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- POST-REMEDIAL ACTION REPORT
FOR THE
WATER BOILER REACTOR SITE

by
Gilbert M. Montoya

. Abstract

The TA-2 Water Boiler Reactor Decommissioning Project decontaminated
and decommissioned the Water Boiler Reactor, TA-2-1-122, at Los Alamos
National Laboratory in Los Alamos, New Mexico, to provide reusable space
at the TA-2 site and to eliminate the hazard of accidental intrusion into a
contaminated structure. This report documents the radiological condition
of the site after the decommissioning and decontamination between June
1989 and April 1990.

1.0 INTRODUCTION
1.1 Purpose

This report documents the radiological condition of the Water Boiler Reactor site, TA-2-1-
122, at Los Alamos National Laboratory in Los Alamos, New Mexico, following
decommissioning and decontamination (D&D). The D&D was done by the Laboratory
with Pan Am World Services from June 1989 to April 1990. The work was performed
under the Surplus Facilities Management Program (SFMP), a program of the US
Department of Energy (DOE) that provides for the safe caretaking (surveillance and
maintenance) and disposition (decommissioning) of retired, DOE-sponsored nuclear
facilities that supported energy research and the development of nuclear power. The
Laboratory is the Project Management Contractor for DOE and represents DOE in
planning, managing, and implementing SFMP projects.

1.2 Location and Description

Figure 1 shows the location of TA-2-1-122. Figure 2 shows the layout of Building 1. TA-2
is isolated from the rest of the Laboratory because of its location in Los Alamos Canyon.
No direct access to the site from other technical areas is available except by the Los
Alamos Canyon Road.

D&D work was done in Room 122, excluding the northern section where experimental

equipment is used. The other rooms are office space, laboratory space, and the Omega
West Reactor (OWR) area.

Room 122 is in the east end of Building 1, which housed the Water Boiler, an enriched-
uranium (89%) homogeneous reactor. The reactor operated from 1944 until 1974, when
the uranyl nitrate fuel was removed. The reactor vessel and its associated recombiner and
plumbing were contained in a 5 mx 5 m x 4 m high concrete, graphite-lined biological
shield. The reactor and its biological shield and control room were housed in a frame
building approximately 18 mx 28 m x 8 m.




The reactor consisted of a 1-ft diameter stainless steel sphere that was filled with a water
solution of uranyl nitrate and surrounded with a graphite neutron reflector. Other major
components included two thermal columns, various shielding materials, experimental
access ports, and a gas recombination system.!

Although the Los Alamos Water Boiler was the first reactor of its general type, its main
function was to provide Laboratory personnel with an intense source of neutrons. Various
samples were introduced into irradiation ports for analysis; therefore, over the years,
different solutions of various isotopes and activities were spilled onto the floor surface in
numerous locations. The locations were identified after the asbestos floor tile was

removed.

Removal of external structures and underground piping associated with the gaseous
effluent (stack) line from the TA-2 Water Boiler Reactor was performed in 1986 as Phase I
of reactor decommissioning. Six concrete structures were dismantled, and 435 ft of
contaminated underground piping was removed. Extensive soil contamination by Cs-137

was encountered.?
2.0 REMEDIAL ACTION GUIDELINES

The upper-limit soil concentration guides are developed to ensure conformance with the
requirement that no member of the operating group (INC-5 Research Reactor Group)
receives more than 100 mrem/y total effective dose commitment above background
because of exposure to residual contamination. Every effort was made to ensure that
actual doses to the room occupants were as far below the basic limit as is reasonably
achievable. As low as reasonably achievable (ALARA) is a policy of reducing personnel
radiation exposures to the lowest levels commensurate with sound economics and
operating practices. The Environmental Surveillance Group, HSE-8, has developed
appropriate guidelines based on scenarios suggested by SFMP in 4 Manual for
Implementing Residual Radioactive Material Guidelines (January 1988).

The guidelines for upper-limit concentration were used in the Water Boiler Project as
follows.

2.1 Surface Contamination Criteria

Analysis of concrete and soil samples by the Health and Environmental Chemistry Group,
HSE-9, determined that 75% of surface contamination at the Water Boiler Project can be
attributed to Cs-137, which would have an average allowable total surface contamination of
5000 dpm/100 cm? (total, average); 15,000 dpm/100 cm? (total, maximum); and 1000
dpm/100 cm?2 (removable). See Appendix F in the SFMP Resource Manual.3 The
remaining 25% can be attributed to additional radionuclides identified, which include Eu-
152 Co-60, and Sr-90. Because Sr-90 guidelines are more stringent than Cs-137 guidelines
(Table IA), the 75%:25% ratio was taken into consideration. Thus, the 2guidelines to be
used for all surfaces inside Room 122 are as follows: 2500 dgm /100 cm? (total, average);
7,500 dpm/100 cm? (total, maximum); and 500 dpm/100 cm? (removable). The
Laboratory’s Health and Environmental Chemistry Group, HSE-9, provided and maintains
information used to support the derived values, e.g., gamma spectroscopy and Sr-90 results.

2.2 Seil Contamination

Based on field surveys, Cs-137 is the predominant radionuclide in the soil; thus, the
cleanup criteria for soil exposed beneath the slab inside Room 122 and east of the reactor
room were developed primarily for this radionuclide, although Eu-152 and Sr-90 were also



present. The code for residual radioactive material guidelines (RESRAD) yielded cleanup
guides assuming no cover on the contaminated area.* Attenuation of direct gamma
photons by a new four-inch poured concrete floor would increase Table 1A guidelines even
more. The survey team from Oak Ridge Associated Universities (ORAU) also identified
Eu-152 and Sr-90 in soil samples collected during the final independent verification survey.
The RESRAD code was prepared to reflect all radionuclides identified. (See also L.
Soholt "Plan For Environmental Sampling, Removal of Contaminated Soil Associated with
the Water Boiler Reactor, TA-2, Los Alamos National Laboratory, Los Alamos, New
Mexico.”) Table IB includes data for all radionuclides that were identified as being present
inside Room 122.

3.0 REMEDIAL ACTION

After the determination that the Water Boiler Reactor should be decommissioned and
decontaminated, the reactor was designated for remedial action. Because the Water Boiler
Reactor was known to be contaminated with radioactive materials because of program
activities by the Office of Nuclear Energy (NE), the facility was accepted into the SFMP.5
Radiological surveys determined that Room 122 had isolated areas that would require
remedial action. Surface contamination was heavy on the floor surface where the
biological shield was removed, an area of approximately 250 ft2. The soil in one area, the
utility trench (sand trap), was found to be contaminated with Cs-137 in concentrations
greater than 850 pCi/g. Furthermore, a utility trench inside Room 122 was found to
contain many lead plates and required the removal of approximately 2 m3 of soil. Figure 3
shows the location of these areas inside Room 122.

3.1 Remedial Action Activities

Remedial action consisted of removing radioactive contamination. Three types of
remedial action were done at the Water Boiler Reactor.

The first was decontaminating the floor surfaces having removable contamination where
the biological shield was removed. The floor surfaces were vacuumed with a high-
efficiency filter or cleaned with a wet cloth.

The second was decontaminating floor surfaces having fixed contamination by scabbling
and jackhammering the areas of contamination. In some places, the concrete was saw-cut
along all joints or cracks to remove all residual contamination.

The third involved removing contaminated soil with a shovel at various locations, including
the reactor pit; sand trap; utility tunnel, which was also contaminated with lead residual;
and various other locations throughout the biological shield area.

Waste from all these remedial action activities was placed in 55-gal. steel drums for
disposal or proper storage. All the water generated from the remedial action activities was
placed in an approved 250-gal. tank and transported to the liquid waste treatment plant,
TA-50-1, for treatment.

3.2 Contamination Control During Remedial Action

During remedial action operations, measures were taken to prevent the spread of
contamination and to control exposure rates of the workers. Measures were taken to
monitor airborne radioactivity resulting primarily from the dust and to limit personnel
exposure from carbon monoxide exhaust gases from various pieces of engine-driven
equipment.




The following contamination control measures were implemented during remedial action
at the Water Boiler Reactor.

o All scabbling and jackhammering activities used water to keep the dust down.
Plastic on the walls and ceiling protected the room from the dust created
during concrete removal. A portable high-efficiency filter system was used to
exhaust the room.

o All personnel wore respiratory protection when working around an operation
that could produce contaminated dust or harmful exhaust gases.

o The room was isolated from the rest of the building by a partition of sheets of
plastic and wood.

o A controlled area was established outside the east entrance to Room 122. This
controlled area was the access and egress area from the contaminated zone,
where all personnel and equipment leaving the area were checked for
contamination.

Air was sampled in the room to ensure the success of these measures to control
contamination.

4.0 POST-REMEDIAL ACTION MEASUREMENTS

After decommissioning and decontamination were completed, the Radiation Protection
Group, HSE-1, did the final surveys of Room 122. Survey result Drawings 1-7 are included
as Appendix A.

The quantity of surface contamination left on the walls and ceiling in Room 122 is well
below the residual activity guidelines based on the Sr-90:Cs-137 activity ratio of 25:75.

After remedial action activities were completed, most of the floor, walls, ceiling, and crane
structure were below residual activity guidelines. The highest floor reading was taken from
grid 53. The average maximum beta/gamma fixed-activity reading in this area was 261K
dpm/100 cm2. Because the entire floor area was capped with four inches of concrete after
completion of floor restoration and any residual radioactivity was entombed, the Water
Boiler Project Management Team has concluded that the concrete will provide adequate
protection, giving due consideration to health and safety, the environment, and costs.
Therefore, a request for supplemental limits or an exception is not considered appropriate
in this case.

The Radiation Protection Group, HSE-1, surveyed grid 53 to determine what the average
maximum beta/gamma fixed-activity reading was after the concrete pour. The average of
five readings was 418 dpm/100 cm2. The Radiation Protection Group performs a weekly
instrumentation survey of the TA-2 facility, looking for area readings exceeding 0.1
mrem/h. A monthly swipe survey is also performed throughout the site, including Room
122.

Three surveys were performed after post-remedial action activities were completed: a
fixed contamination survey, a removable contamination survey, and a soil sampling survey.



4.1 Fixed-Contamination Survey

A 1-m? grid was used on surfaces most likely to contain the highest levels of contamination,
the floor and utility tunnels. Readings were taken at the center and at four other points
midway between the center and the corners of a grid block.

A 1-m? grid was used on the walls up to a height of 2 meters. Readings were taken at the
center of each grid block.6

Table II shows the results of the portable instrument survey for fixed contamination. The
maximum beta/gamma fixed- activity reading in Room 122 was on the east steel support
beam used for the overhead bridge crane, which, after paint removal and sanding, read
approximately 900K dpm/probe area, which corresponds to 5,850,000 dpm/100 cm2.
Although the contamination in this area (Drawing 7) is fixed and remote (7 meters above
floor grade), there is a remote possibility that room occupants would come in contact with
this area. To ensure that no contact occurs, a four-in. square 1/4-in. steel plate was welded
over the source to entomb and eliminate the fixed direct reading. The crane railings will be
removed soon to eliminate the source of fixed contamination.

Personnel used an Eberline ESP-1 with HP-260 pancake GM probe for beta/gamma (15
cm? probe area). The minimum detectable activity counting one minute with the ESP-1 is
approximately 380 dpm/100 cm?2, assuming that activity 20% above background can be
detected.

4.2 Swipe Survey (Removable Contamination Survey)

Samples for removable contamination were taken using the same methodology outlined in
"Fixed Contamination Survey," above.

Table I1I shows the swipe survey results, which include swipes of the floor, walls, utility
tunnels, bridge crane, lamps, windows, and remaining electrical equipment.

The highest swipable beta/gamma activity in Room 122 was 207 dpm/100 cm2, below the
limit of 500 dpm/100 cm2. The swipe survey for removable activity was conducted by a
standard dry Nucon smear over an area of 100 cm? or greater. Swipe samples were
subjected to gross alpha/gross beta-gamma analysis at the Los Alamos Health Physics
Analysis Laboratory (HPAL).

Spectrographic analyses of selected swipe samples from Room 122 have shown Cs-137 to
be the predominant fission product remaining. Other radionuclides identified are Eu-152,
Sr-90, and Co-60.

43 Soil Sample Survey

Soil samples were taken from a grid laid out on the floor at 2-m intervals (Fig. 3). Samples
from each exposed trench wall were taken at the same interval. The characterization of
residual Cs-137 and final cleanup required about 21 samples inside Room 122. Table IV
contains the results of the soil sample analysis. Concentration of Cs-137 was determined
by a Nal deep-well counter configured to count the appropriate part of the gamma
spectrum. Three samples were collected from the excavated material to determine
whether hazardous substances regulated under the Resource Conservation and Recovery
Act (RCRA) were present. These samples were submitted to the Health and
Environmental Chemistry Group, HSE-9, for analysis by methods approved by the




Environmental Protection Agency. Analysis showed that no hazardous substances were
present in the soil once remediation had been completed.

5.0 POST-REMEDIAL ACTION STATUS

Measurements taken after removing radioactive materials indicated that no accessible
areas of concern exist. (See also Section 4.0.) Under the Radiological Site Assessment
Program, ORAU independently assessed the remedial action done at the Water Boiler
Reactor. Table V identifies all "hot spots" located by the Laboratory.

After reviewing the data collected, the Laboratory determined that the Water Boiler
Reactor Room conforms to the applicable derived guidelines established for release of this
site to Laboratory groups for light laboratory usage. TA-2 will remain as a restricted site
under the control of the Isotope and Nuclear Chemistry Division, which currently occupies

the site.

All remedial action was completed by April 1990. The action produced 73 30-gal. drums of
low-level radioactive waste; and 18 55-gal. barrels of mixed waste, contaminated lead (35
m3) were stored in a secured area pending permanent disposal. The action generated 173
m3 of low-level solid waste, which was treated as outlined in AR 10-1 and 10-3 in the
Laboratory’s Health and Safety Manual.
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Figure 1. Site Plan of TA-2 Showing Relationship of Building 1 with Other Buildings at the

Site.
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Table 1A. Surface Contamination Guidelines.

Allowable total residual surface contamination (dpm/100 cmz)a

Radionuclides® Averagecd Maximumde Removabled!
TRU, 226Ry, 228Ra, 230Th, 228Th, 231Pa, 100 300 20

LA, 125], 1291

Th-natural, 232Th, %08r, 223Ra, 224Ra, 232(J, 1000 3000 200

1267 131, 133]

U-natural, 235U, 238U, and associated decay 5000 alpha 15000 alpha 1000 alpha
products

beta-gamma emitters (radionuclides with 5000 beta-gamma 15000 beta-gamma 1000 beta-gamma

decay modes other than alpha emission or
spontaneous fission) except %S and others
noted above

aAs used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material as determined by correcting the counts per
minute measured by an appropriate detector for background, efficiency, and geometric factors associated with instrumentation.

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

“Measurements of average contamination should not be averaged over an area of more than 1 m2. For objects of less surface area, the average should
be derived for each such object.

9The average and maximum dose rates associated with surface contamination resulting from beta-gamma emitters should not exceed 0.2 mrad/h and
1.0 mrad/h, respectively, at 1 cm.

€The maximum contamination level applies to an area of not more than 100 cm?,

fThe amount of removable radioactive material per 100 cm? of surface area should be determined by wiping that area with dry filter or soft absorbent
paper, applying moderate pressure, and measuring the amount of radioactive material on the wipe with an appropriate instrument of known efficiency.
When removable contamination on objects of surface area less than 100 cm? is determined, the activity per unit area should be based on the actual area,
and the entire surface should be wiped. The numbers in this column are maximum amounts.




A1

Table IB. Soil Concentration Guidelines (pCi/g above Background) Based upon a Radiation Standard of 100 mrem/y Total Effective Dose

Commitment.

Parameter Surface
Co-6) 10
Cs-137 70
Eu-152 30
Sr-90 90

aSubsurface soils are considered to be below the first 0.15 m.

Subsurface?
80
5000
100
1000




Table ll. Fixed Contamination Survey (Floor)

Grid Beta-Gamma Activity
Number (dpm/100 cm?)
(1-Meter) Average Maximum Minimum
1 394 416 380
2 432 516 380
3 378 702 380
4 465 4380 380
5 1,526 5,525 380
6 384 1,261 380
7 520 832 380
8 12,952 50,960 1,066
9 1,934 4,862 520
10 442 663 380
11 1,258 1,742 572
12 1,214 1,950 767
13 730 884 494
14 439 728 380
15 1,313 1,612 390
16 1,167 1,391 806
17 1,145 1,352 936
18 1,794 3,978 380
19 517 910 380
20 1,334 1,885 380
21 1,201 2,015 546
22 1,417 2,262 546
23 1,422 2,236 390
24 845 1,170 380
25 559 910 380
26 1,089 2,340 650
27 1,487 1,885 1,248
28 1,212 1,924 494
29 2,044 3,068 1,040
30 1,329 1,924 741
31 1,407 1,872 884
32 1,568 1,937 1,235
33 1,183 1,864 1,469
34 1,235 1,976 1,647
35 1,352 1,924 858
36 1,014 1,586 494
37 1,108 2,678 380
38 1,737 2,756 858
39 1,321 1,937 884
40 2,178 2,340 1,820
41 2,945 4,030 2,054
42 2,496 4,199 1,508
43 1,141 1,638 663
44 1,100 2,335 380
45 1,235 1,820 416
46 1,758 2,782 520

13




Table lI. Fixed Contamination Survey (Floor)

(Cont.)

Grid Beta-Gamma Activity

Number (dpm/100 cm?)

(1-Meter) Average Maximum Minimum
47 894 1,586 416
48 1,171 1,807 819
49 SOIL SOIL SOIL
50 1,728 1,794 1,161
51 1,180 1,898 494
52 1,321 2,067 494
53 1,347 2,366 585
54 668 1,092 380
55 944 1,586 572
56 1,352 1,950 1,014
57 SOIL SOIL SOIL
58 SOIL SOIL SOIL
59 1,085 1,508 663
60 1,352 1,924 728
61 1,511 2,054 1,196
62 884 1,937 416
63 785 1,508 380
64 3,507 6,916 1,118
65 1,674 2,041 1,391
66 2,177 2,925 1,430
67 4,550 4,550 4,550
68 1,698 3,185 380
69 3,078 8,164 6,024
70 3,034 8,164 6,024
71 975 1,313 380
72 660 1,092 380
73 5,047 1,870 380
74 874 1,079 689
75 1,225 1,507 1,001
76 2,305 4173 1,079
77 964 2,132 380
78 411 1,040 380
79 554 1,391 380
80 1,329 3,484 507
81 1,089 2,509 637
82 1,321 2,522 380
83 907 2,288 380
84 915 1,404 546
85 1,269 1,794 416
86 426 1,365 380
87 754 1,391 380
88 996 1,664 637
89 694 1,365 380
90 991 1,768 819
91 1,014 1,456 380
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Table Il. Fixed Contamination Survey (Floor)

{Cont.)
Grid Beta-Gamma Activity
Number (dpm/100 cm?)
(1-Meter) Average Maximum Minimum
92 736 1,014 598
a3 767 1,534 380
94 5,486 9,139 1,352
a5 1,076 2,158 380
96 399 767 380
97 850 1,521 380
98 2,249 3,159 1,040
99 1,394 1,482 442
100 538 1,898 380
101 629 1,300 380
102 383 1,196 380
103 2,647 4,667 1,196
104 892 2,067 380
105 407 520 380
106 876 1,781 380
107 1,399 2,262 767
108 2,553 8,164 390
109 884 793 380
110 1,069 2,054 380
111 435 936 380
112 408 910 380
113 384 858 380
114 427 521 380
115 681 1,261 380
116 842 1,508 380
117 1,206 2,652 380
118 772 1,365 380
119 1,082 2,639 380
120 697 1,586 380
121 1,084 1,885 380
122 1,118 1,664 559
123 460 1,573 380
124 824 1,287 559
125 837 1,807 380
126 499 1,027 380
127 384 533 380
128 827 1,664 380
129 1,521 3,636 380
130 2,015 6,513 380
131 2,291 7,605 767
132 1,739 2,873 936
133 1,089 1,664 507
134 1,667 3,458 416
135 1,115 3,107 380
136 848 1,794 380
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Table Il. Fixed Contamination Survey (Floor)

(Cont.)

Grid Beta-Gamma Activity

Number (dpm/100 cm?)

(1-Meter) Average Maximum Minimum
137 1,264 1,989 380
138 1,258 2,470 380
139 533 1,027 380
140 446 871 380
141 1,339 2,821 559
142 952 1,521 380
143 484 1,287 380
144 848 1,807 380
145 463 1,118 380
146 733 1,092 507
147 887 1,833 507
148 447 767 380
149 465 611 380
150 435 611 380
151 471 1,378 380
152 478 585 380
153 798 1,092 390
154 420 598 380
155 407 490 380
156 460 793 380
157 494 598 380
158 394 793 380
159 590 1,339 380
160 447 663 380
161 408 546 380
162 452 498 380
163 386 416 380
164 447 599 380
165 572 871 380
166 385 456 380
167 381 585 380
168 434 438 380
169 503 663 380
170 481 598 380
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Table Il. Fixed Contamination Survey (East

Wali)

Grid
Number

(2-Meter) Average Maximum Minimum

Beta-Gamma Aclivity
(dpm/100 cm?)

171
172
173
174
175
176
177
178
179
180
181
182
183
184

380
380
380
380
380
380
380
380
380
380
380
380
380
380

17




Table II. Fixed Contamination Survey (South
Wall)

Grid Beta-Gamma Activity

Number (dpm/100 cm?)

(2-Meter) Average Maximum Minimum
185 390
186 380
187 380
188 380
189 380
190 380
191 1,196
192 380
193 380
194 380
195 380
196 380
197 380
198 380
199 380
200 380
201 380
202 380
203 380
204 380
205 380
206 380
207 380
208 380
209 380
210 380
211 380
212 380
213 380
214 380

18




Table Il. Fixed Contamination Survey (West

Wall)
Grid Beta-Gamma Activity
Number (dpm/100 cm?)
(2-Meter) Average Maximum Minimum

215 380

216 380

217 380

218 380

219 380

220 380

221 380

222 380

223 380

224 380

225 380

226 380

227 380

228 380

19




Table 1I. Fixed Contamination Survey (North

Wall)

Grid Beta-Gamma Activity

Number (dpm/100 cm?)

(2-Meter) Average Maximum Minimum
229 1,436
230 380
231 ’ 380
232 380
233 380
234 380
235 380
236 380
237 380
238 380
239 380
240 380
241 380
242 380
243 380
244 380
245 380
246 380
247 380
248 380
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Table Ii. Fixed Contamination Survey (Ceil-
ing and Crane Structure)

Survey Beta-Gamma Activity

Location (dpm/100 cm?)

Number Average Maximum Minimum
249 380
250 380
251 380
252 380
253 380
254 380
255 380
256 380
257 380
258 380
259 380
260 380
261 380
262 380
263 380
264 380
265 380
266 380
267 380
268 380
269 380
270 380
271 380
272 380
273 380
274 380
275 380
276 380
277 5,850,000
278 380
279 380
280 12,260
281 1,054
282 382
283 380
284 380
285 11,000
286 580
287 11,308
288 380
289 512
290 380
291 380
292 3,352
293 362
294 436
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Table Il. Fixed Contamination Survey (Ceil-
ing and Crane Structure) (Cont.)

Survey Beta-Gamma Activily
Location (dpm/100 cm?)
Number Average Maximum Minimum
295 4,296 (
296 380 : :
297 5,372
298 392
299 406
300 380
301 380
302 380
303 380
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Table lil. Pu, U, and Other Data Sheet

TA: 2

Building: 1

Room: 122

Sample Date: 1-11-90

H.P.S: Veverka/Windham
Parameter: g/y Cs-137, U-235
Analysis Date: 1-12-90
Analysis By: Jerry W. Herold

Swipe Swipe

No. Location Alpha* Beta* No. Location Alpha* Beta*
1 SeeMap NDA NDA 2 SeeMap NDA NDA
3 SeeMap NDA NDA 4 SeeMap NDA NDA
5 SeeMap NDA NDA 6 SeeMap NDA NDA
7 SeeMap NDA NDA 8 See Map NDA NDA
9 See Map NDA NDA 10 SeeMap NDA NDA
11 See Map NDA NDA 12 SeeMap NDA NDA
13 See Map NDA NDA 14 See Map NDA NDA
15 SeeMap NDA NDA 16 SeeMap NDA NDA
17 SeeMap NDA NDA 18 SeeMap NDA NDA
19 SeeMap NDA NDA 20 SeeMap NDA NDA
21 See Map NDA NDA 22 SeeMap NDA NDA
23 SeeMap NDA NDA 24 SeeMap NDA NDA
25 SeeMap NDA NDA 26 SeeMap NDA NDA
27 SeeMap NDA NDA 28 SeeMap NDA NDA
29 SeeMap NDA NDA 30 SeeMap NDA NDA
31 See Map NDA NDA 32 SeeMap NDA NDA
33 SeeMap NDA NDA 34 See Map NDA NDA
35 SeeMap NDA NDA 36 See Map NDA  NDA
37 SeeMap NDA NDA 38 SeeMap NDA NDA
39 See Map NDA NDA 40 SeeMap NDA NDA
41 SeeMap NDA NDA 42 SeeMap NDA NDA
43 SeeMap NDA NDA 44 SeeMap NDA NDA
45 SeeMap NDA NDA 46 SeeMap NDA NDA
47 SeeMap NDA NDA 48 SeeMap NDA NDA
49 SeeMap NDA NDA 50 SeeMap NDA NDA
51 SeeMap NDA NDA 52 SeeMap NDA NDA
53 SeeMap NDA NDA 54 SeeMap NDA NDA
55 SeeMap NDA NDA 56 . SeeMap NDA NDA
57 SeeMap NDA NDA 58 SeeMap NDA NDA

*d/m/100 cm.?

Special Information: Post-decommisioning and decontamination of TA-2
Omega East Reactor Area. Map is drawings 1 through 7.

(NDA)—no detectable activity. NDA for alpha is considered anything at or
below 16 dpm/100 cm?. NDA for beta is anything at or below 32 dpm/100 cm?.
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Table 1ll. Pu, U, and Other Data Sheet (Cont.)

TA: 2

Building: 1

Room: 122

Sample Date: 1-11-90

H.P.S: Veverka/Windham
Parameter: g/y Cs-137, U-235
Analysis Date: 1-12-90
Analysis By: Jerry W. Herold

Swipe Swipe
No. Location Aipha* Beta* No. Location Alpha* Beta*
59 See Map NDA NDA 60 See Map NDA NDA
61 See Map NDA NDA 62 See Map NDA NDA
63 SeeMap NDA NDA 64 See Map NDA NDA
65 SeeMap NDA NDA 66 SeeMap NDA NDA
67 SeeMap NDA NDA 68 SeeMap NDA NDA
69 SeeMap NDA NDA 70 SeeMap NDA NDA
71 See Map NDA NDA 72 See Map NDA NDA
73 SeeMap NDA NDA 74 SeeMap NDA NDA
75 SeeMap NDA NDA 76 SeeMap NDA NDA
77 See Map NDA NDA 78 See Map NDA NDA
79 SeeMap NDA NDA 80 See Map NDA NDA
81 SeeMap NDA NDA 82 SeeMap NDA NDA
83 See Map NDA NDA 84 See Map NDA NDA
85 See Map NDA NDA 86 See Map NDA NDA
87 See Map NDA NDA 88 SeeMap NDA NDA
89 See Map NDA NDA 90 See Map NDA  NDA
91 See Map NDA NDA 92 See Map NDA NDA
93 See Map NDA NDA 94 SeeMap NDA NDA
95 SeeMap NDA NDA 96 See Map NDA 52
97 SeeMap NDA NDA 98 See Map NDA NDA
99 SeeMap NDA NDA | 100 SeeMap NDA NDA
101 SeeMap NDA NDA | 102 See Map NDA NDA
103 SeeMap NDA NDA | 104 See Map NDA 42
105 SeeMap NDA NDA | 106 SeeMap NDA NDA
107 SeeMap NDA NDA | 108 See Map NDA  NDA
109 SeeMap NDA NDA | 110 See Map 56 NDA
111 See Map NDA NDA 112 SeeMap 27 207
113 SeeMap NDA NDA | 114 See Map NDA  NDA

*d/m/100 cm.2

Special Information: Post-decommisioning and decontamination of TA-2
Omega East Reactor Area. Map is drawings 1 through 7.

(NDA)—no detectable activity. NDA for alpha is considered anything at or
below 16 dpm/100 cm?. NDA for beta is anything at or below 32 dpm/100 cm?.
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Table lil. Pu, U, and Other Data Sheet (Cont.)

TA: 2

Building: 1

Room: 122

Sample Date: 1-11-90

H.P.S: Veverka/Windham
Parameter: g/y Cs-137, U-235
Analysis Date: 1-12-90
Analysis By: Jerry W. Herold

Swipe Swipe

No. Location Alpha* Beta* No. Location Alpha* Beta*
115 SeeMap NDA NDA | 116 SeeMap NDA NDA
117 SeeMap NDA NDA 118 SeeMap NDA NDA
119 See Map NDA NDA 120 SeeMap NDA NDA
121 SeeMap NDA NDA 122 SeeMap NDA NDA
123 SeeMap NDA NDA | 124 SeeMap NDA NDA
125 SeeMap NDA NDA | 126 See Map NDA NDA
127 SeeMap NDA NDA | 128 SeeMap NDA NDA
129 See Map NDA NDA 130 See Map NDA NDA
131 SeeMap NDA NDA 132 SeeMap NDA NDA
133 SeeMap NDA NDA | 134 SeeMap NDA NDA
135 SeeMap NDA NDA | 136 SeeMap NDA NDA
137 SeeMap NDA NDA | 138 SeeMap NDA NDA
139 SeeMap NDA NDA | 140 See Map NDA NDA
141 SeeMap NDA NDA | 142 SeeMap NDA NDA
143 See Map NDA  NDA 144 See Map NDA NDA
145 SeeMap NDA NDA | 146 SeeMap NDA NDA
147 SeeMap NDA NDA | 148 See Map NDA  NDA
149 SeeMap NDA NDA | 150 SeeMap 45 NDA
151 SeeMap NDA NDA 152 SeeMap NDA 94
153 SeeMap NDA NDA | 154 SeeMap 23 NDA
155 SeeMap NDA NDA | 156 See Map NDA NDA
157 SeeMap NDA NDA | 158 SeeMap NDA NDA
159 SeeMap NDA NDA 160 SeeMap NDA NDA
161 SeeMap NDA 47 162 SeeMap NDA NDA
163 SeeMap NDA NDA | 164 SeeMap NDA NDA
165 SeeMap NDA NDA 166 See Map NDA NDA
167 SeeMap NDA NDA [ 168 SeeMap NDA NDA
169 SeeMap NDA NDA | 170 See Map NDA NDA
171 SeeMap NDA NDA | 172 SeeMap NDA NDA
173 SeeMap NDA NDA 174 SeeMap NDA NDA
*d/m/100 cm.2

Special Information: Post-decommisioning and decontamination of TA-2
Omega East Reactor Area. Map is drawings 1 through 7.

(NDA)—no detectable activity. NDA for alpha is considered anything at or
below 16 dpm/100 cm?. NDA for beta is anything at or below 32 dpm/100 cm?.
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Table 1. Pu, U, and Other Data Sheet (Cont.)

TA: 2

Building: 1
Room: 122

Sample Date: 1-11-90

H.P.S: Veverka/Windham

Parameter: g/y Cs-137, U-235

Analysis Date: 1-12-90 )
Analysis By: Jerry W. Herold

Swipe Swipe

No. Location Alpha* Beta®* No. Location  Alpha* Beta*
175 See Map NDA NDA | 176 See Map NDA  NDA
177 SeeMap NDA NDA | 178 See Map NDA  NDA
179 SeeMap NDA NDA | 180 See Map NDA NDA
181 SeeMap NDA NDA | 182 SeeMap NDA NDA
183 SeeMap NDA NDA | 184 See Map NDA  NDA
185 SeeMap NDA NDA | 186 SeeMap NDA NDA
187 SeeMap NDA NDA | 188 See Map NDA  NDA
189 SeeMap NDA NDA | 190 SeeMap NDA NDA
191 SeeMap NDA NDA | 192 SeeMap NDA NDA
193 SeeMap NDA NDA | 194 See Map NDA 37
195 SeeMap NDA NDA [ 196 See Map NDA  NDA
197 See Map NDA NDA | 198 See Map NDA  NDA
199 See Map NDA NDA | 200 SeeMap NDA NDA
201 See Map NDA NDA | 202 See Map NDA NDA
203 See Map NDA NDA | 204 See Map NDA  NDA
205 See Map NDA NDA | 206 SeeMap NDA NDA
207 See Map NDA NDA | 208 SeeMap NDA NDA
209 SeeMap NDA NDA | 210 See Map NDA  NDA
211 SeeMap NDA NDA |} 212 See Map NDA NDA
213 SeeMap NDA NDA | 214 SeeMap NDA NDA
215 SeeMap NDA NDA [ 216 See Map NDA NDA
217 See Map NDA 152 218 SeeMap NDA NDA
219 See Map NDA NDA | 220 See Map NDA  NDA
221 See Map NDA NDA | 222 SeeMap NDA NDA
223 SeeMap NDA NDA | 224 See Map NDA NDA
225 See Map NDA NDA | 226 See Map NDA NDA
227 See Map NDA NDA | 228 See Map NDA  NDA
229 SeeMap NDA NDA | 230 SeeMap NDA NDA
231 See Map NDA NDA | 232 See Map NDA NDA

*d/m/100 cm.?

Special Information:
Omega East Reactor

(NDA)—no detectable activity. NDA for alpha is co
below 16 dpm/100 cm?. NDA for beta is anything at or
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Table lll. Pu, U, and Other Data Sheet (Cont.)

TA: 2

Building: 1

Room: 122

Sample Date: 1-11-90

H.P.S: Veverka/Windham
Parameter: 3/y Cs-137, U-235
Analysis Date: 1-12-90
Analysis By: Jerry W. Herold

Swipe Swipe

No. Location Alpha* Beta* No. Location Alpha* Beta*
233 SeeMap NDA NDA | 234 SeeMap NDA NDA
235 SeeMap NDA NDA | 236 SeeMap NDA NDA
237 SeeMap NDA NDA | 238 SeeMap NDA NDA
239 SeeMap NDA NDA | 240 See Map 27 NDA
241 SeeMap NDA NDA | 242 SeeMap NDA NDA
243 SeeMap NDA NDA | 244 SeeMap 20 NDA
245 SeeMap NDA NDA | 246 SeeMap NDA NDA
247 SeeMap NDA NDA | 248 SeeMap NDA NDA
249 SeeMap NDA NDA | 250 SeeMap NDA NDA
251 SeeMap NDA NDA | 252 SeeMap NDA NDA
253 SeeMap NDA NDA | 254 See Map NDA NDA
255 SeeMap NDA NDA | 258 SeeMap NDA NDA

*d/m/100 cm.2

Special Information: Post-decommisioning and decontamination of TA-2
Omega East Reactor Area. Map is drawings 1 through 7.

(NDA)—no detectable activity. NDA for alpha is considered anything at or
below 16 dpm/100 cm?. NDA for beta is anything at or below 32 dpm/100 cm?.
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Table Ill. Pu, U, and Other Data Sheet

TA: 2

Bidg: 1

Rm: 122

Sample Date: 3-16-90
H.P.S: Oliver/Windham
U: 235

Parameter: g/y Cs-137
Analysis Date: 3-16-90
Analysis By: Jerry W. Herold

Swipe Swipe

No. Location Alpha* Beta® No. Location Alpha* Beta*
257 SeeMap NDA NDA | 258 See Map NDA  NDA
259 SeeMap NDA NDA | 260 See Map NDA  NDA
261 See Map NDA NDA | 262 SeeMap NDA NDA
263 See Map NDA NDA | 264 SeeMap NDA 59
265 SeeMap NDA 34 266 See Map NDA 37
267 See Map NDA 109 268 See Map NDA NDA
269 SeeMap NDA NDA | 270 See Map NDA NDA
27 SeeMap NDA NDA |} 272 SeeMap NDA NDA
273 SeeMap NDA NDA |274 SeeMap NDA NDA
275 SeeMap NDA NDA | 276 See Map NDA NDA
277 SeeMap NDA NDA | 278 SeeMap NDA NDA
279 SeeMap NDA NDA | 280 See Map NDA NDA
281 SeeMap NDA NDA | 282 SeeMap NDA NDA
283 SeeMap NDA NDA | 284 SeeMap NDA NDA
285 SeeMap NDA NDA | 286 See Map NDA  NDA
287 SeeMap NDA NDA | 288 See Map - NDA  NDA
289 SeeMap NDA NDA (230 SeeMap NDA 34
291 SeeMap NDA NDA |292 See Map NDA NDA
293 SeeMap NDA NDA | 294 See Map NDA NDA
295 See Map NDA NDA | 296 See Map NDA NDA
297 SeeMap NDA NDA | 298 See Map NDA NDA
299 See Map NDA NDA | 300 SeeMap NDA NDA
301 SeeMap NDA NDA | 302 See Map NDA NDA
303 See Map NDA NDA

*d/m/100 cm.?

Special Information:
Omega East Reactor

Post-decommisioning and decontamination of TA-2
Area. Map is drawings 1 through 7.

(NDA)—no detectable activity. NDA for alpha is considered anything at or

below 16 dpmv/100 cm2. NDA for beta is anyt

hing at or below 32 dpm/100 cm?.
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Table IV. Soil Sample Analysis Resulits

Gamma
Sample Location Beta (MDA)* 18 pCi/g (MDA)* 1/10 of 1 pCi/g
(Refer to Fig. 3.0) at 3 Sigma (pCi/g Cs-137)

1 < MDA 1

2 < MDA 2

3 < MDA 13

4 < MDA 65

5 < MDA 56

6 < MDA 1

7 < MDA 4

8 < MDA 18

9 < MDA 6
10 < MDA 1
11 < MDA 2
12 < MDA 4
13 < MDA 1

14 < MDA 2
15 < MDA 4
16 < MDA 1
17 < MDA 3
18 < MDA 1
19 45 pCi/g Cs-137
20 34 pCi/g Cs-137
21 25 pCi/g Cs-137

‘MDA—Minimum Detectable Activity
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Table V. LANL.Identified Hot Spots (Floor)

Beta-Gamma
Grid Number Area Activity

(1-Meter) (cm?) (dpm)
8 15 32,400
8 15 4,360
8 15 50,960
12 30 4,580
15 15 31,000
15 15 23,620
16 15 11,300
18 15 4,860
23 15 25,600
24 15 26,220
25 15 4,600
29 15 6,300
31 30 5,200
36 15 6,200
41 50 3,040
43 30 15,280
47 15 6,300
50 15 2,540
53 15 261,000
54 15 4,800
55 15 19,370
64 15 2,840
70 15 5,020
81 15 15,730
87 15 160,420
90 15 3,740
128 15 8,820
130 15 10,020
141 30 3,920
146 15 4,020
153 15 5,500
169 30 2,820
170 15 12,620
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Table V. LANL identified Hot Spots (Cont.)

Beta-Gamma

Activity

Location Area (cm?) (dpm)
Fan over grid #177* 15 3,276
Blind over grid #183* 15 2,704
Top of shelf over grid #215* 50 12,090

*Items were removed and disposed of.
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Appendix B. Abbreviations

cm
cm?

cpm

dpm
dpm/100 cm?
ft

g

gal.

in.

uR/h
mrad
mrad/h
mrem

mrem/y

pCi/g

centimeter
square centimeter
counts per minute

disintegrations per minute

disintegrations per minute per 100 square centimeters

foot

gram

gallon

inch

meter

square meter
microroentgens per hour
millirad

millirad per hour
millirem

millirem per year
picocuries per gram

year
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Appendix C. Glossary

Background radiation - Background radiation is naturally occurring radiation emitted from
either cosmic (from the sun) or terrestrial (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/y; and some areas in South America receive up to 7000 mrem/y.
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.

Centimeter - A centimeter (cm) is a metric unit of measurement for length; 1 inch is equal
to 2.54 cm; 1 foot is equal to approximately 30 cm.

Contamination - Contamination generally means 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 number of disintegrations 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.

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/y above background levels. Living in a brick
house typically results in a dose of about 75 mrem/y 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 a person 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 178 mrem.

Gram - A gram (g) is a metric unit of weight. There are 454 g in a pound and 28 g in an
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 also the definition of picocurie).

Millirad - The millirad (mrad) indicates the amount of energy imparted by radiation to a
unit of mass. An absorbed dose rate is expressed in terms of mrad per hours (mrad/h).
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Millirem - The millirem (mrem) is the unit used to measure radiation dose to a person.
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/y 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.

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,
cesium-137 is a radionuclide, strontium-90 is another, and uranium-235 is a third.

Remedial action - Remedial action generally means "cleanup of contamination that exceeds
DOE guidelines." It refers to any action required so that property can be released for
unrestricted use as uncontaminated. In practice, remedial action 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 possible.
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