

D1N-8 96 + 62 0.01 + 0.01
D1N-9 49 + 46 <0.01

DIN-10 58 + 49 <0.02

D1N-11 77 + 56 <0.01

D1N-12 106 + 64 0.02 + 0.01
DIN-13 77 + 56 0.02 + 0.02
D1E-1€ 21 + 33 <0.01

D1E-2 <37 <0.01

D1E-3 <37 <0.01

D1E-4 21 + 33 <0.01

D1E-5 49 + 46 <0.01

D1E-6 21 + 33 <0.01

D1E-7 30 + 38 <0.01
W1lAl1-1°€ 21 + 33 0.03 + 0.01
W1lAl-2 <23 0.03 + 0.02
W1Al-3 49 + 46 0.02 + 0.01
W1Al-4 30 + 38 0.03 + 0.01
W1lAl-5 21 + 33 0.02 + 0.01
W1A2-2 21 + 33 0.02 + 0.01
W1lA2-3 40 + 42 0.02 + 0.01
W1lA2-5 58 + 49 0.02 + 0.01
W1lB1l-3 <37 0.02 + 0.01
W1Bl-4 58 + 49 0.01 + 0.01
W1lB1l-5 40 + 42 0.03 + 0.02
W1lB2-3 77 + 56 0.02 + 0.01
W1B2-5 49 + 46 0.02 + 0.01
W1lB2-4 <37 0.02 + 0.01
W1C1-3 49 + 46 0.03 + 0.01
W1lCl-4 87 + 59 0.02 + 0.01
W1lCl-5 49 + 46 ) 0.02 + 0.01
WlcC2-3 58 + 49 0.02 + 0.01
WlC2-5 77 + 56 0.02 + 0.01

* Alpha reading could not be obtained because of rough surface.
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TABLE 4-7

(continued)
Page 3 of 8
Alpha Activity Beta-Gamma Activity
Location (dpm/100 cm2) (mrad/h)
FI1A-1C€ 77 + 56 <0.01
FIlA-2 40 + 42 <0.01
FIla-3 58 + 49 <0.01
FIlA-4 30 + 38 <0.01
FIlA-5 21 + 33 <0.01
FI1B-3 21 + 33 <0.01
FIlB-4 30 + 38 <0.01
FI1B-5 <37 <0.01
FI1C-3 49 + 46 <0.01
FI1C-4 <23 <0.01
FI1C-5 <37 <0.01
F2a1-19 <6 <0.01
F2A1-2 <22 <0.01
F2A2-2 <22 <0.01
F2A3-2 <6 <0.01
F2A4-2 <6 <0.01
F2A1-3 <6 <0.01
F2A2-3 <6 <0.01
F2A3-3 <6 <0.01
F2A4-3 <6 <0.01
F2A1-4 <22 <0.01
F2A1-5 <6 <0.01
F2A2-5 <6 <0.01
F2A3-5 <6 <0.01
F2A4-5 <6 <0.01
F2B1l-3 <6 <0.01
F2B2-3 <6 <0.01
F2B3-3 <6 <0.01
F2B4-3 <6 <0.01
F2Bl1-4 <22 <0.01
F2B1-5 <22 <0.01
F2B2-5 <6 <0.01
F2B3-5 <6 <0.01
F2B4-5 <6 <0.01
c2a1-1© <6 <0.01
C2A1-2 <22 <0.01
C2A2-2 <6 <0.01

76



TABLE 4-7

(continued)
Page 4 of 8
Alpha Activity Beta-Gamma Activity

Location (dpm/100 cm2) (mrad/h)
c2a3-2© <6 <0.01

C2Al1-3 <36 <0.01

C2A2-3 <36 <0.01

C2A3-3 <6 <0.01

C2Al1-4 <22 <0.01

C2A1-5 <6 <0.01

C2A2-5 <22 <0.01

C2A3-5 <22 <0.01

C2A1-3 <6 <0.01

C2B2-3 <6 <0.01

C2B3-3 <6 <0.01

C2Bl-4 <36 <0.01

C2Bl1l-5 <22 <0.01

C2B2-5 <6 <0.01

p2E-1f 26 + 37 <0.01

D2E-2 <35 <0.01

D2E-3 <21 <0.01

D2E-4 35 + 41 <0.01

D2E-5 <35 <0.01

D2E-6 <21 <0.01

D2E-7 <35 <0.01

D2N-1 <21 <0.01

D2N-2 <35 <0.01

D2N-3 <21 <0.01

D2N-4 <35 <0.01

D2N-5 <21 <0.02

D2N-6 <48 <0.01

D2N-7 <21 <0.02

wza-1f <48 0.01 + 0.0l
W2A-2 <35 0.01 + 0.01
W2A-3 <48 0.02 + 0.01
W2A-4 26 + 37 0.02 + 0.01
W2A-5 35 + 41 0.02 + 0.01
W2B-3 <48 0.02 + 0.0l
W2B-4 <48 0.02 + 0.01
W2B-5 26 + 37 0.02 + 0.01
wW2C-3 35 + 41 0.02 + 0.01
wW2C-4 <21 0.02 + 0.01
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TABLE 4-7

(continued)
Page 5 of 8
Alpha Activity Beta-Gamma Activity

Location (dpm/100 cm?) (mrad/h)
w2c-sf <35 0.01 + 0.01
W2D-3 35 + 41 0.02 + 0.01
W2A2-3 <35 0.01 + 0.01
W2A2-5 26 + 37 0.02 + 0.01
W2B2-3 <48 0.01 + 0.01
W2B2-5 26 + 37 <0.02

wW2C2-3 53 + 49 <0.02

W2C2-5 26 + 37 <0.02

wa2D2-3 44 + 45 <0.02
F1z2F-1f 35 + 41 0.02 + 0.01
FI12F-2 26 + 37 0.02 + 0.01
FI2F-3 53 + 49 0.02 + 0.01
FI2F-4 <48 0.02 + 0.01
FI2F-5 26 + 37 0.02 + 0.01
02A1-19 <22 <0.01

O2A1-2 <22 <0.01

O2Al1-3 <6 <0.01

0O2A1-4 <22 <0.01

O2A1-5 <6 <0.01

0O2B1-3 <22 <0.01

0O2Bl-4 <6 <0.01

O2Bl1-5 <6 <0.01

02C1l-3 <6 <0.01

02C2-3 <22 <0.01

02A2-2 <22 <0.01

02A3-2 <22 <0.01

0O2A3-3 " <6 <0.01

0O2A2-5 <6 <0.01

O2A3-5 <22 <0.01

O2B3-3 <6 <0.01

02B2-5 17 + 33 <0.01

02B3-5 <36 <0.01

02C3-3 <6 <0.01
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Page 6 of 8

TABLE 4-7
(continued)

Alpha Activity

Beta-Gamma Activity

Location (dpm/100 cm2) (mrad/h)
F3A1-1b 28 + 38 <0.01
F3Al1l-2 19 + 33 <0.01
F3Al1-3 28 + 38 <0.01
F3Al-4 <22 <0.01
F3Al1l-5 <6 <0.01
F3A2-2 19 + 33 <0.01
F3A2-3 38 + 42 <0.01
F3A2-5 38 + 42 <0.01
F3A3-2 <36 <0.01
F3A3-3 19 + 33 <0.01
F3A3-5 28 + 38 <0.01
F3A4-2 <6 <0.01
F3A4-3 <36 <0.01
F3A4-5 <6 <0.01
F3B1-3 <36 <0.01
F3Bl-4 28 + 38 <0.01
F3Bl-5 28 + 38 <0.01
F3B2-3 <22 <0.01
F3B2-5 38 + 42 <0.01
F3B3-3 28 + 38 <0.01
F3B3-5 <6 <0.01
F3B4-3 19 + 33 <0.01
F3B4-5 <22 <0.01
c3a1-1! <36 <0.01
C3Al1-2 <36 <0.01
C3Al1-3 <36 <0.01
C3Al-4 28 + 38 <0.01
C3Al-5 28 + 38 <0.01
C3A2-2 19 + 33 <0.01
C3A2-3 <22 <0.01
C3A2-5 <36 <0.01
C3A3-2 47 + 46 <0.01
C3A3-3 19 + 33 <0.01
C3A3-5 <6 <0.01
C3B1-3 38 + 42 <0.01
C3Bl1-4 <36 <0.01
C3Bl1l-5 38 + 42 <0.01
C3B2-3 28 + 38 <0.01
C3B2-5 <22 <0.01
C3B3-3 19 + 33 <0.01
C3B3-5 <36 <0.01
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TABLE 4-7

(continued)
Page 7 of 8
Alpha Activity Beta-Gamma Activity
Location (dpm/100 cm?2) (mrad/h)
W3A-1J 102 + 68 <0.01
W3A-2 <17 <0.01
W3A-3 64 + 57 <0.01
W3A-4 45 + 50 <0.01
W3A-5 <56 0.01 + 0.02
W3B-3 36 + 47 <0.01
W3B-4 <30 <0.02
W3B-5 55 + 54 <0.02
W3C-3 4% + 50 <0.01
W3C-4 55 + 54 <0.01
W3C-5 <43 <0.01
W3D-3 83 + 62 <0.02
D3E-13J <43 <0.01
D3E-2 64 + 57 <0.01
D3E-3 <56 <0.01
D3E-4 <30 <0.01
D3E-5 45 + S50 <0.01
D3E-6 <56 <0.01
D3E-7 36 + 47 <0.01
D3W-1 55 4+ 54 0.01 + 0.02
D3wW-2 <56 <0.02
D3W-3 55 + 54 0.01 + 0.02
D3W-4 45 + 50 0.01 + 0.02
D3W-5 <43 <0.02
D3W-6 <43 <0.02
D3W-7 <56 <0.02
D3N-1 <56 <0.02
D3N-2 26 + 43 0.01 + 0.02
D3N-3 64 + 57 0.01 + 0.02
D3N-4 73 + 60 <0.02
D3N-5 64 + 57 <0.02
D3N-6 36 + 47 <0.02
D3N-7 36 + 47 <0.01
FI3F-1J <43 <0.01
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TABLE 4-7

(continued)
Page 8 of 8
Alpha Activity Beta-Gamma Activity

Location (dpm/100 cm2) (mrad/h)
o3a1-1k 28 + 38 <0.01
O3Al1-2 <6 <0.01
O3A1-3 38 + 42 <0.01
O3Al1-4 19 + 33 <0.01
O3Al1-5 <6 <0.01
O3A2-2 28 + 38 <0.01
03A2-5 19 + 33 <0.01
O3A3-2 38 + 42 <0.01
O3A3-3 28 + 38 <0.01
O3A3-5 28 + 38 <0.01
03B1-3 47 + 46 <0.01
0O3Bl-4 <36 <0.01
03B1-5 <36 <0.01
0O3B2-5 <36 <0.01
0O3B3-3 <22 <0.01
0O3B3-5 28 + 38 <0.01
03C1-3 28 + 38 <0.01
03C2-3 <36 <0.01
03C3-3 57 + 50 <0.01

41,0cation designators beginning
Figure 4-16.

blocation designators beginning
Figure 4-17.

CLocation designators beginning
shown in Figure 4-18.

dLocation designators beginning
Figure 4-20.

€Location designators beginning
Figure 4-21.

fLocation designators beginning
shown in Figure 4-22.

dLocation designators beginning
Figure 4-23.

hrocation designators beginning
_Figure 4-25.

lLocation designators beginning
Figure 4-26.

JLocation designators beginning
shown in Figure 4-27.
KLocation designators beginning
Figqure 4-28.

with
with
with
with
with
with
with
with
with
with

with
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"Fl" are shown in
"Cl" are shown in
"D1l," "FIl," and "W1l" are
"F2" are shown in
"C2" are shown in
"FI2," "D2," and "W2" are
"Q2" are shown in
"F3" are shown in
"C3" are shown in
“FI3,; "D3," and "W3" are

»"03" are shown in



TABLE 4-8
TRANSFERABLE POST-REMEDIAL ACTION MEASUREMENTS

IN THE AREAS AROUND DUCT 64

Page 1 of 3
Alpha Activity

Location (dpr/100 cm2)
Fla2-22 <l
FlAl-5 <l
FlAa2-5 <1l
F1A3-5 346
F1B1-3 <1l
F1B3-3 34+6
F1B4-3 <l
wial-1b <1
W1lA1-3 <l
W1lAl-4 <1l
W1lAl-5 <1l
W1A2-2 3 46
W1lAa2-3 <l
W1lA2-5 <1l
WlB1l-4 <l
W1lBl-§ <1l
W1B2-3 346
W1B2-5 3+ 6
W1lCl1-3 <1l
W1lCl-4 3 + 6
W1lCl-5 <l
WlC2-3 <l
W1lC2-5 <1l
DIN-1b <1
D1N-3 <1l
D1N-8 <1l
D1N-9 <1l
D1N-10 <1l
D1IN-11 3 + 6
D1N-12 <1l
D1N-13 <l
D1E-1 <l
D1E-4 3 + 6
D1lE-5 <l
D1E-6 <l
D1E-~7 <l
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Page 2 of 3

TABLE 4-8
(continued)

Alpha Activity

Location (dpm/100 cm2)
FI1A-1P <1
FI1lA-2 <l
FIlA-3 <1
FIlA-4 3+ 6
FI1A-5 <1
FI1B-3 <l
FI1B-4 <1
FIlC-3 <l
D2E-1°€ 6 + 9
D2E-4 <1
W2A-4€ <1
W2A-5 <1
W2B-5 6 + 9
W2c-3 6 + 9
W2D-3 <1
W2A2-5 6 + 9
W2B2-5 <1
W2C2-3 <1
W2C2-5 <1
W2D2-3 <1
F12F1°€ <1l
F12F3 <1
F3a3-54 3 + 6
F3A2-5 <1l
F3A2-3 3 4 6
F3Al-3 <1
F3Al-1 <1l
F3B3-3 3+ 6
F3B2-5 <1
F3B1-5 3 4+ 6
F3Bl-4 <1l
Cc3al1-4¢© <1
C3Al1l-5 <1
C3A3-2 <1
C3B1-3 <1
C3B1-5 <1l
C3B2-3 <l
C3B3-3 <l
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TABLE 4-8
(continued)

Page 3 of 3

Alpha Act1v1ty

Location (dpm/100 cnl)
w3a-1f <1
W3A-3 <1l
W3A-4 <1l
W3B-3 <1l
W3B-5 <1l
W3C-3 3 + 6
w3Cc-4 <1l
W3D-3 <1l
p3E-2f <1
D3E-5 <l
D3E-7 3+ 6
D3W-1 6 + 9
D3W-3 <1l
D3W-4 3+ 6
D3N-2 6 + 9
D3N-3 <1
D3N-4 <1l
D3N-5 <1
D3N-6 <1l
D3N-7 3 4 6
03A1-19 <1
O3Al1l-3 <1l
O3A2-2 <1l
O3A3-2 <1l
O3A3-3 <1
0O3A3-5 <l
03B1-3 <1l
03B3-5 <1
03C1l-3 <l
03C3-3 3 4+ 6
8r0cation designators beginning with "F1" are gshown in
Figure 4-16.
bLocatlon designators beginning with "W1,"” "D1l," and "F1" are
ghown in Figure 4-18.
CLocation designators beginning with "D2," "W2," and "FI2" are
shown in Figure 4-22.
diocation designators beginning with "F3" are shown in
Figure 4-25.
€Location designators beginning with "C3" are shown in
Figure 4-26.
fLocatlon designators beginning with "W3" and "D3" are
shown in Figure 4-27.
dLocation designators beginning with "O3" are shown in

Figure 4-28.
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TABLE 4-9

DIRECT POST-REMEDIAL ACTION MEASUREMENTS OF THE CHIMNEYS*

Page 1 of 4
Distance Orientation Alpha Beta-Gamma

Chimney Air Vent to Top of of Area Activity Activity

Number Number Chimney (m) Measured (dpm/100 cm2) (mrad/h)
1 8 0 N 54 + 49 0.02 + 0.01
1 8 (V] E 45 + 46 <0.01
1 8 0 s 45 + 46 <0.02
1 8 0 W 45 + 46 0.02 + 0.01
1 8 0.5 N 91 + 61 0.04 + 0.02
1 8 0S5 E 82 + 58 0.03 + 0.02
1 8 0.5 S 45 + 46 0.01 + 0.01
1 8 0.5 W 119 + 69 0.03 + 0.01
1 8 1.0 N 91 + 61 0.03 + 0.01
1 8 1.0 E 35 + 42 0.02 + 0.01
1 8 1.0 s 119 + 69 0.02 + 0.01
1 8 1.0 W 73 + 56 0.02 + 0.01
2 6 0 N <22 0.02 + 0.01
2 6 0 E <37 0.01 + 0.01
2 6 0 S 39 + 41 0.01 + 0.01
2 6 0 L 48 + 45 0.02 + 0.01
2 6 0.5 N 20 + 32 0.03 + 0.02
2 6 0.5 E 30 + 37 0.03 + 0.02
2 6 0.5 s 20 + 32 0.03 + 0.02
2 6 0.5 W <37 0.03 + 0.01
2 6 1.0 N 30 + 37 0.02 + 0.01
2 6 1.0 E <37 0.02 + 0.01
2 6 1.0 S <37 0.02 + 0.01
2 6 1.0 w 30 + 37 0.04 + 0.02
4 1 0 N 17 + 26 0.01 + 0.01
4 1 0 E <24 0.02 + 0.01
4 1 0 S 36 + 37 0.04 + 0.01
4 1 0 w <24 <0.01
4 1 0.5 N 17 + 26 0.02 + 0.01
4 1 0.5 E 36 + 37 0.03 + 0.01
4 1 0.5 s 45 + 41 0.03 + 0.01
4 1 0.5 W <24 0.02 + 0.01
4 1 1.0 N 36 + 37 0.02 + 0.01
4 1 1.0 E 36 + 37 0.03 + 0.01
4 1 1.0 S 73 + 52 0.02 + 0.01
4 1 1.0 W 26 + 32 0.03 + 0.01

* Typical measurement locations are shown in Figure 4-29.
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TABLE 4-9

(continued)
Page 2 of 4
Distance Orientation Alpha Beta-Gamma

Chimney Air Vent to Top of of Area Activity Activity

Number Number Chimney (m) Measured (dpm/100 cm?) (mrad/h)
5 1 0 N <21 0.01 + 0.01
5 1 0 E 95 + 65 0.03 + 0.01
5 1 0 S 36 + 45 0.02 + 0.01
5 1 0 %) 85 + 62 0.02 +# 0.01
5 1 0.5 N 95 + 65 0.03 + 0.02
5 1 0.5 E 95 + 65 0.04 + 0.02
5 1 0.5 S 105 + 68 0.04 + 0.02
5 1 0.5 W 75 + 59 0.04 + 0.02
5 1 1.0 N 65 + 56 0.02 + 0.01
5 1 1.0 E 46 + 49 0.04 + 0.02
5 1 1.0 S 135 + 76 0.03 + 0.02
5 1 1.0 %) 36 + 45 0.04 + 0.02
5 4 0 N 36 + 45 0.03 + 0.02
5 4 0 E 26 + 40 <0.01
5 4 0 S 46 + A9 <0.01
5 4 0 W 65 + 56 0.02 + 0.01
5 4 0.5 N 65 + 56 0.02 + 0.01
5 4 0.5 E 36 + 45 <0.01
5 4 0.5 S 65 + 56 <0.02
5 4 0.5 W 36 + 45 0.05 + 0.02
5 4 1.0 N 75 + 59 0.04 + 0.02
5 4 1.0 E <36 <0.01
5 4 1.0 s 26 + 40 <0.01
5 4 1.0 W * *
5 5 0 N 55 + 52 <0.01
5 5 0 E 46 + 49 0.03 + 0.02
5 5 0 s 46 + 49 0.02 + 0.01
5 5 () W 36 + 45 <0.01
5 5 0.5 N 75 + 59 0.02 + 0.01
5 5 0.5 E 105 + 68 0.03 + 0.01
5 5 0.5 s 46 + 49 0.03 + 0.01
5 5 0.5 W 55 + 52 0.03 + 0.01
5 5 1.0 N 55 + 52 0.03 + 0.01
5 5 1.0 E 65 + 56 0.03 + 0.01
5 5 1.0 s 55 + 52 0.04 + 0.02
5 5 1.0 W 46 + 49 0.03 + 0.01
6 5 0 N 122 + 68 0.02 + 0.01
6 5 0 E 85 + 58 0.04 + 0.02
6 5 0 S 103 + 63 0.02 +# 0.01
6 5 0 w 66 + 52 0.03 + 0.02

* This portion of the duct was removed during remedial action.
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TABLE 4-9

(continued)

Distance

Air Vent to Top of

Page 3 of 4

Beta-~Gamma
Activity

Alpha
Activity
(dpm/100 cm?)

of Area

Orientation
Measured

Chimney

Number

(mrad/h)

Chimney (m)

Number
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TABLE 4-9

(continued)
Page 4 of 4
Distance Orientation Alpha Beta-Gamma

Chimney Air Vent to Top of of Area Activity Activity

Number Number Chimney (m) Measured (dpm/100 em?) (mrad/h)
6 9 1.0 N 39 + 46 0.04 + 0.02
6 9 1.0 E <32 0.03 + 0.01
6 9 1.0 S <18 <0.02
6 9 1.0 w 58 + 53 0.02 + 0.01
6 10 0 N 39 + 41 0.03 + 0.02
6 10 0 E 103 + 63 0.02 + 0.01
6 10 0 S 76 + 55 0.02 + 0.01
6 10 0 W 48 + 45 0.03 + 0.02
6 10 0.5 N 39 + 41 0.05 + 0.02
6 10 0.5 E 39 + 41 0.02 + 0.01
6 10 0.5 S 94 + 60 0.02 + 0.01
6 10 0.5 %) 48 + 45 0.04 + 0.02
6 10 1.0 N 66 + 52 0.04 + 0.02
6 10 1.0 E 66 + 52 0.04 + 0.02
6 10 1.0 S 20 + 32 0.03 + 0.02
6 10 1.0 W 85 + 58 0.03 + 0.03
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TABLE 4-10
TRANSFERABLE POST-REMEDIAL ACTION MEASUREMENTS
ON THE CHIMNEY SURFACES*
Page 1 of 3

Depth from Orientation
Chimney Air Vent Top of of Sample Alpha Activity
Number Number Chimney in Chimney (dpm/100 cm2)

1l 8 0 N <2

1 8 0 E 6 + 10
1 8 0 S 6 + 10
l 8 0 w <2

1l 8 0.5 N <2

l 8 0.5 E <2

1l 8 0.5 S <2

1 8 0.5 W <2

1l 8 1.0 N <2

1l 8 1.0 E <2

1l 8 1.0 S <9

1 8 1.0 W <9

2 6 0 S <2

2 6 o W 3 £ 7
2 6 0.5 N 3+ 7
2 6 0.5 E <2

2 6 0.5 s 6 + 10
2 6 1.0 N 3 4+ 7
2 6 1.0 W <2

4 1l 0 s <2

4 1 0.5 E 3 +7
4 1l 0.5 S 3 +7
4 1 1.0 N 3 + 7
4 1l 1.0 E 3 £ 7
4 1 1.0 S <2

4 1 1.0 W 3 + 7
5 1 0 E <2

5 1l 0 W <2

5 1 (0] S <2

5 1l 0 N 3 +£7
5 1l 0.5 E <2

5 1l 0.5 S <2

5 1l 0.5 w <2

5 1 0.5 N <2

5 1l 1.0 E <2

5 1 1.0 s 6 + 9
5 1 1.0 W 3 + 7

* Typical measurement locations are shown in Figure 4-29.
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TABLE 4-10

(continued)
page 2 of 3
Depth from Orientation

Chimney Air Vent Top of of Sample Alpha Activity

Number Number Chimney in Chimney (dpn/100 cm2)
5 4 0 N <2
5 4 0 E <2
S 4 0 S <2
5 4 0 W <2
5 4 0.5 N 6
5 4 0.5 E <2
5 4 0.5 S 3
5 4 0.5 w 3
] 4 1.0 N <2
5 4 1.0 S <2
5 5 0 N <2
5 5 0 E 3+ 7
5 5 0 S <2
5 5 0 W . <2
5 5 0.5 N 6 + 9
5 5 0.5 E 3+ 7
5 5 0.5 S <2
5 5 0.5 W <2
5 5 1.0 N <2
5 5 1.0 E 3+ 7
5 5 1.0 S <2
5 5 1.0 W 3+ 7
6 5 0 N 3+ 7
6 5 0 E 3+ 7
6 5 0 S <2
6 5 0 W <2
6 5 0.5 N <2
6 5 0.5 E <2
6 5 0.5 s 3+ 7
6 5 0.5 W 3+ 7
6 5 1.0 N <2
6 5 1.0 E <2
6 5 1.0 S <2
6 5 1.0 W <2
6 7 0 N 347
6 7 o E 6 + 9
6 7 0 S <2
6 7 0 W 3 +7
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TABLE 4-10
(continued)
Page 3 of 3
Depth from Orientation
Chimney Air Vent Top of of Sample Alpha Activity

Nunber Number Chimney in Chimney (dpm/100 cm2)
6 7 0.5 E <2
6 7 0.5 S <2
6 7 0.5 w <2
6 7 1.0 N 3 +7
6 7 1.0 E <2
6 7 1.0 s 3+ 7
6 7 1.0 W <2
6 8 0 N <2
6 8 0 E 3+ 7
6 8 0 S <2
6 8 0 W <2
6 8 0.5 N <2
6 8 0.5 E 3 + 7
6 8 0.5 S 3 +£7
6 8 0.5 W 3 4+ 7
6 8 1.0 N 3 + 7
6 8 1.0 E <2
6 8 1.0 S <2
6 8 1.0 W 3 +£7
6 9 0.5 w <1l
6 9 1.0 N <1l
6 9 1.0 W <l
6 10 0 S <2
6 10 c W <2
6 10 0.5 N <2
6 10 0.5 E 3+ 7
6 10 0.5 S 3+ 7
6 10 0.5 W <2
6 10 1.0 N 3 + 7
6 10 1.0 E <2
6 10 1.0 S <2
6 10 1.0 W <2
6 10 0 N <2
6 10 4] E 3 +7
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TABLE 4-11
DIRECT POST-REMEDIAL ACTION MEASUREMENTS ON THE FIFTH FLOOR

Page 1 of 2

. Alpha Activity Beta-Gamma Activity

Location (dpm/100 cm2) (mrad/h)
a1-12 <34 <0.02
Al-2 <34 <0.01
Al-3 34 + 42 <0.01
Al-4 34 + 42 <0.01
Al-5 109 + 67 <0.01
A2-22 34 + 42 <0.02
A2-3 90 + 62 <0.01
A2-5 24 + 38 <0.01
B1-32 90 + 62 <0.01

_ Bl-4 53 + 50 <0.01
B1-5 72 + 56 <0.01
B2-32 43 + 46 <0.01
B2-5 <34 <0.01
c1-34 53 + 50 <0.02
Cl-4 62 + 53 <0.02
Cl-5 34 + 42 <0.01
c2-34 43 + 46 <0.01
C2-5 34 + 42 <0.01
D1-32 <48 <0.01
D1-4 <48 <0.01
D1-5 34 + 42 <0.01
D2-32 - 62 + 53 <0.01
D2-5 <20 <0.01
BA1-1P <34 <0.01
BAl-2 53 + 50 <0.02
BAl-3 <34 <
BAl-4 34 + 42 <0.01
BAl-5 <5 0.01 + 0.01
BA2-2 <20 <0.01
BA2-3 <48 <0.01
BA2-5 34 + 42 0.01 + 0.0l
BB1-3P 72 + 56 <0.01
BB1-4 24 + 38 <0.01
BB1-5 24 + 38 <0.01
BB2-3 <34 <0.02
BB2-5 24 + 38 0.01
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TABLE 4-11

(continued)
Page 2 of 2
Alpha Activity Beta-Gamma Activity
Location (dpm/100 cm2) (mrad/h)
CAl1-1€ <33 0.01 + 0.01
CAl-2 51 + 50 0.02 + 0.01
CAl-3 98 + 65 <0.01
CAl-4 117 + 70 <0.01
CAl-5 32 + 43 : <0.01
CBl1-3 60 + 53 0.04 + 0.01
CBl-4 32 + 43 <0.01
CB1-5 51 + 50 0.11 + 0.02
CCl-3 89 + 62 0.13 + 0.02
CCl-5% 145 + 77 <0.01
CEl1l-3 <33 0.01 + 0.01
CEl-5 89 + 62 <0.01
CA2-2 23 + 38 <0.02
CA2-3 23 + 38 <0.01
CA2-5 <1l9 0.03 + 0.01
CB2-3 <47 0.09 + 0.02
CB2-5 60 + 53 <0.01
CcC2-3 <19 <0.01
CC2-5 23 + 38 0.02 + 0.01
CDh2-3 <33 <0.01
CD2-5 <33 0.01 + 0.01
CE2-3 164 + 81 0.06 + 0.02
CE2-5 51 + 50 <0.01
CE3-2 <47 <0.01
CE3-3 41 + 46 <0.01
CE3-5 60 + 53 <0.01

@Location designators beginning with "Al," *"A2," "Bl1l," "Cl,"
*C2," "D1," and "D2" are shown in Figure 4-31.

bLocation designators beginning with "BA" and "BB" are shown
in Figure 4-32.

CLocation designators beginning with "CA," "CB," "CD," and
"CE" are shown in Figure 4-33.
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TABLE 4-12

TRANSFERABLE POST-REMEDIAL ACTION MEASUREMENTS

Page 1 of 2

ON THE FIFTH FLOOR

Alpha Activity

Location (dpm/100 cm2)

A1-12 <2

Al-4 3+ 7
Al-5 <2

A2-2 3+ 7
A2-3 3+ 7
A2-5 3 4+ 7
B1-32 3 +7
B1-3 3+ 7
Bl-4 <2

B1l-5 6 + 9
Cc1-32 6 + 9
Ci-4 10 + 12
Cl-5 3+ 7
Cc2-3 6 + 9
C2-5 <2
D1-52 3 + 7
D2-3 3+ 7
BAl-2b 6 + 10
BAl-4 6 + 10
BB1-3 <9
BB1l-4 <2
BB1-5 <2
BA2-5 <9
BB2-5 10 + 12
CAl-2€ 6 + 10
CAl-3 3+ 7
CAl-4 6 + 10
CAl-5 <2
CB1-3 3 4 7
CB1-4 6 + 10
CB1-5 6 + 10
CC1-3 3 +7
CC1-5 3+ 7
CEl1l-5 17 + 15
CA2-2 3 + 7
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TABLE 4-12

(continued)
Page 2 of 2
Alpha Activity
Location (dpm/100 cm2)

CA2-3€ 3 +7
CB2-5 <2

CC2-5 <2

CE2-3 6 + 10
CE2-5 3 4+ 7
CE3-3 <2

CE3-5 <2

alL0ocation designators beginning with "Al," "A2," "Bl," "Cl1,"
"C2," "D1," and "D2" are shown in Figure 4-31.

blocation designators beginning with "BA" and "BB" are shown
in Figure 4-32.

CLocation designators beginning with "CA," "CB," "CD," and
"CE" are shown in Figure 4-33.
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5.0 POST-REMEDIAL ACTION STATUS

The post-remedial action data indicate that the remedial action
performed at Jones Laboratory was successful in bringing the site
into compliance with applicable DOE remedial action guidelines for
the cleanup of radioactive contamination. Based on a review of
post-remedial action measurements, measurement procedures, and
quality assurance data, the independent Verification Contractor
(IVC) will determine whether the measurements obtained verify that
the site has been decontaminated to the extent that it meets the
guidelines established for the site or project (Refs. 9-11).

The IVC is responsible for preparing a generic plan outlining the
procedures to be used in conducting verification activities. There
are two types of verification reviews (Type A and Type B): the IVC
will conduct either or both types as specified in the verification
plan. The Type A verification review consists of a review of
post-remedial action data and data collected by radiological
contractors; it may also include the collection and analysis of
additional samples. In performing a Type B verification review, the
IVC visits the site and conducts a survey that includes direct

measurements as well as sampling and/or split sample analyses.

After completing verification activities, the IVC will notify
DOE-Headquarters, Division of Facility and Site Decommissioning, and
DOE-Oak Ridge Operations, Technical Services Division, of its
findings and recommendations. DOE will review the data to determine
whether the remedial action was successful. If radiological
conditions at the site are determined based on this review to be in
compliance with DOE decontamination criteria and standards developed
to protect health, safety, and the environment, DOE will certify the
site as being appropriate for future use.
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GLOSSARY

Alpha-enmitting - See radiation.

Background Radiation - Background radiation refers to naturally
occurring radiation emitted from either cosmic (e.g., from the sun)
or terrestrial (e.g., from the earth) sources. Exposure to this
type of radiation is unavoidable, and its level varies greatly
depending on geographic location. For example, New Jersey typically
receives 100 millirem (mrem) per year, Colorado receives about

300 mrem/yr, and some areas in South America receive up to

7000 mrem/yr. Naturally occurring terrestrial radionuclides include
uranium, radium, potassium, thorium, etc. (see definition of
radionuclide below). These dose levels do not include the

concentrations of naturally occurring radon inside buildings.
Beta-gamma-emitting - See radiation.

Centimeter - A centimeter (cm) is a metric unit of measurement for

length; 1 inch is equal to 2.54 cm; 1 foot is egual to approximately
30 cn.

Contamination - Contamination is used generally to mean a
concentration of one or more radioactive materials that exceeds

naturally occurring levels. Contamination may or may not exceed the
DOE cleanup guidelines.

Counts per minute - A count is the unit of measurement registered

by a radiation detection instrument when radiation imparts its
energy within the sensitive range of the detector probe. The nunmber
of counts registered per minute can be related to the number of
disintegrations per minute occurring from a radioactive material.
See the definition of disintegrations per minute.

Disintegrations per minute - Disintegrations per minute (dpm) is

the measurement indicating the amount of radiation being released
from a substance per minute. See the definition of picocurie.
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Dose - Dose as used in this report is actually dose equivalent and
is used to relate absorbed dose (mrad) to an effect on the body.
Dose is measured in mrem. For the purpose of comparison, a dose of
500,000 mrem to the whole body within a short time causes death in
50 percent of the people who receive it: a dose of 5,000,000 mrem
may be delivered to a cancerous tumor during radiation treatment;
normal background radiation results in an annual dose of about

100 mrem; DOE radiation protection standards limit the dose to
members of the general public to 100 mrem/yr above background
levels; living in a brick house typically results in a dose of about
75 mrem/yr above the background level.

Exposure rate - Exposure rate is the rate at which radiation

imparts energy to the air. Exposure is typically measured in
microroentgens (uR), and exposure rate is typically expressed as
uR/h. The dose to the whole body can be approximated by multiplying
the exposure rate by the number of hours of exposure. For example,
if an individual were exposed to gamma radiation at a rate of

20 uR/h for 168 hours per week (continuous exposure) for 52 weeks
per year, the whole-body dose would be 170 mrem.

Gamma Radiation - See radiation.

Gram - A gram (g) is a metric unit of weight. There are 454 g in
1l pound, and 28 g in 1 ounce.

Meter - A meter (m) is a metric unit of length; 1 m is equal to
approximately 39 inches.

Microcurie - A microcurie is 1,000,000 picocuries (see definition
of picocurie for additional explanation).

Microroentgen - A microroentgen (uR) is a unit used to measure

radiation exposure. For further information, see the definition of
exposure rate.
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Milliliter - A milliliter (ml) is a unit of measure for volume.
There are 3785 ml in 1 gallon.

Millirad - The millirad (mrad) is used to indicate the amount of

energy imparted by radiation to a unit of mass. An absorbed dose
rate is expressed in terms of mrad per hour (mrad/h).

Millirem - The millirem (mrem) is the unit used to measure

radiation dose to man. The DOE dose limit is 100 mrem above
background radiation levels within any one-year period for members
of the general public. Naturally occurring radioactive substances
in the ground result in a yearly exposure of about 100 mrem to each
member of the population. To date, no difference can be detected in
the health of population groups exposed to 100 mrem/yr above
background and in the health of groups who are not exposed.

Picocurie - A picocurie (pCi) is the unit of measure for
radioactivity, just as an ounce is a unit to measure weight. A
measurement of 1 pCi means that one radioactive particle is released
on the average of every 27 seconds.

Radium-226 - Radium-226 is a naturally occurring radioactive
material that spontaneously emits alpha radiation.

Radiation - There are three primary types of radiation: alpha,
beta, and gamma. Alpha radiation travels less than an inch in air
before it stops. Alpha radiation cannot penetrate the outer layer
of skin on the body. Beta radiation can penetrate the outer layers
of skin, but cannot reach the internal organs of the body. Gamma

radiation is the most penetrating type and can usually reach the
internal organs.

Radionuclide - Radioactive elements are also referred to as

radionuclides. For example, uranium-235 is a radionuclide,
uranium-238 is another, thorium-232 another, and so on.
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Remedial Action - Remedial action is a general term used to mean
"cleanup of contamination that exceeds DOE guidelines.” It refers
to any action required so that a property can be certified as being
in compliance with guidelines and can therefore be released for
future use. 1In practice, this may mean removing grass and soil,
cutting trees, removing asphalt, etc. Remedial action also includes
restoring remediated properties to their original conditions, to the
extent that this is possible.

Uranium - Uranium is a naturally occurring, radioactive element.
The principal use of uranium when refined is for the production of
fuel for nuclear reactors. Uranium in its natural form is not
suitable for use as a fuel source.

Working Level - Working level (WL) is a unit of measurement for

the amount energy expended in air by radon or its radioactive decay
products. The term was derived to measure radon progeny
concentrations to which uranium miners were exposed.
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