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II. OVERVIEW 

This document, the Naval Medical Research Center (NMRC) Diving 
Buildings Radiological Decontamination and Decommissioning (D&D) 
Final Status Survey Report, was prepared in support of NMRC's 
decommissioning efforts. The NMRC Diving Buildings consist of 
buildings 28, 53, 59, 69 and 79. This report includes all 
survey results, reference background readings, check-source 
evaluations, calculations, procedures, problems/deviations from 
plans, recommendations for survey-site status, and other 
pertinent information. 

This report describes the actions and levels of effort that NMRC 
undertook to demonstrate to regulatory authorities that the 
vacated NMRC Diving Buildings meet the release criteria for 
unrestricted future use. To achieve this objective, guidance 
provided in the Multi-Agency Survey and Site Investigation 
Manual (MARSSIM, ref 11.1) and other regulatory documents were 
followed and parameters chosen to meet or exceed the release 
criteria. 

The NMRC Historical Site Assessment (HSA, ref 11.2) served as 
the primary document for information regarding potential 
contaminants, potential contaminated areas, and potential 
contaminated media. 

The NMRC Diving Buildings are located at 8901 Wisconsin Avenue, 
Bethesda, Maryland 20889-5607 on the NNMC Bethesda campus. 
Table A provides a list of tables in Sections I through XI. 

Table 1 provides a list of radionuclides that were used in the 
NMRC Diving Buildings. This list includes isotopes that are not 
of concern for this decommissioning work because of the elapsed 
time since their last use in the buildings. 

Table 2 provides a summary of the buildings that comprise the 
NMRC Diving Buildings, Medical studies and biomedical research 
were conducted which involved the use of chemicals and other 
hazardous materials, biological materials, animals and animal 
products, and radiological materials. All the surrounding 
properties are located upon the National Naval Medical Center 
(NNMC) campus (ref 11.3, ESA 1997) . 
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Table 1. 

SYMBOL 

Ba133 

C14 

CoS7 

Cs137 

H3 

S35 

Ar41 

Ca45 

Ce141 

CrSI 

1125 

1131 

In111 

Kr79 

Kr85m 

Nb9S 

P32 

P33 

Ru103 

Sc46 

Snl13 

Tc99m 

Xe127 

xe133 

NMRC Diving Buildings Radiological (0&0) 
Final Status Survey Report, June 2000 

Radioisotopes Used At NMRC Diving Buildings 

RADIOISOTOPE YEAR HALF MAJOR 
OF LIFE RADIATIONS 

LAST 
USE 

Barium-133 1992 7.2 Y Gamma 

( rooms 112 and 
122) 

Carbon-14 1999 5730 Y Beta 

Cobalt-57 1992 270.9 0 Gamma 

Cesium-137 1992 30 Y Beta, Gamma 
(rooms 112 and 
122) 
Hydrogen-3 1999 12.3 Y Beta 

Sulfur-35 1998 87.4 D Beta 

Argon-41 1992 1.83 H Beta, Gamma 

Calcium-45 1997 165 0 Beta 

Cerium-141 1993 32.5 0 Beta, Gamma 

Chromium-51 1992 27.7 0 Gamma 

Iodine-125 1994 60.2 0 Gamma 

Iodine-131 1991 8.1 0 Beta, Gamma 

Indium-Ill 1990 2.8 0 Beta, Gamma 

Krypton-79 1992 34.9 D Gamma 

Krypton-85m 1992 4.4 H Beta, Gamma 

Ni obium-95 1993 35 0 Beta, Gamma 

Phosphorus-32 1999 14.3 0 Beta 

Phosphorus-33 1998 24.4 0 Beta 

Ruthenium-103 1993 39.5 D Gamma 

Scandium-46 1986 83.8 0 Beta, Gamma 

Tin-113 1990 115 0 Gamma 

Technetium-99m 1992 6.05 H Gamma 

Xenon-127 1992 36.4 0 Gamma 

Xenon-133 1992 5.3 0 Beta, Gamma 
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Table 2. 

Building 
Nwnber 

28 

53 

59 
69 
79 

To t al 
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NMRC Diving Buildings Information 

Building Uses Floor Occupancy 
Area or Years of 

(square RAM Use 
feet) Start Stop 

Offices, labs, 5,856 1952 1999 
storerooms, 
machine rooms 
Diving fac il ity, 22,136 197 6 1999 
offices, labs, 
store rooms 

Di ving facility 2, 695 1989 1999 
Diving facility 805 1992 1999 
Equipment fac i lity 1, 1 95 1992 1999 

32,687 

Isotopes of 
Concern 

None 

H3, C14 , 
CoS7, 
Ba133, 
Cs137 
None 
None 
None 

NMRC's history of military medical research during 1976 to 1999 
at the Diving Buildings site included the use of unsealed 
radioactive materials. The use of unsealed radioactive 
materials in laboratories, rooms, and areas dictated that some 
level of decommissioning was required for each area of 
radioactive material use to ensure and document compliance with 
the regulatory release criteria for unrestricted use. 

The radioactive contaminants of concern were Hydrogen-3, Carbon-
14, Cobalt-57, Barium-133, and Cesium-137. 

The examination for potential radioactive contaminants included 
surveys, direct measurements, sampling and analysis, and 
scanning with appropriate instruments and equipment. The 
examinations included: 

(1) all accessible floor space, 

(2) the lower half of all walls extending up approximately 
two meters from the floor, and 

(3) other selected locations. 
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The survey units were classified as either Impacted Class 3 or 
Non-impacted. There were no survey sites classified as Impacted 
Class 1 or Class 2, which are the two remaining classifications 
requiring the most extensive decommissioning effort. Selected 
common areas, restrooms, and non-impacted areas were evaluated 
for potential radioactive contamination. After equipment, 
materials and wastes were removed from radioactive-materials-use 
areas, residual contamination was confined to small areas within 
a small percentage of the survey units. 

The 5-month decommissioning period began in February 2000 and 
was concluded in June 2000. The cost of performing the 
necessary decommissioning efforts included instrument and 
equipment costs, materials, supplies and contracted labor. 
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A. 

/lCi 

llR/hr 
Annex 

BRAC 
BUMEO 
CFR 

cpm 
D&D 
DOD 
DOT 
dpm 
Gy 
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Abbreviations and Definitions 

ACRONYMS AND ABBREVIATIONS 

Mi cro-Curie 
Micro-Roentgens per hour (exposure rate) 

NMRC Rockville Annex Laboratories, Washington 
Avenue, Rockville, MD 
Base Realignment and Cl o sure 
Bureau of Medicine and Surgery 
Code of Federal Regulations 
Counts per minute 
Decontamination and decommi ssioning 
Department of Defense 
Department of Tr ansportation 
Dis int egrations per minute 
Gray, SI unit of absorbed dose, 1 Gy = 100 
rads 

Irradiator Sealed-source, Cesium-137 gamma irradiator 
MDA Minimum detectable activity 
NEHC Navy Environmental Health Center 
NMRC Naval Medical Re search Center, formerly NMRI 
NMRI Naval Medical Research I nsti t ute 
NNMC National Naval Medical Center 
NRC U. S. Nuclear Regul atory Commi ssion 
NRMP NMRC's Navy Radioactive Materials Permit 
NUREG Nuclear Regulatory Guide 
R, R/hr Roentgen (exposure) , Roentgens per hour 
Rad, Rad/hr Rad (dose) , Rads per hour (dose rate) 
RAM Radioactive materials 
Rem, Rem/hr Rem (dose equivalent) , Rem per hour 
SOP Standard operating procedure 
Sv Sievert, S1 unit of dose equivalen t , 1 Sv = 

100 rems 
US Un ited States 
USN United States Navy 
WSSC Washington Suburban Sanitary Commission 
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B. KEY TERMS AND DEFINITIONS (reference 11.1, MARSSIM) 

a, Alpha The specified maximum probability o f Type 
I error; i . e . , the maximum probability of 
rejecting the null hypothesis when it is 
true. Alpha is referred to as the Slze of 
the test. Alpha reflects the amount of 
evidence the decision maker would like to 
see before abandoning the null hypothesis. 

Area A term referring to any port i on of a site, 
up to and including the entire site. 

Background Radiation f rom cosmic sources, naturally 
radiation occurring radioactive material, radon, and 

global fallout as it exists in the 
environment from testing of nuclear 
explosive devices or from nuclear 
accidents. Background radiation does not 
include radiation from source, byproduct, 
or special nuclear materials regulated by 
the federal or state agency. 

Becque rel (Bq) The unit of radioactivity equ ivalent to 
one nuclear transformation per second. 

~, Beta The probability of a Type II errorj i . e . , 
the probabili ty of accepting the null 
hypothesis when it is false. The 
compliment of beta (l-~) is refer red to as 
the power of test. 

Beta emi tter A radioactive material emitting beta 
particles. Beta particles are electrons 
emitted from the nucleus during 
radioactive decay. 

Byproduct Licensed or radioactive material regulated 
materia l by the NRC. 
Class 1 area s Impacted areas wi t h the highest potential 

for contamination or insuff icient evidence 
to support reclassification as Class 2 or 
3 . 

Class 2 areas Impacted areas with low potential for 
delivering a dose above the release 
criterion and little or no potential for 
small areas of elevated activity. 
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Class 3 areas Impacted areas with little or no potential 
for delivering a dose above the release 
criterion and little or no potential for 
s mall area s of elevat e d activ i ty. 

Classi f i cation The act or r e sult o f separa t ing a r eas or 
survey units into one of the three 
designated classes : Class 1 area, Class 2 
area, or Class 3 area. 

Cleanup A numer ica l limi t se t by a r egu l atory 
standard agency as a requirement for releasing a 

site afte r cleanup. 
Contaminat i on The presence of residual radioactivity in 

excess of levels which are acceptable for 
release of a site or facility for 
unre stric t e d use. 

Curi e A unit o f radioactivi t y e q ua l to 37 
bill i on becquerels . 

Der i v ed A de r i ved, radionucl i de- spec i fic activity 
Concentration concentration within a survey un it 
Guideline Level corresponding to the release criterion. 
(DCGL) The DCGL 1S based on the spatial (uniform) 

distribution of the contaminant and hence 
is derived diffe r ently for the oon-
parametric statistical test (DCGLw) and the 
elevated measurement comparison (DCGLsMc ) 

DCGLs are derived from activity/dose 
relationships through various exposure 
pathway scenarios. 

Decommission To remove ( as a facility) safely from 
service and reduce residual radioactivity 
to a level that permits release of the 
property for unrestricted use and 
termination of the Nuclear Regulatory 
Commission license or Navy radioactive 
ma terial permit. 

Decommissioning The process of removing a facility o r site 
from operation, followed by 
decontamination, and license termination 
(or termination of authorization for 
operation) if appropriate. 

Decontamination The removal of radiological contaminants 
from persons, objects, or areas to within 
regulatory levels. 
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Di rect 
measurement 

Final status 
survey 

Gamma (y) 
radiation 

Impacted areas 

Investigat i on 
level 

MARSSIM 

Non-impacted 
areas 

Non-parametric 
test 

Radioactivity measurement obtained by 
placing the detector near the surface or 
media being surveyed. An indication of 
the resulting radioactivity level is read 
out directly. 
Measurements and sampling to describe the 
radiological conditions of a site, 
following completion of decontamination 
activities (if warranted) in preparation 
for release. 
Penetrating high-energy, short-wave length 
electromagnetic radiation (similar to x
rays) emitted during radioactive decay. 
Gamma rays are very penetrating and 
require dense materials (such as lead or 
stee l ) for shielding. 
Any area that is not classified as non
impacted. Areas with a possibility of 
containing residual radioactivity in 
excess of natural background or fallout 
levels. 
A derived media-specific, radionuclide
specific concentration or activity level 
of radioactivity that is based on the 
regulatory release criteria and triggers a 
response that further investigation or 
action is neces sar y i f exceeded. 
Mult i -Agency Radiation Survey and Site 
Investigation Manual (DOE, DOD, EPA, NRC); 
provides for conducting decommissioning 
activities to satisfy regulatory release 
cri teri a. 
Areas where there is no reasonable 
possibility (extremely low probability) of 
residual contamination. 
A test based on relatively few assumptions 
about the underlying probability 
distributions of the measurements. As a 
consequence, non-parametric tests are 
generally valid for a fairly broad class 
of distributions. The Wilcoxon Rank Sum 
test and the Sign test are examples of 
non-parametric tests. 
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Outlier Measurements that are unusually large or 
small relative to the rest and therefore 
are suspect of misrepresenting the 
popul at i on from wh ich they wer e collected. 

Radioactive Solid, liquid or gaseous material t ha t 
material (RAM) contains radionuclides regulated by the 

NRC. 
Radioact ive Solid or liquid trash or excess material 
waste that contains radionuclides regulated by 

the NRC. 
Release A regulatory l imit expressed in terms of 
criterion dose or risk; compliance demonstration is 

simply a decision as to whether or not a 
survey un i t meets the release criterion. 

Residual Radioactivity in structures, materials, 
radioactivity soil, groundwater, and other media at a 

site resulting from activities under the 
cognizant organi zation's control. 

Scanning An evaluation t echnique performed by 
moving a detection device over a surface 
at a specified speed and distance above 
the surface to detect radiat i on. 

Sign test A non-parametr ic sta t ist i cal t es t used to 
demonstrate compliance with the release 
criterion when the radionuclide of 
interest is not present in background and 
the distribution of the data is not 
symmetric. 

Site Any installation, facility, or discrete, 
physically separate parcel of land, or any 
building or structure or portion thereof, 
that is being considered for survey and 
i nvestigation. 

Survey A systematic evaluat i on and documenta tion 
of radiological measurements with a 
correctly calibrated instrument or 
instruments that meet the sensitivity 
required by the objective of the 
evaluation. 
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Survey unit A geographical area consisting of a room, 
hallway, structures or land areas of 
specified size and shape for which a 
separate decision will be made whether the 
unit attains the cleanup standard. Survey 
units are established to facilitate the 
survey process and the statistical 
analysis of the survey data. 

Wilcoxon test A non-par ame t r ic sta t i stical test used to 
demonstrate compliance with the release 
criterion when the radionuclide of 
interest is present in background and the 
distribution of the da t a is not symmetri c . 
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EXECUTIVE SUMMARY 

PURPOSE 

A final status decommissioning survey was conducted to 
determine the presence and extent of any radiological 
health hazards in the Diving Buildings used by NMRC at 
the National Naval Medical Center (NNMC) Bethesda 
campus. Appropriate actions were taken to verify that 
any residual radioactivity in the vacated NMRC 
buildings was in compliance with regulatory guidelines 
for the decontamination of facilities prior to release 
for unrestricted use. 

B. P~ 

• Develop and implement an approved decontamination 
and decommissioning plan. 

• Stop all work involving the use of radioactive 
materials. 

• Dispose, remove or transfer all licensed, 
radioactive materials and equipment to authorized 
recipients. 

• Minimize hazardous and low-level radioactive waste 
generated. 

• Decontaminate known areas of contamination to 
background levels. 

• Meet regulatory radiological, environmental, and 
safety regulations. 

• Control costs and complete closure within the 
allocated timeframe. 

• Prepare final status survey reports. 
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A radiological survey plan was developed to survey 
over 29,000 square feet (of floor and wall surface 
area) with portable instrumentation and to take and 
analyze over 600 swipe samples and more than 100 
direct readings throughout the NMRC Diving Buildings. 
The work history and probability of residual 
radioactive material were used to identify areas 
selected for surveying and sampling. The closure 
operations used basic engineering principles and 
common industrial practices. 

Those few areas where low-level radioactivity in 
excess of permissible limits was detected were 
remediated and released for unrestricted use. After 
completing final status survey efforts for 
contaminated floor and workbench areas, it was 
determined that no further decontamination efforts 
were necessary and that the residual-radioactivity 
level was well below the NRC screening values for 
residual contamination. 

C. CONCLUSIONS 

The plan described in item B above has been fully 
implemented, completed, and documented. 

The decontamination and decommissioning efforts 
involved the satisfactory performance of final status 
surveys for 100% (12 of 12) of the Impacted Class 3 
units and 44% (34 of 78) of the Non-impacted units. 

Operations involving the use of licensed, radioactive 
materials at the NMRC Diving Buildings have had no 
adverse effect on the leased commercial building. All 
radioactive materials as a result of NMRC operations 
have been removed from the building. Regulatory 
agency criteria for release of the building for 
unrestricted use have been fulfilled. 

19 



v. 

NMRC Diving Buildings Radiological (D&D) 
Final status Survey Report, June 2000 

REASON FOR DECOMMISSIONING 

Base Realignment and Closure (BRAC) legislation passed and 
signed into law in 1995 mandated that the Naval Medical Research 
Center (NMRC) relocate some of its programs and research efforts 
and cease operations at the NNMC campus in Bethesda, Maryland 
and at the NMRC Rockville Annex in 1999. 

NMRC, the Navy's largest medical research facility, opened its 
doors in Bethesda on October 27, 1942 to conduct research, 
development, tests, and evaluations to enhance the health, 
safety, and readiness of Navy and Marine Corps personnel in the 
effective performance of peacetime and contingency missions. 
NMRC had specific environmental obligations to fulfill before 
returning the NMRC Diving Buildings to the NNMC. These 
obligations involved the completion of biological, chemical, 
environmental and radiological decommissioning efforts. 
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VI. GUIDANCE FOR DECOMMISSIONING EFFORTS 

Regulatory guidance for conducting this radiological 
decommissioning activity was obtained from various sources. The 
Environmental Protection Agency (EPA), the Nuclear Regulatory 
Commission (NRC), and the Department of Energy (DOE) are 
responsible for the release of sites following cleanup. These 
responsibilities apply to facilities under the control of 
Federal agencies, such as the DOE and the Department of Defense 
(DOD), and to sites licensed by the NRC and its Agreement 
States. Some states have responsibilities for similar sites 
under their control. 

The NRC requires the radiological decommissioning of sites, 
buildings and outdoor areas where licensed activities have 
ceased radiological operations, even while licensed activities 
continue to be conducted at other site locations. Use of 
licensed materials at the NMRC Diving Buildings at Bethesda, 
Maryland ceased in December 1999. These sites required 
decommissioning and return to the NNMC for unrestricted use. 

The detailed guidance provided in the Multi-Agency Survey and 
Site Investigation Manual (MARSSIM, ref 11.1) was used for 
planning, implementing, and evaluating environmental and 
facility radiological surveys that.NMRC conducted to demonstrate 
compliance with the current dose-based regulation (10CFR20.1402, 
ref 11.4). Other regulatory documents (referenced in Section 
XI.) were used to provide estimates for derived concentration 
guideline values, dose modeling, and other necessary information 
and techniques. 

The MARSSIM provides a nationally consistent consensus approach 
to conducting radiation surveys and investigations at 
potentially contaminated sites. The decommissioning that 
follows remediation will normally require a demonstration to the 
responsible federal or state agency that the cleanup effort was 
successful and that the release criterion was met. In MARSSIM, 
this demonstration is given the name ~final status survey.H The 
MARSSIM assists site personnel and others in performing or 
assessing such a demonstration. 

Unique site-specific cases did not arise that required a 
modified approach beyond what is presently described in MARSSIM. 
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CONCEPTUAL MODEL AND SITE INFORMATION 

POTENTIAL RADIOACTIVE CONTAMINANTS 

The potential radioactive contaminants included 
Hydrogen-3 (tritium), Carbon-14, Cobalt-57, Barium-133 
and Cesium-137. The Barium-133 and Cesium-137 sources 
were small sealed sources of millicurie activity that 
were used only in rooms 112 and 122 of Building 53. 
Table 1 summarizes the radioisotopes that were used in 
the Diving Buildings, more specifically, Building 53. 
Radioactive materials were obtained and used in the 
form of gaseous and liquid solutions. There was no 
likely potential for contamination as a result of 
airborne release of radioactive materials due to the 
nature of operations and the elapsed period since the 
gaseous materials were used. Therefore, ceiling 
surfaces were not evaluated or surveyed for residual 
contamination. Low-level radioactive liquid and solid 
wastes were generated and properly disposed. Liquid 
(aqueous) and solid wastes were collected by the user 
and turned into the NMRC Radiation Safety Office for 
proper disposal. Radioactive (solid and liquid) 
wastes were removed from NMRC Diving Buildings for 
disposal. 

NMRC researchers and technicians who used radioactive 
materials were required to maintain separate waste 
containers for each isotope used. Further segregation 
occurred for liquids, solids, carcasses, scintillation 
vials, and sharps. All radioactive material (RAM) 
wastes were turned in to the Radiation Safety Office 
for tracking, storage and subsequent disposal and/or 
transfer. Logbooks were maintained. Burial of waste 
was prohibited. Solid waste disposal via decay-in
storage occurred for shorter half-life RAM « 65 
days). Long half-life RAM wastes were transferred to 
the National Naval Medical Center (NNMC) at Bethesda, 
Maryland, for transfer to a commercial contractor. 

The review of NMRC records included summaries of 
NMRC's annual receipts (inventories) of radioactive 
materials, annual solid radioactive waste disposal 
logbook entries, and annual sanitary sewer disposal of 
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liquid radioactive materials logbook entries. Table 2 
provides a list of radioisotopes that were used at 
NMRC Diving Buildings but are not of D&D contamination 
concern because of the elapsed time since their last 
use. 

B. POTENTIAL CONTAMINATED AREAS 

All available NMRC daily, weekly, monthly, and 
quarterly wipe test and survey monitoring results 
(1980-1999) were reviewed for evidence of residual 
contamination in the NMRC Diving Buildings. Incident 
and spills records were also reviewed. When 
contamination was detected during the course of 
decommissioning the NMRC buildings, characterization 
surveys, remedial actions, and remediation action 
surveys were completed and documented in the final 
survey summaries. 

Description of spill incident, leakage of Xenon-127 
gas in hood, 16 August to 25 October 1985: The 
laboratory in Room 112, Building 53, NMRC, had 
recently obtained a radiation dose calibrator to 
determine the actual doses of radioactive Xenon gas 
utilized during experiments. On 16 August 1985, a 
vial of Xenon-127 gas was obtained from Oak Ridge. 
The gas was presumed to contain 208 mCi of gas based 
on information obtained from Oak Ridge. 

The gas was transferred without incident into an RGD 
700 container that had previously held a vacuum for 
periods up to a week of leak testing. Over the 
following nine weeks, the gas was withdrawn into a 
sample syringe for equipment calibration and then 
returned into the container; no samples were 
used in actual experiments. No evidence of leakage 
was noted on the Xenon-133 monitor, which was 
continuously sampling the air in the hood of 
Room 112 during this time. 

The monitor was periodically checked and found to be 
very sensitive to minute quantities of Xenon-127 and 
Xenon-133. On 25 October 1985, the amount of Xenon-
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127 gas in the RGD container was estimated to be 56 
mCi. Two samples of gas were assayed from the 
container and had an average activity of 3.55 mCi/5 cc 
in the radiation dose calibrator. Back calculation 
revealed that there was 0.2 mCi of gas in the 
container on 16 August 1985; this implied a loss 
between 100 mCi (if lost on 16 August) and 28 mCi (if 
lost on 25 October) of gas from the container. 
Assuming a worst case of a gradual 100 mCi loss over 
9.4 weeks, this would have amounted to approximately 
1% MPC (maximum permissible concentration) for a 
restricted area and 12 % MPC for unrestricted areas. 

Further testing revealed a light leak at the 
syringe/container junction during gas transfer. This 
leak was too small to account for the amount of gas 
lost so an episode in which the RGD 700 container was 
left with the valves cracked open was presumed to 
explain the amount of gas lost. Procedures were 
revised to prevent recurrence of this incident. No 
decontamination efforts were required. No residual 
contamination exists in 2000 as a result of this 1985 
Xenon-127 leakage. 

Table 3 provides a list of all NMRC Diving-Building 
survey sites. These sites included offices, 
lunchrooms, lavatories, storage areas, common areas, 
laboratories, equipment rooms, and radiological waste 
storage rooms. 

C. IMPACTED AREAS - KNOWN AND POTENTIAL 

Impacted areas have some potential for residual 
contamination. Impacted areas are further divided 
into three classifications. Table 3 provides a list 
of Impacted Class 3 Areas and Non-impacted Areas. No 
NMRC Diving-building areas were classified as Impacted 
Class 1 or 2. 
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1 • CLASS 1 AREAS 

Class 1 areas are impacted areas that, prior to 
remediation, are expected to have concentrations of 
residual radioactivity that exceed the DCGL (DCGL 
is defined in MARSSIM as derived concentration 
guideline levels or action limits). None of the 
survey sites were classified as Class 1. 

2. CLASS 2 AREAS 

Class 2 areas are impacted areas that, prior to 
remediation, are not likely to have concentrations 
of residual activity that exceed the DCGL. None of 
the survey sites were classified as Class 2. 

3. CLASS 3 AREAS 

Class 3 areas are impacted areas that have a low 
probability of containing residual radioactivity. 
Table 3 lists NMRC Impacted Class 3 Areas. Of the 
90 NMRC Diving Buildings survey units, 12 were 
classified as Impacted Class 3. The Impacted 
Class 3 sites consisted of rooms where radioactive 
materials were used or stored. 

4. NON-IMPACTED AREAS 

Non-impacted areas have no reasonable potential 
for residual contamination. Table 3 lists NMRC 
Non-impacted Areas. These non-impacted areas were 
offices, common areas, and other non-radioactive
material-use areas. 
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Table 3. NMRC Diving-Buildings Impacted Class 3 Areas and 
Non-impacted Areas 

BUILDING ROOM DESCRIPTION I SOTOPES OF CONCERN D&D 
OR CLASSIFICATION 

AREA 

53 101 Laboratory H3, C14, CoS7 Impacted, 
Class 3 

53 102 Laboratory H3, C14, CoS7 Impacted, 
Class 3 

53 111 Laboratory H3, C14, CoS7 Impacted, 
Class 3 

53 112 Offi ce/Lab H3, C14, CoS7, Impacted, 
Ba133, Cs137 Class 3 

53 112A Laboratory H3, C14, CoS7, Impacted, 
Sal33, Cs137 Class 3 

53 113 Laboratory H3, C14, CoS7 Impacted, 
Class 3 

53 117 Laboratory H3, C14, CoS7 Impacted, 
Class 3 

5 3 118 Laboratory H3, C14, CoS7 Impacted, 
Class 3 

53 119 Laboratory H3, C14, CoS7 Impacted, 
Class 3 

S3 120 Office H3, C14, CoS7 Impacted, 
Class 3 

S3 121 Laboratory H3, CH, CoS 7 Impacted, 
Class 3 

53 12 2 Laborato r y H3, C14, CoS7, Impacted, 
Ba133, Cs137 Class 3 

28 100 Supply Non-impacted 
28 101 Mechanical Non-impacted 
28 102 Storage Non - impacted 
28 103 Storage Non-impacted 
28 106 Office Non-impacted 
28 106 A Laboratory Non-impacted 
28 107 Offi c e Non-impacted 
28 108 Office Non-impacted 
28 200 Offi ce Non-impacted 
28 201 Office Non-impacted 
28 201 A Office Non-impacted 
28 202 A Office Non-impacted 
28 202 B Storage Non-impacted 
28 203 Supply Non-impacted 
28 204 Shop Non - i mpacted 
28 205 Entryway Non-impacted 
53 10 Shop Non-impacted 
53 1 00 Foyer Non-impacted 
53 100 B Office Non-impacted 
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53 
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53 
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59 

59 
59 
59 
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103 Laboratory Non-impacted 
104 Off i ce Non-impacted 
105 Office Non-impa cted 
108 Conference Non-impacted 

room 
109 Office Non-impacted 
11 Shop Non-impacted 
110 Office Non-impacted 
114 Office Non-impacted 
115 Gear Lab Non-impacted 
116 Office Non - i mpacted 
120 B Office Non-impacted 
120 C Office Non-impacted 
120 D Offi ce Non-impacted 
123 Office Non-impacted 
124 Office Non-impacted 
124 A Office Non-impacted 
125 Office Non-impacted 
126 Off i ce Non-impacted 
126 A Office Non-impacted 
126 B Office Non-impacted 
127 Office Non-impacted 
128 Telephone Non-impacted 
13 Office Non-impacted 
14 Storage Non-impacted 
15 Storage Non-impacted 
22 Galley Non - i mpacted 
23 Compressors Non - i mpacted 
24 NRCC Non-impacted 
25 Office Non-impacted 
25 A Office Non-impacted 
25 B Office Non-impacted 
26 Office Non-impacted 
26 A Sickbay Non-impacted 
26 B Office Non-impacte d 
28 Sickbay Non-impacted 
29 Office Non-impacted 
30 Offi ce Non-impacted 
31 Instrument Non-impacted 

room 
32 Mechanical Non-impacted 
33 Mechanical Non-impacted 
5-1 Entryway Non-impacted 
100 Research Non-impacted 

tank 
101 Laboratory Non-impacted 
102 Laboratory Non-impacted 
103 Electrical Non-impacted 

room 
104 Closet Non-impacted 
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69 
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79 
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106 Laboratory Non-impacted 
11 Scuba Locker Non-impacted 
100 Shop/mech . Non - impacted 

room 
102 Laboratory Non-impacted 
103 Laboratory Non-impacted 
104 Control room Non-impacted 
100 Storage Non-impacted 
101 Mechanical Non-impacted 

shop 
103 Offi ce Non- impacted 
104 Laboratory Non-impacted 
107 Laboratory Non-impacted 
120A Office Non-impacted 
S-1 Entryway Non-impacted 
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D. POTENTIAL CONTAMINATED MEDIA 

The potential contaminated media were building 
surfaces such as walls, floors, workbenches, sinks and 
shelves. 

E. CONCEPTUAL MODEL FOR DECOMMISSIONING 

For the convenience of scheduling necessary 
radiological activities and to maximize the use of 
available resources, NMRC's Decontamination and 
Decommissioning (0&0) Plan was divided into four 
distinct phases. The NMRC Annex was the first phase 
to undergo radiological D&D efforts. The NMRC Diving 
Buildings comprised the second D&D phase. The other 
two phases included the NMRC main buildings and NMRC 
Building 150. Table 4 summarizes the NMRC Diving 
Buildings Radiological D&D Conceptual Model 
Information. To accommodate radiological monitoring 
and surveys, some of the survey units were sub
divided. 

TABLE 4. NMRC Diving-Buildings Radiological D&D 
Conceptual Model Information 

Building Nwnber of Survey Floor Area 
Nwnber Units (Rooms) (square feet) 

Non- Impacted Non- Impacted 
impacted Class 3 impacted Class 3 

Areas Areas Area s Areas 
2 8 16 0 3 ,41 5 0 
53 44 12 1 4,026 7 ,67 3 
5 9 7 0 2,695 0 
69 4 0 805 0 
79 7 0 1 , 195 0 

Total 78 12 22 ,136 7,673 

The exami nation for potential radioactive contami nants 
included direct measurements using a gas proportional 
counter, sampling and analysis using a liquid 
scintillation counter, scannin g with appropriate 
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instruments and equipment, and data analyses. For 
Impacted Class 3 areas, the survey unit examinations 
included: 

(1) all accessible floor space, 

(2) the lower half of all walls extending up 
approximately two meters from the floor, and 

(3) other selected locations. 

After equipment, materials and wastes were removed 
from radioactive-materials-use areas, it was found 
that residual contamination was confined to small 
areas within a small percentage of the survey units. 
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DECOMMISSIONING ACTIVITIES 

OBJECTIVE 

The objective of this decommissioning effort was to 
demonstrate that the sites are suitable for 
unrestricted release in accordance with the criteria 
for decommissioning in Subpart E, ~Radiological 

Criteria for License Termination,H of 10 CFR Part 20, 
~Standards of Protection Against Radiation" (ref 
11. 4) . 

To achieve this objective, guidance provided in 
MARSSIM and other regulatory documents was followed. 
Parameters were chosen to ensure that the following 
objectives were met: 

(1) Identification of the premises and radiological 
operations; 

(2) Demonstration that reasonable efforts were planned 
to reduce/eliminate residual contamination to as 
low as practicable; 

(3) Documentation of decontamination and 
decommissioning plan and survey standard operating 
procedures; 

(4) Preparation of the Final Status Survey Report. 

B. COST ESTIMATES FOR DECOMMISSIONING ACTrvITIES 

Cost estimates were prepared to approximate the cost 
for various decommiSSioning activities, including 
labor, materials, equipment, services, shipping 
expenses, and other related expenses. Estimates from 
commercial firms were received regarding some of 
NMRC's planned decommissioning efforts. In addition, 
estimates for equipment purchases and disposals were 
obtained. One vendor quoted a labor rate of $55.00 
per hour for technician support working under NMRC 
supervision. The manpower, equipment and other 
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essential resources for the radiological D&D 
operations for the NMRC Diving Buildings cost 
approximately $25,000. 

C. RELEASE LIMITS AND DOSE PATHWAY MODELING 

The release limits, which include fixed and loose 
surface contamination, were based upon the NRC 
guideline screening values. Because NMRC established 
action limits at a fraction of NRC screening values, 
dose modeling was not required. Site-specific 
parameters were not required and were not developed. 
Dose/pathway modeling was not required because 
detectable radioactivity was remediated to background 
levels by decontamination efforts or removal of the 
contaminated media. 

D. CRITERIA FOR LICENSE TERMINATION (NUREG-1549) 

The criteria for releasing a site for unrestricted use 
is described below; the criteria for releasing a site 
for unrestricted and restricted use are summarized in 
Table 5. 

Subpart E, 10 CFR 20, paragraph 20.1402 - Criteria for 
unrestricted use - a site is considered acceptable for 
unrestr icted use if the residual radioactivity that is 
distinguishable from background radiation results in a 
Total Effective Dose Equivalent (TED£) to an average 
member of the critical group that does not exceed 25 
mrem/yr, including that from groundwater sources of 
drinking water, and the residual radioactivity has 
been reduced to levels that are as low as reasonably 
achievable (ALARA). 
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Table 5. Summary of 10 CFR Part 20 Subpart E 
Unrestricted Use Restricted Release 
25 mrern TEDE per 25 mrern TEDE 100 mrern or 500 
year peak annual per year peak mrem TEDE per 
dose to the annual dose to year peak 
average member of the average annual dose to 
the critical member of the the average 
group critical group member of the 

while controls critical group 
are in place upon failure of 

cont rol s 
1000 years 1000 years 1 000 years 
ALARA ALARA, ALARA, 

Requirements financial financial 
assurance, assurance, 
public public 
participation participation 

E. DERIVED CONCENTRATION GUIDELINE LEVELS (DCGLS) 

A concentration of residual radioactivity 
distinguishable from background that, if distributed 
uniformly throughout a survey unit, would result in a 
total effective dose equivalent (TEDE) of 25 millirems 
per year to an average member of the critical group is 
called the derived concentration guideline 
level (DCGL) . 

Residual levels of radioactive material that 
correspond to allowable radiation dose standards are 
calculated (derived) by analysis of various pathways 
and scenarios (direct radiation, inhalation, 
ingestion, etc.) through which exposures occur. These 
derived levels, DCGLs, usually refer to average levels 
of radiation or radioactivity above appropriate 
background levels. 

For NMRC, as would be the case for the majority of 
MARSSIM users, the applicable DCGLs were obtained 
using regulatory agency guidance (screening values) 
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based on default values. Other users may elect to 
perform site-specific pathway modeling to determine 
DCGLs. In both cases, the DCGL is based on the 
spatial distribution of the contaminant, and each 
derivation can produce different values depending on 
the specific radionuclide distribution and pathway 
modeling. Because residual activity levels, when 
found, were reduced to background levels, DCGLs or 
screening values were compared directly to survey data 
to demonstrate compliance. It is understood that this 
simple approach would not have been possible if more 
than one radionuclide was present (in the contaminated 
area). Residual radioactivity limits for the 
radionuclides present at the site were predetermined. 
NMRC action limits were set at a small fraction of D&D 
screening values and were set such that the NRC 
release criteria would be satisfied. 

Table 6 provides the NRC D&D screening values for 
common radionuclides. The screening values provided 
in Table 6 will serve as basis for establishing the 
action limits or DCGLs for NMRC's D&D final status 
survey data analysis. NMRC's action limit will be set 
at a small fraction of applicable NRC screening 
values, 700 dpm, for H-3 and C-l4 swipe analyses and 
be set at a level of two to three times background 
levels for all other measurements (e.g., beta-gamma 
scans and fixed-contamination evaluations) . 
Procedures provided in the MARSSIM and 10 CFR 20, 
Appendix B, would have been used if multiple 
radionuclides were present. Also provided in Table 6 
are NMRC action limits for other beta emitters and 
gamma emitters. 
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Table 6. Acceptable License Termina tion Screening Values of 
Cornmon Radionuclides for Building Surface Contamination (ref 
11.13) 

Radionuclide Symbol Acceptable NMRC 
screening Action 

levels l for Limi ts 
unrestricted 

release (dpm/100 (dpm/100 
cm2) 2 cm2) 

Hydrogen-3 (Trit ium) :IH 1. 2E+ 0 8 70 0 
Ca rbon-14 l4C 3.7 E+ 0 6 700 
Sodium-22 L-Na 9.5 E+0 3 
Sulfur - 3 5 _1' S 1.3E+ 07 70 0 
ehlori n e -36 ~ bCl 5.0E+ 0 5 
Manganese-54 )4Mn 3.2E+04 
Iron- 55 "Fe 4.5E+06 
Cobalt-6 0 I>VCo 7.1E+03 700 
Nickel-63 ()3Ni 1.8E+06 
Stronti um-90 ~li S r 8.7E+03 
Technitium-99 99Tc 1. 3E + 06 
I odine-1 29 IZ ~ I 3. S E+ 04 
Cesium- 1 37 - Cs 2 . 8 E+04 
I ridium-1 9 2 l.n lr 7 .4E+04 
other beta emitters .l~ p , .lJp I 7 00 

45Ca 
Other gamma emitte r s .HCr, 7 00 

l.iJ Ba , JTles 

I Screening levels are based on the assumption that the fraction of 
removable surface contamination is equal to 0.1. For cases when the 
fraction of removable contamination is undetermined or highe r than 0.1, 
users may assume, for screening purposes, that 100% of surf ace 
con tamination is removable, and therefore the screening values should be 
decreased b y a factor of 10. Alternatively, users having site- specific 
data on the fraction of removable contamination (e. g. I within the 10 % to 
100 % range) may calculate the si te-speci fie screening levels using DandO 
Version l. 

" Units are disintegrations per minute per 100 square centimeters (dpm/lOO 
em:' ) . One dpm is equivalent to 0.0167 becquerel (Bq) . The screeni ng 
values represent surface concentrations of individual radionuclides that 
would be deemed in compliance with the 0.25 Sv/year (25 mrem/yearl 
unrestri c ted dose limit in 10 CFR 20.1402 . For radionuclides in a mixture, 
the "sum of fractions" rule applies; see 10 CFR Part 20, Appendix B, Note 
4. Refer t o NRC Draft Guidance DG-4006 for further information on 
app l i cation of the values in thi s table. 
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F. PRE-SURVEY SAFETY ACTIONS 

Pre-survey walk-through inspections were conducted to 
identify and remedy safety concerns before the 
designated sites were surveyed. 

G. BACKGROUND/BASELINE LEVELS 

The primary contaminants of interest (H-3, C-14, Co-
57, Ba-133, and C5-137) did not occur in background at 
the survey sites, or the background levels were small 
fractions of the radionuclide-specific DCGLw values. 
Therefore, the survey unit radiological conditions, in 
dpm, were compared directly to the NMRC action limit 
(a small fraction of the DCGL). Reference area 

background surveys were conducted on each day that 
impacted areas were surveyed. The reference area 
background survey data is included in this final 
status survey report. 

From the vicinity of a survey site or group of survey 
sites, background survey-meter readings were recorded, 
and background swipe samples were collected, analyzed 
and documented. 

H. SURVEY UNITS 

A survey unit was defined as a physical area 
consisting of a specified size and shape for which a 
separate decision will be made as to whether or not 
that area exceeds the release criterion. The survey 
unit is the primary entity for demonstrating 
compliance with the release criteria. 

Per MARSSIM, survey units should be limited in size 
based on classification, exposure pathway modeling 
assumptions, and site-specific conditions. The 
suggested areas for survey units are provided in Table 
7 as follows: 
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7 . Suggested Areas for Survey Units 
(MARSSIM, Roadmap Table 1 ) 

CLASSIFICATION SUGGESTED AREA 
1 s tructures Up to 100 m~ f loor area 

Land Areas Up to 2 ,000 mL 

2 Structures 100 to 1 ,000 mi: 
Land Areas 2 , 000 to 10,000 m' 

3 Structures No limit 
Land Areas No l imit 

A NMRC survey unit was defined as a room or other 
discrete area. Every room and area in the NMRC Diving 
Buildings was exami ned for residual contamination. 
Large rooms or areas were sub-divided into smaller 
sections to facilitate surveying and monitoring. All 
known licensed-materials use and/or storage areas were 
classified as Class 3 survey units. Offices, 
hallways, lavatories, and other common non-license
material-use areas were treated as non-impacted areas. 
As a quality control (QC) measure, all survey units or 
areas rece i ved some level of survey effort. 

I. QUALITY ASSURANCE AND QUALITY CONTROL 

Quality Control (QC) and Quality Assurance (QA) 
measures were incorporated into the decommissioning 
efforts to ensure the security and integrity of the 
data and procedures. Maintenance and calibration of 
equipment were key considerations. In addition, daily 
and weekly quality control checks for all monitoring 
equipment and instruments were performed, analyzed and 
recorded . Periodic training was provided to maintain 
a competent work force. Redundant survey efforts, 
which included collecting and analyzing numerous 
additional swipe samples were planned, completed and 
documented. 

Quality control measures and standard operating 
procedures were implemented before initiating 
decommissioning actions. Quality control procedures 
and data for ensuring the validity of survey results 
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are included in this report in Appendix D. These 
procedures and plans included : 

(1) properly calibrated instrumentation, 

(2) necessary replicate, reference and blank 
measurements, and 

(3) comparison of field measurement results to 
laboratory sample analyses. 

For comparison of survey data to DCGLs, the survey 
data obtained from swipe-analyses via laboratory 
measurements was reported in dpm. The swipe analyses 
results for H-3 and C-14 were compared directly to the 
NMRC Radiological action limits in Table 6. 

Data verification ensured that operating procedures 
were implemented as prescribed. Data verification 
means that deficiencies or problems that occurred 
during implementation were documented and presented in 
this report. This also means that NMRC D&D efforts 
were assessed regularly and findings were documented. 
Corrective actions were reviewed for adequacy and 
appropriateness and documented in response to 
findings. Data verification activities included, but 
are not limited to, inspections, QC checks, 
surveillance, technical reviews, performance 
evaluations and audits. 

To ensure that the conditions requiring corrective 
actions were identified and addressed promptly, data 
verification activities were initiated as part of 
sample collection and data preparation phases of the 
survey. 

The performance of tasks by personnel was compared to 
standard procedures and was assessed using 
inspections, surveillance and audits. Self
assessments and independent assessments were planned, 
scheduled and performed as part of the survey. Self
assessment also means that personnel performing the 
work were required to document and report deficiencies 
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or problems that they encountered to the D&D 
supervisor. 

The performance of equipment such as radiation 
detectors or measurement was monitored using control 
charts. Control charts were be used to record the 
results of quantitative QC checks such as background 
and daily calibration or performance checks. Control 
charts were used to document instrument and 
measurement system performance on a daily or as-needed 
basis to identify conditions requiring real-time 
corrective actions. Periodic technical reviews may be 
requested as an independent-assessment measure. 

Data validation activities ensured that the results of 
data collection activities supported the objectives of 
the survey. Data verification compared the collected 
data with the investigational levels (action limits) 
or DCGLs provided in Table 6. 

J. FIELD MEASUREMENT METHODS AND INSTRUMENTATION 

1. FIELD MEASUREl¥:IENTS 

Surveys for decommissioning required the 
collection of two types of radiological data: 

(1) direct field measurements using portable 
instruments and 

(2) sample analyses using fixed laboratory 
equipment or systems. 

For either type of measurement, the selection and 
proper use of appropriate instruments were the 
most critical factors in assuring that the survey 
accurately determined the radiological status of 
the site. Table 8 summarizes equipment and 
instrument sensitivities for laboratory and field 
measurements. 
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Typical Measurement Sensitivities for Laboratory Radiometric 
Procedures (MARSSIM, Chapter 7) 

Radionuclides Procedure Approximate 
or Radiation Measurement 

Measured Sensitivity 
Gross beta Gas-flow proportional counter; 10 dpm 

5-min count 
End window GM with scaler; 5-min 80 dpm 
count (unshielded detector) 

Low energy Liquid scintillation spectrometer; 30 dpm 
beta 5-min count 

(H-3, C-14) 
Co-60 Germanium detector (25% relative 0.04 - 0.1 Bq/g 

e ff iciency) with multi-channel (1-3 pCi/g) 
analyzer; pulse height analyzer; 
200-min count 

Gross beta Gas-flow proportional counter; 100- 0.04 Bq/L 
rnl sample, 200-min count (1 pCi/L) 

Co-60 Germanium detector (25% relative 0.4 Bq/L 
efficiency) with multi-channel (10 pCi/L) 
analyzer; pulse height analyzer; 
3.5L sample, 16-hour count 

H-3 Liquid scintillation spectrometer; 100 Bq/L 
5-min count (300 pCi/L_) _ _ 
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2. INSTRUMENTS, EQUIPMENT, MEASUREMENT AND SAMPLING 
TECHNIQUES 

Instruments for alpha detection were not 
required. Instrumentation and equipment were 
selected such that radiation detection procedures 
(scanning, direct measurements, and sample 
analyses) could be completed for the 
radionuclides of interest. Specifications and 
calibrations of radioactive check sources and 
radiation-monitoring equipment and instruments 
are provided in Appendix D, sections 3 and 4, 
respectively. 

For beta radiation detection, the following 
instruments and equipment were used: 

(1) Samples were analyzed using standard 
procedures and calibrated liquid 
scintillation counters. 

(2) Scanning was performed using appropriate 
Geiger-Mueller detectors with pancake probes 
or digital-scaler, gas proportional counter 
with appropriate detectors. 

For gamma radiation detection, scanning was 
performed using appropriate Geiger-Mueller 
detectors with appropriate probes. 

Exposure rate measurements, when necessary, were 
obtained using appropriate instrumentation. 

A combination of two approaches was used for 
scanning Class 3 areas. The two approaches 
included uniformly scanning for the radionuclides 
of interest and/or performing scans in areas with 
the greatest potential for residual contamination 
based on professional judgment and the objectives 
of the survey. The investigation level was set 
at an elevated activity reading that exceeded 2 
to 3 times the background readings. 

Appropriate calibration check sources were 
obtained to perform instrument background and 
check-source (quality assurance and quality 
control) checks. 
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Instrument response (background and check source) 
was tested and recorded a minimum of once daily 
prior to beginning the day's measurements - to 
ensure continued acceptable operation. If an 
instrument's response did not satisfy the 
established acceptable range, the instrument was 
removed from use until the reason for the 
deviation could be determined and resolved and 
acceptable response again demonstrated. If 
repair and/or recalibration were necessary, 
acceptable response ranges were reestablished and 
documented. 

K. SAMPLING AND PREPARATION FOR LABORATORY MEASUREMENTS 

1. FIELD SAMPLE PREPARATION AND PRESERVATION 

Proper sample preparation and preservation are 
essential parts of any radioactivity-sampling 
program. The sampling objectives were specified 
in the D&D Standard Operating Procedures (D&D 
SOP) manual and Appendix C. Precise records of 
sample collection and handling were performed to 
ensure that data obtained from different 
locations or timeframes were correctly compared. 

According to MARSSIM, Chapter 7, field and 
preparation of building surfaces, including smear 
samples, is generally not required. Smear 
samples were collected from randomly selected 
locations and other areas, labeled, packaged, 
tracked, and delivered to the on-site counting 
laboratory for analyses. 
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2. OTHER MEASUREMENTS AND SAMPLING LOCATIONS 

In addition to building surface areas, there were 
numerous other locations where measurements 
and/or sampling were performed. Examples include 
items of equipment and furnishings, workbenches, 
shelves, building fixtures, drains, ducts, and 
piping. Many of these items or locations had 
both internal and external surfaces, requiring 
evaluation. Each such location classified as 
impacted was scanned and individual measurements 
and/or sampling were performed. Non-impacted 
locations were also surveyed, but at lower 
frequencies, consistent with contamination 
potential and findings as the survey progressed. 
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IX. DECONTAMINATION PROCEDURES 

Using the guidance, procedures, and checklists provided in the 
MARSSIM, characterization surveys, reclassification of survey 
areas, remedial actions, and remediation-action support surveys 
were performed and documented, when necessary. When 
contamination was identified in a survey unit, characterization 
surveys (via scanning or swipe-sample counting) were performed 
to determine the extent of the contamination. After a 
characterization survey was completed, remedial actions were 
completed. The remediation actions consisted of repeated 
washings or scrubbing or removal of the contaminated media. 
Waste generated from this process was treated as radioactive 
waste and disposed of accordingly. Remediation action surveys 
were completed following iterations of decontamination efforts 
to measure the effectiveness of the efforts. Final surveys of 
the contaminated areas were completed and documented. 
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x. FINAL STATUS SURVEY 

A. OVERVIEW 

The guidance provided in MARSSIM, Section 5.5, Final 
Status Surveys, was closely followed. The final 
status surveys were performed to demonstrate that 
residual radioactivity in each survey unit satisfied 
the predetermined release criteria for unrestricted 
future use. The survey provided data to demonstrate 
that all radiological conditions did not exceed the 
established DCGLs or NMRC action limits. 

In demonstrating that the objective was met, the null 
hypothesis (Ho) tested was that residual contamination 
exceeded the release criterion; the alternate 
hypothesis (H a ) was that residual contamination met the 
release criterion. Two statistical tests could be 
used to evaluate data from final status surveys. For 
contaminants that are present in background, the 
Wilcoxon Rank Sum (WRS) test would be used. When 
contaminants are not present in background, the Sign 
test is used. 

Since contaminants at the Diving Buildings were not 
present in background in significant amounts, the Sign 

test was used. Statistical parameters (a and B) were 
chosen such that there was less than a 5% probability 
that radioactivity would be reported present when it 
was really absent (Type I error) or reported absent 
when it was really present (Type II error) . 

B. SURVEY PREPARATIONS 

Residual radioactivity limits for the radionuclides 
present at the site were selected. NMRC action limits 
or investigational levels were equivalent to a small 
fraction of D&D screening values and were set such 
that the NRC release criteria were satisfied. Table 6 
provides the NRC D&D screening values for NMRC 
isotopes of concern (ref 11.13), action plan values, 
and NMRC's residual radioactivity limits. Guidance in 
Table 9 was used to interpret the survey results. 
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Interpretation of Sample Measurements When No 
Reference Area Is Used (MARSSIM, Table 2.5) 

SURVEY UNIT MEASUREMENT RESULTS CONCLUSION 
All concentrations are less Survey unit meets release 
than DCGLw (or NMRC action criteria 
limi t) 
Average concentration is Survey unit fails 
greater than DCGLw (or NMRC 
ac tion limit) 
Any concent r ation i s greater Conduc t Sign t e st and elevated 
than DCGL ..... and average measurement comparison 
conc entration is less than DCGLw 

Representative reference (background) areas were 
selected for the survey units. Reference areas were 
selected from non-impacted areas and were: 

(1) free of contamination from site operations, 

(2) exhibited similar physical, chemical, and 
biological characteristics as the survey unit, 
and 

(3) had similar construction, but had no history of 
radioactive operations. 

If swipe samples were collected for impacted survey 
units on the first floor during a day's operations, 
background samples were collected on the first floor 
as well. Similarly, if swipe samples were collected 
in impacted areas on the second floor during a day's 
operations then background samples were collected from 
second floor locations. 

Survey instruments were selected based upon the 
techniques to be employed (scanning, direct 
measurements, and sampling) and the radionuclides of 
concern. The selected instruments were capable of 
detecting the contamination at 10-50% of the DCGLs. 

The survey unit was prepared before conducting the 
final survey by clearing and providing access to the 
areas to be surveyed, including the floor, lower 
walls, workbenches, shelves and fixtures. 
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Reference coordinate systems using grid maps were 
established and followed. 

C. Survey Design 

Sample collection and analysis procedures were 
developed and implemented as D&D Standard Operating 
Procedures in Appendix C. All radiological workers 
received initial and periodic training. 

The number of data points for statistical tests were 
determined using the assumption that the radionuclides 
were not present in background. The Sign test was 
used. The number of samples for Class 3 areas were 
determined using the following statistical values, 
Type I error where a ~ 0.025, Type II error where ~ = 
0.025, and the relative shift, ~/as = 2. The relative 
shift was determined by using data from a contaminated 
area and the formulae provided in MARSSIM. The data 
and the determination of the relative shift are 
provided in Table 10. The number of data points, N, 
was determined to be 21. Per MARSSIM, this N value 
added an extra 20% to account for unusable data or 
uncertainty in the value of N. 

The number of random data samples collected for each 
Impacted Class 3 survey unit was 21. Additional 
samples/measurements were taken for quality control 
and to allow for possible loss of data and increased 
sampling with survey units. The additional data 
points were not used when conducting statistical tests 
of survey data. In conjunction with completing 
surveys for all impacted areas, reference background 
readings and samples were collected. 
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Table 10. Determination of the Relative Shift, dla, 
using swipe data from a contaminated area (MARSSIM, 
MARSSIM, Section 5.5.2.3) 

Le t ~ ~ 2500 dpm - 7 00 dpm 

Basis of ~: one-half of the conservative Regulatory 
Guide 1.86 contamination limit of 5,000 dpm and NMRC 
action limit of 700 dpm 

In this table, cr is calculated using H-3 swipe data 
f rom a contami n a ted a r ea 

Sample Number H-3, dpm 
1 345 
2 700 
3 621 
4 391 
5 2884 
6 160 
7 205 
8 2 03 
9 153 

1 0 2 89 2 
11 642 
12 1009 
13 74 
1 4 43 
15 104 
16 67 
17 1161 
18 172 
19 51 
20 58 
21 77 
22 27 95 
23 110 
2 4 1 83 

Ave rage 629 
Standard deviation 913 

Se t 6 = 250 0 - 700 dpm 18 00 

d l a, calculated 1. 97 -= 2 
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Table 11 provides recommended survey coverage for 
structures and land areas (MARSSIM, table 5.9). 

Table 11. Recommended Survey Coverage For Structures 
and Land Areas (MARSSIM, Table 5.9) 

AREA STRUCTURES LAND AREAS 
CLASSIFICATION Surface 

Scans 

Class 1 

Class 2 

Class 3 

lO O ~i 

10 to 100 % 
(lO to 50 \~ 

for upper 
walls and 
c e ili ngs) 
Systematic 
and 
Judgmental 
Judgmental 

Surface 
Activity 
Measuremen ts 
Number of 
data points 
from 
statistical 
tests and 
additional 
measurements 
may be 
necessary for 
small areas 
of elevated 
activity 
Number of 
data points 
from 
statistical 
tests 

Number of 
data points 
from 
statistical 
tests 
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Surface 
Scans 

100 % 

10 to 1 0 0% 
Systematic 
and 
Judgmental 

Judgme ntal 

So il Samples 

Number of 
data points 
from 
statistical 
tests and 
additional 
measurements 
may be 
necessary 
for small 
areas of 
e l evated 
Nwnber of 
data points 
from 
statistical 
tests 

Number of 
data points 
from 
statistical 
tests 
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Sampling locations for Impacted Class 3 areas utilized 
a rectangular grid system that used a local landmark, 
such as doors in survey units. Grid systems were 
established for the impacted survey sites to: 

• ~acilitate systematic selection of 
measuring/sampling locations, 

• Provide a mechanism for referencing a 
measurement/sample back to a specific location so 
that the same survey point can be relocated, and 

• Provide a convenient means for determining average 
activity levels. 

The grids consisted of a system of intersecting lines 
created by using colored paper or plastic adhesive 
tape and referenced to a fixed site location or 
benchmark. The grid lines were arranged in a 
perpendicular pattern, dividing the survey location 
into approximately one-meter squares or blocks. Grid 
patterns on horizontal surfaces were identified 
numerically on one axis and numerically on the other 
axis. Grids on vertical surfaces are shown as flat 
surfaces on the grid maps. Grid maps used during the 
survey efforts are provided with the data and 
summaries in Appendix XII. Gridding was limited to 
the floor and lower (up to 2 meters height) walls. 

Because radioactive-material use during the last 10 
years has involved the use of small quantities in 
liquid form in hoods or workbench areas, only the 
lower two meters of the walls in Impacted Class 3 
areas will be surveyed. No airborne residual 
contamination is anticipated. 

For the Class 3 survey units, the locations of the 21 
random data points were determined using lists of 
random numbers. Additional measurements were selected 
to ensure good coverage of the survey unit and to 
survey selected areas within the survey unit. 

Quality control procedures for ensuring the validity 
of survey results were included in D&D Standard 
Operating Procedures. These procedures included: 
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(1) survey procedures and techniques, 

(2) sample collection and processing procedures, 

(3) data-analysis procedures, 

(4) equipment and instrument procedures, and 

(5) source-standards, background-standards and 
reference-background measurements. 

D. CONDUCTING SURVEYS 

The reference (background) area measurements and 
sampling were performed and documented. 

Final status survey activities were conducted. The 
activities included: 

(1) performing surface scans of Class 3 areas and a 
percentage of non-impacted areas, 

(2) conducting surface activity measurements and 
sampling at previously selected sampling 
locations, and 

(3) conducting additional direct measurements and 
sampling at locations based on professional 
judgment. 

Necessary investigation activities, including 
remediation and re-survey were performed and 
documented. Reclassifications of survey units were 
not required. 

Measurement and sample locations were documented on 
grid maps. The grids with sample locations and sample 
numbers are provided in Appendix E with survey data 
for each impacted survey unit. 

Observations, abnormalities, and deviations from the 
standard operating procedures were documented. 
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E. DATA CONVERSION 

Data conversion was not required for results obtained 
by evaluating swipe samples using the liquid 
scintillation counter. The results for each swipe 
sample were reported in dpm for both H-3 and C-14 for 
an area of approximately 100 cm? Data conversion was 
required for surface activity measurements that were 
obtained using a hand-held, gas proportional detector. 
Guidance provided in chapter 6 of MARSSIM was used to 
convert the meter readings to the conventional surface 
activity units of dpm per 100 cm2

• Table 12 provides 
the applicable MARSSIM equation and a sample 
calculation. 

Table 12. Data Conversion for Direct Readings of Surface 
Activity Using a Gas Proportional Detector 
(MARSSIM, Section 6.6.1) 

MARSSIM formula 6-4: 

dpm Jfs/ Tr; ) - (Co/T"l 
(E i x (A/ 100) ) 

where, A = physical probe area in cm?, Ei ~ instrument 
efficiency, sample and background count times, Ts and Th In 
seconds, C3 ~ sample counts during time TUf and Cb = 
background counts during time, Tb 

Note: Interpret negative values of the calculated dpm as 
equal to zero. 

Sample calculation: 

Let A = 126 cm!. ; Ts == Tb 

Cu ::= 361 and Cb = 211 

dpm 
== 

1 minute; Ei == 15%; 

((361/1) - (2 11 /1)) 
(0.15 * {l26/100}} == 794 
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F. EVALUATING AND DOCUMENTING SURVEY RESULTS 

Samples were analyzed using the procedures detailed in 
the SOP and Appendix C. Swipe-sample results in dpm 
were compared directly to DCGL values and NMRC action 
limits. Individual measurements and sample 
concentrations were first compared to DCGL levels for 
evidence of small areas of elevated activity. No 
additional data comparisons were necessary. The 
initial swipe results or results fOllowing remediation 
efforts did not exceed NMRC action limits. 

Verification of assumptions of statistical tests was 
not necessary. Per MARSSIM, Appendix B, ~The results 
of the survey should be compared to derived 
concentration guideline levels (DCGLs) using an 
appropriate statistical test, such as Student's t test 
or Wilcoxon test. If all measurements are less than 
the DCGLw, then statistics do not need to be addressed 
because the conclusions are obvious. If the mean of 
the measurements exceeds the DCGLw, the survey unit 
obviously fails to demonstrate compliance and the 
statistics do not need to be addressed. H 

Survey results for each survey unit were compared with 
NMRC residual radioactivity investigational levels or 
action levels. These action levels represented small 
fractions of DCGLs (NRC D&D screening values) . 
Elevated measurement comparisons were not performed 
and were not needed. 

This final status survey report includes the standard 
operating procedures, quality assurance information 
and procedures, data, results, interpretations, 
deviations from standard procedures, and other 
applicable information. 
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Appendix A-l. CONCEPTUAL MODEL 

NMRC D&D Phase rv (2/2000- 612000) 
NMRC Bethesda Diving Buildings (28, 53, 59, 69, 79) 

Contaminants of concern: 
H-3, C-14, P-32, P-33, Ca-45, Ba-I33, Co-57 

BUILDING SURFACE CLASSIFICATIONS 

Non-impacted 
Impacted Class 3 
Totals 

Number 
Of Survey 
Units 
78 
~ 

90 

58 

Total 
Area 
(SF) 

22,136 
7.673 

29,809 
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Appendix A-2. FLOOR DIAGRAM, FIRST FLOOR, BUILDING 28 
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Appendix A-3. FLOOR DIAGRAM J BASEMENT FLOOR J BUILDING 28 
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Appendix A-4. FLOOR DIAGRAM, FIRST FLOOR, BUILDING 53 
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Appendix A-5. FLOOR DIAGRAM, BASEMENT FLOOR, BUILDING 53 
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Appendix A-6. FLOOR DIAGRAM, FIRST FLOOR, BUILDING 59 
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Appendix A-7. FLOOR DIAGRAM, BASEMENT FLOOR, BUILDING 59 
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Appendix A-S. FLOOR DIAGRAM, BUILDING 69 
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Appendix A-9. FLOOR DIAGRAM, FIRST FLOOR, BUILDING 79 
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Appendix A-IO. FLOOR DLAGRAM, BASEMENT FLOOR, BUILDING 79 
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APPENDIX B. PHOTOGRAPHS 
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Appendix B-1. PHOTOGRAPHS 

Photo Photo Name 
Number 

Photo #1 NMRC Bui l ding 28 - Front View 
Pho t o #2 NMRC Bu ilding 28 - Rea r View 
Pho t o ~3 NMRC Build i ng 53 - Fron t View 
Photo #4 NMRC Building 53 - Front View 
Photo # 5 , NMRC Building 5 3 - Rea r Vi e w 
Photo #6 NMRC Building 59 - Side View 
Pho t o #7 I NMRC Building 59 - Rear View 
Ph o to #8 I NMRC Building 69 - Fron t Vi ew ( i n 

background) 
Photo #9 NMRC Building 69 - Side View 

Photo #10 NMRC Building 79 - Side View 
Pho to #11 NMRC Bui l ding 5 9 - S i de Vi e w 
Photo #12 NMRC Building 79 - Side and Rear Views 
Photo #13 NMRC Building 53 - Typ ical Floo r Grids 

Pho t o #14A NMRC Build i n g 5 3 - Lab 117 Pressure 
Vesse l 

Photo #14B NMRC Building 53 - Lab 117 Pressure 
Vesse l 

Ph o t o #1 4C NMRC Build ing 53 - Lab 11 7 Pressure 
Vessel 

Photo #14 D NMRC Building 5 3 - Lab 11 7 Press u r e 
Vessel 

Photo #15 Floor Area in Building 53, Lab 117 
(pre-decon = before commencing 
decontamination efforts) 

Pho t o #16 Benc h Area in Building 53 , Lab 122 
(pre-decon) 

Photo #17 Bench and Floor Building 53, Lab 122 
(pre-decon) 

Photo #18 Bench and Floor Area in Building 53, 
Lab 122 (post-decon = after surveys 
following decontaminat ion efforts) 

Photo #19 Bench in Building 53, Lab 122 (post-
decon) 

Pho t o #20 Benc h in Bu ilding 53 , Lab 12 2 (post-
decon) 
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Building 28, Front View 
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Building 28, Rear View 
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Building 53, Front View 
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Building 53, Front View 
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Building 53, Rear and Side Views 

G9-5 



Photo #6 

NMRC Diving Buildings Radiological (D&D) 
Final Status Survey Report, June 2000 

Building 59, Side View (building on left) 
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Building 59, Rear View (building in center) 
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Building 69, Front View (in background) 
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Building 69, Side View 
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Building 79, Side View (in background) 
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Building 59, Side View 
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Building 79, Side and Rear Views 
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Building 53, Typical Floor Grids 

69-13 



NMRC Diving Buildings Radiological (D&D) 
Final Status Survey Report, June 2000 

Photo #14A Building 53, Lab 117 Pressure Vessel 
(yellow-blocked areas were contaminated with C-14) 

.. 

1. 6. 2000 . 
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Building 53, Lab 117 Pressure Vessel 
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Building 53, Lab 117 Pressure Vessel 
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Building 53, Lab 117 Pressure Vessel 
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Photo #15 Floor Area in Building 53, Lab 117 (pre-decon 
= before commencing decontamination efforts) 
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Bench Area in Building 53, Lab 122 
(pre-decon) 
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Bench and Floor Building 53, Lab 122 
(pre-decon) 
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Photo #18 
(post-decon 
efforts) 

Bench and Floor Area in Building 53, Lab 122 
after surveys following decontamination 
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Bench in Building 53, Lab 122 (post-decon) 
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Bench in Building 53, Lab 122 (post-decon) 
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APPENDIX C. STANDARD OPERATING PROCEDURES AND QUALITY ASSURANCE 
PROGRAM 
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Appendix C-l. Radiological D&D Action Plan Checklist 

1. Select appropriate monitoring instruments and equipment and 
ensure satisfactory daily and weekly calibration checks for your 
selected instruments. Record serial numbers. Choose from: 

Ludlum Model 3 with pancake probe (beta) 
Ludlum Model 3 with linch diameter NaI probe (gamma) 
Ludlum with 2-inch diameter NaI probe (gamma) 
Cart-mounted gas proportional counter (beta; not H-3) 
Hand-held gas proportional counter (beta; not H-3) 
Liquid scintillation counter (beta and gamma) 
Gamma Counter (gamma) 

2. Select materials to take to the scene. In addition to items 
you deem appropriate, the following items may be needed: 

tape measure or meter stick or yard stick 
water in a spray bottle 
zip lock bags to secure paper swipes after sampling 
pens, note pad, chalk 
D&D forms 
paper swipes 
masking tape and reinforced tape 
scissors 
tool kit 

3. Pre-Survey Activities 

Review room layouts and floor diagrams for survey units to 
be monitored. 
Verify possession of room diagrams and generic grid 
diagrams. 
Select a list of random numbers for each survey unit that 
is classified as Impacted Class 3 (known RAM-use area) . 
Use a grid map of the size closely fitting the size of the 
survey unit, mark the locations of the random 
measurements. Use the digits of each random number to 
simulate a position on the grid map. 
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As soon as samples have been analyzed, assemble a D&D 
information package for submission to the Project 
Manager/Technical Writer. Your D&D information package 
should include: 

(a) completed action checklist, 
(b) floor plans and grid maps with locations of sample 

annotated on the grid, 
(c) a completed summary sheet for the completed survey 

units, 
(d) list or order of swipe sample loading and LSC data 

printouts, and 
(e) a summary of deviations from procedures, problems 

encountered, and remediation actions, and other 
information (if applicable) . 

Pre-label swipes for field sample collection; use a 
labeling technique that ensures the ability to track all 
samples throughout the collection and processing periods. 
Place the swipes for a particular area or room in a 
sealable plastic bag or fold the swipes into a latex glove 
after the swipe samples have been taken. 

4. Survey and Monitoring Activities 

Prepare the survey unit (room, office, or other area) 

(a) remedy safety or other items of concern that may 
impact your work, 

(b) if necessary remove excess materials, 
(c) if necessary, use masking tape, chalk lines or 

other means to mark grid lines within the survey 
unit 
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_____ Perform background data collection for each instrument that 
will be used; choose a non-radiation area where 
construction materials and environment is similar to the 
selected survey units; additional information: 

(a) For scanning instruments, record the meters' 
responses after a I-minute stability period; 
ensure proper battery check. 

(b) For gamma and liquid scintillation counter 
background data collection, collect 21 samples 
for each counter, building and/or floor if 
necessary. 

(c) For scaler counts (gas proportional or NaIl, 
record a select number of 1-minute background 
counts and desired-location counts 

(d) Perform background measurements on the day of 
selected measurements. 

(e) The same background data can be used for multiple 
survey units. 

Perform scanning operations using appropriate instruments; 
hold the probe at a one to three inch distance from the 
floor or wall; scan at a rate of approximately one foot 
per second; annotate all ~hotH spots on the survey grid 
map by recording the maximum observed reading. Record any 
readings other than background. 
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Appendix C-2. CHECKLIST FOR IMPACTED CLASS 3 AREAS OR 
SURVEY UNITS (known radiation use or storage 
locations) 

Team Leader, Chief of Field Operations 

1. Prepare grid floor maps and select random swipe 
locations (using sets of random numbers) and additional 
(control) swipe locations (as needed) . 

2. Grid the room (survey unit) and perform the swipes at 
the designated locations. 

3. Oversee operations and monitor the day's progress. 

4. Deliver swipe samples and survey summary sheets to the 
Chief of Office and Laboratory Operations for 
processing. 

TEAM MEMBERS 

1. Prepare the room or area for surveying. Remove debris 
and excess materials, Practice safety first. Remedy 
unsafe conditions before beginning survey efforts, 

2. Label the background swipes -> B1 - B21. Perform the 
reference background swipes for each floor, if 
necessary. A set of background swipes is required for 
each floor and each day that swipes for impacted areas 
are collected, Collect the reference background samples 
from non-impacted areas in proximity to survey units to 
be surveyed. 

3. Label the standard control swipes -> C1 - C5. Perform 
the standard controls: Cl-floor inside room at door; C-
2-floor outside room at door, C3-inside doorknob, C4-
outside doorknob, and C5-inside light switch at door. 
Use additional controls as needed to ensure good 
swiping coverage in the survey unit. 

4. Prepare a sketch of the room with door(s) and draw in 
lab benches or other built-ins. 

5. Number the benches and proceed to perform additional 
control swipes -> staring with C6, C7, etc. or the 
consecutive C- number. 
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6. Using a survey meter, beta-gamma scan all drawers and 
shelves. 

7. Using a survey meter, beta-gamma scan 50-100% of floor 
and wall areas. 

8. Document the room number for the above actions; include 
date, serial numbers of meters, room number, and the 
total number of control (CI-CS, or other). Annotate 
quality control concerns or issues on survey summary 
sheets. 

9. Verify the quantity and sequence of the swipes. Place 
the swipes in a latex glove and then insert into a 
labeled plastic bag when transporting samples. Deliver 
the swipes and other information to the Laboratory and 
Office Team leader for processing. 
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Appendix C-3. Checklist for Non-Impacted Areas or 
Survey Units (radiation-free labs, offices, 
lavatories, storage areas, closets, hallways, 
stairways, and other common areas and rooms) 

Team Leader, Chief of Field Operations 

1. Oversee operations and monitor the day's progress. 

2. Deliver swipe samples and survey summary sheets to the 
Chief of Office and Laboratory Operations for 
processing. 

Team Members 

1. Prepare the room or area for surveying. Remove debris 
and excess materials. Practice safety first. 

2. If impacted areas will be surveyed, label background 
swipes -> B1 - B21. Perform the reference background 
swipes for each floor, if necessary. Collect the 
reference background samples from non-impacted areas in 
proximity to survey units to be surveyed. 

3. Label the standard control swipes -> C1 - CS. Perform 
the standard controls: C1-floor inside room at door; C-
2-floor outside room at door, C3-inside door knob, C4-
outside doorknob, and C5-inside light switch at door. 
Use additional controls as needed to ensure good swiping 
coverage in the survey unit. 

4. Using a survey meter, beta-gamma scan 10-50% of floor 
and wall areas. 

5. Document the room number for the above actions; include 
date, serial numbers of meters, room number, and the 
total number of control (CI-C5, or other). Annotate 
quality control concerns or issues on survey summary 
sheets. 

6. Verify the quantity and sequence of the swipes. Place 
the swipes in a latex glove and then insert into a 
labeled plastic bag when transporting samples. Deliver 
the swipes and other information to the Office and 
Laboratory Team leader for processing. 
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Appendix C-4. Sample Collection Procedures 

Team Leader, Chief of Office and Laboratory Operations 

1. Perform daily quality control equipment and instrument 
checks before initiating the day's field and laboratory 
operations. Record appropriate data. Investigate and 
document observations that are outside the norm. 

2. Ensure that adequate supplies are on hand, including 
swipes, liquid scintillation counter (LSC) fluid, 
batteries, calibrated meters and instruments, and other 
materials. 

3. Coordinate the training of personnel who will assist in 
sample-analysis operations 

4. Coordinate the servicing of equipment and instruments. 

5. Audit swipe-sample packages and survey-summary sheets 
received from the Chief of Field Operations. Resolve 
inconsistencies or discrepancies before analyzing the 
samples using the laboratory liquid scintillation 
counter (LSC) or gamma counter. 

6. Prepare the samples for evaluation by loading 
individual swipes into 7-milli-liter glass vials and 
topping off the vials with biodegradable liquid 
scintillation fluid or appropriate vials for gamma 
counting without topping off with fluid. Label the 
caps of each vial by assigning sequential numbers. 
Load the vials into racks into the LSC or gamma 
counter. For LSC evaluations, to prevent elevated 
results due to chemi-luminescence, store the samples 
for two to three hours out of ambient light before 
counting the samples. Chemi-luminescence may be 
attributed to the swipe or its contents interacting 
with the LSC fluid. For LSC evaluations, select and 
initiate the dual-dprn (H-3 and C-14) protocol for 
evaluating the swipe samples. For gamma counting 
samples, follow procedures provided in the vendor's 
operating manual. 

7. Monitor the progress of the LSC operations during the 
swipe evaluations. 
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8. Remove the computer printout of the swipe evaluations. 
For each survey unit or data set, make appropriate 
annotations on the computer printout. 

9. Review the data and the survey summary sheets to verify 
that they match. Resolve discrepancies. 

10. Report all questionable observations, discrepancies and 
deviations from procedures. 

11. Submit the LSC printout, grid maps, and survey summaries 
to the Quality Control Officer for review. 

12 . Assist the Quality Control Officer as needed. 
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Appendix C-5. Sample Control. Sample control procedures were 
implemented to ensure the integrity of samples, sample 
identi f ication, collection, chain of custody, and retention. 

1. Samples collected were traceable from the time collected 
through the analysis phase, during the retention period, 
and until they were disposed of properly. 

~ Sample custody: All samples collected were maintained 
under secure conditions. There were fewer than five 
individuals in the chain-of-custody. 

~ Transfer of Custody and Shipment: Samples collected were 
delivered directly to the laboratory operations office. 

~ Sample Packaging: Samples were collected, labeled, and 
placed in bags at the point of generation by trained 
personnel. These bags were brought directly to the 
laboratory operations office. The bags were opened and 
inventoried by the chief of laboratory operations before 
evaluation. 

2. Samples were retained in storage for as long as feasible 
to support data analysis. Samples, when analyzed, were 
retained in secure storage until after final report 
review and then disposed. 

79 



NMRC Diving Buildings Radiological (D&D) 
Final status Survey Report, June 2000 

Appendix C-6. Data Analysis Procedures 

1. Survey information packets were delivered to the Quality 
Control Officer for review and incorporation into the final 
status report. The survey information packets consisted of 
computer printouts of liquid scintillation (LSC) counter or 
gamma counter results, grid maps (for impacted survey 
units), survey summary sheets, and other supportive 
information. 

2. The number of samples to be collected for impacted class 3 
areas were determined using guidance provided in MARSSIM and 
analysis results for a known contaminated area. The number 
of random, statistical data samples collected for each 
impacted area was 21. An exception to the 21 samples taken 
for an impacted area was when 100% of the grid locations 
were sampled. For each impacted area surveyed, 21 reference 
background samples were also collected. Additional swipes, 
called control swipes, were collected to ensure good 
coverage of sampling within a survey unit and to sample 
selected locations. 

3. At least five control samples were collected for each 
impacted and non-impacted survey unit. These five control 
swipes were collected using a pre-selected set of locations 
within each survey unit. 

4. For each impacted survey unit, applicable survey data was 
ass embled and analyzed. This data consisted of reference 
background data, direct surface readings, scanning results, 
and LSC swipe evaluations. The direct surface readings 
required conversion from cpm values to readings in dpm per 
100 cm2

• After the data conversion of the direct readings, 
all survey data was then compared directly to the NMRC 
direc"t-reading action limit of 2,000 dpm. The NMRC action 
limit represented a value that was a small fraction of the 
NMRC screening values or DCGLs. Scanning results were 
called satisfactory when results did not exceed two to three 
times the background readings. Any individual reading that 
exceeded the NMRC action limit or the scanning limit was 
further investigated. For any area exceeding the limits, 
remediation efforts were completed until subsequent surveys 
yielded results that were below NMRC action limits. 
Additional scanning and swipes were completed as deemed 
necessary. All results have been included in this final 
report. 
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5. For non-impacted survey units (common areas, offices, 
storage rooms, halls, and stairs), control swipes for 
selected areas were collected and analyzed. In addition, 
10-50% of the floor area was beta-gamma scanned. 

6. All original computer printouts, grid maps, survey summary 
sheets and applicable documents have been maintained for 
inclusion in permanent, radiation-safety-program files. 

7. Grid maps with applicable sample locations have been 
included in this final report. 

8. All data entries in the final report were verified (for 
accuracy and completeness) by at least two persons on the D&D 
team. 
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Appendix C-7. Equipment and Instrument Procedures 

1. All equipment and instruments designated for use in NMRC 
radiological D&D operations were properly calibrated and kept 
in a secure location when not in use. Operators were trained 
in the proper use of the equipment and instruments. 

2. Daily operational and check-source tests were performed and 
documented by trained personnel. 

3. Radiation equipment and instruments were used for direct 
surveys, scanning, and sample analyses. 

a. FIXED CONTAMINATION MEASUREMENTS. Direct surveys or 
me asurements for fixed contamination were performed using 
a portable gas proportional detector. Prior to its daily 
quality control tests, the detector was purged with gas 
per the manufacturer's operating procedures. Readings for 
one-minute samples were collected for desired locations. 
The primary isotopes of concern were Carbon-14 and Sulfur-
35. 

b. WALK-THROUGH SURVEYS. Scan surveys were performed using 
portable, Geiger-Mueller (GM) meters with either pancake 
probes or gamma scintillation probes. The beta-gamma 
scanning consisted of walk-through surveys carried out by 
holding the detector probe approximately one to two inches 
above the floor or area and walking slowly (about one foot 
per second) through the specific site-stopping when 
increases in count rates were observed. Areas where the 
count rates exceeded two to three times background were 
investigated by a more detailed survey in the suspect 
area. Scanning practices included using the audible 
response of the meter for detection and, after 
stabilization, using the meter response for measurement. 
The primary isotopes of concern included Carbon-l4, 
Cobalt-57, Barium-133 and Cesium-137. 

c. REMOVABLE SURFACE CONTAMINATION SURVEYS (Swipes/Smears and 
Swabs). Swipes (swipes, smears and swabs) were collected 
as deemed necessary to determine if radioactivity above 
the limit was removable (or loose). Swipes were performed 
by lightly misting the area with a water spray and wiping 
a 100 cm2 surface (applying moderate pressure) with a dry 
filter paper (swipe/smear/swab). Swipes were evaluated 
using a liquid scintillation or gamma counter, depending 
upon the isotopes of concern for the survey unit. For 
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liquid-scintillation-counter evaluations, tritium (H-3) 
and Carbon-14 were the principal isotopes of concern. 

4. Information about the D&D radiological monitoring equipment 
and instruments is provided in Appendix D. Documents 
summarizing instrument calibrations and specifications are 
provided in Appendix D. 
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Appendix C-8. Source-Standards, Background-Standards, and 
Reference-Background Measurements 

1. All available source standards (Hydrogen-3, Carbon-l4, and 
Iodine-129) and background standards were collected for use 
during the duration of the radiological decontamination and 
decommissioning operations. 

2. NIST-traceable, source standards (Carbon-14 and Cobalt-60) 
were purchased and kept stored in a secure location. Only 
trained and authorized personnel handled the check sources 
and used the sources to verify proper instrument response to 
radioactivity. 

3. Daily-check-source and operational calibration checks were 
performed. Document results, maintaining logs and control 
charts as necessary. 

4. Inventories and leak tests of check sources were performed, 
at least semi-annually. The leak tests and documentation 
satisfied regulatory requirements. 

5. Information about the various check sources used during the 
D&D effort is provided in Appendix D. 
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Appendix D-1. Training Information and Certificates 

All personnel who participated in radiological decontamination 
and decommissioning (D&D) efforts received a level of training 
commensurate with the work assignments and level of 
participation. The incumbent Radiation Safety Officer, LCDR S. 
L. Gaiter, held the primary D&D positions of Decommissioning 
Officer and Qual i ty Control Officer. The Chief of Office and 
Laboratory Operations was the incumbent Assistant Radiation 
Safety Officer, Mr. Saifeddin Ahmad. The Chief of Field 
Operations, Mr. Willie Deadwyler, had previously held numerous 
positions as a Navy radiation health technician. The personnel 
listed above received basic radiation safety training and 
instrument training in conjunction with their participation in 
NMRC D&D efforts. Mr. Glen Garth and Mr. Rodney McGhee received 
basic radiation safety training and on-the-job traini ng. Mr. 
Garth and Mr. McGhee worked under the direct supervision of Mr. 
Ahmad or Mr. Deadwyler. Ms. Carolyn Hall served as the Project 
Coordinator and Editor. Her assignments were completed in an 
office environment or infrequent visits to the field. LCDR 
Gaiter or Mr. Ahmad performed all radiological materials
handling and decontamination work. 

Document D-1 provides training and experience information for 
LCDR Gaiter. Documents D-2 through D-11 provide pertinent 
radiation safety training certificates for the participants in 
the NMRC radiological D&D efforts. Table D-1 lists the training 
documents included in this final report. 
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Document 
Number 
0-1-1 

D-1-2 
D-1-3 
D- 1-4 
D- 1- 5 

I D-1-6 
D- 1-7 
D-1-8 
D-1-9 

D- 1-10 
D-l-ll 
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TRAINING INFORMATION AND CERTIFICATES 

Training Certificate or Form 

Training and Experience of Authorized Radioisotope 
LCDR Ga i ter 
Radiation Safety Training, LCDR Gaiter 
Ludl um Measurements I nst r uments, LCDR Gaiter 
Radiation Safety Training , Mr. Ahmad 
Ludlum Measurements Ins t r ument s, Mr. Ahmad 
Rad i a tion Safety Tr a i n i ng, Mr. Deadwyler 
Lud l um Meas urements I ns truments, Mr. Deadwyl e r 
Radiation Safety Training, Ms. Ha ll 
Ludlum Measurement s Ins t r uments, Ms. Hall 
Rad i a tion Sa fety Tr aini ng, Mr. Gar t h 
Radiat ion Safety Training, Mr. McGhee 
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Radiologic l'hy.;ics 1 , GU, 1991 
H~a1th Physics, GV, 1992 
Radiation Detection, GU, 1993 
RHdiation T>oI<imi:lty, GU. 199:1 
Health PhysiciWlnstruL1or, Armed Forces 
R.adiobiology R~h lnsIitulc (AFlUU), Bethesda, 
MD, 
Radiation Safely Officer, NMRC, Belh~sda 
Navy Radiation Hc.a/th Officer C<>ursc, 1988 
Operationul ITC<llth Physics, GU, 1992 
Radialion Iliology, GU, 1993 
Health PhysiciSlllnstructor, AJ'RRI 
Radiation Salety Ollioer, NMRC, Bethesda 
Navy RadialioJ'l I lcalth Ol1iocr Cou=. 19RR 
Radiologic Physics I • GU, 1991 
llealth Physics, GU, 1992 
Health Physic~ Inlc:m..lups I and " 
Radialion ))clC'Ction. GU, 1993 
Radiation DosimclJy, GU, 1993 
Health Phys,cis1/lns\ruclor, AFRRI 
R.dj~tion SafCly Offi~~r. NMRC. Ucth.:sda 
Radiation Biology, GU, 1993 
Medica.l EfTcct.. ofNuclcar W~apons Courses., 
AFRRI, 1990-1995 
NIA 
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TYPI~ AND LENGTlI OF TRAINING 

],ECnJREI 
lABORATORY 

COlJRSES 
(nOURS) 

C 
160 hours 
3U hours 
30 hours 

SUPERVISED 
J.AlIORATORY 
EXPER[ENCI~ 

(IJOURS) 
D 

20 hours IcC1urcs; 20 hour~ all expcricnC<! 
20 hour.; Icc:IUrcs; 20 hours Db cl\'pcri~nc( 
work cxpcrience (199U-19~ f» 

work experience (1995-19S~) 

160 hours 
:\0 honrs 
30 houl'N 
wort experience ( 1990-19~ 5) 
work ~euoe(l995~19~9) 
160 hour.< 
30 hours 
30 hours 
15U hollTS labOr:llory ClCp<-T ~nce 

20 houl"l lec:IU=; 20 hours ah .:xperi.enc<: 
20 hours leclur¢S; 20 hours ab experience 
wori<. ~xperiL'nCC (1990~ t 9S:» 
work c""cri~'TJc~ (1995-19~ 9) 
30 hours 
300 hours 

N/A 
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E. ACnJAJ, EXPERn-;NCE wml RADIOISOTOPES ( SEALED J\ND!OR UNSEALE)) SOURCE) 

ISOTOPE MAXIMUM AMOUNT WHERE K,(PERIENCE WAS 
GAINED 

DURA nON Of EXPERlENCE TYPE OF USE 

CobaJt-60 (scaled) 
Cesium-13? (s.:aloo) 

H-3 
C-14 
P-32 
P-33 
Ca-45 
Cr-51 
1-125 

150,000 Ci 
14,500Ci 

50C; 
lOCi 
lOCi 
25 mCi 
10mei 
5 Ci 
I C; 

AFRRI. Belhcsc.la, MD 
NMRC, Bethesda, MI1 

NMRC, l3ethcsda, MD 

1990-1995 
1995·1999 

1995-1999 

Open-air irradiations 
Closed-cbamber ilTadiations; 
provided tniJting to users 

Receipt, handling, 
monilorirlg and disposal of 
unSC1l1cd malcrials for us.! by 
Aulhori7.cd Users 
J>I.'I"fonning biomedical 
~archelforlli 

p, EXPERfENCE Wn11 RADIA nON PRODUCING DI-:VICES (X-RAY MAClfTNES, IRRADIATORS, me) 

DEVICES WIIERE E)"'PEIUENCI': WAS GAINED DURATION OF EXPF,RJENCE 

Gamma Irradiators 
(Cesium-I :17) 

Shepherd Mark I (9000 ei) 

B~'SI IndlL'llries Model (2500 ei) 

IwmodiK Gammator Unit pOD 
Ci) 

NMRC, Bethesda, ~m 1995-1999 

G. CUfnF\CATION 

I CERTIfY TIIA T THE ABOVE fNfORMATION PROVIDED HEREON [S TRUE ANI) COMPLETE TO TI [E BP-ST OF MY 
KNOWLEDGl': 

SIGNAnJRE 01" APPLICANT - --DATE SIGNeD' 

PAGE 2 TRAmINING AND EXPERIENCE OF AUTHORIZED RADIOISOTOPE U8ERS 
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TY!')'; OF lJSI~ 

Train personnel and maintain units 
for usc by ~1arr scicn(isl, 
technicians, and other rcscarchcn< to 
irradi~tc specimens, [lon-hul1)lln 
animals, ~Ils, etc. 



Certificate of Training 
This Certifies That 

Schleurious Gaiter 

has successfully completed the I-day course of instruction for 

Radiation Safety Training 
February 23, 2000 

Presented By 

CSI-Radiation Safety 
481 Nonh Frederick Avenue, Suite 302 

Gaithersburg, Maryland 20877 

For 

Naval Medical Research Center 
Bethesda, Iv1D 

-A!ay~ 
Raymond Johnson, C.H.P., P.E. 
Training Director 
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Certificate of Training 
This Certifies That 

Saifeddin Ahmad 

has successfully completed the 1-day course of instruction for 

Radiation Safety Training 
February 23, 2000 

Presented By 

CSI-Radiation Safety 
481 North Frederick Avenue, Suite 301 

Gaithersburg, Maryland 20877 

For 

Naval Medical Research Center 
Bethesda, 1'v1D 

~~~ 
... Raymond Johnson, C.H.P., P .E. 

Training Director 
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Certificate of Training 
This Certifies That 

Willie Deadwyler 

has successfully completed the 16-hour course of instruction for 

Fundamentals of Radiation Safety 

November 9-10, 1999 

Presemed By 

CSI-Radiation Safety Training 
481 North Frederick Avenue. Suite 302 

Gaithersburg, Maryland 20877 

in association with 

Radiation Service Organization. Inc. 
Post 0 ffice Box 1526 

Laurel, MLlryland 20725 

~-~ Raym~#n~ 
Training Director 
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Certificate of Training 
This Certifies That 

Carolyn Hall 

has successfully completed the 16-hour course of instruction for 

Fundamentals of Radiation Safety 

November 9-10, 1999 

Presented By 

CSI-Radiation Safety Training 
48\ North Frederick Avenue. Suire 301 

Gaithersburg. Maryland 20877 

in association wilh 

Radiation Service Organization. Inc. 
Post Otlic:! Box 1526 

Laurel. Maryland 20715 

R~1«~ 
Training Director 
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Certificate of Training 
This Certifies That 

Glen Garth 

has successfully completed the I-day course of insuuction for 

Radiation Safety Training 
February 23, 2000 

Presented By 

CSI-Radiation Safety 
48l North Frederick Avenue, Suite 302 

Gaithersburg, Maryland 20877 

For 

Naval Medical Research Center 
Bethesda, N1D 

~7~ 
Raymond Johnson, C.H.P., P.E. 
Training Director 



Certificate of Training 
This Cenifies That 

Rodney McGhee 

has successfully completed the i-day course of instruction for 

Radiation Safety Training 
February 23, 2000 

Presented By 

CSI-Radiation Safety 
481 North Frederick Avenue, Suite 302 

Gaithersburg, Maryland 20877 

For 

Naval Medical Research Center 
Bethesda, NID 

.~agr~ 
Raymond Johnson, C.H.P., P.E. 
Training Director 
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Appendix 0-2. Service and Calibration Certificates for 
Instruments, Equipment, and Check Sources 

Table 0-2 lists the service and calibration certificates for the 
instruments, equipment and check sources used in the D&D effort 
described in this final report. 

Table 0-2. SERVICE AND CALIBRATION CERTIFICATES FOR INSTRUMENTS, 
EQUIPMENT AND CHECK SOURCES 

Document Service and/or Calibration Certificate 
Number 
0-2-1 Packard Liquid Sc i nt il lation Counte r, SIN 403848, 4/5/99 
D-2-2 Packard Li quid Scintillation Counter, SIN 403848, 3/10/00 
D- 2-3 Packard Liquid Scintillation Counter I SIN 4 03848, 4/6/00 
0-2-4 Statement of Data Anal ysis by Packard, 4/7/00 
D-2-5 EG&G Wallac , Inc. Gamma Counter, SIN 82-324, 8/23/99 
0-2-6 Bicron Meter, SIN B602G, 7/22/99 
D-2-7 Ludlum Mode l 3, S IN 54537, 7/22/99 
0-2-8 Ludlum Mode l 3, SIN 114886, 7 /22/ 99 
0-2-9 Ludlum Model 3, SIN 121461, 8/12/99 

D-2-10 Ludlum Mode l 3, SIN 1218 16, 2/22 /00 
0-2-11 Ludlum Model 3, SiN 132946, 2/22/00 
0-2-12 Ce rtificate of Participation, Reports o f Traceability to 

NIST I Analytics, Inc. , 1999 
0-2-13 Certif icate of Calibration, Analyt i cs, Inc. , Carbon-14 

check source, SIN 58806A-530 
0-2-14 Certificate of Calibration, Analytics, Inc. , Carbon-14 

chec k source, SIN 58807-530 
D-2-15 Certificate of Calibration, Analytics, Inc. , Cobalt-60 

c h eck source, SIN 58808-530 
D-2-16 Certificate of Calibration, Analytics, Inc. , Cobalt-60 

check source, SIN 58809-530 
0-2-17 Certi f icate of Ca l ibration, Ludlum Measurements, Inc. , 

Model 2350-1, SIN 157674, Gas Proportional Unit with 
Detectors 

0-2-18 Certi f icate of Calibration, Ludlum Measurements, Inc. , 
Model 2350-1, SIN 157669, Gas Proportional Unit with 
Detectors 
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ITEM 

SUB TOTAL 

MATtRIAl 

SHIPPING CHARGES 
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SUB TOTAL 

TRAVEL 

TAX 
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SECONDARY 
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/J. M. ~. C . . LJ'1 3 13 1 I I LJ I .51 sLj ~ I D I I 
DEPARTMENT f:J/O{ W 1i>'Lc.v,,0.;J I • .J I1tlE . PACKARD SYSTEM SERIAL NUMBER 
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DATE OF SERVICE 

MO 1 DAY I YEAR 

SERVICE 
HOURS 

TRAVEL 
HOURS 
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SUB TOTAL 

TRAVEL 

TAX 
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DA TE:04/0 7/2000 

FAXt: 301-296-5651 

TO: Or. Jaifeddin Ahmad 

FROM: TOM GERBER 

RE: Packard B2500 lSA 

L' ~Packard 
A P2C'clrd HioSc:ence Company 

J have analyzed your data and have found the data to be in control. khe procedure tha: I used was 
to ta!<.e 2 square roots of the mean and look. for random events on ~h sides cf the mean. The da~a 
should stay within 677 counts 95 % of the time. It passes this test quite well. Ar. assumpticn that 
I made is that the CPM value was taken at 1 minute. 

Thank you, 
Tom Gerber 
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RSO, Inc. RSO Order No. 1315 

L~~e~,o~g~~725 Certificate of Calibration 
(301) 953-2482 

ISSUED TO: NaoaJ Medical Research 
Bethesda, MD 20889·5607 

CONTACT: HM3 AHMAD 
PHONE: (301) 293-0001 PO NO: 

INSTRUMENT: BICRON 
MODEL: SURVEYOR 50 

TYPE: RATE~ETER 
SN: B602G 

RSO, [DC. certifie! that OD 07/22/1999 the above described iDstrument was calibrated 
using a radioactive source to determine the efficiency for a specific radionuclide(s) and using electronic:Jly 
generated pulse for the linearity. 

Tbe results are tabulated below. Calibration is traceable to NIST. 

Calibration Data 

x 

x 

x 

RANGE 

1.00 

10.00 

100.00 

EXPECTED 

100.00 
500.00 

1000.00 
5000.00 

10000.00 
50000.00 

Probe type(s) Probel: PANCAKE 

OBSERYED 

100.000 
500.000 

1000.000 
5000.000 

10000.000 
50000.000 

Probel: 

cpm 
cpm 
cpm 
cpm 
cpm 
cpm 

C.F. AVERAGE 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

Probe.>: 

MODEL SERI WINDOW GEOMETRY VOLT ISOTOPE I EFf.{$) ISOTOPE 2 EFf.(S) ISOTOPE 3 EFf.("l ISOTOPE", EFF.(%l 

I'GM B716G OPEN CONTACT 900 
.. Slmu.ba:d uia.! 9OSr...-ith 1iOUra:.).f au:.t:u:1 wilh pn:::lbc, 

•• SilftuLali:d wi.o., 1.C "';Ua. JOUr'CI: Il aJnUd wiLh probe. 

..... Simtll.ued UUD I 99T c with SOIU"tl: .II ctI nUC't wi lh. pro be . 

•• SUnul.z!z:d asinz l4.C with lOUfa; J.l CO'U.l~ with ~robc. 

INSTRUMENT CHECKS 

BATTERY CHECK: NORMAL 
CHECK SOURCE I: NA READING: 
CHECK SOURCE 2: READING: 

32P' 31 7 

ENVIRONMENT AL 

TE.'>fP: 2.S·C 
PRESS: 755 mmHg 

HUMID: 65" 

THE SUGGESTED REC~ON DATE FOR THIS INSTR UMENT IS 07/22/2000 

CaJibr:lted By: ~ Reviewed By: Q)S Cal Da~: 0712211999 
Dorwy Au,lUtt. 

MaryLand License MD-33-02I-01 



RSO, Inc. RsciOrderNo. 1315 

~~~efo~~;g725 Certificate of Calibration 
(30 I) 953-24&2 

ISSUED TO: NlI.V:a.i Mediea.l R=arch 
Bethesda, MD 20889·5607 

CONTACf: HMJ AHMAD 
PHONE: (JOI) 295-000\ PO NO: 

INSTRUMENT; LUDLUM 
MODEL: J 

TYPE: RA TEMETER 
SN: 54537 

RSO, Inc. certifies that OD 07/22/1999 the: above described instrument was calibrated 
using a radioactive SOurce to detennine the efficiency for a specific radionuclide(s) and using dewonicillly 
generated pulse for the linearity. 

x 

x 

x 

x 

Tbe results are tabulated below. Calibratioo is traceable to NIST. 

RANGE 

0. 10 

1.00 

\0.00 

100.00 

Calibration Data 

EXPECTED 

100.00 
300.00 

1000.00 
3000.00 

10000 .00 
30000.00 

100000.00 
300000.00 

OBSERYED 

100.000 
300.000 

1000.000 
3000.000 

10000.000 
30000.000 

100000.000 
300000.000 

<:pm 
<:pm 
cpm 
<:pm 
cpm 
cpm 
cpm 
cpm 

C.F. AVERAGE 

Probe type(s) Probe1: PANCAKE Probc.2: 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

Probe): 

MODEL SERI WINDOW GEOMETRY VOLT ISOTOPE \ EFF.(';) ISOTOPE 2 EFF.(';} ISOTOPE 3 EFF.(~) ISOTOPE 4 EFF.('I.) 

39815 OPEN CONTACT 900 . 
• SiDllillIod lUi., ~Sr willi source" (lOnlaCl w"b p",b<: 

•• S;",olaJcd ",in, 14<: wn.b MIa"", .. a>aaa willi probe . 

... Simula&&d &1!i.n1 99T~ wil!l IQurat.ll Ola.tKl with probe . 

•• Simula2d cWnl I~C .nib .... rcc II _""" wn.b probe. 

INSTRUMENT CHECKS 

BATTERY CHECK: NORMAL 
CHECK SOURCE I: NA READING: 
CHECK SOURCE 2: R..EADING: 

32p· 29 35S·· 

ENVIRONMENT AL 

TEMP: lS'C 
PRESS: US mmHg 

HUMlD, 65 ~ 

THE SUGGESTED RECI\..L.,JJ~TION DATE FOR THIS [NSTRUMENT [S 07/2212000 

Calibrau:d By: Reviewed By: Cal Date: 07f2lJ1999 

Maryland License MD-33 -021-0 I 

4SC~ •• 



RSO, Inc. RSOOrderNo. 1315 

~~~?,O~~~~725 Certificate of Calibration 
(30 I) 953-2482 

ISSUED TO: Naval MedicallUsurch 
Bethesda, Me 208S9-S607 

CONTACT: HMj AHMAD 
PHONE: (J01) 295-<)001 PO NO: 

INSTRUMENT: LUDLUM 
MODEL: 1 

TYPE: RATEMETER 
SN : 114886 

RSO. Inc. cenifies that on 07/2211999 the above described instrument wag calibrated 
using a radioactive source to determine the efficiency for a specific rndionuclide(s) and using electronically 
generated pulse for the linearily . 

The results are tabulated below. Calibration is traceable to NIST. 

x 

x 

x 

x 

RANGE 

0.\0 

1.00 

10.00 

100.00 

Calibration Data 

EXPECTED 

100.00 
400 .00 

1000.00 
4000.00 

10000.00 
40000.00 

100000.00 
400000.00 

OBSERVED 

100.000 
400.000 

1000.000 
4000.000 

10000.000 
40000.000 

100000.000 
400000.000 

,?m 
cpm 
cpm 
cpm 
cpm 
cpm 
cpm 
cpm 

C.F. A. VERAGE 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

Probe rype(s) Probel: SCINTIU.. TOR Probe2 : Probe); 

MODEL sEPJ WINDOW GEOMETItY VOLT ISOTOPE 1 EFF.(%) ISOTOPE 2 E.FF.(S) ISOTOPE J EFF.(S) ISOTOPE 4 EFF .(~) 

U-11 tJW2 OPEN CONTACT . 750 
• Simul.wd wUaI 90St with &Durct J..( coa.~ .... u.b probe . 

•• Simui.aad usiAl 1291 with 10..,.. .. _= ..-i1.b probe . 

••• S ..... ~ l11in! 133& wilb IQura: .. (Dnw::! Io(lIh probe:. 

INSTRUMENT CHECKS 

SA ITERY CHECK: NORMAL 
CHECK SOURCE I: NA READING: 
CHECK SOURCE 2: READING: 

32p· llSl·· 

THE SUGGESTED R£CAfJ!/-TION DATE FOR THIS INSTRUMENT IS 

Cllibr.u.eci By : . Reviewed By: Grb S 
Don<y A"",. 

Maryland License MD-33-{)2!-{)1 

IS SIC,"· 

ENVIRONMENT AL 

TB/P: 2j'C 
PRESS: 7~~ mmJ-Jg 

HUMID: 65,.; 

07/22/2000 

Cal Dale: 07 f22J1999 



RSO,Inc- RSOOrderNo. 1361 

L~;e~,o~~~~725 Certificate of Calibration 
(JOt) 953-2482 

ISSUED TO: Naval Medic.aJ Research 
Bethesda. MD 2OU9·S607 

CONTACf: HM3 Ahmad 
PHONE: (301) 295-0001 PO NO: CC 

INSTRUMENT: LUDLUM 
MODEL: 3 

TYPE: RA TEMETER 
SN: 121461 

RSO, Inc. cenifies that on 08/1211999 the above described instrument was calibrated 
using a radioactive source to delennine the efficiency for a specific radionudide(s) and using electronically 
generated pulse for the linearity . 

The results are tabulated below. Calibration is traceable to NlST. 

Calibration Data 

x 

x 

x 

x 

RANGE 

0 .10 

1.00 

10.00 

100.00 

EXPECTED 

100.00 
400.00 

ICOO.OO 
<1000 .00 

I ()()()(). 00 
40000.00 

tOOOOO.OO 
400000.00 

Probe typc(s) Probel: SCINTU.ATOR 

OBSERVED 

100.000 cpm 
400.000 c?m 

1000.000 cpm 
4000.000 cpm 

10000 .000 cpm 
40000.000 cpm 

100000.000 cpm 
400000.000 cpm 

C.F. AVERAGE 

Probe2: 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
(.000 
1.000 

Probe3: 

MODEL SERJ MNDOW GEOMETRY VOLT ISOTOPE I UF.{") ISOTOPE. 2 UF.(S) ISOTOPE J EFF.(") ISOTOPE -4 EFF .(%) 

44-21 121716 OPEN CONTACT 1050 
• SomuLaced ... iII, 1291 wilh _ne "~1>IU1 .. ill> probe.. . 

•• Simuw.:.. win, 90S, .... Ih IOwa .. .., nuct ...nh probe . 

••• Sim~ ... iD& InBa .... '" \<Iura: .. CDAIla willi probe. 

INSTRUMENT CHECKS 

BATTERY CHECK: NORMAL 
CHECK SOURCE I: NA READING: 
CHECK SOURCE 2: READING: 

1251· t7 32P" 29 

ENVIRONMENTAL 

TEMP: !S'c 
PRESS: 7~O mmH& 

HUMID: 65 lIo 

THE SUGGESTED REC1f:-ALON DATE FOR THIS INS ~ ~ENT IS 08/1212000 

Calibrated By: Rcvicwed By: ~ ~ Date: 0&11211999 
A ...... 

M:lryland License M D-33-021-O I 



RSO, Inc. RSO Order No. 1761 

L~~e~,oM~~g725 Certificate of Calibration 
(301) 953-2482 

ISSUED TO: Naval Medic.a1 Research 
8901 Wisconsin Ave. 
Beth~d.a, MD 20889-5607 

CONTACT: S. Ahmad 
PHONE: (JO \ ) 29S.{)()02 PO NO: 

fNSTRUMENT : LUDLUM 
MODEL: 3 

TYPE: RA TE.\1ETER 
SN: 121816 

RSO. Ioc. certifies that on 0212212000 the above described instIllment was calibrated 
using a radioactive source to detennine the efficiency for a specific radionuclide(s) and using electronically 
generated pulse for the linearity. 

The results are tabulated below. CalibratioD is traceable to NlST . 

Calibration Data 

x 

x 

x 

x 

RANGE 

.1 

\0 

100 

EXPECTED 

100 
500 

1000 
5000 

10000 
5000 

100000 
SOOOOO 

Probe type(s) Probel: PANCAKE 

OBSERVED 

100 cpm 
500 cpm 

1000 cpm 
5000 cpm 

10000 cpm 
5000 cpm 

100000 cpm 
500000 cpm 

C.F. AVERAGE 

Probel: 

1.00 
1.00 
I.()() 
1.00 
1.00 
1.00 
I.()() 
1.00 
I.()() 

Probe3: 

MODEL SERJ WlNDOW GEOMETRY vour ISOTOPE I EFF.(S) ISOTOPE 2 EFF.(~) ISOTOPE 3 EFF.{'I.) ISOTOPE.j EFF.(") 

44-9 IJ~I FLXED CONTACT 906 I~C' 7 
• J5S-7'1 .• SC.-7S; Sim.lIla1u.sing 14C ",illl IOula:., con .... with ptOb<o . 

•• Simulau:d ullnl 9OS< wi'" ,",u,a: ... con .... w,'" probe . 
... SiandJ . .ttd U11.Q& 99'Te wilh SDurc: aJ. a:ml3(,(...n~ probe. 

INSTRUMENT CHECKS 

BATTaY CHECK: NORMAL 
CHECK SOURCE I: READING: 
CHECK SOURCE 2; READING : 

32p·' )5 3JP··· 101 

ENVIRONMENT AL 

TEMP: 26·C 
PR..ESS : 76& m.mH, 

HUMID: ~5 S 

THE SUGG~ RfC~ TION DATE FOR THIS INSTFC{MENT IS 02/22/2001 
Calibraled By : ?1J::tJ~----Reviewed By: 06Ji6 ell Dale: 0211112000 

a,<Jwu,IE...-

Ma.ryland License MD-33-021.o1 



RSO, Inc. '-. 
RSO Order No, 

P.O. Box 1526 
Laurel, MD 20725 
(301) 953-2482 Certificate of Calibration 

ISSUED TO; Naval Medical Research 
8901 Wisconsin Ave. 
Bethesda, MD 20889-5607 

CONTACT: S. Ahmad 
PHONE: 001) 295-0002 PO NO : 

INSTRUMENT: LUDLUM 
MODEL: 3 

TYPE: RATEMETER 
SN: 132946 

RSO, Inc. certifies that on 0212212000 the above described instrument was calibrated 
using a radioactive source to detennine the efficiency for a specific r:ldionuclide(s} and using electronically 
generated pulse for the linearity. 

The results are tabulated below. Calibration is traceable to NIST. 

x 

x 

x 

x 

RANGE 

.1 

10 

100 

Calibration Data 

EXPECTED OBSERVED 

100 
400 

1000 
4000 

10000 
40000 

100000 
400000 

100 cpm 
400 cpm 

1000 cpm 
4000 cpm 

10000 cpm 
40000 cpm 

100000 cpm 
400000 cpm 

C.F. AVERAGE 

Probe type(s) Probel : SCrNTD-ATOR Probe2: 

1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Probe3: 

1761 

MODEL SOl wtNDOW GEOMETRY voer ISOTOPE 1 EFF.(%) ISOTOPE 2 E.FF.(';) ISOTOPE 3 EFF.(") ISOTOPE 4 EFF.(%) 

~21 13$670 CONTACf 756 1251· 16 
• S""U~ u ..... , 1291 ./IIh "'UI'Ie AI CODuet with probe . 

•• Simul..Jaj ....... , 1330. with IOu"" .. ccn= with probe .• ';0, corrcaian (=Dl o( XO.I 

INSTRUMENT CHECKS 

BA TT'ERY CHECK.: 'NORMA!. 
CHECK SOURCE I: READING: 
CHECK SOURCE 2: READING: 

5tCr-· 2.6 

ENV1RONMDIT AL 

TEMP: :7"C 
PRESS: 76& IIltIIH g 

HUMID: 5S S 

THE SUGGES~TlON DATE FOR THIS INSTRUMENT IS 02/2212001 

CaJibnted By: «~ Reviewed By: .;J)f;j wi Date: 02J21I2000 
Rlc ~ Eouaon. 

Maryland License MD-33~21'{) I 



• 

U.S. DEPARTMENT OF COMMERCE 
National Institute of Standards & Technology 

Gaithersburg, MD 20899 

Certificate of Participation 

Analytics, Incorporated 
Atlanta, Georgia 

is a participant for the period January 1,1999, through 
December 31,1999, in a radioacti"ity measurements 
assurance program conducted by the National Institute of 
Standards and Technology. in cooperation with the Nuclear 
Energy Institute. Continued participation is evidenced by 
dated Reports of Traceability issued for particular 
radionuc1ides, which indicate the deviation of the participant's 
reported value from that measured by the National Institute' 
of Standards and Technology. The significance of these 
Reports is addressed below.' 

. For the Director, 

(. _~~C<-~'lfl'r'\J 
Lisa R. Karam, Group Leader 
Radioactivity Group 
Physics Labora tory 

As guidance for the propc!r use of Reports ofTl.lce.:lbility, it should be emphllsized lholl the N.:llional Institule of 
Slarldards and TechnOlogy is concerned only \vith fostering good me:lSuremenLS Clpability and consistency with the 
national measuremenLS system. The assurance: of the proper applicalion of thal c.:lpabiliry to the ultimate conswner 
products is the responsibility of each manufacrurer of these producLS and of the F ederal regul~lory ase.ncil!S. 

A conlinuing traceability program ill radioactivilY demonstrates. to the deGree I!Slablished by the periodic ll.SSOlys of 
calibrateu radiooclivily :;;I..IIlp!cs. 0 conlinuing compete1lce 10 IIlllinlain UI<! inSl..rUJlIcnt systems and Sl.llld.lrds necc:ssnry for 
aC~Ur:lte measurC:l\\e:nt. Such a program caluIOl, however, endorse: I!.lch alIt! every lnL!:lsuremellt lIor the [Utal product, any 
more than :l spot che:ck C:lII vouch lcr eVl!ry ullchc:d:ed item. Care shoukl ~ t.ll:en, thc:ro::fore, nOI 10 imply such 
endorsement. The proJXr use of this Repon is governed by sc:ction 200.114 of Tille 15 of tile Cooe of Feuer.ll 
RegUlations. Thl!Se regulations moly be mel if Reports are quoteu only in tilcir t!nlirdy. Excerpts out of conlext mlly be 
mislead in!!. 



ANALYTICS 

CERTIFICATE OF CALIBRATION 
Standard Radionuclide Source 

58806A-530 

C-14 32 mm Diameter x 3 mm Thick Plastic Disk 

1380 Seaboard Industrial Blvd. 
Atlanta. Georgia 30318 . U.S.A. 

Phone (404) 352-8677 
Fax (404) 352-2837 

This standard radionuclide source was prepared using an aliquot 
measured gravimetrically from a master radionuclide solution 
standard. The master radionuclide solut ion standard was 
calibrated by the Department Des Applications Et De La Metrologie 
Des Rayonnements Ionisants (DAMRI), Paris, Fra~ce, as number 
22453. ANALYTICS maintains traceability to the National 
Institute of Standards and Technology through Measurements 
Assurance Programs as described in USNRC Reg. Guide 4.15, 
Revision 1. After source preparation the calibration was checked 
by beta counting using a gas flow propo~tional coup-ter . 

ISOTOPE: 

ACTIVITY (dps): 

HALF-LIFE: 

CALIBRATION DATE: 

TOTAL UNCERTAINTY*: 

*99% Confidence Level 

Diameter of active area: 
mylar. 

C-14 

5049 

5730 years 

November 18, 1999 12:00 EST 

5.0% 

16 mm. Source covering 0.5 mc/cm2 

No expiration date has been given for this source due to the 
fragile nature of the mylar covering. This source should be 
carefully tested for leakage at least every six months. If 
leakage is detected this source should be disposed of by approved 
radioactive waste disposal procedures . 

p 0 NUMBER N32398-99-M-0228, Item 1 

SOURCE PREPARED BY: 
M. Taskaeva, Radiochemist 

Q A APPROVED: ;(Y) ~ u-I/ =£ 'i 



ANALYTICS 

CERTIFICATE OF CALIBRATION 
Standard Radionuclide Source 

58807-530 

1380 Seaboard Industrial Blvd. 
. Atlanta, Georgia 30318 . U.S.A. 

Phone ~04)352·8677 
Fax (404) 352-283i 

C-14 32 mm Diameter x 3 mm Thick Plastic Disk 

This standard radionuclide source was prepared using an aliquot 
measured gravimetrically from ~ master radionuclide solution 
standard. The master radionuclide solution st~ndara. was 
calibrated by the Department Des Applications Et De La Metrologie 
Des Rayonnements Ionisants (D&~RI), Paris, France, as numbe~ 
22453. ANALYTICS maintains traceability to the N~tional 
Institute of Standards and Technology through Measurements 
Assurance Programs as described in US NRC Reg. Guide 4.15, 
Revision 1. After source preparation the calibration was checked 
by beta counting using a gas flow proportional counte~. 

ISOTOPE: C-14 

ACTIVITY (aps): 5347 

HALF-LIFE: 5730 years 

CALIBRATION DATE: November 18, 1999 12:00 EST 

TOTAL UNCERTAINTY*: 5.0% 

*99% Confidence Level 

Diameter of active area: 
mylar. 

16 mm. Source covering 0.5 mg/cm2 

No expiration date has been given for this source due to the 
fragile nature of the mylar covering. This source should be 
carefully tested for leakage at least every six months. If 
leakage is detected this source should be disposed of by approved 
radioactive waste disposal procedures. 

P 0 NUMBER N32398-99-M-0228, Item 1 

SOURCE PREPARED BY: 
M. Taskaeva, Radiochemist 

Q A APPROVED: 



ANALYTICS 

CERTIFICATE OF CALIBRATION 
Standard Radionuclide Source 

58808-530 

1380 Seaboard Industrial Blvd, 
Atlanta, Georgia 30318 . U.S.A. 

Phone (404) 352-8677 
Fax (404) 352-2837 

Co-60 32 mm Diamete~ x 3 mm Thick Plastic Disk 

This standard radionuclide source was prepared using, 
aliquots measured gravimetrically from calibrated master 
liquid radionuclide solutions. The master sources were 
calibrated with an ion chambe:!:" that was calibr2.ted by the 
National Physical Laboratory, Teddington, U.K., and is 
directly traceable to national standards. 

Radionuclide purity and calibration were checked us:.ng a 
germanium gamma spectrometer system. The nuclear decay rate 
and assay date for this source are given below. 

Jl..NALYTICS maintains traceability to the NatioI'_al I!"!.stitute 
of Standards and Technology through Measurements Assu~2.nce 
Programs as described in USNRC Reg. Guide 4.15, Revision 1. 

ISOTOPE: 

ACTIVITY (dps): 

HALF-LIFE: 

CALIBRATION DATE: 

TOTAL UNCERTAINTY*: 

SYSTEMATIC: 

RANDOM: 

*99% confidence level. 

Diameter of active area: 
mg/cm2 mylar. 

Co-60 

3.599 E+04 

5.2714 years 

November 18, 1999 12;00 EST 

4.8% 

4.5% 

0.3% 

25 mm. Source covering 0.85 

No expiration date has been glven for this source due to the 
fragile nature of the mylar covering. This source should be 
carefully tested for leakage at least every six months. If 
leakage is detected this source should be disposed of by 
approved radioactive waste disposal procedures. 

P 0 NUNBER N32398-99-M-0228, Item 2 

SOURCE PREPARED BY: 
M. Taskaeva, Radiochemist 

Q A APPROVED: 1/-17-71 



A NA LY TIC S 

CERTIFICATE OF CALIBRATION 
Standard Radionuclide Source 

58809-530 

Co-60 32 mm Diameter x 3 mm Thick Plastic Disk 

1380 Seaboard Industrial Blvd. 
Atlanta, Georgia 30318 · U.S.A. 

PhQrle (404) 352-8677 
Fax (404) 352-2837 

This standard radionuclide source was prepared using 
aliquots measured gravimetrically from calibrated master 
liquid radionuclide solutions. The master sources were 
calibrated with an ion chamber that was calibrated by the 
National Physical Laboratory, Tedding~on, U.K., and is 
directly traceable to national standards. 

Radionuclide purity and calibration were checked using a 
germanium gamma spectrometer system. The nuclear decay rate 
and assay date for this source are given below. 

ANALYTICS maintains traceability to the National Institute 
of standards and Technology through Measurements Assurance 
Programs as described in USNRC Reg. Guide 4.15, Revision 1. 

ISOTOPE: 

ACTIVITY (dps): 

HALF-LIFE: 

CALIBRATION DATE: 

TOTAL UNCERTAINTY*: 

SYSTEMATIC: 

RANDOM: 

*99% :confidence level. 

Diameter of active area: 
mg/cm2 mylar. 

Co-60 

3.730 E+04 

5.2714 years 

November 18, 1999 12:00 EST 

4.8% 

4.5% 

0.3~ 

2S mm. Source covering 0.85 

No expiration date has been given for this source due to the 
fragile nature of the mylar covering. This source should be 
carefully tested for leakage at least every six months. If 
leakage is detected this source should be disposed of by 
approved radioactive waste disposal procedures. 

P O. NUMBER N32398-99-M-0228, Item 2 

SOURCE PREPARED BY: 
M. Taskaeva, Radiochemist 

Q A APPROVED: if'/1 ~ W/q--"'/1 



De~igner and Monuloctvrer 
of 

CERTIFICATE OF CALIBRATION 

LUULUM Mt:A~U/'U:MtNI:), INC. 
POST OFFICE BOX 810 PH. 915.235.5494 

Scienlific and Ind\J1lnol 
Imlrumentl 

"," 501 OAK STREET FAX NO. 915.235.4672 

SWEETWATER. TEXAS 79556. U.S.A. 

0MER __ ~N~A~V~A~L~M~ED~I~C~A~l~RE=S=EA~R~C~H~C~TR~ __________________________________ _ ORDER NO. 237400 

____ ~l~u~d~lu~m~M~e~a~su~r~e~m~e~n~ls~.~ln~c=. ____ Model __ ----------__ ~2~3~5~~1 __________ ___ Seriol No. ________ ...!.>1,5767.d 

Col. Dole 27·$ep..99 Col Due Dole 27-Sep-OO Cal.lnlerval I Yeor Melerlace. ____ N~ 

Check mark y( applies 10 applicable inslr. and/or deteclor lAW mfg. spec. T. ___ ..:..7~6_ of RH ____ ---'S6 % All 7Q9 ..... fL mm Hg 

~ New Instrument lnslrumenl Received C Within Toler. +·10% == 10·20% C Oul at 101. 

;/ Mec/'lOnical check 
.~ F/S Resp. check V Reset ched: 'V Window Operation 

~ Requiring Repair C_ Other·See comments 

Z Input Sens. linearity 

V. Audio check V' Alarm Selling check ~ Bollery Check (Min. Volt) 4.4 VDC 
-:y( Rotemeter linearity check -:7 Inlegrated Dose cheCK 
§II Dolo Log cheCK ~ Overload check 

~ Calibrated in accordance wilh lMI SOP 14.8 rev 12/05/89. 

7. Recycle Mode cheCK Threshold 
~,er Readoul check Dial Ralio, ""10"'0'--_= __ 4"'-----'m~V 
=- Calibrated in accordance wilh lMI SOP 14.9 rev 12119/89. 

~ HV Readout (2 pointsl Ref./lnsl. _--'-1(_CJ....:......;~=--__ ____ 5""'0""0'--__ V Ref./lnst . _---:=d-~D~o~?..._=__ / _ _ _ ...!:.2.Q9_0 __ V 

COMMENTS: Firmware: 37122N27 
rIo fi=mware 37123NOS ~esolu~ion for 44-10 = 9.36 % for C5137. Model 2350-1 and all probes 
c=libraced ~sing 6 f~. cc~le only. See ATTAC~~ENT 1 fo: efficiencies. 
Gamma Cafibr.mon' GM deleclOrl> posi~oned pe:pendiculat to SOlUte exu~\ (or M 44-9 In wiliclllhe Ironl oj ~ (a:es sC\llte. 

t'rooe Hrgn unitS! 
Model Serial:: Voltage Threshold Time Base 

Oeleaor:: I LMI43.o8 P~lA9314 1750 100 7 / 1 

OeteclOr# 2 LM14J"s8 PR149314 1750 100 7/1 

Detector;; J LM'4~8 PR14S314 1750 100 7 / 

Deledor t; 4 LM14J·37 ?~1489-47 1800 100 / 

De\edorl: 5 LM143-37 PRI4a947 1800 100 7 / 

no #6 LM143·37 PR148947 1800 100 7 / 

.J'.)r#7 LM144·10 PR 154B41 1200 250 4/2 

Detec1O(;; 8 LMI4-4·10 PRl64841 1200 250 4 / I.. 

Detector:; 9 LM144·10 PRI54841 1200 250 4 / 2 

Detector:: 10 PEAK Co.,sO 660 560 7 / 

Detec.or # II PEAK CQ..OO 660 550 7 / 

De tedor I: 12 P!:.AK C().QO 660 560 7 / 

Detector:: 13 PEAK C5-137 660 321 7 / 

Oetector# 14 LMI4-4·10 PRl64641 1200 250 7 / 

Detector # 

Detector ~ 

Units: 0 - Ca(!, I - Glay. 2 - ram, J - Sy. ,- R. 5 - CIK~. 6 - Oisinle9ra1Jons. 7 - U:1unts, 8., CiJcm S~ .. 9 - BqJcrn sq. 

ueao lime 

Co~C!ion Factor 
2.342273E'{)S 

2.J42273E-OS 

2. 342273 E'{)S 

2.361271 E-OS 

2.J61271E-OS 

2.361271E~5 

1.5n578!:'{)5 

1.5T7578E-OS 

O.OOOOOOE"()O 

O.OOOOOOE~O 

O.OOOOOOE"()O 

O.OOOOOOE +00 

1.SnS78E'{)S 

l.allorauon 
Constant 

1.000000E +00 

l .OOOOOOE"()O 

1.000000;:"()O 

1.000000E -00 

1.000000E"()0 

I .OOOOOOE"()O 

5.406332E+l0 

5.406332E ~ 10 

5.406332E·l0 

1.000000;: -o{)O 

1.000000E...oO 

1.000aoot:-oo 

1.000000E"()O 

1.0000Q()E"()0 

uneanty 
=100;.' 

rime Base: 0 - Se--..oMs. t - MillUleS. 2 - Hours . • See al\ad1ed delectcr Qocumenta~on. ~ applicable. 

Digilal 
Readoul 

REFERENCE 
CAl. POINT 
. _ ...A..O..Qk,c...Qm 

40kcRm 
4kcpm 

INSTRUMENT 

RECEIVED 

INSTRUMENT 

51q\R~4ING' 
ODILf 

REFERENCE 
CAL. POINT 

_--'4=O=O~ 
4Qc.Q!Jl.. 

tNSTRUMENT 

RECEIVED 

INSTRUMENT 
METER READING· 

-~-

lua'um Meo<uremenr,. Inc. ce(,III'e\ 11'101 II'Ie o:;o-e ,rull\JlTlcnl ho, ceen colie<cle<J by lIonoore, 1I0::eoc'e 10 Ihe NOlionollrulliure 01 SlcndorCIl ono lecnnarogy. or 10 Ine coliOlelron locliilie, or 
olner Inlen"1Chonci Sioncorca OrgoNZollon member1. OlI'\Qve been denve<:l fiom occeple<:I vOlue"! or n:;)1UIOl pnysicol conuon" Oll"lOve D&etI oenved by the rol,O rype 01 calibio"o" leCn"lQue,. 
lhe COI<erOI",,, ~Iem conforms 10 Ine ,eO\J1'emen" or ;A-NSJ/NCSllS40- I ·199' ond ;A-N$I N:l2J.1978. S late of le~os Calibration license No. LO· t 963 

Reference Instruments and/or Sources: C~137 Gamma SIN 

_. 1162 -::-.G 112 1....J M565 ~_ 5105 :=. T I ooe ~ 1879 :~ ES52 L.: E55 t';= Neutron Am-2~ I Be SIN 1,304 
IC~~ eN· 3iJ'~ 

Alpha SIN :z Bela SIN 635/83 , 1·659 , 422-44 Z Other 

y! m 500 SIN 

Calibrated By: 

Reviewed By: 
rO~M CJ4>, OlJ:!t)/99 

141233 ~ ~ MuttimelerS/N _52..!.~QS74 

[azfb/ _ ' Dale;:),7 - S t r?J? ~ 
CAd , 1 Un 6t.~ ~ Dole _~7 - ~,.aA-:.....::~~Cf~9,---___ ---

Tho ceniheQle 1"011 nol be reproouc:ed excepi il'\ lUll. WIIl'Iovl Ina ...nllen OPOIOvol ofludlum MeOIUfemenlS. In:. 



LUDLUM MEASUREMENTS, INC. 
501 OAK ST JPO BOX 810 

SWEElWATER. TEXAS 79~ 
.;:IhonB: 915/235-54~ ' 800/622~2e{USA) 

Fax: 915/23~ 

DE:SlCm:.R AND MA.NUF AC"rUR.!:R 

OF 

daunttfilS o.n.J !In.d~( 
if n.~UJ..t.J. 

ATTACHMENT 1 

4 1t efficiencies for 43-68 : 

Efficiencies for 43-68 taken 
at 17S0v. 

Factory background::: 261cpm 

Ca45 and P33 were substituted with Tc99 
Tc99 is::: 38.55% net 
Tc99 reading:::: 8568 net 

535 was substituted with C14 
C14 is::: 10.82% net 

Ct4 reading::: 33i40 net 

I 125 was substituted with 1 129 
I 129 is = 0.25% Det 
1 129 reading is ::: 428 net 

P 32 was substituted with 5i 32 
5i 32 is :::s 35% net 
Si 32 reading is = 34460 net 

41'[ efficiency for 44-\0 : 

Efficiencies for 44-10 taken at 1200v. using Det.l4 
and 1 minute countS. 

Factory background::: 7508 cpm 

Co 57 is::: 28.70 % net 
Co 57 reading is::: 25801 cpm net 

Co 60 is::: 22.17 % net 
C~ 60 reading is :: 9045 cpm net 

Cst37 is::: 12.13 % net 
Cs 137 reading is = 1854 cpm net 

4 7r efficiencies for 43-37 : 

Efficiencies for 43-37 taken 
at 1800v. 

Factory background::< 908cpm 

Ca45 and P33 were substituted with Tc99 
Tc99 is::: 35.9% net 
Tc99 reading::: 8223 net 

535 was substituted with C 14 
CI4 is ::: 10.42% net 
Cl4 reading is.:::: 32507 net 

I 125 waS su bstituted with I 129 
I 129 is :: 0.44% net 

I 129 reading is :: 738 net 

P 32 was substituted with 5i 32 
5i 32 is = 35.16% net 
Si 32 reading is '::< 34521 net 

~l-S6P-f~ 

• 



DETECTOR SETUP CHECK LIST REPORT 
The following list is stored as decector setup 014 in the Model 2350. 
Today's date is 09/27/1999. 
T~e . current time of day is: 09:36:33. 

I __ ..... ve verified the list below 
has NO discrepancies with the DETECTOR SETTINGS TABLE: c-~ 

Comments: 

Model 2350 Serial # = 
User I.D. = 
High Voltage = 
Threshold = 
Window = 
Overload Current = 
Scaler Count Time = 
Readout Units = 
Readout Time Base -
Readout Range Multiplier . = 
o~~~ctor Dead Time = . 

~ctor Calibration Constant = 
L_~ector Model = 
Detector Serial # = 
Ratemeter Alarm Setting = 
Scaler Alarm Setting = 
Integrated Dose Alarm Setting = 
Low Count Alarm Setting = 
Operating Battery Voltage = 

. , . 

157674. 

1200 volts. 
250. 
100,Off. 
40.0 micro amperes. 
60 seconds. 
counts. 
min. 
auto. 
1.577578E-05. 
1.000000E+OO. 
LMI44-10. 
PR164841. 
1.000000£+09. 
1000000. 
1.000000E+09. 
X. 
6.1 volts . 



Designer and Manufacturer 
01 

Scienlific ond Indusfriaf 

Imlf\Jmenl'i 

POST OFFICE BOX 810 PH . 915-235-5494 
-'/ ' 501 OAK STREET fAX NO. 915-235-4672 

SWEETWATER, TEXAS 79556, U.S.A. 

Mode/2350 Bench Test Data 

Customer NAVAL MEDICAL RESEARCH CTR Date ________ 2_5-~s~ep~-~99 ____ _ Order #., ___ --=2""'3'--7 4~0~0~ __ 

Model 2350-1 Selial No. 157674 Detector 

Source L 5 ()1 ;2/ I?<C' 2.lf-7h (\' 
7 

High Voltage _______ ......:.1.::,20;:..;0"__ V As Found ______ V. Input 

Col. Conslant _______ ,..5.L!.4~06~3<.!:3~2'_"'_E+..:.....w.l 0L-__ _ as found 

Dead TIme 1.577 578E{)S as found 
o .0D-;),.000 

Alarm Setting: Ralemeter ?"{ ; oa0008Se6.0eeeSB as found 

Scaler 1000000.000000 as found 

Integrated dose _ ---'---' O=O=O=O=OO=O=O=O=.O=Q=OO",--_ os found 

Overload = On ~ff as found '- On L.! Off Window 

44-10 Serial No. __ -----'-P...!..:R'-'-\""-64=8c4~1 __ 

10.00 mV As Found _________ mV. 

) 00 (rKj as found __________ __ 

Detector Received: ~ Within Toler. +-10% C 10-20% 0 Oul of Tol. _ ; Requiring Repair I Other-See comments 

Reference Point 

~D 

;kJD 

/50 
/00 

"As Found" Readings: AHer Adjustment Readings: 
Meter Reading Meter Reading 

I. oJ 

Signature ---~...a-"""--'=-tI-----~"-I-.-I...--"'"'---'--=--9f-\;''''=-----------

fORM c~ I 09/08/91 

• SelVing The Nuclear Industry Since 1962 • 



Oeligner ond Monufacturer 
01 

Scientific and IndullTial 
In$ll\Jmenl~ 

- .... - ... _ . . . .. ~ -. ' -- " -'~~-' .. -, .... ~. 
POST OFFICE BOX 810 PH. 915-235.5494 

. ....s01 OAK STREET . fAX NO. 915-235-4672 

SWE:rw~TER. TEXAS 79556. U.S.A. 

Bench Test Data For Detector 

Detector 44-10 Serial No. __ --'-P"'-R 1""6",,,48=4 .... 1 __ 

Customer NAVAL MEDICAL RESEARCH CTR Order # . __ ---:..;23:.....7_40.....:0=---__ 

Coun ter _--=2=3..:::...c5D-:.-l __ Serial No. _ _ __ 1_5_76_7_4 __ _ Counter Input Sensitivity ___ 1_0_'0_0 __ mV 

countTIme _________ 6~~~~~~~_. __ - _______ __ Distance Source to Detector .~ 
Other Cal Constant = J .OOOOOOE+OO Dead Time = 1.577578E-05 

High Isotope Ah\J-tf ( Isotope Isotope Isotope 

Voltage Background Size ~ .13 Size Size Size 

/DDO i 5/J )/0 (J 
/050 bcfJ ) ~50~ 
//OD b3~ } A5(~ 
II 50 567 1~7SJ 

--- /2L>o 51h J?-..g7~ 

J~So 5r2 . . 1210J I 

)"')00 btl I· I J..1JCf 
) "35'0 : b6t 1'195* 
/4tJ{) : h;"2- 1 "rgt5 

.. 

Signature Date 

• Serving The Nuclear Industry Since 1962 • 



Oesigl'ler end Monulocturer 
01 

Scientilic and tndustnal 
Il'Istrumenls 

CERTIFICATE OF CALIBRATION 

LUDLUM MEASUREMENTS, INC. 
'pOST OFFICE BOX 810 PH. 915·235-5494 

SOl OAK STREET fAX NO. 915.235.4672 
SWEETWAiER. TEXAS 79556. U.S.A. 

( )MER __ ~N~A~V~A~L~M~E~D~IC~A~L~R~E~SE~A~R~C~H~C~TR~ __________________________________ __ ORDER NO. 237400 

_--"!'l~u~d~lu",-m,-,--"M,-"e",a""s,-,u",-re"-m,--,-,-"e,,-n,,,ISu.. . ..!.!ln.!!c,,",, __ Model 2350-1 Serial No. ________ !;15~7~6!.1.!6.!..9 _____ _ 

Cot. Date 27-Seo-99 Cal Due Date 27-Sep-{)O Cal. Interval 1 Year Meleriace ____ ---!N./L __ _ 

:hecK marK ~ appties to applicable instr. and/or delector lAW mfg. spec. T, ____ ...:..7""'6_ OF RH ___ ---'S".,6_ % All 70Q...&.,. mm Hg 

Z" New Instrument Instrumenl Received ,- Within Taler. +·100;;. -- 10·20% ~ Oul otTol. = Requiring Repair C Olher-See comments 

Z Input Sens. linearity :v;' Mechanical check 
7' F/5 Resp. cheCK -./ Resel checK 
::./ Audio check .v. Alarm Selling check 

-;/ Window Operation 

? Baltery checl: IMin. VolI) 4.4 VDC 
;"/ Rotemeler linearity checl: VI' Integrated Dose check 

:i"~ata Log check 7" Oyerload check 
:f Recycle Mode check Threshold -v: SS9J.er Readoul check Dial Ralio ---";..:I",()""O_..;==--_..:::4c--......!.m,"-!v 

1- Colibroted in accordance with LMI SOP 14.8 rey 12/05/89. =<alibraled in accordance wilh lMI SOP 14,9 rev 12/19/89 . 

:;t HV Readoul (2 poinls) Ret./lnsl. .. __ L.{-,--~-,--3.l-_ __ ---"'50""'0'---_ v Ref./lnsl. l ~ 1 g 2000 v 

COMMENTS: Firm wore: 37122N27 
rio fi~ware 37123N05 Resolution fo= 44-10 ~ 9.36 % for Cs137. Model 
calib=ated using 6 f~. cable only. See ATTACHMENT 1 :0= ef:iciencies. 
Gamma ~ibration: GM detBdOIS p)siUoned gerpefodicular 1C source except lor M 4.4.9 in which the Irool 01 probe lace! SOUf"C8. 

2350-1 and all prot::es 

t'rooe nlgn UnltSI ueao I une t-allor3uon Ltneanry 
Madej Serial # Voltage Threshold Time Base Correction Factor Constant :10%' 

DeteCtor!i I lM14J...68 PR 149314 1750 100 7 / 1 2.J42273E -<J5 1.000DOOE+oO -----
Deledor::2 LM143-68 PR149314 t750 100 7 I 2.342273E-<JS I.OOOOOOE -()O 

Detector ~ J LM143-68 PR149314 mo 100 7 / 2.342273!:-<JS 1.000000E -00 
----

Detector;; 4 LM143·37 PR148~47 1800 100 7 I 1 2.361271 E-05 1.000000E -00 
------

Oelenor :; S LM143-37 PR148947 1800 100 7 / 2.36127IE-<JS 1.000000E-<lO _.---
De LM14J·37 PR148947 1800 100 7 / 2.36127IE-<JS 1.000oooE -00 

De ... • • <? 7 LMI44-1 0 PR 164841 1200 250 4 / 2 I.Sn578E-05 5.406332::-10 .-vr 
Detector;; 8 LMI44-10 . PRI64841 1200 250 4 I 2 ' 1.577578E-05 5.406332!:-10 

.~ 

Detector 1# 9 LM144·10 PRI6484 I 1200 250 4 / 2 1.577578E-05 5.406332E .. l0 
.-~ 

----
Detector:; 10 PEAK C0-60 600 560 7 / D.OOOOOOE-+{)O 1_0DOOOOE..oo 

Detector;: 11 PEAK C0-60 650 500 7 / 0.000000 E--OO 1.000000E --00 ---
Detector:; 12 PEAK CQ.60 660 560 7 J O.OOOOOOE--OO 1.000000E -00 ----
Deteccr ~ 13 PEAK CS-137 650 321 7 / O.OOOOOOE-'{)O 1.000COOE-<J0 

Detector:# 14 LMI44-1 0 PR164841 1200 250 7 I 1.5T7578E-<lS 1.000000E+OO 

Detector :l 

Detector I: 

Unit:! : 0 - rad. 1 - Gr.1y. 2 - rem. 3 - Sv. 4 - R, S - C.lXg, 6 - Disinte<jldlions. 7 - Counts. 8 - Ci/cmsq.. 9 - BIlICIn sq. 
Time &st: 0 - Seconds, 1 - Minutes. 2 - Hours . See arta.:tIed delectllr dQCIJmenlauoo. if applicable. 

Dlglial 
Readoul 

REfERENCE 
CAL. POINT 

400kcpm 
40kcP!IL 

4kcQ.ffi.. 

INSTRUMENT 

RECEIVED 

INSTRUMENT 

METER READING' 

1m~N-
'1 [) of) 

REFERENCE 

CAl. POINT 
__ 4.QQg)l!L 

____ 4=O=CR.!IL 

INSTRUMENT 

RECEIVED 

INSTRUMENT 
METER READING" 

400 
.. ~D _ 

lvdtum Measurements. Inc. cer1ines IIlOI Ille ocove Inu'\Jmenl ho, been COliOlaled cy ,londOt01 h'C!cec~'e 10 Il"Ie NOI'O/IQI iralitu!e 01 Stonaord! end tec..'V'ology. or 10 Il"Ie COlibrahon lodille'! 01 
Cine< :n1etnolionol Slonda,ta OrgonitalJOI'I memb"". or hove ceen d"""eo trom accepled value, 01 nol..-Ol phy1icol CONlonll 01' heve t>een a"""eo by tile IOlio type 0/ co libralion leCl"\nlQues. 

The coliOtallOn IYSlem canlOlTnlla Ihe requirement' or AN$IINCSlI54(}1·1994 ond AN.I N3:l3- \9iS. Siole of Texe1 Calibration License No. lO-1963 

Reterence Instruments and/or Sources: Cs·137 Gamma SIN 

'·2 :....~ G \ 12 ; j M565 L.... 5105 C TlOOS .;( T879 ~~ E552 := ESS ~= Neutron Am·2~ 1 Be SIN T·304 
},,\~ CI-t 5(3:1. 

&..Ipha SIN .V" Bela SIN 635/83,1-659, 422-44 ~ Olher _.Am24 I :-'12.~IJ.CjLU2LDJ~1.9J.1_C_i _ 

~~ m 500 SIN 141233 q Mullimeler SIN 59129..574'--____ _ 

Calibraled By: .~ ~ 9:::-- Dote -..?J~.~.e- 3 J 
Reviewed By: [;~ ~ Dole ._~- c(5J.... _______ ~----

FORM CJdA C7{30/99 Thu ce"i~ca'e ",ol\nOI be leprQduced exCogl In lull , Wllhoul Il"Ie wnllen eeprOVQI or LUdlum MeOIUremenl<.lnc. 



LUDLUM MEASUREMENTS, INC. 
591 OAK ST.JPO BOX 810 
SWEETWATER, TEXAS 79558 
rhona: 9151235-54S4 ' 800/622-<lf.28(USA) 

, c 915/23&--4S72 

01" 

~dl..ur.tifi.4 ~ !Jrulo.c.tw:.t 

£1 n~n.....m U1i..J.. 

ATTACHMENT 1 

4 1t efficiencies for 43-68 : 

Efficiencies for 43-68 taken 
at 1750v. 

Factory background:::: 261cpm 

Ca45 and P33 were substituted with Tc99 
Tc99 is :::: 38.55% net 
Tc99 reading::: 8568 net 

S35 was substituted with C14 
Ct4 is:::: 10.82% net 
C14 reading:::: 33740 net 

1125 was substituted with t 129 
I 129 is :::: 0.25% net 
I 129 reading is '" 4~8 net 

P 32 was substituted with Si 32 
Si 32 is :::: 35% net 
Si 32 reading is :::: 34460 net 

4 1t efficiency for 44- to: 

Efficiencies for 44-10 taken at 1200v. using Det.l-1 
and t minute counlS. 

Factory background:::: 7508 cpm 

Co 57 is:::: 28.70 % net 
Co 57 reading is:::: 25801 cpm net 

Co 60 is::: 22.17 % net 
Co 60 reading is ::: 9045 cpm net 

Cs137 is:: 12.13 0(0 net 
CslJ7 reading is:::: 1854 cpm net 

, ' 

• 

41t efficiencies for 43-37 : 

Efficiencies for 43-37 taken 
at 1800v. 

Factory background:::: 908cpm 

Ca45 and P33 were substituted with Tc99 
Tc99 is:::: 35.9% net 
Tc99 reading:::: 8223 net 

535 was substituted with C14 
C14 is:::: 10.42% net 
C 14 reading is :::: 32507 net 

I 125 was substitu ted with 1 129 
1129 is:::: 0.44% net 

t 129 reading is ::: 738 nel 

P 32 was substituted with Si 32 
5i 32 is:::: 35.16% net 
Si 32 reading is "'" 34521 net 

2-l-S6P-f~ 

• 



DETECTOR SETUl? CHECK LIST REPOR!. 
The following list is stored as detector setup D14 in the Model 2350. 
Today's date is 09/27/1999. 
Tb~ current time of day is: 09:33:46. 

l have verified the list below 
has NO discrepancies with the DETECTOR SETTINGS TABLE: 

Comments: 

Model 2350 Serial # 
User I. D. = 
High Voltage 
Threshold ;:: 
Window = 
Overload Current 
Scaler Count Time ;:: 
Readout Units = 
Readout Time Base -
Readout Range Multiplier 
Dr ~ctor Dead Time = 

;ctor Calibration Constant ;:: 
..... .;tector Model = 
Detector Serial # ;:: 
Ratemeter Alarm Setting 
Scaler Alarm Setting = 
Integrated Dose Alarm Setting = 
Low Count Alarm Setting = 
Operating Battery Voltage = 

1~7669. 

1200 volts. 
250. 
100,Off. 
40.0 micro amperes. 
60 seconds. 
counts. 
min. 
auto. 
1.577578E-05. 
1.000000E+00 . 
LMI44-10. 
PR164841. 
1.000000£+09. 
1000000. 
1.000000E+09. 
X. 
6.2 volts. 

-------



Designer ond Monufocturer 
01 

Scientific ond Indus mol 
Inslrvmenh 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 PH. 915·235-5-49-4 

. ..501 QAKSTREET . FAX NO. 915.235-4672 
SWEE1'N~TER. TEXAS 79556. U.S.A. 

Model 2350 Bench Test Data 

Customer NAVAL MEDICAL RESEARCH CTR Date ___ --'-25:...,· S...,;e;,;"D-_9_9 __ Order #. 237400 

Model _------'2."",3<><5~0.:...J-''--_ Serial No. __ ----"""'5""7""'66""9'---__ Detector 44-10 Serial No. __ ---:...P~R.!....l16.t,,:,4~8:::!.4.!...1 __ 

Source C~/~1 

High Voltage ____ ....;,1..=2.;:;,;QQ=__ V As Found ____ V. Input 10.00 mV AS Found _____ mY. 

Cal. Constanl 5A06332E+ 1 0<--__ os found 

Dead lime _______ ----'\"". 5""7...:..7,.,.,5.:....:78""'E'-'~""'5"__ __ as found 

Alarm Selling: Ratemeter Q,002QQQ os found 

Scaler 10000QO.OOQQQQ __ as found 
-

Integrated dose 1 OOOOoooQO .0000 as found 

Overload .- -J'. ,-.On ._Off as found . 'On ;- Off Window \oo(~)s found 

Detector Received: . = Within Toler. 1:-10% -= 10-20% ~ Out of Tol. . .::.: Requiring Repair ;~ .~ Olher-See commenls 

Other 

ignature 

IORM C6-1 09/08/97 

Reference Point 

/.0 

:2DO 

150 
)DO 

"As Found"' Readings: After Adjustment Readings: 
Meter Reading MeIer Reading 

1.03 
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Oe1igner and Monufacturer 

of 
Scientific and InClul/nol 

Inltrumenls 

De I eel or __ ....;.43""-.;:.68"'---__ 

Bench Test Data 

Seriol No. __ ---!P..!lR~I-4::.!9~3"_=1-4~ __ 

Cuslomer NAVAL MEDICAL RESEARCH CTR 

LUDLUM MEASUREMENTS, INC. 
,. POST OFFICE BOX 810 PH.915-23S.5~94 

501 O.AK STREET FAX NO. 915.235._4672 
SWEETWATER. TEXAS 79556. U.S.A. 

O d ... 237400 r er ro. _______ _ 

Counter 2350-1 Seriol No. 157669 Counter Input Sensitivity 4.00 mV 

Count Time ) ~ Dis~once Source t~ Detector ._~_ 
Other Col Constont = 1.000000E+OO Dead lime:: 2.3422i3~-OS :P~6 (1~ ~ 

H;9h lsolope 1'c- 99 r I,o,epe _ill_ lsolope S i Ii I,olope _L,:z,'L 
Voltage Background Size .,;~~ £,.....-- Si2~ o,llhDiCi- Size . ~ Z) I df-n- Siz: !> .tL7~G.· 

1550 I 1% I/D6 A ~ 3LO J 'J.,;9¥ ,. 31D 
J bDD I 132 <? 1) Y 3{ 1135 'J~¥I J Lf~5 
1 bSo : J,35 ~ IfJ-{) J 3t~1 g 31)UJ £-=--Sq=--_ 
/?OD ' 25/ g31~ 3!f~) :z;i7JJf _bb_2~_ 
) 150 :2,; 1;_323 ~}t5<tS 3l.f~J b ~ ~'---_ 
!~DO I /).{,5 S8~9 ' 2¢:&3-J~~7 ~i,/~/~ -2:Z<f __ 
}<65{) : 1/9t :;1?-l7 gDJ~1S bh 7}3f... /D7_J ___ _ 

l 

--~~--------------------------~------------~--------------~-------------

~ p:op~rLionol deLec~or count 15 hou: s:a~~c test uSlng )9· cable . 

~v~furn MecruJr'emenll . Inc.. cer'ldIeS mot Ifle o.:)O~e 1f'd~M.lrne~' hoS been CO!Lbrofed 'by 110(\00 • ::IcecDte 10 Il'\e NotionoJ U"'thlule 01 Slanocrc:s ClflC lec.ru"\ology. 0110 tne colicrotion JOCI\lt lel 01 
O'~eI Inl!>melonel ~lol\"erOI Or901\1101l0n memeen. 01 hove been <l_ad Ifom OCC&Ple<:I vOlue\ 01 nOlutel phY<lcel conllol\lI Ct 1\""" ~n oen--eo oy lI'1e '0100 Iype 01 cotibretlon t~N"ovm. 
I ~e COllerolion ""'em cor\fornu 10 Ine reoV1'emenl< OI_A NSI/NCSl ZS-<().1-199< 01'0 ANSI N323-\997 . Slate olle~ClI Calibration licenle No. lO·1963 



Detector 

Del'gner ond Monuloctu'ef 
01 

Scienlific ond lndU1lnCI 

Inltl\Jmenll 

43-37 

Bench Test Dota 

Serial NO. __ ---!P~R~l ::.4~8L!..9.::..!47~ __ 

. LUOLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 PH. 915-235-5<194 

. .501 OAK STREET FAX NO. 915-235-467 
SWEETW~TER . TEXAS 79556. U.S .A. 

Order #. 237400 

Customer NAVAL MEDICAL RESEARCH CTR 

Counter 2350-1 Seriol No.. 157669 Counter Input Sensitivity. 4.00 _ mV 

Count Time, I ~ Distance Source to Detector _~ 
Other Col Constant = 1.000000E+OO Dead TIme = 2.361271 E-05 I -...J ~ . '~ 

High ISOIOP~ 'is t Isolope eJ'l: Isolope S{32,_ Isolope;Z: 12.. ~ 
Voltage Background Size 22, ~ de.1-- Size D./ lt~)'' G . Size 9 ) J £ <t~t ~ Size G. OJ6r-G . 
.-....!:.--o'-=---=-'---.:............._------'~c---'-7~gJ ___ / "3..::......5......:;,.:'.:) 3~ Cj 5 ' :2 '3 If 1550 ) (~ 

/tcD l.tfJ- 43?KJ J '1 $~Z 1559 5!-,---/ __ 
~~ __ ~ _____ 6~~~~~q ______ A~7~~~~~ _____ L3~36 6ti !b50 . 3~~ 

---...:..........c...:=....=-----=:...:::::..-. __ --t.:2;...:...~37='_'___~-----")'--o--=-='i5'---=g __ __=;;2.:;;...;...r q~ I I D:A L __ _ )11JU b,5 
/;50 'i")..'f ~/66 3')..3:1.3 321J'):3 /505 
/goo '7D~ 
!~So 15"/f 
I ~D() 9~ ( 

__ ~~~~ ____ 9~J~A6~ ____ ~3~~6~Q5~~~3~5~6~9J~~~/~g_05~ __ 
-------=-~=----....:.......... __ .....:.....;)~~(-'-t ___ 3_4-J_..:....l...L_~ ___ 3_, ~ ~2 [J) L-

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

--------~--------------------------------------~--------------~--.--------

-----:------------- _--.:..._------------------:--_ .. _---' 

15 hou: stat~c test uSlng 39- cable. 

Dole ;L <; ~ So~; ?l ------- ---

lUOIUfTI Meo.ureme"a. 'nc:, :er1ifie. IhOl Ihe OOOve 1l1.1/\,JlT\&nt 1'10\ oeen C;O,OIQled tsy II oren lIo.::eeote '0 I"e NOl<oncl Inth'v'e 01 StoncOtO. OM leC1'nolO9Y. QI to lI'Ie C:01l0l'01<01"I 10::" 
01"'" Inremoti~1 510no= Orl:lonaol,.,,, memDe<'l. or Mov" bee" aerived ITo,,", occeO'ed -Olves 0/ nOlurar pn'(1lcol c:on1l0"11 Of "ove oeen Oe<TveCi Dy lI'Ie '0',., type 01 c:olibiofrOn leen 
I"" celiO/Ollon IVIlem c:)/\Io",,, 10 II'\<> 'eou'em(!oll 01 ANSIJNCSL !5AO-l· \99-< ond ANSI N323-1997. Siale of !eKol Calibration Licen\e No. l 

rO~M C-<D 09Jll/98 
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Appendix 0-3. Instrument and Equipment Quality Control Data 

Table D-3-1 provides the daily quality-control data obtained by 
evaluating tritium (H-3), Carbon-14 (C-14) and background 
standards on the in-house Packard Liquid Scintillation Counter 
that was used to evaluate all swipes for H-3 and C-14 
contamination. 

other pertinent equipment information is as follows: 

Pa cka r d Liquid Scintillation Counter 
Model: 2500TR 
Serial Number: 403848 
Calibration date: 10 March 2000 
Efficiencies: H-3 = 60.9%; C-14 = 96.3% 
Packard Check (standard) sources: 

B-3 (activity < 0.2~Ci = 267600 dpm, date 17 May 93) 
C-14 (activity < O.l~Ci = 136200 dpm, date 17 May 93) 
Background (May 1993) 

Table 0-3-1 provides quality-control data for liquid
scintillation-counter evaluations in the form of dpm values 
which were obtained by evaluating H-3 and C-14 radioactive 
(check source) standards and a background standard. QC data was 
collected, on a minimum, each day that samples were evaluated 
and/or equipment tests performed. The upper warning limit (UWL) 
and lower warning limits (LWL) for H-3 and C-14 were obtained by 
calculating the mean and adding or subtracting 5% of the mean 
values for H-13 and C-14. The first ten sets of data (1/19/00-
2/4/00) were used to calculate the UWL and LWL for B-3 and C-14. 
When dprn readings were obtained that exceeded the UWL or LWL, 
investigations were conducted. If inconsistent operation was 
evident, the instrument would have been taken out of service and 
replaced with another instrument or the vendor called for 
assistance. 

Note: Instrument calibration performed by vendor on 3/10/00; the 
vendor on 4/6/00 performed maintenance service; QC checks were 
performed by the vendor and it was determined that the 
instrument was working properly. 
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Table D-3-1. Quality Control Data - Packard Liquid 
Scintillation Counter Daily Evaluations of H- 3, C-14 
Background Standards 
Instrument Use: Beta - Gamma Counti ng f or loose sur f ace 
contamination 

and 

DPM Values: Mean value for H-3 =1706 31 i Mean v al u e fo r C-14 = 
135664 

QC DATA SUMMARY; Dai l y QC readings d i d not e xceed Upper or Lower 
Warning Li mits (UWL, LWL ) 

QC H-3 C- 14 Background 
Date 

DPM UWL LWL DPM l]1;"1L LWL 
(C-14 

channel) 

DPM 
1 / 1 9/ 00 17 0573 17 91 62 14 24 47 13 5519 14 24 47 12888 1 9 
1/20/00 170156 179162 l42447 135595 142447 128881 5 
1/21/0 0 16 9786 1 7 9162 142447 13574 2 142447 128881 11 
1/24/00 1 697 2 4 179162 1424 47 135937 14 24 47 1288 81 3 
1/27/0 0 1 69 876 1 79 162 14244 7 134805 142447 128881 3 
1 / 28/00 1 697 0 8 17 9 162 1 42 447 135 914 1 42 447 128 881 7 
2 / 1/00 17 0667 17 9162 142447 136135 142447 128881 6 
2/ 2 / 00 172562 17 91 62 142447 135692 142 447 12 888 1 8 
2/3/00 171476 179162 142447 135380 14 2447 128881 6 
2/4/0 0 171783 17 9162 142447 1 359 19 14 2447 12 888 1 5 
2 /7/00 171460 179162 142447 l3580 1 14 2447 1 2 888 1 2 
2 /8/ 00 171 475 179162 1 42447 l354 7 8 142447 128881 7 
2 /9/00 17 07 74 179162 1 424 47 l35808 142447 1 2 888 1 9 

2/10/00 1 71733 179162 14 2 447 135762 1 42447 128881 11 
2/ 11/00 171433 179162 142 447 135625 142447 1 2 88 8 1 4 
2/14/00 171341 179162 142447 135616 142447 128881 5 
2/15/ 00 170767 179162 1 424 47 13 62 50 1 42 4 47 12 88 81 1 
2/16/00 171125 179162 142447 136030 14 2 447 12888 1 6 
2117/0 0 170122 179162 142447 135130 1 42447 12888 1 7 
2/18/00 171538 17 91 62 142447 1 36 421 142447 1 28 881 2 
2/22/00 171187 179162 142447 13567 9 142447 1288 8 1 8 
2/23/0 0 1 70 44 9 179 1 62 142 447 1353 7 8 142 447 12 8 881 7 
2/24/0 0 1 701 61 179162 1424 47 1359 7 8 142447 128881 10 
2 /25/ 0 0 170708 179162 1 42447 13633 0 142447 12 888 1 5 
2/28 / 0 0 170363 179162 142447 136677 142447 128881 1 
2 /29/0 0 1 69 704 1 79 162 1 42 447 13 61 05 14 24 47 128881 7 
3/1/00 170894 179162 142447 13 6667 142447 12 8881 3 
3 / 2 / 00 17 0568 17 9162 1 424 47 135452 142 44 7 128881 6 
3/3/00 169353 179162 1424 47 13 57 42 14 2 447 1 2 8881 11 
3/6/ 00 16 9402 179162 142447 13 57 95 142447 12 8881 7 
3/7/ 0 0 17 0117 179162 1 42 4 47 13577 9 14 24 47 1 28 881 8 
3/8/00 1 7 02 61 179162 142447 136068 142447 128881 1 0 
3/9/0 0 1 6934 3 1791 62 1424 47 13 6548 142447 1 2 888 1 5 
3/10/00 17 0124 179162 142447 136041 142447 12888 1 6 
3/13 / 0 0 1704 82 179162 142447 135716 1424 47 128881 7 
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3/14/00 
3/15/00 
3/16/00 
3/1 7/00 
3/20/00 
3/21/00 
3/22/00 
3/23/00 
3/24/00 
3/2 7/00 
3/28/00 
3/2 9/0 0 
3/30/00 
3/31/00 
4/3/00 
4/4/00 
4/5/ 00 
4/6/00 
4/7 /00 

4/11/00 
4/ 12/00 
4/13/00 
4 /14/ 00 
4/17/00 
4/18/00 
4/19/00 
4/20/00 
4/ 21 /00 
4/24/00 
4/ 25/ 00 
4/26/00 
4/27/00 
4/ 2 8/ 0 0 
5/1/00 
5/2/00 
5/3/00 
5/4/00 
5/5/00 
5 /8/00 
6/9/00 

NMRC Diving Buildings Radiological (D&D) 
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168454 179162 14 2 447 135604 14 2 447 12 8881 
169482 179162 142447 136194 142447 128881 
16 92 74 1791 62 142447 135433 142 447 12 8881 
169 113 179162 142447 136035 142447 128881 
168952 1 79162 142447 135484 142447 128881 
17013 5 1791 62 14244 7 13 6005 142447 128881 
169263 179162 142447 136441 142447 128881 
169197 179162 142447 135920 142447 128 881 
169311 179162 142447 136396 142447 128881 
169187 179162 142447 134581 142447 12 8881 
170543 179162 142447 135647 142447 128881 
169356 1791 62 142447 1 35 79 9 14244 7 128881 
168609 179162 142 447 136585 142447 128881 
1 68114 179162 14 2 447 135115 142447 128881 
168368 179162 142 447 135449 142 447 128881 
169815 179162 142447 136440 142447 128881 
1 70876 179162 1424 47 135859 14 2 447 128881 
169462 179162 142447 136061 142447 128881 
169 41 2 179162 142447 1359 93 142447 1 2 888 1 
167894 179162 142447 135638 142447 128881 
168 861 179162 1 42447 135409 142447 128881 
1 674 36 17 91 62 142447 135514 142447 1 2 8881 
167649 17 9162 142447 135896 142447 12 88 81 
168492 179162 142447 1352 67 142447 1288 81 
167391 179162 142447 13 52 61 142447 128881 
1 68 016 179162 1 42447 135729 14 2 447 128881 
168549 179162 142447 134965 142447 12 8881 
168412 17 9162 142447 1 354 53 14 2447 1 2 8881 
167776 179162 142447 135 662 142447 128881 
1 6795 9 179162 142447 136325 142447 128881 
167591 179162 1424 47 1 35617 1424 47 12888 1 
1 658 03 179162 142447 135901 142447 128881 
167 727 179162 1 42447 1350 95 1 42 447 12 8881 
166078 179162 1424.47 135681 142447 128881 
167 768 179162 142447 135673 142447 12888 1 
1668 5 9 179162 142447 136478 142447 128881 
165253 179162 142447 135 087 142447 12888 1 
166271 17 91 62 1 424 47 134972 1 42 447 128881 
1 66602 1791 62 14 2 447 134720 14 2 447 128881 
1 64570 179162 142447 135904 142447 12888 1 
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Table D-3-2 provides the daily quality-control data obtained by 
evaluating an Iodine-129 (sealed-source) standard using a Wallac 
Gamma Counter. Table D-3-2 provides daily quality-control data 
for the gamma counter. The data was obtained by evaluating a 1-
129 (sealed-source) standard. The upper warning limit (UWL) and 
lower warning limits (LWL) for I-129 cpm values were obtained by 
calculating the mean and adding or subtracting 5% of the mean 
for 1-129 cpm values. The first 30 sets of data (3/23/00) were 
used to calculate the UWL and LWL for 1-129. If dpm readings 
were obtained that exceeded the UWL or LWL, investigations would 
have been conducted. If inconsistent operation was evident, the 
instrument would have been taken out of service and replaced 
with another instrument or the vendor called for assistance. 

Other pertinent equipment information is as follows: 

Instrument: Wallac LKB Model 1282 Gamma Counter 
Serial Number: 324 
Calibration Date: 23 Aug 99 
Efficiencies: Cr-51 = 3.7 % 
Check Source: 1 - 129 (rod-shaped; batch number: 8203, 
catalog number: 1270-102; activity: 0.0221 ~Ci; 
calibration date: July 1982; half life: 15.7 million 
years, 40 keV gamma at 7.5%) 
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Table 0-3-2. Quality Control Data - Daily 
Evaluations of 1-129 Standard Using the Wallac 
LKB Model 1282 Gamma Counter 
I n st r ument Use: Gamma Counting for loose sur fa ce 
c ontamination 

CPM Values: Mean = 30 2 61, UWL ::::: 31774, LWL == 
28748 

QC DATA SUMMARY: Daily QC readings did not exceed 
Upper or Lower Warning Limits (UWL, LWL) 

QC Date Iodine-129 
CPM UWL LWL 

3 / 23 /00 30549 31 774 2 87 48 
3/23/ 00 30342 31774 28748 
3/23/ 00 29939 31774 2 874 8 
3 / 23/00 30337 3177 4 2 87 48 
3/23/00 30135 31774 28748 
3/ 23/00 30 079 317 7 4 28748 
3/23 / 00 30624 31 77 4 28748 
3 / 23 / 00 301 90 317 74 2 87 48 
3/23/00 2 9959 31774 28748 
3/23/00 303 06 31774 2 87 48 
3 / 23 / 00 30 602 31774 28748 
3/23/00 30253 31774 2 87 48 
3 /23/00 30298 31774 2 8748 
3/23/ 00 3026 1 31774 2 87 48 
3/ 23 / 00 30343 31774 2 87 48 
3/23/00 29969 31774 2 8748 
3/23/00 30235 3177 4 2 8748 
3 / 23 / 00 30 1 67 31774 28748 
3 / 2 3/00 3 022 6 317/ 4 28748 
3 / 23/00 30396 31774 28 7 48 
3/2 4/00 29992 31774 28748 
3/27/ 00 30253 31 774 2 874 8 
3/28/00 30234 31774 2 87 48 
3/29/00 302 68 31774 287 48 
3/30/00 30264 31774 28748 
3/31/00 30268 31774 28748 
4 / 3/ 00 3037 6 31774 287 48 
4/4/ 00 299 42 31774 28748 
4/5/00 30 2 1 5 31774 28748 
4/6/ 00 2995 4 31774 2 8748 
4/7/ 00 30 283 31774 28748 
4/10/00 30432 31774 2 87 48 
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4/ 11/00 30431 317 7 4 28748 
4/12/ 00 30305 31774 28748 
4/13/00 30 385 31 77 4 2 8748 
4/ 14/00 301 27 3 1774 28748 
4/18/00 303 66 31774 2 8 74 8 
4/19/00 303 07 31774 28748 
4/20/00 30572 31774 28748 
4/ 21/00 300 99 31774 28 7 48 
4 /24/00 30320 31774 28 7 48 
4/2 5 /00 302 33 31774 28 74 8 
4/26/ 00 306 49 31774 2 8748 
4/27/ 00 30340 31774 28748 
4/28/00 30307 31774 2874 8 
5/ 1 /00 30366 31774 28748 
5 /2/00 30 053 31774 28748 
5/ 3/00 30202 31774 28748 
5/4/00 30235 31774 2 8748 
5/5/00 30 612 31774 287 48 
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Tables 0-3-3 through D-3-12 provide the daily quality control 
data obtained by evaluating Carbon-14 or Cobalt-60 check sources 
using portable beta and beta-gamma detection meters. 

Table D-3-3. DAILY QUALITY CONTROL PORTABLE METER CHECK 
SHEE T AND DATA 
Instrument: Ludlum 1 Serial Number: [Calibration Date: 
Model 3 114886 7/ 22 /99 
Meter Use: Be t a-Gamma Scanni ng for f i xed or l oose sur fa ce 
contaminat i on 

Check Sou rce : Cobalt-60; 1.008 ~Ci ; cal i bration date: 18 Nov 
99; Serial number: 58807-530 
Meter Calibration Isotope/Efficiencies: P-32, 1-125, Cr-51 : 
34%, 18 %, 1 ", '0 

UWL = Upper Warning Limit = mean + 5% of mean (mean was 
calcul.ated using the first 10 cpm readings = 152000) 
LWL = Lower Warning Limit = mean - 5 % of mean 

QC DATA SUMMARY: Dai l y QC readings did not exceed Upper or 
Lower Warning Limits (UWL, LWL) 

DATE BATTERY BACKGROUND CHECK SOURCE READING 
CHECK (CPM) (CPM) 

CPM UWL LWL 
1/19/00 OK < 300 150000 1596 00 144400 
1/20/00 OK < 350 150000 159600 144400 
1/21/00 OK < 350 150000 159600 144400 
1/24/00 OK < 30 0 150000 159 60 0 144400 
1/27/00 OK < 35 0 1 50000 159600 144400 
1/28/00 OK < 350 150000 15 9600 144400 
2/1/00 OK < 40 0 1600 00 159600 1 44400 
2/2/00 OK < 350 1500 00 159600 144400 
2/3/00 OK < 350 150000 159600 144400 
2/4/00 OK < 300 160000 159600 144400 
2/7/00 OK < 300 1 50000 159600 144400 
2/8/00 OK < 350 150000 159600 144400 
2/9/00 OK < 350 150000 159600 1444 00 

2/10/00 OK < 35 0 150000 159 600 1 444 00 
2/11/0 0 OK < 350 150000 159600 144400 
2/14/00 OK < 350 150000 159600 144400 
2/15/00 OK < 350 150000 159600 1444 00 
2/ 1 6/00 OK < 350 150000 159600 144400 
2/17/00 OK < 300 150 000 1 5960 0 1 4 44 00 
2/18/00 OK < 300 150000 1596 00 1444 00 
2 /22/00 OK < 300 15 000 0 159600 144400 
2/23/00 OK < 350 150000 159600 144400 
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2/24/00 
2/25/00 
2/28/00 
2/29/00 
3/1/00 
3/2/00 
3/3/00 
3/6/ 00 
3/7/00 
3/8/00 
3/9/00 
3/10/00 
3/13/00 
3/14/00 
3/15/00 
3/16/00 
3/17/0 0 
3/20/00 
3/21/ 00 
3/22/00 
3/23/00 
3/24/00 
3/ 27/00 
3/28/00 
3/29/ 00 
3/30/ 00 
3/31/00 
4/3/00 
4/4/00 
4/5/00 
4/6/ 00 
4/7/0 0 

4/10/ 00 
4/11/00 
4/ 12/00 
4/13/ 00 
4/14/00 
4/17/00 
4/18/ 00 
4/19/0 0 
4/20/00 
4/21/00 
4/ 24 /00 
4/25/00 
4/26/00 
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OK < 350 1 5 0000 159600 
OK < 350 150000 15 9600 
OK < 300 1 50000 159 600 
OK < 300 150000 159 600 
OK < 350 150000 159 600 
OK < 350 150000 159 600 
OK < 300 150000 159600 
OK < 350 150000 159600 
OK < 350 150000 159600 
OK < 350 150000 159600 
OK < 350 150000 159600 
OK < 350 150000 15 9600 
OK < 350 150000 159600 
OK < 350 150000 15960 0 
OK < 350 150000 15960 0 
OK < 350 150000 15960 0 
OK < 350 150000 159600 
OK < 350 150000 159600 
OK < 35 0 15000 0 159600 
OK < 300 15000 0 159600 
OK < 350 150000 15960 0 
OK < 350 150000 159600 
OK < 350 150 000 159600 
OK < 350 1500 00 159600 
OK < 350 150000 159600 
OK < 350 150000 159600 
OK < 350 1 50000 159600 
OK < 350 1500 00 159 600 
OK < 400 150000 159600 
OK < 350 150000 159600 
OK < 350 150000 159600 
OK < 350 150000 15 96 00 
OK < 350 15000 0 1596 00 
OK < 350 150000 159600 
OK < 350 15000 0 159600 
OK < 350 150000 159600 
OK < 350 150 000 159600 
OK < 350 150000 15960 0 
OK < 350 150000 159600 
OK < 350 1 500 00 159 600 
OK < 350 150000 159600 
OK < 350 150 00 0 159 600 
OK < 350 150000 159600 
OK < 35 0 150000 159600 
OK < 350 150000 15960 0 
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144400 
144400 
14 4400 
144400 
1444 00 
144400 
144400 
144400 
144400 
144400 
1 444 00 
1 44400 
144400 
144400 
144400 
144400 
1 44400 
144 400 
1444 00 
144400 
144400 
144400 
144400 
144400 
144400 
144400 
144400 
144400 
144400 
144400 
144400 
144400 
144400 
1444 00 
144400 
14 4400 
144400 
144400 
14 44 00 
144 4 00 
1444 00 
144400 
144400 
144400 
144400 



4/27/00 
4/28/00 
5/1/00 
5/2/00 
5/3/00 
5/4/00 
5/5/00 

NMRC Diving Buildings Radiological (D&D) 
Final Status Survey Report, June 2000 

OK < 350 150000 1 5960 0 
OK < 350 150000 159600 
OK < 350 150000 159600 
OK < 350 150000 159600 
OK < 350 15 0000 159600 
OK < 350 150000 159600 
OK < 350 1 50000 159600 
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144400 
14 4400 
14 440 0 
144400 
144400 
144400 
144400 



NMRC Diving Buildings Radiological (D&D) 
Final Status Survey Report, June 2000 

Table D-3-4. DAILY QUALITY CONTROL PORTABLE METER CHECK 
SHEET AND DATA 
Instrument: Ludlum I Serial Number: jCalibration Date: 
Model 3 132946 2/22/00 
Instrument Use: Beta-Gamma Scanning f or fixed or loose 
surface contaminat ion 

Check Source: Cobalt-60; 1.008 IlCi; cal i bra ti on date: 18 Nov 
99; Seria l number: 58807-530 
Meter Cal i bration Isotope/Efficiencies: 1-125, Cr-51: 1 6 !t; , 
2.6'6 
UWL = Upper Warning Limit = mean + 5% (mean was calculated 
using the first 10 cpm readings = 160000) 
LWL = Lower Warning Li mit = mean - 5% 

QC DATA SUMMARY: Daily QC readings did not exceed Upper or 
Lower Warning Limits (UWL, LWL) 

DATE BATTERY BACKGROUND CHECK SOURCE READING 
CHECK (CPM) (CPM) 

CPM UWL LWL 
3/15/00 OK < 300 16000 0 168000 152000 
3 /16/0 0 OK < 300 160000 168 000 152000 
3/17/ 00 OK < 300 160000 168000 152000 
3/20/ 00 OK < 350 160000 168000 152000 
3/21/ 00 OK < 35 0 160000 168000 152000 
3/22/ 00 OK < 300 160000 168000 152000 
3/2 3 / 00 OK < 350 160000 16800 0 152000 
3/24/00 OK < 350 160000 168000 152000 
3/27/00 OK < 350 160 000 168000 152000 
3/28/00 OK < 350 160000 168000 152 000 
3/29/00 OK < 35 0 16 0000 168000 152000 
3/3 0/00 OK < 350 160000 168 000 152000 
3/31/00 OK < 350 160000 168000 152000 
4/3/00 OK < 350 160000 1680 00 152000 
4/4/00 OK < 400 160000 168000 152000 
4/5/00 OK < 350 160000 168000 152000 
4/6/00 OK < 350 160000 168000 152000 
4/7/00 OK < 350 16000 0 1680 00 152000 

4/1 0/00 OK < 3 00 1600 00 16800 0 152000 
4/11/00 OK < 350 1600 00 168000 1520 00 
4/ 12/ 00 OK < 350 16 000 0 168000 152000 
4/13/00 OK < 350 160000 168000 152000 
4/14/00 OK < 350 160000 168000 152000 
4/17/00 OK < 300 160000 168000 152000 
4/18/00 OK < 350 160000 168000 152000 
4/19/00 OK < 35 0 1600 00 168000 152000 
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4/2 0/00 
4/21/00 
4/ 2 4/00 
4/25/00 
4/26/00 
4/27/00 
4/28/00 
5 / 1 /00 
5/2/00 
5/3/00 
5/4/00 
5 /5/00 

NMRC Diving Buildings Radiological (D&D) 
Final status Survey Report, June 2000 

OK < 300 160000 168000 
OK < 300 1 60000 1 68000 
OK < 350 160000 1 68 00 0 
OK < 300 160000 168000 
OK < 300 160000 168000 
OK < 300 160000 168000 
OK < 300 160000 168000 
OK < 350 1 60000 168000 
OK < 350 160000 168 000 
OK < 350 160000 168000 
OK < 35 0 1 60000 168000 
OK < 300 1 60000 168000 
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152000 
152000 
152000 
152000 
152 000 
152 000 
15 2 000 
152000 
152000 
1 52000 
152000 
152 000 



NMRC Diving Buildings Radiological (D&D) 
Final Status Survey Report, June 2000 

Table D-3-5. DAJLY QUALITY CONTROL PORTABLE METER CHECK 
SHEE T AND DATA 
Instrument: Ludlum I Serial Number: ] Calibration Date: 
Model 3 121461 8/12/99 
Instrument Use: Beta-Gamma Scanning for f ixed or loose 
surface contamina tion 

Check Source: Cobalt-60; 1.008 IlCi; cal i bra t i on date: 18 Nov 
99; Serial number: 58807-530 
Meter Calibration Isotope/Efficiencies; P-32, 1-125 , Cr-51: 
17%, 29 %, 1% 
UWL ~ Upper Warning Limit = mean + 5 % (mean was calculated 
using the first 10 cpm readings = 150,500) 
LWL = Lower Warning Limit = mean - 5 % 

QC DATA SUMMARY: Daily QC readings did not exceed Upper or 
Lower Warning Li mits (UWL, LWL ) 

DATE BATTERY BACKGROUND CHECK SOURCE READING 
CHECK (CPM) (CPM) 

CPM UWL LWL 
1/19/00 OK < 300 140000 158025 142975 
1/20/00 OK < 350 150000 158025 14 297 5 
1/21/00 OK < 300 145000 158025 142975 
1/24/00 OK < 400 150000 158025 14 2 975 
1/27 /00 OK < 350 15 000 0 1580 25 142975 
1/28/00 OK < 350 15 000 0 158025 142975 
2 /1/00 OK < 400 16 0000 158025 142975 
2/2/00 OK < 300 160000 158025 142975 
2/3/00 OK < 350 1500 00 15802 5 142975 
2/4/00 OK < 350 150000 158025 142 975 
2/7/00 OK < 350 160 000 1 5802 5 1 42 975 
2/8/ 00 OK < 350 150 000 15802 5 142975 
2/9/00 OK < 3 00 150 000 158025 142975 
2/10/00 OK < 300 15000 0 158025 142975 
2/11/00 OK < 35 0 150000 158025 142975 
2/14/00 OK < 350 1 5 0000 158025 1429 75 
2/15/00 OK < 350 15 0 00 0 158025 142975 
2/16/ 00 OK < 35 0 15000 0 158 025 142975 
2/17/ 0 0 OK < 30 0 150000 158025 142975 
2/1 8 /00 OK < 30 0 150000 158025 1 429 7 5 
2/22/00 OK < 300 1500 0 0 15802 5 1 42975 
2/23/00 OK < 3 5 0 150000 158025 142975 
2/24/ 0 0 OK < 350 150 000 158025 142 975 
2/25/00 OK < 350 150000 158025 1 42975 
2/28/ 00 OK < 300 150000 158025 142975 
2/29/ 00 OK < 350 150000 158025 142975 
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3/1/00 
3/2/00 
3/3/00 
3/6/00 
3/7/00 
3/8/00 
3/9/00 
3/10/00 
3/13/ 00 
3/14/00 
3/15/00 
3/16/00 
3/17/00 
3/20/00 
3/2 1/00 
3/22/ 0 0 
3/23/ 00 
3/24/ 00 
3/27/00 
3/28/00 
3/29/00 
3/30/00 
3/31/00 
4/3/00 
4/4/00 
4/5/00 
4/6/00 
4/7/00 

4/1 0/00 
4/ 11 / 00 
4/12/00 
4/ 13/00 
4/14/00 
4/17/00 
4/18/00 
4/19/00 
4/20/00 
4/21/00 
4/24/00 
4/25/00 
4/26/00 
4/27/00 
4/28/00 
5/1/00 
5/2/ 00 

NMRC Diving Buildings Radiological (D&D) 
Final status Survey Report, June 2000 

OK < 350 15 0000 158025 
OK < 350 150000 158025 
OK < 300 150000 158025 
OK < 350 150000 158025 
OK < 350 150000 158025 
OK < 350 15 0000 158025 
OK < 350 150 000 158025 
OK < 30 0 1 5000 0 158025 
OK < 350 15 0000 15802 5 
OK < 3 50 150000 158025 
OK < 350 1 50000 15802 5 
OK < 350 15 0000 158025 
OK < 35 0 150000 15 8025 
OK < 350 150000 158025 
OK < 30 0 150000 158 02 5 
OK < 300 15 0000 158025 
OK < 350 15 0000 158 025 
OK < 350 1 50000 158 02 5 
OK < 350 150000 158025 
OK < 350 150000 158025 
OK < 350 150000 158025 
OK < 300 150000 158025 
OK < 300 150000 158025 
OK < 300 1 50000 15802 5 
OK < 350 1 50 000 15 802 5 
OK < 350 150000 15802 5 
OK < 350 150000 15802 5 
OK < 350 1500 00 158 02 5 
OK < 350 150000 158025 
OK < 350 150000 158025 
OK < 350 150000 158025 
OK < 300 150000 158 025 
OK < 300 150000 158025 
OK < 350 150000 158025 
OK < 350 150 000 158 025 
OK < 350 150000 1 58025 
OK < 3 50 1 50000 15802 5 
OK < 350 150000 158 02 5 
OK < 350 150000 158025 
OK < 350 1500 00 15802 5 
OK < 350 1 50000 15802 5 
OK < 350 15 0000 158025 
OK < 300 150000 158025 
OK < 300 150000 158025 
OK < 35 0 15 000 0 1580 25 
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1 42975 
1 42975 
1 42 975 
14297 5 
1 42975 
142975 
142975 
142975 
142975 
14 2 97 5 
1429 75 
14297 5 
142975 
14297 5 
142975 
14297 5 
142975 
142 975 
142975 
142975 
1 42975 
142975 
142975 
142975 
142975 
142975 
1 42975 
142975 
142975 
14 2975 
1 42975 
1 42 975 
142975 
142975 
142975 
1 42975 
142975 
142975 
142975 
142 975 
14 2975 
142975 
142975 
142975 
142975 



5 / 3 / 00 
5 /4/00 
5/5/00 

NMRC Diving Buildings Radiological (D&D) 
Final status Survey Report, June 2000 

OK < 3 00 150000 1 580 2 5 
OK < 350 15 00 00 1 58025 
OK < 350 150000 158025 
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142975 
1 42975 
14297 5 



NMRC Diving Buildings Radiological (0&0) 
Final status Survey Report, June 2000 

Table 0-3-6. DAILY QUALITY CONTROL PORTABLE ME TER CHECK 
SHEE T AND DATA 
Instrument: Ludlum I Serial Number: I Calibration Date: 
Model 3 121730 7/22/99 
Instrument Use: Beta-Gamma Scanning for fixed or loose 
surface contaminat i on 

Check Source: Cobalt-60; 1.008 )..lCi; calibration date: 18 Nov 
99; Serial number : 58807-530 
Met e r Calibration Isotope/Efficiencies: P-32, 1-12 5, Cr-51: 
32 %, 16% , 1 % 
UWL = Upper Warning Limit = mean + 5 % (mean was calculated 
using the first 10 cpm readings = 155,000) 
LWL = Lower Warning Limit = mean - 5% 

QC DATA SUMMARY: Daily QC readings did not exceed Upper or 
Lower Warning Limits (UWL, LWL) 

DATE BATTERY BACKGROUND CHECK SOURCE READING 
CHECK (CPM) (CPM) 

CPM UWL LWL 
1/19/ 00 OK < 300 1 50000 1627 50 1 4 72 5 0 
1 /20/00 OK < 350 150000 1 62750 147250 
1/21/00 OK < 300 150000 162750 14725 0 
1 /24/00 OK < 350 150000 162750 147250 
1/27/00 OK < 350 150000 162750 147250 
1/28/00 OK < 350 160000 162750 147250 
2/1/00 OK < 300 160000 162 75 0 147250 
2/2/00 

I 

OK < 300 160000 162 750 147250 
2/3/00 OK < 350 160000 162750 14 7250 
2/4/0 0 OK < 300 160000 162750 147250 
2/7/00 OK < 350 160000 1627 5 0 147250 
2/8/00 OK < 350 160000 162750 147250 
2/9/00 OK < 350 160000 162750 147250 

2 /10/00 I OK < 350 160000 162 750 147250 
2/11/00 OK < 350 150 0 00 162750 147250 
2/14/00 OK < 350 160000 162750 147250 
2/15/00 OK < 350 160000 162750 147250 
2/16/00 OK < 350 160000 1 627 5 0 14 72 5 0 
2/17/00 OK < 350 150000 162750 147250 
2/18/ 00 OK < 300 160000 162750 147250 
2/2 2 /00 OK < 35 0 160 000 162 75 0 147250 
2/23/00 OK < 300 160000 162750 147250 
2/24/0 0 OK < 300 160000 162750 14 7250 
2 /25/00 OK < 300 160000 162750 147250 
2/28/00 OK < 300 160000 1627 5 0 1 47250 
2/29/00 OK < 350 160000 162750 147250 
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3/1/00 
3/2/ 00 
3/3/ 00 
3/6/0 0 
3/7/ 00 
3/8/00 
3/9/00 

3/10/00 
3/13/00 
3/14/00 
3/15/00 

NMRC Diving Buildings Radiological (D&D) 
Final Status Survey Report, June 2000 

OK < 350 1 6000 0 1627 50 
OK < 350 16000 0 162750 
OK < 350 160000 162750 
OK < 350 160000 162750 
OK < 350 160000 162750 
OK < 350 160000 162 750 
OK < 350 160000 162750 
OK < 300 160000 162750 
OK < 350 160 000 162750 
OK < 350 160000 162750 

PROBE BROKEN ON THIS 

106 

147250 
1472 50 
147250 
147250 
14725 0 
14 725 0 
147250 
147250 
147250 
147 25 0 

DATE 



NMRC Diving Buildings Radiological (D&D) 
Final status Survey Report, June 2000 

Tabl e D-3-7 . DAI LY QUALI TY CONTROL PORTABLE ME TER CHECK 
SHEET AND DATA 
Instrument: Ludlum 1 Serial Number: [ Calibration Date: 
Mode l 3 121816 2/22/00 
Ins t r ument Use : Beta Scann ing fo r f ixed or loose sur f ace 
contami nat ion 

Check Source: CARBON-14; 0.14 5 ~C ii calibra t ion date: 18 No v 
9 9; Ser i al n umber : 58809-530 
Met e r Cal i bration I sotope/Efficiencies: C-14, P-32, P-33, 
S-3 5 , CA- 4 5: 7 (~ 

'0 , 35%, 14 %, 7 %, 7% 
UWL = Upp e r Warn i n g Li mit = mean + 5 ~~ (mean was calculated 
using the first 10 cpm readings = 26,000) 
LWL = Lower Warn i n g Limit = mean - 5 % 

---

QC DATA SUMMARY: Daily QC readings did not exce ed Upper o r 
Lower Warning Limits (UWL , LWL) 

DATE BATTERY BACKGROUND CHECK SOURCE READING 
CHECK (CPM) (CPM) 

CPM UWL LWL 
3/17/00 OK < 10 0 2 6000 2 7300 24700 
3 / 2 0 / 00 OK < 100 26 00 0 2 73 00 2 4700 
3/21/00 OK < 100 26 0 00 273 00 24700 
3/ 22 /00 OK < 100 2 60 0 0 2 73 00 2 4700 
3/23/ 00 OK < 100 26000 27300 24700 
3 / 24/ 0 0 OK < 100 26000 27300 24700 
3 / 27 /0 0 OK < 100 2 60 0 0 2 73 00 24 7 0 0 
3/28/00 OK < 100 26000 27300 24700 
3 / 29 / 0 0 OK < 10 0 26000 27300 24 7 0 0 
3/30/00 OK < 100 26000 2 7 300 24700 
3/3 1 /00 OK < 10 0 2 60 00 2 73 00 2 47 00 
4/3/00 OK < 100 26000 27300 24700 
4/4/00 OK < 100 26000 27300 24700 
4/ 5 /0 0 OK < 100 26000 2 73 00 2 4 7 00 
4/6/00 OK < 100 26000 27300 24700 
4/7/00 OK < 100 26 000 2 7300 2 4 7 00 
4/10/ 0 0 OK < 1 00 26000 27300 24700 
4/ 11 / 0 0 OK < 1 00 2600 0 2 730 0 24 7 00 
4/12/00 OK < 100 26000 27300 24700 
4/13/00 OK < 100 26000 27300 24700 
4/14 / 00 OK < 1 00 26000 273 0 0 2 4 7 00 
4/17 / 00 OK < 100 26000 27300 24700 
4/1 8 / 00 OK < 1 0 0 26000 2 7300 24700 
4/19/00 OK < 100 26000 27 300 24700 
4/ 2 0/00 OK < 10 0 2 6000 2 7300 24700 
4/21/00 OK < 100 26000 27300 24700 
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4/24/ 00 
4/25/ 00 
4/26/0 0 
4/27/00 
4/28/00 
5/1/ 00 
5/2/00 
5/3/00 
5/4/00 
5 / 5 /00 

NMRC Diving Buildings Radiological (D&D) 
Final Status Survey Report, June 2000 

OK < 1 00 26 000 27 300 
OK < 100 26000 2 73 00 
OK < 10 0 26000 27300 
OK < 1 00 26000 27300 
OK < 1 00 26000 27300 
OK < 1 00 26000 27 300 
OK < 100 2 6000 2 7300 
OK < 100 26000 27 300 
OK < 100 2600 0 2 7300 
OK < 100 2600 0 2 7300 
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24700 
24700 
24700 
24700 
2 4700 
24700 
24700 
24 700 
24 700 
2 4700 



NMRC Diving Buildings Radiological (D&D) 
Final status Survey Report, June 2000 

Table D-3-8. DAILY QUALITY CONTROL PORTABLE METER CHECK 
SHEET AND DATA 
Instrument: Ludlum !Serial Number: Calibration Date: 
Model 3 54537 7/22/99 
Instrument Use: Beta Scanning for fix ed or loose surface 
contamination 

Check Source: CARBON-14; 0.145 ~Ci; calibration date: 18 Nov 
99; Serial number: 58809-530 
Meter Calibration Isotope/Efficiencies: C-14, P-32, P-33, 
S-35, CA-45: 7 %, 35%, 14 %, 7%, 7 % 
UWL = Upper Warning Limit = mean + 7 % (mean was calculated 
using the first 10 cpm readings = 20600) 
LWL = Lower Warning Limit = mean - 7 % 

QC DATA SUMMARY: Daily QC readings did not exceed Upper or 
Lower Warning Limits (UWL, LWL) 

DATE BATTERY BACKGROUND CHECK SOURCE READING 
CHECK (CPM) (CPM) 

CPM UWL LWL 
1/19/00 OK < 50 19000 22042 19570 
1/20/00 OK < 100 180 00 22042 195 70 
1/21/00 OK < 100 21000 22042 19570 
1/24/00 OK < 10 0 21000 22042 19570 
1/27/00 OK < 50 21000 22042 19570 
1/28/00 OK < 50 21000 22042 19570 
2/1/00 OK < 50 22000 22042 19570 
2/2/00 OK < 50 21000 22042 19570 
2/3/ 00 OK < 50 2 1000 220 42 19570 
2/4/00 OK < 50 21000 22042 19570 
2/7/00 OK < 100 20000 22042 19570 
2/8/00 OK < 100 21000 22042 1 9570 
2/9/00 OK < 100 21 000 22042 19 57 0 
2/10/00 OK < 100 21000 22042 19570 
2/11/00 OK < 100 21000 22042 19570 
2/14/00 OK < 100 22000 22042 1 9570 
2/15 /00 OK < 150 21000 220 42 19570 
2/16/00 OK < 100 22000 22042 19570 
2/17/00 OK < 1 0 0 21000 22042 19570 
2 / 1 8 / 00 OK < 1 5 0 21000 22042 19570 
2/22/00 OK < 100 21000 220 42 19570 
2/23/00 OK < 100 22000 22042 19570 
2/24/00 OK < 10 0 22000 22042 19570 
2 / 25 /00 OK < 100 21000 2204 2 19570 
2/28/00 OK < 100 21 000 22042 19570 
2/29/00 OK < 10 0 21000 22042 19570 
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3/1/00 
3/2/00 
3/3/00 
3/6/00 
3/7 /00 
3/8 / 00 
3/9/00 
3/10/00 
3/13/00 
3/14/00 
3/15/00 
3/16/00 
3/17/00 
3/20/00 
3/21/00 
3/22/00 
3/23/00 
3/24/00 
3/27/00 
3/28/00 
3/ 2 9 / 00 
3/30/00 
3/31/00 
4/3/00 
4/4/00 
4/5/00 
4/6/0 0 
4/7/ 00 

4/10/00 
4/11/00 
4/12/00 
4/13/00 
4/14/00 
4/17/00 
4/18/00 
4/ 19/00 
4/20/00 
4/21/00 
4/24/00 
4/25/00 
4/26/00 
4/27/00 
4/28/00 
5/1/00 
5 /2/00 

NMRC Diving Buildings Radiological (D&D) 
Final Status Survey Report, June 2000 

OK < 100 20000 22042 
OK < 100 21000 22 042 
OK < 100 2 0000 22042 
OK < 100 20000 22042 
OK < 100 22000 22042 
OK < 100 21000 22042 
OK < 100 21000 22042 
OK < 10 0 21000 22042 
OK < 100 21000 220 42 
OK < 100 22 000 22042 
OK < 100 21000 22042 
OK < 100 22000 22042 
OK < 100 22000 22042 
OK < 100 22000 22042 
OK < 100 22000 22042 
OK < 100 22000 22042 
OK < 100 22000 22042 
OK < 100 220 00 22042 
OK < 100 22000 22042 
OK < 100 21000 22042 
OK < 100 22000 22042 
OK < 100 22000 22042 
OK < 100 22000 22042 
OK < 100 220 00 22042 
OK < 100 22000 22042 
OK < 1 00 22000 22042 
OK < 100 21000 22042 
OK < 1 00 21000 22042 
OK < 100 22000 22042 
OK < 100 2 1000 2204 2 
OK < 1 00 21000 22042 
OK < 100 22000 22042 
OK < 100 220 00 22042 
OK < 100 22000 22042 
OK < 100 22000 22042 
OK < 1 00 22000 22042 
OK < 10 0 22000 220 42 
OK < 100 22 000 22042 
OK < 100 22000 22042 
OK < 100 21000 22042 
OK < 100 22000 22042 
OK < 1 00 22 000 22042 
OK < 10 0 21000 22042 
OK < 100 22000 22042 
OK < 100 21000 22042 

110 

19570 
19570 
19570 
19570 
1 9570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
1 9570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
1957 0 
19 570 
1 9570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 
19570 



5/3/00 
5 / 4/00 
5/5/ 00 

NMRC Diving Buildings Radiological (D&D) 
Final status Survey Report, June 2000 

OK < 1 00 22000 22 04 2 
OK < 1 00 22000 2204 2 
OK < 100 22000 22042 

III 

19570 
19570 
1 9570 



NMRC Diving Buildings Radiological (0&0) 
Final status Survey Report, June 2000 

Table 0-3-9. DAILY QUALITY CONTROL PORTABLE METER CHECK 
SHEET AND DATA 
Instrument: Bicron l Serial Number: I Calibration Date: 
Survey 50 B602G 7/22/99 
Instrument Use: Beta Scanning for f ixed or loose sur f ac e 
contamination 

Check Source : CARBON-14i 0 . 14 5 I-lC i i calibr ation date: 18 Nov 
99 i Seri a l number: 58809-530 
Meter Calibration Isotope/Efficiencies: P-32, P-33, S-35, 
CA-45: 31 %, 7 %, 14% , 7% 
UWL = Upper Warn i ng Limit = mean + 5 !1; (mean was 
calculated using the first 10 cpm readings = 21500) 
LWL = Lower Warning Limi t = mean - 5% 

QC DATA SUMMARY: Daily QC readings did no t e xc e ed Upper or 
Lo we r Warning Limits (UWL, LWL) 

DATE BATTERY BACKGROUND CHECK SOURCE READING 
CHECK (CPM) (CPM) 

CPM UWL LWL 
1/19/ 00 OK < 50 20000 22575 20425 
1/20/00 OK < 50 210 00 225 75 2 0425 
1/21/00 OK < 80 24000 22575 20425 
1/24/00 OK < 50 22000 22575 204 25 
1/27/00 OK < 50 22000 2257 5 204 25 
1/28/00 OK < 50 22000 22575 2 0425 
2/1/00 OK < 60 21000 225 7 5 2 0425 
2 / 2 /00 OK < 50 21000 22575 20425 
2 /3/00 OK < 60 21000 22 57 5 20 425 
2 /4/00 OK < 60 21000 22575 20425 
2 /7/ 00 OK < 80 21 000 225 75 2 0425 
2/8/00 OK < 1 00 20000 22575 20425 
2/9/00 OK < 100 21000 2257 5 20425 
2/10/00 OK < 100 21000 22575 2 0425 
2/11/ 00 OK < 60 21000 22575 20425 
2/14/00 OK < 1 00 20 000 2 2575 204 25 
2/15/ 00 OK < 100 20 00 0 22 575 20425 
2 / 1 6/00 OK < 100 21 000 225 75 2 0425 
2/17/00 OK < 100 21000 2257 5 20425 
2/18/00 OK < 100 21000 2257 5 20425 
2 / 22 / 00 OK < 60 21 000 225 75 204 25 
2 /23/00 OK < 100 21000 22575 20 425 
2/24/00 OK < 80 21000 2257 5 20 425 
2/25/00 OK < 80 21000 22575 2 0425 
2/28/00 OK < 100 21 000 225 75 20425 
2/29/00 OK < 80 21000 22575 20425 
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3 / 3 /00 
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3/ 2 9/ 00 
3/30/00 
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4/5/00 
4/6/00 
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4/11/00 
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4/1 3/00 
4/14/00 
4/17/00 
4/18/00 
4/19/00 
4/20/00 
4/21/00 
4/24/00 
4/25/00 
4/26/00 
4/27/00 
4/28/00 
5 /1/00 
5/2/00 
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OK < 80 20000 22575 
OK < 100 20000 22575 
OK < 100 20000 22575 
OK < 100 21 000 22575 
OK < 100 22000 22575 
OK < 80 22 000 22575 
OK < 80 21000 22575 
OK < 80 22000 22575 
OK < 50 210 00 22575 
OK < 50 21000 225 75 
OK < 80 22000 22 575 
OK < 50 21000 22575 
OK < 50 21 000 22575 
OK < 80 20000 22575 
OK < 80 22000 225 75 
OK < 80 22000 22575 
OK < 100 22000 22575 
OK < 80 2 1000 22575 
OK < 80 22000 22575 
OK < 80 22000 22575 
OK < 100 21000 22575 
OK < 80 21000 22575 
OK < 80 22000 22575 
OK < 80 21000 22575 
OK < 80 22000 22575 
OK < 80 22 000 22575 
OK < 80 22000 22575 
OK < 80 220 00 22 575 
OK < 60 21000 22575 
OK < 80 21 000 2257 5 
OK < 80 21000 22 57 5 
OK < 80 21 000 225 75 
OK < 80 2200 0 2257 5 
OK < 60 22000 22575 
OK < 8 0 22000 22575 
OK < 80 21000 22575 
OK < 80 21000 22575 
OK < 80 21 00 0 22575 
OK < 80 22 000 22575 
OK < 80 220 00 22575 
OK < 80 210 00 22 57 5 
OK < 80 22 000 22 575 
OK < 80 22000 22575 
OK < 80 21000 22575 
OK < 80 22 000 22575 
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OK < 80 2 2 000 2257 5 
OK < 80 22000 22575 
OK < 80 2 2 000 22 57 5 
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Table D-3-10. DAILY QUALITY CONTROL PORTABLE METER CHECK 
SHEE T AND DATA 
Instrument: Ludlum I Serial Number: I Calibration Date: 
Model 3 121816 2/22/00 
Instrument Use: Be t a Sc a nn ing for fixed o r loose surface 
contaminat ion 

Check Source: CARBON-14; 0.145 ).lCii calibration date: 18 Nov 
99; Se rial n umber: 5 880 9-530 
Meter Calibration Isotope /Efficiencies: C-14, P-32, P-33, 
S-35, CA-45: 7 %, 35%, 14%, 7 %, 7 % 
UWL= Upper Warn i ng Limit = mean + 3 sigma = 26139 
(mean was calculated using all cpm readings = 21344; sigma 
= standard deviation = 1600) 
LWL = Lower Warning Limit = mean - 3 * sigma = 16548 

QC DATA SUMMARY: Daily QC readings did not exceed Upper or 
Lower Warn i ng Limits (UWL, LWL) 

DATE BATTERY BACKGROUND CHECK SOURCE READING 
CHECK (CPM) (CPM) 

CPM UWL LWL 
1 /19/00 OK < 1 00 20000 26139 16548 
1/20/00 OK < 100 15 00 0 26139 16548 
1/21/ 00 OK < 10 0 2 1000 2 613 9 16548 
1/24/ 00 OK < 1 00 2 4000 2 6139 1654 8 
1/27/00 OK < 50 25000 26139 16548 
1/28/00 OK < 50 21000 26139 1654 8 
2/1/00 OK < 50 210 00 26139 1 6 5 4 8 
2/2/00 OK < 50 2 1000 26139 16548 
2/3/00 OK < 50 210 0 0 26139 165 48 
2/4/00 OK < 50 22000 26 1 3 9 16548 
2/7/00 OK < 100 21000 26 1 3 9 1654 8 
2/8/00 OK < 100 22000 26139 16548 
2/9/00 OK < 100 2 1000 26139 16548 
2/10/ 00 OK < 100 21000 2 6139 16548 
2/11/00 OK < 100 20000 26139 16548 
2/14/00 OK < 100 21000 26139 16548 
2/15/00 OK < 1 00 21 000 26 139 16548 
2/16/00 OK < 100 22 000 26 139 16548 
2/17/00 OK < 80 21000 261 3 9 16548 

~2/18/00 OK < 1 0 0 21000 26139 16548 
2/22/ 00 OK < 100 22000 26139 1 6548 
2 / 23 / 00 OK < 100 22000 26139 1 654 8 
2/24/00 OK < 100 22000 26139 16548 
2/25/00 OK < 100 22 00 0 26139 1 65 48 
2/2 8/0 0 OK < 1 00 20 0 0 0 26 1 3 9 16548 
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OK < 10 0 22000 26 13 9 
OK < 1 00 2 1 00 0 261 39 
OK < 1 00 22000 261 39 
OK < 1 00 21000 2 613 9 
OK < 100 22000 2 61 39 
OK < 100 210 00 26139 
OK < 100 2 4000 2 6139 

METER TAKEN OUT OF 
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Table D-3-11. DAILY QUALITY CONTROL PORTABLE METER CHECK 
SHEET AND DATA 
Instrument: Ludlum I Serial Number: I Calibration Date: 
Model 2350- 1 157674 11/18/99 
Probe Model/Serial Number : 43- I Probe: 126cml: gas 
37/149314 detector 
Instrume nt Use: Beta Scanning for fixed sur fa ce 
contamination 

Check Source: CARBON-14; 0.145 !lCi ; calibration date: 18 Nov 
99; Serial nwnbe r : 5 8809-530 
Notes: Mid-day and End-ot-day readings were recorded on 
days that the instrument was used for radiological 
monitoring of survey units. Daily QC checks consisted of 
comparing same-day CPM values. 

DATE BATTERY CPM, POST CPM, POST CPM, MID CPM, END 
VOLTAGE PURGING PURGING DAY OF DAY 

WITH P-10 WITH P-10 READING READING 
GAS GAS 

(T-O) (T-10) 
3/28/00 5.9 44922 44740 
3/29/00 5.5 4378 1 44538 
3/30/ 00 5.7 4443 3 44391 
3/31/00 5.6 44214 44052 44992 43262 
4/3/00 5.5 45342 45686 
4/ 4/00 5.6 44675 448 88 
4/5/00 5.5 44515 44781 44529 
4/ 6/00 5.5 45079 45010 44 935 45 651 
4/ 7 /00 5.4 44616 44779 46105 
4/ 10 /0 0 5.4 44584 44126 
4/ 11 / 00 5.4 45057 4526 6 451 83 
4/1 2 /00 5.3 44310 4 5043 44624 
4/13/00 5 . 3 45633 45571 
4/14/00 5.3 44848 444 48 429 76 
4/17/ 00 5.2 44850 44678 
4/18/00 5.2 45564 45241 45614 44376 
4/19/00 5.2 45752 45743 45756 
4/20/00 5.1 44782 44600 45013 
4/21/00 5.1 44832 45178 
4/24/00 6 . 3 45 5 60 45554 444 37 
4/25/00 6.1 45 446 45212 
4/26/0 0 6.0 4491 0 45422 44 943 441 22 
4/27/00 6.0 45002 45138 44387 
4/28/00 6.0 44118 44554 43771 
5/1/00 5.9 46016 4 6555 46466 45494 
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5 .8 44891 44 695 44 0 40 
5.7 46 07 6 45761 43370 
5 .6 44 81 9 44616 
5 .6 42 944 NOT USED 
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Table 0-3-12. DAILY QUALITY CONTROL PORTABLE METER CHECK 
SHEET AND DATA 
Instrument: Ludlum I Serial Number: Calibration Date: 
Mode l 2350-1 157 674 11/18/99 
Probe Model/Ser i al Number: 43- I Probe: 582cm

L gas 
37/ 148 94 7 d etector 
Instrument Use : Bet a Scanning for f i xed s urface 
contami na tion 

Check Source: CARBON-14i 0.145 !lCi; calibration date: 18 Nov 
99; Serial number: 58809-530 
Notes: Mid-day and end-oi-day r eadings wer e recorded on 
days that the instrument was used for radiological 
monitoring of survey units. Daily QC checks consisted of 
comparing same-day CPM values. 

DATE BATTERY CPM, POST CPM, POST CPM, MID CPM, END 
VOLTAGE PURGING PURGING DAY O? DAY 

WITH P-IO WITH P-10 READING READING 
GAS GAS 

(T-O) (T-10) 
3/ 2 8/00 5 .9 44837 44672 
3/29/00 5.4 43313 43322 
3/30/00 5.7 45122 43346 
3/31/00 5.6 43939 43 72 5 4383 9 42 103 
4/3/00 5.6 43532 43488 
4/4/00 5.6 42930 427 63 39020 
4/ 5 /00 5. 5 44658 45066 44073 
4/6/00 5.5 43345 43194 44745 43 2 64 
4/7/00 5. 4 48062 47715 44503 

4/10/ 00 5 .4 43402 43626 
4/11/ 00 5 .4 44316 4387 4 42530 
4/12/00 5.4 44847 43458 41096 40547 
4/13/00 5.3 4355 5 43 5 91 
4 / 14 / 00 5.3 4400 4 43881 43996 
4/17/00 5.2 44876 44 291 
4/18/00 5.2 45312 45565 42 34 1 44979 
4/19/00 5 . 2 47748 48067 4 3140 
4/20/ 00 5. 1 47982 48 2 15 45984 
4/21/00 5. 1 47204 46576 
4/24/00 6. 3 45551 45282 
4 / 25/00 6. 1 45 396 46 749 
4/26/ 00 6.0 4486 8 44 387 
4/27/00 6.0 45295 45009 4254 8 
4/28/ 00 6.0 45525 45424 4322 0 
5/1/00 5.9 44254 43733 43161 432 50 
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5 . 8 47994 4 7003 43598 
5.7 45166 45155 39031 
5.6 452 5 9 45494 
5.7 42944 41 4 0 4 
5.7 455 5 4 442 64 
5 . 7 44210 440 36 
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Appendix D-4. Quality Assurance Checklist (included in sections 
of the final status survey report) 

Building number or location: 

Monitoring Date(s): 
Appropriate and satisfactory daily and weekly calibration 
checks were completed for the selected survey monitoring 
equipment and instruments. 
Selected meters with current calibrations for the isotopes 
of concern. 

___ Survey maps or floor plans (for all survey units) and grid 
maps (for known RAM-use areas) were available. 
Background checks were performed when impacted areas were 
monitored. 
For known RAM-use survey units, additional checks were 
performed (workbenches, shelves, sinks, basins, traps, floor 
at sinks and entrances, wall at hoods and sinks, and/or other 
areas as deemed appropriate) . 
Mean values, single sample values, and background va~ues were 
below the action limits, indicating no contamination was 
found. 
Representative floor plans, sketches, and photographs were 
available. 

Deviation from survey plans and objectives were documented. 

Extent of remedial actions were documented. 

All selected survey units passed D&D tests; units are 
recommended for unrestricted release. 
Additional Checks/Data passed D&D tests; unit is recommended 
for unrestricted release. 

Notes: Tests include complying with applicable elements of the 
MARSSIM Final status Survey checklist, mean-value and single
value comparisons of survey-unit data to action limits (DCGLs), 
mean-value comparison to background, completion of required 
monitoring, and satisfactory scan monitoring results. 

Quality Assurance/Control Leader: 
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APPENDIX E. SURVEY UNIT RELEASE REPORTS (NARRATIVES, DATA, 
FLOOR PLANS, AND GRID MAPS) 
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XII. APPENDIX E 

Appendix E-1. List of Survey Units, Data Tables, a~d 
Figures 

A NMRC survey unit was defined as a room or other discrete 
area. Every room in every NMRC building was first examined 
for consideration as a survey unit. After review of 
current and historical survey monitoring results and 
licensed-material use, NMRC Diving-Building survey units 
were classified as either Non-impacted or Impacted Class 3. 
No NMRC Diving-Building survey unit was classified as Class 
1 or Class 2. 

Per MARSSIM, survey units should be limited in size based 
on classification, exposure pathway modeling assumptions, 
and site-specific conditions. In some instances, large 
rooms were subdivided into sections; each section was then 
treated as a unique survey unit. 

Table 12-1-1 provides a list of tables associated with the 
completion of the final status surveys for the Non-impacted 
areas and Impacted Class 3 areas. These tables provide the 
actual data, reported in dpm per 100 cm2

, obtained by 
evaluating swipe samples using a liquid scintillation 
counter. 

Table 12-1-2 provides a list of figures associated with the 
survey-unit data tables and the completion of the final 
status surveys for the Impacted-Class 3 areas. These 
figures depict the grid map and survey sampling locations 
for the impacted areas. 

Table 12-1-3 provides a summary of the NMRC Diving-Building 
survey units. Each survey unit was classified as either 
Non-impacted or Impacted Class 3. Table 12-1-3 lists 
discrete rooms or areas. In some instances, a room may 
have been sub-divided to accomplish a workable survey unit. 
These sub-divisions are indicated in column three of Table 
12-1-3 as parenthesized comments or annotated using the 
room number followed by an alphabetic character. 
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Table 12-1-1. List of Tables 
NUMBER DESCRIPTION 

12 -1-3 NMRC Diving Building Survey Units 
12-2-1 RADIOLOGICAL FINAL STATUS SURVEY SUMMARY -

NMRC Diving Build i ng, Non- impacted Areas 
12-2-2 Control Swipe Results, Building 28, Severa l 

Areas 
12-2-3 Control Swi pe Results, Building 28, Severa l 

Areas 
12-2-4 Control Swipe Results, Building 53, Se veral 

Areas 
12-2-5 Control Swipe Results, Building 53, Severa 1 

Areas 
12-2-6 Control Swipe Results, Building 53, Several 

Areas 
12-2-7 Control Swi pe Resul ts , Building 53, Several 

Areas 
12-2-8 Control Swipe Results, Building 53, Several 

Areas 
12- 2-9 Control Swipe Results, Building 53, Several 

Areas 
12-2- 10 Control Swipe Result s , Bui l d i ng 59, Severa l 

Areas 
12-2-11 Control Swipe Results, Buildi ng 69, Several 

Areas 
12-2-12 Control Swipe Results, Building 69, Severa l 

Areas 
12-2-13 Control Swipe Results, Building 79, Several 

Areas 
12-2-14 Contro l Swipe Results, Building 79, Several 

Areas 

12-3-1 RADIOLOGICAL FINAL STATUS SURVEY SUMMARY -
NMRC Diving Building, Impacted Areas 

12-3-2 Final St atus Survey Summary For Direct Readings 
of Impacted Survey Units Using a Gas 
Proportional Counter 

12-3-3 Final Status Survey Swnmary For Di r ect Readings 
of Impacted Survey Units Using a Gas 
Proportiona l Counter 

12-3-4 Final status Survey Summary For Direct Readings 
of Impacted Survey Units Using a Gas 
Proportional Counter 

12-3-5a Room 10 1-1, Building 53, Random Statistical 
Swipe Results 
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127 
131 

132 

133 

134 

135 

136 

13 8 

139 

1 40 

141 

142 

143 

144 

145 

148 

150 

151 

152 
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12- 3- 5b 
l2-3-6a 

12-3-6b 
12-3 - 7 

12-3-8 
12 - 3- 9 

12- 3-10 
12- 3-11 

12-3- 12 
12-3-13 

12-3-14 
12-3-15 

12- 3- 1 6 
12-3-17 

12- 3- 18 
12-3-19 

12-3-20 
12- 3- 2 1 

12 - 3- 22 
12-3-23 

12-3-2 4 
12-3-25 

12-3-26a 
12-3-26b 
12-3-27 

12-3- 28 
12-3-29 

12-3-30 
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Room 101-1, Building 53, Control Swipe Re s u l t s 
Room 101-2, Building 53, Random St a tistica l 
Swipe Results 
Room 101-2, Building 53, Control Swipe Results 
Room 102 , Bui l ding 53, Random Statistical Swipe 
Results 
Room 102, Building 53, Control Swipe Result s 
Room 10 3 , Bui l ding 53, Random Statistica l Swipe 
Result s 
Room 1 03 , Build i ng 5 3 , Cont r ol Swi p e Results 
Room 111, Building 53, Random Statistical Swipe 
Results 
Room 11 1 , Building 53, Cont rol Swi pe Results 
Room 112, Building 53, Ra ndo m Sta t is tical Swipe 
Results 
Room 112 , Bu i l di ng 53, Control Swipe Resul t s 
Room 112A, Bui ldi ng 53, Ran dom Stat i stical Swipe 
Results 
Room 112A, Building 53, Control Swipe Re s u l t s 
Ro om 113 , Building 53, Random Statist i cal Swip e 
Re s ul ts 
Room 113, Building 53, Cont rol Swipe Results 
Room 117, Building 53, Random Statistical Swipe 
Results 
Room 117, Building 53, Control Swipe Results 
Roo m 11 8 , Building 53, Random Statistical Swipe 
Results 
Room 1 18, Bu i l d i n g 53 , Control Swi p e Resul t s 
Room 11 9, Building 53, Random Statistical Swipe 
Results 
Room 11 9, Building 53, Control Sw i pe Results 
Room 120, Building 53, Random Statistical Swipe 
Results 
Room 120, Building 53, Control Swipe Results 
Room 12 0D , Building 53, Co n t r ol Swipe Resu lts 
Room 121, Building 53, Random Statistical Swipe 
Results 
Room 121 , Building 53 , Cont rol Swipe Resu lts 
Room 122, Bu i ld i ng 5 3 , Random Statistical 
Samples 
Room 122, Building 53, Contr o l Swipe Re s u l t s 
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160 
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1 64 
166 

1 67 
169 

170 
172 

173 
175 

176 
178 

179 
181 

1 82 
184 

1 8 5 
187 

188 
189 
1 93 

194 
196 

197 



NMRC Diving Buildings Radiological (0&0) 
Final status Survey Report, June 2000 

Table 12-1-2. List of Figures (Grid Maps annotated with 
data locations) 

NUMBER DESCRIPTION 

12-3-1a Grid Map for Building 53, Room 1 0 1-1 
12-3-1b Grid Map for Building 53, Room 1 01- 2 
12-3-2 Grid Map for Building 53, Room 102 
12-3-3 Grid Map for Building 53, Room 103 
12-3- 4 Grid Map for Building 53, Room 111 
12-3-5 Grid Map for Building 53, Room 112 
12-3-6 Grid Map for Building 53, Room 112A 
12-3-7 Grid Map for Building 53, Room 113 
12-3 - 8 Grid Map fo r Building 5 3 , Room 117 
12-3-9 Grid Map for Building 53 , Room 118 
12-3-1 0 Grid Map for Build ing 53, Room 119 
12-3-11 Grid Map f or Building 53, Room 120 
12-3-12 Grid Map for Building 53, Room 120D 
12- 3 - 1 3 Gr id Map for Building 53, Room 121 
12-3-14 Grid Map for Building 53, Room 122 
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1 74 
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183 
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1 91 
192 
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Table 12-1-3. NMRC Diving-Buildings Survey Units 
DATE BUILDING ROOM OR DESCRIPTION ISOTOPES OF D&D 
FINAL AREA CONCERN CLASSIFICATION 
STATUS IMP = Impacted, 
SURVEY Class 3 
COMPLETED NON = Non-

impacted 
28 100 Supply Non-impacted 
28 101 Mechanical Non-impacted 
28 102 Storage Non-impacted 
28 103 Storage Non-impacted 
28 106 Office Non-impacted 
28 106 A Laboratory Non-impacted 
28 107 Office Non-impacted 
28 108 Office Non-impacted 
28 200 Office Non-impacted 

5/2/00 28 201 Office Non-impacted 
28 201 A Office Non-impacted 

5/2/00 28 202 A Office Non-impacted 
5/2/00 28 202 B Storage Non-impacted 

28 203 Supply Non-impacted 
5/2/00 28 204 Shop Non- i mpacted 

28 205 Entryway Non-impacted 
53 5-1 Entryway Non-impacted 
53 10 Shop Non-impacted 
53 11 Shop Non-impacted 
53 13 Office Non- impacted 
53 14 Storage Non- i mpa cted 
53 15 Storage Non-impacted 
53 22 Galley Non-impacted 
53 23 Compressors Non-impacted 
53 24 NRCC Non-impacted 

5/2/00 53 25 Office Non-impacted 
5/2/00 53 2S A Office Non-impacted 
5/2/00 53 25 8 Office Non-impacted 

53 26 Office Non - impacted 
53 26 A Sickbay Non-impacted 
53 26 B Office Non-impacted 
53 28 Sickbay Non-impacted 
53 29 Office Non-impacted 
53 30 Office Non-impacted 
53 31 Instrument Non-impacted 

room 
53 32 Mechanical Non- impacted 
53 33 Me chanical Non - impacted 
53 100 Foye r Non - impacted 
53 100 B Off ice Non-impacted 

5/9/00 S3 101 Laboratory H3, CH, Impacted / Class3 
C057 

3/23/00 53 102 Laboratory H3, C14, Impacted / Class3 
Co57 

3/23/00 53 103 Laboratory Non-impacted 
3/23/00 53 104 Office Non-impacted 
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4/26/00 
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5/9/00 
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53 105 Office Non-impacted 
53 106 Office Non-impacted 
53 107 Offi ce Non-impacted 
53 108 Conference Non-impacted 

room 
53 10 9 Office Non-impacted 
53 110 Office Non-impacted 
53 111 Laboratory H3, C14, Impacted,Class3 

Co57 
53 112 Office/Lab H3, C14, Impacted,Class3 

Co57, 
8a133, 
Cs137 

53 112A Laboratory H3, C14, Impacted,Class3 
Co57 

53 113 Laboratory H3, C14, Impacted,Class3 
Co5 7 

53 114 Office Non-impacted 
53 115 Gear Lab Non-impacted 
53 116 Office Non-impacted 
53 117 Laboratory H3, C14, Impacted,Class3 

CoS7 
53 118 Laboratory H3, C14, Impacted,Class3 

Co57 
53 119 Laboratory H3, Cl4, Impacted,Class3 

CoS7 
53 120 Office H3, C14, Impacted/Class3 

120D CoS7 

S3 120 A Office Non-imp acted 
53 120 B Office Non-impacted 
53 120 C Office Non-impacted 
53 121 Laboratory H3, C14, Impacte d,Class3 

CoS7 
53 122 Laboratory H3, C14, Impacted,Class3 

Co57, 
Ba133, 
Cs137 

53 123 Offi ce Non - impacted 
53 124 Office Non-impacted 
53 124 A Offi.ce Non-impacted 
53 125 Office Non-impacted 
53 126 Office Non-ilTl:?acted 
53 126 A Office Non-imp acted 
53 126 B Office Non-impacted 
53 127 Office Non- imp acted 
53 128 Telephone Non-impa cted 
59 11 Scuba Non-impacted 

Locker 
59 100 Research Non-impacted 

tank 
59 101 Laboratory Non-im?acted 
59 102 Laboratory Non-impacted 
59 103 Electrical Non-impacted 

toom 
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59 104 Closet Non-impacted 
59 106 Laboratory Non-impacted 
69 100 Shop/mech. Non-impacted 

room 
69 101 Laborato r y Non-impacted 
69 102 Laboratory Non- i mpa cted 
69 103 Laboratory Non-impacted 
69 104 Control Non-impacted 

room 
79 S-1 Entryway Non-impacted 
79 100 Storage Non-impacte d 
79 101 Mechanical Non-impacte d 

shop 
79 102 Of fi ce Non-impacted 
79 103 Office Non-impacted 
79 104 Laboratory Non-impacted 
79 107 Laboratory Non-impac ted 
79 120A Office Non-impacted 
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Appendix £-2. Diving Buildings, Non-impacted Areas 

~ Location: NMRC Diving Buildings 28, 53, 59, 69, and 
79 at NNMC Bethesda, Maryland 

) Monitoring Date(s): 3/15/00, 3/23/00, 5/2/00, 
5/11/00 

) Radioactive Contaminants of Concern: None 

~ Minimum Control Beta Swipe Locations (performed for 
every survey unit): (1) floor at door in room; (2) 
floor at door outside room; (3) doorknob in room; 
(4) doorknob outside room; and (5) light switch 
inside room. Additional control samples were taken 
at the discretion of the D&D team. 

) Survey Instrument Information: 
Beta meters -- serial numbers (background CPM) : 
11030 «100CPM), 54537 «100 CPM) 
Gamma meters -- serial numbers (background CPM) : 
114886 «300 CPM) , 121730 «200 CPM) , 121886 «300 
CPM) 
Liquid Scintillation Counter: Packard 2500TR, SIN 
403848 

) Radiation-detection Action Limits: 
2 to 3 times background for beta and gamma scans 
500 - 700 dpm or higher for either H-3 or C-14 beta 
swipes counted using a liquid scintillation counter 

) Summary of Radiological Scans and Swipe Results: 
Background level for all beta and gamma scans 
All H-3 and C-14 beta swipe results below Action 
Limits 

) Contamination and Remedial Actions: None 

~ Conclusion: The radiological monitoring results for 
all survey units addressed in this section meet the 
criteria for release for unrestricted use. 
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TABLE 12-2-1. RADIOLOGICAL FINAL STATUS SURVEY 
SUMMARY - Non-impacted Areas of NMRC 
Diving Buildings 

Date Building Room Beta Maximum Recommend 
Final Number number and/or Random or Survey 
Status or area Gamma Scan Control Unit for 
Survey (Survey Monitoring beta radio-

Completed Unit) (H-3 or logical 
(check if C-14) c::learance 

'* = at yes) swipe (Y/N) 

another result 
door (DPM) Action 

Limit = 
700 dpm 

5/2/00 28 201 Y 38 y 

5/2/00 2 8 20 2 * y 29 Y 
5/2/00 28 2 02 Y 37 y 

5/2/00 28 204 Y 24 Y 
5/2/00 5 3 25 * Y 24 Y 
5/2/00 5 3 25 "" Y 25 Y 
5/2/00 53 25 Y 28 Y 
3 / 23 /00 53 104 Y 34 Y 
3/23/00 53 lOS Y 46 Y 
3 / 15 / 00 5 3 10 6 Y 24 Y 
3/15 /00 53 107 Y 27 Y 
3/15 /00 5 3 109 Y 18 Y 
3/15/00 53 11 4 Y 31 Y 
3/15/ 00 53 l15 Y 17 Y 
3/15/00 53 116 Y 32 Y 
3/23/00 53 120 A Y 21 Y 
3/23/00 53 12 0 B Y 31 Y 
3/23/00 5 3 120 C Y 17 Y 
3/23/00 53 123 Y 23 Y 
3/23/00 53 12 5 Y 39 Y 
3/23/00 53 127 Y 24 Y 
5/2/00 59 1 00 Y 22 Y 
5/2/00 59 101 Y 44 Y 
5/2/00 59 102 Y 32 Y 
5/2/00 59 106 Y 62 Y 
5 / 11/ 00 69 10 1 Y 41 Y 
5/11/00 69 102 y 79 Y 
5/11/00 69 103 Y 24 Y 
5/11/00 69 104 Y 17 Y 
5/11/00 79 101 Y 30 Y 
5/11/00 79 102 Y 2 4 Y 
5/11/00 79 103 Y 30 Y 
5/ 11 /00 79 104 Y 22 Y 
5111 /00 79 107 Y 24 Y 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-2. Final Status Survey Summary For Non-Impacted Survey Units 
Building Number: 28 
Monitoring date(s): 5/2/00 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building number/room number) 
SAMPLE ROOM NUMBER: ROOM NUMBER: 202 ROOM NUMBER: ROOM NUMBER: 204 
NUMBER 201 202* 

H-3 C-14 H-3 C-14 H-3 C-14 H-3 C-14 
1 38 10 18 11 26 13 15 6 
2 18 11 16 4 29 6 8 7 
3 21 11 12 4 28 10 24 8 
4 24 11 27 13 0 12 16 4 
5 23 8 37 2 7 7 11 11 
6 20 9 35 0 10 7 
7 15 4 2 12 19 6 
8 3 7 1 17 9 7 
9 10 12 17 11 9 9 
10 33 10 2 9 0 2 
AVERAGE 21 9 17 8 18 10 12 7 
STANDARD 
DEVIATION 10 2 13 5 14 3 7 2 
MAXIMUM 
VALUE 38 12 37 17 29 13 24 11 
ACTION 
LIMIT 700 700 700 700 700 700 700 700 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-3. Final status Survey Summary For Non-Impacted Survey Units 
Building Nwnber: 28 
Monitoring da t e(s): 5/2/00 
Liquid Scintil lation Swipe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building number/room number) 
SAMPLE ROOM NUMBER: ROOM NUMBER: 
NUMBER Basement Hallway Basement Door 

H-3 C-14 H-3 C-14 
1 12 11 12 7 
2 3 7 34 10 
3 8 4 6 12 
4 28 8 15 9 
5 20 8 10 11 
6 0 13 
7 17 6 
8 22 8 
9 52 4 
10 13 6 
AVERAGE 18 8 15 10 
S TA.l"lDARD 
DEVIATION 15 3 11 2 
MAXIMUM 
VALUE 52 13 34 12 
ACTION 
LIMIT 700 700 700 700 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-4. Final Status Survey Summary For Non-Impacted Survey Units 
Building Number: 53 
Monitoring date(s}: 5/2/00 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building number/room number) 
SAMPLE ROOM NUMBER: ROOM NUMBER: ROOM NUMBER: ROOM NUMBER: 25 
NUMBER Basement Basement Door Basemen t Door 

H-3 C-14 C-14 H-3 H-3 C-14 H-3 C-14 
1 14 2 29 14 2 29 6 2 
2 9 4 12 9 4 12 27 1 
3 32 0 5 32 0 5 18 13 
4 24 8 7 24 8 7 26 0 
5 28 5 57 28 5 57 23 8 
6 17 6 
7 15 9 
8 0 12 
9 28 3 
10 2 12 
AVERAGE 21 4 22 21 4 22 16 7 
STANDARD 
DEVIATION 10 3 22 10 3 22 10 5 
MAXIMUM 
VALUE 32 8 57 32 8 57 28 13 
ACTION 
LIMIT 700 700 700 700 700 700 700 700 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-5. Final Status Survey Summary For Non-Impacted Survey Units 
Bui l ding Number: 53 
Monitoring date(s): 5/2/00 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building number/room number) 
SAMPLE ROOM l\TUMBER: 25* ROOM NUMBER: 25* ROOM NUMBER: 115 ROOM l\TUMBER: 11 6 
NUMBER H-3 C-14 H-3 C-14 H-3 C-14 H-3 C-14 
1 2 10 19 13 8 4 7 9 
2 24 8 8 9 17 6 8 4 
3 0 22 23 11 12 4 13 6 
4 6 12 12 4 8 4 2 9 
5 12 4 25 1 8 2 32 12 
6 17 9 3 5 
7 13 4 0 24 
B 13 4 4 5 
9 7 7 22 6 

10 12 4 1 12 
AVERAGE 9 11 17 8 12 5 9 9 
STANDARD 
DEVIATION 10 7 7 5 4 2 10 6 
MAXIMUM 
VALUE 24 22 25 13 17 9 32 24 
ACTION 
LIMIT 700 700 700 700 700 700 700 700 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-6. Final Status Survey Summary for CONTROL 
SAMPLES FOR NON-IMPACTED SURVEY UNITS 
Building: 053 Survey Unit or Room Number: 104 and 105 

Survey Date: 3/23/00 Count Times: 1 minute 
- -

Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 
Sample Number DPM, Room 104 DPM, Room lOS 

H-3 C-14 H-3 C-14 
1 10 7 6 14 
2 3 7 16 9 

3 11 7 16 6 

4 0 7 11 11 
5 9 7 8 4 
6 23 6 8 2 
7 5 2 14 0 
8 16 14 10 14 
9 30 10 7 7 

10 11 4 7 9 
11 8 4 7 9 
12 13 6 4 2 
13 5 17 0 19 
14 3 7 0 5 

15 11 9 8 7 

16 0 12 46 0 
17 4 7 6 2 

18 34 ~ 0 5 .." 

19 8 4 3 10 
20 17 4 14 9 
21 6 9 12 9 
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22 11 7 12 
23 3 10 0 
24 26 3 3 
2S 4 1 9 22 
26 28 1 3 15 
27 4 22 14 
28 20 11 18 
29 3 7 12 
30 21 4 11 
31 0 19 6 
32 26 10 8 
33 8 19 22 
34 2 9 5 
35 24 11 6 
36 2 9 12 
37 7 9 16 
38 2 9 16 

Average DPM 11 9 11 
Standard 

Deviation, DPM 10 5 8 
Maximum DPM 34 22 46 

Action Limit, 
DPM 700 700 700 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-7. Final status Survey Summary For Non-Impacted Survey Units 
Building Number: 53 
Moni toring date (s) : 03/15/00 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building number/room number) 
SAMPLE ROOM NUMBER: 106 ROOM NUMBER: 107 ROOM NUMBER: 10 9 ROOM NUMBER; 114 
NUMBER H-3 C-14 H-3 C-14 H-3 C-14 H-3 C-14 
1 16 9 4 2 13 4 31 5 
.2 13 0 0 12 6 12 12 4 
3 8 7 17 6 0 17 29 5 
4 11 9 2 12 1 12 12 6 
5 8 4 8 7 8 4 3 7 
6 16 6 2 10 17 18 14 6 
7 8 4 20 6 4 5 22 6 
8 3 7 27 8 18 4 0 12 
9 24 11 16 9 0 10 7 9 
1 0 24 11 4 5 13 4 0 7 

AVERAGE 13 7 10 8 8 9 1 3 7 
STANDARD 7 3 9 3 7 6 1 1 2 
DEVIATION 
MAXIMUM 24 11 27 12 18 18 31 12 
VALUE 
ACTION 700 700 70 0 700 700 700 700 700 
LIMIT 

---- - -- - - --
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-8. Final Status Survey Summary For Non-Impacted Survey Units 
Building Number: 53 
Monitoring date(s) :03/15/00 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building number/room number) 
SAMPLE ROOM NUMBER: 120A ROOM NUMBER: 120B ROOM NUMBER: 120C ROOM ~t.JMBER: 123 
NUMBER H-3 C-14 H-3 C-14 H-3 C-14 H-3 C-14 
1 4 2 24 8 12 4 23 1 
2 5 17 17 4 12 11 9 2 
3 17 4 6 17 7 14 15 4 
4 5 2 11 9 6 9 12 2 
5 0 10 12 6 11 6 15 9 
6 7 7 14 2 0 10 16 6 
7 9 7 5 19 17 11 15 14 
8 8 9 1 14 12 6 21 4 
9 1 12 31 3 8 4 8 7 
10 21 4 31 5 9 4 12 9 
AVERAGE 8 7 15 9 9 8 15 6 
STANDARD 7 5 11 6 5 4 5 4 
DEVIATION 
MAXIMUM 21 17 31 19 17 14 23 14 
VALUE 
ACTION 700 700 700 700 700 700 700 700 
LIMIT 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-9. Final status Survey Summary For Non-Impacted Survey Units 
Building Number: 53 
Monitoring date(s) :03/15/00 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building n umb er/room number) 
SAMPLE ROOM NUMBER: 125 ROOM NUMBER: 127 ROOM NUMBER: ROOM NllMBER: 
NUMBER H-3 C-14 H-3 C-14 H-3 C-14 H-3 C-14 
1 13 9 18 13 
2 39 2 3 7 
3 4 5 8 7 
4 6 12 12 4 
5 18 13 24 8 
6 11 9 3 5 
7 8 7 7 12 
8 13 4 1 12 
9 13 9 12 14 
10 1 14 16 11 
AVERAGE 13 8 10 9 
STANDARD 11 4 7 4 
DEVIATION 
MAXIMUM 39 14 24 14 
VALUE 
ACTION 700 700 700 700 
LIMIT 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-10. Final Status Survey Summary For Non-Impacted Survey Units 
Building Number: 59 
Monitoring date(s): 5/2/00 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building number/room number) 
SAMPLE ROOM NUMBER: ROOM NUMBER: 10 1 ROOM NUMBER: 102 ROOM l\TlJMBER: 106 
NUMBER Pool 

H-3 C-14 H-3 C-14 H-3 C-14 H-3 C-14 
1 21 9 0 10 10 9 18 14 
2 0 10 10 9 24 1 11 7 
3 21 6 31 0 23 18 10 16 
4 22 1 21 6 32 17 3 7 
5 12 4 18 6 7 24 62 1 
6 4 10 10 15 6 5 14 7 
7 0 10 5 7 4 10 0 26 
8 13 4 22 4 12 9 11 9 
9 14 4 44 5 13 22 4 10 
10 10 15 28 3 21 6 15 7 
AVERAGE 12 7 19 7 15 12 15 10 
STANDARD 
DEVIATION 8 4 13 4 9 8 18 7 
MAXIMUM 
VALUE 22 15 44 15 32 24 62 26 
ACTION 
LIMIT 700 700 700 700 700 700 700 700 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-11. Final Status Survey Summary For Non-Impacted Survey Units 
Building Number: 69 
Monitoring date(s); 5/11/00 
Liquid Scinti ll a t ion Swipe Results for Background, H-3 and C-1 4 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building number/room n umber) 
SAMPLE ROOM NUMBER: 101 ROOM NUMBER: 102 ROOM NUMBER: 103 ROOM NUMBER: 
NUMBER 103* 

H-3 C-14 H-3 C-14 H-3 C-14 H-3 C-14 
1 41 3S 0 8 7 19 2 10 
2 12 16 0 13 0 10 0 17 
3 9 29 4 2 0 7 0 13 
4 7 12 45 7 13 6 3 7 
5 19 33 6 12 8 24 2 12 
6 4 30 0 10 0 3 
7 5 7 4 10 13 9 
8 20 12 11 4 3 12 
9 0 18 254 15 11 4 
10 0 22 0 3 12 
AVERAGE 12 21 32 9 6 11 1 12 
STANDARD 
DEVIATION 12 10 79 4 5 7 1 4 
MAXIMUM 
VALUE 41 35 254 15 13 24 3 17 
ACTION 
LIMIT 700 700 700 700 700 700 700 700 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-12. Final Status Survey Summary For Non-Impacted Survey Units 
Building Number: 69 
Monitoring date(s): 5/11/00 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Da ta is reported in DPM for a survey unit (building number/room number) 
SAMPLE ROOM l\TlJMBER: 104 ROOM NUMBER: 104* ROOM NUMBER: 104 * 
NUMBER H-3 C-14 H-3 C-14 H-3 C-14 
1 10 4 14 7 6 2 
2 1 17 10 9 0 15 
3 29 6 2 15 22 16 
4 8 9 8 7 8 7 

5 4 5 8 4 4 5 
6 23 0 
7 14 4 
8 14 14 
9 4 10 
10 14 12 
AVERAGE 12 8 8 8 8 9 
STANDARD 
DEVIATION 9 5 4 4 8 6 
MAXIMUM 
VALUE 29 17 14 15 22 16 
ACTION 

) LIMIT 700 700 700 700 700 700 
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NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-13. Final status Survey Summary For Non-Impacted Survey Units 
Building Number: 79 
Monitoring date(s): 5/1 1 /00 
Liquid Scintillation Swi pe Results for Background, H-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building number/room number) 
SAl'1PLE ROOM NUMBER: 101 ROOM NUMBER: 102 ROOM NUMBER: 103 ROOM NUMBER: 104 
NUMBER H-3 C-14 H-3 C-14 H-3 C-14 H-3 C-14 
1 3 10 8 17 0 10 7 0 
2 4 10 2 12 12 7 5 5 
3 0 2 22 6 22 3 20 8 
4 30 8 16 11 30 13 22 3 
5 1 14 17 4 21 6 11 11 
6 15 7 3 7 4 7 0 8 
7 7 2 24 4 19 1 0 20 
8 25 4 10 9 0 7 5 5 
9 14 7 3 12 0 5 4 10 
10 0 20 9 12 11 7 10 7 
AVERAGE 10 8 11 9 12 7 8 8 
STANDARD 
DEVIATION 11 6 8 4 11 3 8 5 
MAXIMUM 
VALUE 30 20 24 17 30 13 22 20 
ACTION 
LIMIT 700 700 700 700 700 700 700 700 

144 

I 
I , 

I 

, 



NMRC Diving Buildingb Radiological (0&0) 
Final Status Survey Report, June 2000 

NON-IMPACTED AREA FINAL STATUS SURVEY DATA 

Table 12-2-14. Final Status Survey Summary For Non-Impacted Survey Units 
Building Number: 79 
Moni toring da t e (s ) : 5/11/00 
Liquid Scintillation Swipe Results for Background, B-3 and C-14 Analyses for 
Residual Contamination (Count Times: 1 minute) 

Data is reported in DPM for a survey unit (building numberlroom number) 
SAMPLE ROOM NUMBER: 104* ROOM NUMBER: 107 ROOM NUMBER: 107* 
NUMBER H-3 C-14 H-3 C-14 H-3 C-14 
1 14 9 7 14 5 7 
2 5 22 9 9 13 9 
3 17 4 11 9 10 4 
4 8 4 20 11 9 4 
5 1 12 12 6 24 11 
6 16 11 
7 0 13 
8 3 12 
9 0 12 
10 9 17 
AVERAGE 9 10 9 11 12 7 
STANDARD 
DEVIATION 7 7 7 3 7 3 
VlAXlMUM 

VALUE 17 22 20 17 24 11 
ACTION 
LIMIT 700 700 700 700 700 700 
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Appendix E-3. Diving Buildings, Impacted Class 3 Areas 

~ Location: NMRC Diving Buildings, Impacted Class 3 
Areas 

> Monitoring Date (s): 3/23/00, 4/19/00, 4/26/00 
~ Radioactive Contaminants of Concern: Beta- and 

gamma-radiation emitters, Tritium (H-3), Carbon-14 
(C-14), Cobalt-57 (Co-57), Barium-133 (Ba-133), and 
Cesium-137 (Cs-137) 

> Minimum Control Beta Swipe Locations (performed for 
every survey unit): (1) floor at door in room; (2) 
floor at door outside room; (3) doorknob in room; 
(4) doorknob outside room; and (5) light switch 
inside room. 

> Survey Instrument Information: 
Beta meters -- serial numbers (background CPM) : 
11030 «100CPM), 54537 «100 CPM) 
Gamma meters -- serial numbers (background CPM) : 
114 8 8 6 ( < 3 0 0 C PM), 121 7 3 0 ( < 2 00 C PM), 12 1 8 8 6 ( < 3 00 
CPM) 
Liquid Scintillation Counter: Packard 2500TR, SiN 
403848 

> Radiation-detection Action Limits: 
2 to 3 times background for beta and gamma scans 
500 - 700 dpm or higher for either H-3 or C-14 beta 
swipes counted using a liquid scintillation counter 

~ Summary of Radiological Scans and Swipe Results: 
Background level for all beta and gamma scans 
All H-3 and C-14 beta swipe results below Action 
Limits 

~ Contamination and Remedial Actions: Residual carbon-
14 contamination was detected in rooms 117 and 122 
of building 53. Photographs are included in 
Appendix B that show the affected areas before and 
after decontamination efforts were completed. Swipe 
samples collected at these sites and evaluated using 
a liquid scintillation counter revealed that the 
contamination was fixed. The contamination was 
located on floor tile and upon a high-pressure 
vessel in room 117. In room 122, the contamination 
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was limited to four areas on the laminated surface 
of workbenches. The contamination was detected 
during the performance of direct readings as part of 
NMRC's final status surveys. The direct readings at 
the contaminated areas exceeded two to three times 
the background readings. Elevated readings ranged 
from several hundred to several thousand 
disintegrations per second. Decontamination efforts 
included spraying the areas with radiological 
cleaners and washing down the area before re
monitoring. After repeated washings of the areas 
with no decrease in radioactivity, other measures 
were taken to decontaminate the affected areas. 
These measures included removing vinyl floor tiles, 
removing sections of laminate covering from 
workbenches, removing paint from metallic surfaces 
using a liquid paint remover, and sawing off 
sections of contaminated wood from the stand 
supporting the high-pressure vessel. All wastes 
generated from these decontamination efforts were 
disposed of as radioactive wastes. The affected 
areas were resurveyed following completion of 
decontamination efforts. 

~ Conclusion: All contaminated areas were successfully 
decontaminated. Remediation surveys following the 
completion of decontamination efforts revealed that 
background-radiation levels had been achieved. The 
radiological monitoring results for all survey units 
addressed in this section met the criteria for 
release for unrestricted use. 
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TABLE 12-3-1. RADIOLOGICAL FINAL STATUS SURVEY 
SUMMARIES - Diving Building 53, Impacted Class 3 Areas 

Date Room Beta Maximum Maximum Recommend 
number and/or Background Random or Survey Unit 
or area Gamma Scan beta (H-3 Control for 
(Survey Monitoring or C-14) beta (H-3 radiological 
Unit) swipe or C-14) clearance 

(check if result swipe (Y/N) 
yes) (DPM) result 

(DPM) 

5/9/00 53 101 28 424 y 

(101-1, 
101-2) 

3 / 23 /00 53 102 31 30 y 

3/2 3/00 53 103 31 31 Y. 
4/26/00 53 111 36 35 y 

3 / 23 / 00 5 3 112 3 1 35 Y 
3/23/00 53 112A 31 35 Y 
3/23 /00 53 113 31 24 y 

3 / 23 / 00 53 117 31 30 Y 
3/23/00 53 118 31 63 Y 
6/9/ 00 53 119 2 8 125 Y 
6/9/00 53 120, 120D 28 33 Y 
4/19/0 0 53 121 23 76 Y 
4/19/00 53 122 23 21 Y 
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Quality Assurance Checklist 

Building number or location: NMRC Diving Buildings Impacted 
Areas 
Monitoring Date(s): 3/23/00, 4/19/00, 4/26/00, 6/9/00 

Y - Appropriate and satisfactory daily and weekly calibration 
checks were completed for the selected survey monitoring 
equipment and instruments. 

Y - Selected meters with current calibrations for the isotopes of 
concern 

Y - Survey maps or floor plans (for all survey units) and grid 
maps (for known RAM-use areas) were available 

Y - Background checks were performed when impacted areas were 
monitored. 

Y - For known RAM-use survey units, additional checks were 
performed (workbenches, shelves, sinks, basins, traps, floor 
at sinks and entrances, wall at hoods and sinks, and/or other 
areas as deemed appropriate) 

Y - Mean values, single sample values, and background values were 
below the action limits, indicating no contamination was 
found. 

Y - Representative floor plans, sketches, and photographs were 
available. 

Y - Deviation from survey plans and objectives were documented. 

Y - Extent of remediation actions documented. 

Y - All selected survey units passed D&D tests; units are 
recommended for unrestricted release. 

Y - Additional Checks/Data passed D&D tests; unit is recommended 
for unrestricted release 

Notes: Tests included complying with applicable elements of the 
MARSSIM Final Status Survey checklist, mean-value and single
value comparisons of survey-unit data to action limits (DCGLs), 
mean-value comparison to background, completion of required 
monitoring, and satisfactory scan monitoring results. 

Quality Assurance Leader: Schleurious L. Gaiter, LCDR, MSC, USN 
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Table 12-3-2. Final Status Survey Summary For Direct Readings of 
Impacted Survey Units Using a Gas Proportional Counter 

DATA CONVERSION WAS PERFORMED AS DESCRIBED BELOW 
Buildi ng Number: 53 

Monitoring date(s): 5/2/ 00 
Data is reported in DPM for d i rect readings fo r Carbon- 14 

MARSS I M formu l a 6~ 4 : 
dpm (C"/T s ) - (Ch/Tb) 

( 100 cm») = 
------
(E i x (A/IOO)) 

where, A=126 cm1
, Ei = instrument efficiency = 0.15; sample and 

background count times = Ts = Tb= 1 min, Co; = sample counts during 
time T", and Cb = background counts during time Tb 

Note: Negative values of the calculated dpm were set equal to zero. 

All areas with calculated dpm values exceeding the NMRC Action Limit 
were remediated (decontaminated or materials removed) and re-
surveyed. The final surveys revealed readings below the NMRC Action 
Limit of 2,000 dpm per 100 cm2 for direct readings. 

SAMPLE NUMBER ROOM NUMBER: 101 ROOM NUMBER: 102 ROOM NUMBER: 103 

CPM DPMI CPM DPMI CPM DPM I 
100 CM:! 100 CM2 100 CM2 

1 2 94 138 272 0 280 116 
2 348 423 306 164 286 1 48 
3 28 3 79 30 1 138 31 8 3 1 7 
4 273 26 281 32 30 7 2 59 
5 313 238 3 0 7 169 313 291 
6 316 254 274 ° 288 159 
7 296 14 8 2 68 ° 285 143 
8 2 70 11 2 8 9 74 289 164 
9 281 69 252 0 284 1 38 

10 327 312 272 0 266 42 
11 373 608 
1 2 314 296 

AVERAGE 1 70 58 2 2 3 
STANDARD 

DEVIATION 134 73 148 
MAXIMUM VALUE 423 1 69 60 8 

BACKGROUND, CPM 268 275 258 
ACTION LIMIT, 

DPM/100 CM2 2 ,000 2,0 00 2 ,000 
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Table 12-3-3. Final status Survey Summary For Direct Readings of 
Impacted Survey Un.its Using a Gas Proportional Counter 
Building Number: 5 3 
Monitoring date(s): 5/2 /0 0 

Data is r eported i n DPM for direct readings for Carbon-1 4 
See Table 12-3-2 for the application of MARSSIM formu la 6-4 in 
converting the gas proportional counter data to dprn per 100 crn2. 

The final surveys revealed readings below the Action Limit. 
SAMPLE NUMBER ROOM NUMBE'.R: 111 ROOM NUMBERS: ROOM NUMBER: 117 

112,112A 
CPM DPM/ CPM DPM/ CPM DPM/ 

100 CM2 100 CMz 100 CM2 

1 284 26 265 0 249 a 
2 287 42 25 5 0 276 63 
3 28 6 3 7 2 49 0 252 0 
4 285 32 240 ° 24 7 0 
5 255 ° 28 3 90 28 0 8 5 
6 27 1 0 2 45 0 2 62 0 
7 228 0 254 0 258 0 
8 260 0 262 0 292 148 
9 2 68 0 267 5 287 122 

10 2 63 a 2 41 0 45 2 99 5 
11 27 9 ° 2 90 12 7 289 1 32 
12 269 16 310 243 
1 3 237 0 362 519 
14 269 16 389 661 
15 254 ° 321 3 02 
16 351 460 
17 31 0 243 
18 467 1074 
19 370 5 61 
20 401 725 

AVERAGE 1 3 17 3 1 7 
STANDARD 18 38 338 

DEVIATION 
MAX I MUM VALUE 42 12 7 1074 

BACKGROUND, CPM 279 266 258 
ACT I ON LIMIT, 

DPM/100 CM2 2 , 000 2,000 2,000 
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Table 12-3-4. Final Status Survey Summary For Direct Readings of 
Impacted Survey Units Using a Gas Proportional Counter 
Bu i lding Number: 53 
Monitori ng date(s): 5/2/00 

Data is reported in DPM for direct readings for Carbon-14 
See Table 12-3-2 for the application of MARSSIM formula 6- 4 in 
converting the gas proportional counter data to dpm per 100 cm:< . 

After data conversion of the surface activity counts, all areas with 
calculated dprn values exceeding the NMRC Action Limit were 
remediated (decontaminated or materials removed) and re-surveyed. 
The final surveys revealed readings below the Action Limit. 
SAMPLE NUMBER ROOM NUMBER: 118 ROOM NUMBERS: ROOM NUMBER: 122 

121 
CPM DPM/ CPM DPM/ CPM DPM/ 

100 CM;> 100 CM2 100 CM? 
1 254 0 239 0 2 47 0 
2 273 48 312 254 305 21 7 
3 29 9 185 282 95 284 106 
4 312 2 54 272 42 29 1 143 
5 2 61 0 281 90 295 164 
6 234 0 282 95 277 69 
7 280 85 281 90 284 106 
8 268 21 272 42 305 21 7 
9 257 0 296 169 251 0 

10 248 0 251 0 298 180 
11 232 0 268 21 327 333 

12 286 0 255 0 329 34 4 
13 300 190 2 87 122 483 1159 
14 257 0 335 376 
15 240 0 309 238 
16 284 106 299 185 
1 7 2 48 0 279 79 
18 291 143 
19 294 159 
20 298 1 8 0 
2 1 320 296 
22 281 90 
23 252 0 
24 2 89 132 
25 291 1 43 

AVERAGE 30 59 202 
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STANDARD 
DEVIATION 

MAXIMUM VALUE 
BACKGROUND, 

CPM 
ACTION LIMI T, 

DPM/100 CM? 
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54 68 

164 243 
281 266 

2,000 2,000 
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Table 12-3-Sa. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 

A. Survey Unit or Room Number: 101-1 
Survey Date: 06/09/00 I Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H~3 and C~14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 4 5 2 10 
2 20 1 0 5 
3 2 10 15 14 
4 1 17 25 4 
5 0 3 0 22 
6 2 12 1 14 
7 4 7 13 4 
8 28 1 24 13 
9 14 2 4 7 

10 7 9 20 11 
11 2 12 14 7 
12 6 14 0 7 
13 8 7 7 9 
14 19 4 12 11 
15 19 6 0 5 
16 7 12 25 4 
17 6 14 19 16 

1 8 6 14 17 4 
19 0 10 1 17 
20 0 7 0 15 

21 24 8 0 30 
Average DPM 9 8 9 11 

Standard 
Deviation, DPM 9 5 9 7 

Maximum DPM 28 17 25 30 
Action Limit, 

DPM 700 700 700 700 
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Table 12-3-5b. Final Status Survey Summary for CONTROL 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 

B. Survey Unit or Room Number: 101-1 
Survey Date: 06/09/00 I Count Times: 1 minute 
Liquid Seinti1lat..ion Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 4 5 7 14 
2 20 1 17 6 

3 2 10 22 0 

4 6 17 2 10 
5 1 17 2 10 
6 0 3 13 11 
7 2 12 0 13 

8 4 5 18 6 

9 28 1 1 15 
10 14 2 3 10 

11 7 9 11 7 

12 2 12 4 7 

13 6 14 11 2 

14 8 7 3 9 5 

15 19 4 11 4 
16 19 6 1 17 

17 7 12 36 5 
18 6 14 17 19 
19 6 14 
20 0 10 

21 0 7 

Average DPM 8 9 12 9 
Standard 

Deviation, DPM 8 5 12 5 

Maximum DPM 28 17 39 19 
Action Limit, 

DPM 700 700 700 700 
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Table 12-3-6a. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Bu i lding: 053 

C. Surv ey Unit or Room Number: 101-2 
Survey Date: 06/09/00 I Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C·14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 4 5 2 10 
2 20 1 5 5 

3 2 10 0 13 
4 1 17 21 9 
5 0 3 15 14 
6 2 12 6 12 
7 4 5 5 7 

8 28 1 0 25 

9 14 2 0 8 
10 7 9 6 12 

1 1 2 12 14 6 
12 6 14 7 0 
1 3 8 7 5 5 

1 4 19 4 91 5 
15 19 6 6 14 
16 7 12 12 9 
1 7 6 14 8 9 

1 8 6 14 1 18 
J.9 0 10 11 9 

20 0 7 25 15 
21 24 8 11 7 

Average DPM 9 8 12 10 
Standard 

Deviation, DPM 9 5 19 5 
Maximum DPM 28 17 91 25 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-6b. Final Status Survey Summary for CONTROL 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 

D. Survey Unit or Room Number: 101-2 
Survey Date: 06/09/00 I Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyscs for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 4 5 19 0 
2 20 1 7 9 
3 2 10 2 10 
4 1 17 9 2 
5 0 5 14 6 

6 2 12 0 28 
7 4 5 8 12 
8 28 1 424 0 
9 14 2 14 1 9 

10 7 9 2 15 
11 2 12 3 10 

1 2 6 14 18 6 
13 8 7 

14 19 4 
15 19 6 

16 7 12 
17 6 14 

18 6 14 
19 0 10 

20 0 7 

21 24 8 

Average DPM 9 8 43 10 
Standard 

Deviation, DPM 9 5 120 8 
Maximum DPM 28 17 424 28 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-7. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Buildi_:1g: 053 Survey Unit or Room Number: 

Survey Date: 03/23/00 Count Times: 1 minute 

102 

Liquid Scintillation Swipe Results for Background, H·3 and C-14 Analyses for Residual Contamination 
Sample Number DPM, Background DPM, H-3 DPM, C-14 

H-3 C-14 
1 3 7 9 4 

2 14 9 0 8 
3 11 14 7 7 

4 8 2 17 6 
5 12 4 8 4 

6 3 5 0 8 
7 0 17 5 17 

8 8 7 6 5 
9 3 10 6 7 

1 0 13 7 30 14 
11 16 14 9 20 

12 9 4 0 6 

13 7 9 26 12 

14 6 12 0 2 
15 29 5 13 7 

16 0 19 4 19 
17 3 10 17 15 

18 15 4 1 18 

19 10 2 23 12 

20 2 10 2 18 

21 31 8 9 11 

Average DPM 10 9 9 10 
Standard 

Deviation, DPM 8 5 9 6 

Maximum DPM 31 19 30 20 
Action Limit, 

DPM 700 700 700 700 
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Table 12-3-8. Final Status Survey Summary for CONTROL 
SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 102 

Survey Date: 03/23/00 Count Times: 1 minut e 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 3 :> 
2 14 9 0 10 
3 11 14 6 14 
4 8 2 2 10 
5 12 4 4 7 
6 3 5 0 22 
7 0 17 0 18 
8 8 7 0 5 
9 3 10 15 16 

10 13 7 7 9 

11 16 14 7 7 
12 9 4 13 11 
13 7 9 10 14 
14 6 12 9 12 
15 29 5 24 11 
16 0 19 6 17 
17 3 10 3 7 
18 15 4 1 15 
19 10 2 25 6 

20 2 10 13 4 

21 31 8 2 12 
22 11 4 

23 3 10 
24 7 7 
25 11 9 
26 0 2 
27 0 5 
28 2 12 

Average DPM 10 9 7 10 
Standard 

Deviation, DPM 8 5 7 5 
Maximum DPM 31 19 25 22 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-9. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Un i t or Room Number: 

Survey Date: 03/23/00 Count Times: 1 minute 

103 

Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background OPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 15 6 

2 14 9 22 13 
3 11 14 12 11 

4 8 2 3 5 
5 12 4 4 5 

6 3 5 6 14 
7 0 17 30 13 
8 8 7 11 2 
9 3 10 9 2 

10 13 7 14 14 
1 1 16 14 13 9 
1 2 9 4 7 9 

1 3 7 9 21 13 
14 6 12 1 17 
15 29 5 12 11 
16 0 19 7 7 

17 3 10 13 2 
18 15 4 31 3 
19 10 2 31 1 
20 2 10 31 6 

21 31 8 20 6 

Average DPM 10 9 15 8 
Standard 

Deviation, DPM 8 5 10 5 
Maximum DPM 31 19 31 17 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-10. Final status Survey Summary for CONTROL 
SAMPLES FOR IMPACTED SURVEY UNIT 

. . 
Building: 053 Survey Unit or Room Number: 103 

Survey Date: 03/23/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Nwnber DPM, Background DPM, DPM, 
H-3 C-14 H-3 C-14 

1 3 7 22 8 
2 14 9 0 20 
3 11 14 17 9 

4 8 2 13 4 
5 12 4 4 7 
6 3 5 3 7 
7 0 17 4 7 
8 8 7 4 22 
9 3 10 14 6 

10 13 7 3 10 
11 16 14 3 10 
12 9 4 11 1 4 
13 7 9 10 12 
14 6 1 2 10 14 
15 29 5 17 16 

16 0 19 2 10 
17 3 10 0 13 
18 15 4 0 13 
19 10 2 35 0 
20 2 10 0 5 

21 31 8 15 4 

22 14 14 

23 4 5 

24 7 7 

25 3 24 
26 6 12 
27 12 9 
28 17 11 
29 13 9 

Average DPM 10 9 9 10 
Stand. Dev i ation, DPM 8 5 8 5 

Maximum DPM 31 19 35 24 
Action Limit, DPM 700 700 700 700 
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Table 12-3-11. Final status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 111 

Survey Date: 4/26/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-J4 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 22 13 7 24 
2 26 1 11 9 

3 7 12 17 4 
4 16 16 14 14 
5 15 0 17 9 

6 14 6 34 5 

7 8 7 16 6 

8 11 0 15 14 
9 7 12 9 2 

10 23 3 3 5 3 
1-[ 14 4 12 6 

12 13 6 11 4 
13 13 6 17 4 

14 36 5 13 9 
15 13 9 10 4 

16 4 5 4 7 
17 9 4 3 7 

18 21 4 3 10 

19 23 11 0 10 

20 24 1 11 9 

21 7 14 24 3 
Average DPM 16 7 13 8 

Standard 
Deviation, DPM 8 5 9 5 

Maximum DPM 36 16 35 24 
Action Limit, 

DPM 700 700 700 700 

166 



NMRC Diving Buildings Radiological (O&D) 
Final Status Survey Report, June 2000 

Table 12-3-12. Final Status Survey Summary for CONTROL 
SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 111 

Survey Date: 4/26/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 22 13 0 12 
2 26 1 14 18 
3 7 12 15 9 

4 16 16 0 0 
5 15 0 15 9 

6 14 6 0 7 
7 8 7 2 12 
8 11 0 9 12 
9 7 12 33 12 

1 0 23 3 11 11 
11 14 4 3 12 
12 13 6 21 6 

13 13 6 3 7 
14 36 5 9 0 
1 5 13 9 12 6 

1 6 4 5 8 4 
17 9 4 2 12 
18 21 4 0 10 
19 23 11 21 6 
20 24 1 11 9 
21 7 14 19 13 
22 8 4 
23 7 7 

Average DPM 16 7 10 9 
Standard 

Deviation, DPM 8 5 8 4 
Maximum DPM 36 16 33 18 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-13. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 112 

Survey Date: 03/23/00 Count Times: 1 minu t e 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, B-3 DPM, C-14 
H-3 C-14 

1 3 7 21 8 

2 14 9 18 4 
3 11 14 17 11 
4 8 2 3 5 
5 12 4 14 14 
6 3 5 3 7 
7 0 17 10 0 
8 8 7 10 2 
9 3 10 3 10 

10 13 7 2 12 
11 16 14 8 7 

12 9 4 20 4 
13 7 9 3 10 
14 6 12 10 11 
15 29 5 34 0 
16 0 19 4 2 
17 3 10 8 9 

18 15 4 25 8 

19 10 2 6 14 
20 2 10 13 9 

21 31 8 2 10 
Average DPM 10 9 11 7 

Standard 
Deviation, DPM 8 5 9 4 

Maximum DPM 31 1 9 3 4 14 
Action Limit, 

DPM 700 700 700 700 
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Table 12-3-14. Final Status Survey Summary for CONTROL 
SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Ro om Number: 112 

Survey Date: 03/23/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 35 5 

2 14 9 1 15 
3 11 14 30 15 
4 8 2 7 9 
5 12 4 6 7 

6 3 5 13 4 
7 0 17 19 1 

8 8 7 19 13 
9 3 10 17 9 

10 13 7 17 9 
11 16 14 27 6 
12 9 4 0 5 
13 7 9 0 5 

14 6 1 2 0 8 
15 29 5 

16 0 19 
17 3 10 

18 15 4 

19 10 2 
20 2 10 
2 1 31 8 

Average DPM 10 9 14 8 
Standard 

Deviation, DPM 8 5 12 4 
Maximum DPM 3 1 19 35 15 

Action Limi t, 
DPM 700 700 700 700 
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Table 12-3-15. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 1 1 2A 

Survey Date: 03/23/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 3 7 

2 14 9 22 18 
3 11 14 35 5 

4 8 2 10 11 
5 12 4 13 4 

6 3 5 7 9 
7 0 17 9 9 
8 8 7 10 9 
9 3 10 14 9 

10 13 7 23 1 3 
11 16 14 12 7 

12 9 4 2 10 
13 7 9 6 14 

14 6 12 5 7 

15 29 5 2 1 2 
16 0 19 7 17 
17 3 10 14 4 
18 15 4 10 9 

19 10 2 34 6 

20 2 10 18 1 

21 31 8 10 7 

Average DPM 10 9 13 9 
Standard 

Deviation, DPM 8 5 9 4 
Maximum DPM 31 1 9 35 1 8 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-16. Final Status Survey Summary for CONTROL 
SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 112A 

Survey Date: 03/23/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 6 12 
2 14 9 18 0 

3 11 14 4 19 
4 8 2 3 7 

5 12 4 18 9 
6 3 5 7 7 
7 0 17 27 1 
8 8 7 2 10 
9 3 10 20 8 

10 13 7 12 7 
11 16 14 9 12 
12 9 4 5 2 
13 7 9 14 4 

14 6 12 2 4 1 
15 29 5 2 1 6 

16 0 1 9 
17 3 10 
18 15 4 
19 10 2 
20 2 10 
21 31 8 

Average DPM 10 9 13 7 
Standard 

Deviation, DPM 8 5 8 5 
Maximum DPM 31 19 27 19 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-17. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 

A. Su r ve y Uni t o r Room Numbe r : 113 
Survey Date: 03/23/00 I Count Times: 1 minut e 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 7 7 
2 14 9 16 4 
3 11 14 12 7 
4 8 2 12 7 

5 12 4 4 2 
6 3 5 22 1 
7 0 17 0 5 
8 8 7 23 9 

9 3 10 14 14 
10 13 7 11 9 

11 16 14 13 18 
12 9 4 17 4 
13 7 9 11 11 
14 6 12 4 7 

15 29 5 5 0 
16 0 19 5 14 
17 3 10 9 12 
18 15 4 13 0 
19 10 2 9 9 
20 2 1 0 7 9 
21 31 8 11 2 

Average DPM 10 9 11 7 

Standard 
Deviation, DPM 8 5 6 5 

Maximum DPM 31 19 23 18 
Action Limit, 

DPM 700 700 700 700 
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Table 12-3-18. Final Status Survey Summary for CONTROL 
SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 

B. Survey Unit or Room Number: 11 3 
Survey Date: 03/23/00 I Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background., H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 13 4 
2 14 9 5 17 
3 11 14 7 9 

4 8 2 8 2 

5 12 4 12 9 

6 3 5 3 7 
7 0 17 8 4 
8 8 7 16 9 

9 3 10 23 4 
10 13 7 4 5 

11 16 14 24 5 

12 9 4 18 9 
13 7 9 11 14 
14 6 12 20 11 

15 29 5 8 9 

16 0 19 6 14 
17 3 10 5 2 
18 15 4 8 7 

19 10 2 0 12 

20 2 10 2 10 
21 31 8 8 2 
22 0 10 

Average DPM 10 9 10 8 
Standard 

Deviation, DPM 8 5 7 4 
Maximum DPM 31 19 24 17 

Action Limit, 
DPM 700 700 700 700 
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Figure 12-3-7. Grid Map for Building 53, Room 113 

Legend: 
~ = Main Entrance; E = Equipment; H = Hyperbaric 

Chamber; C14 = Front Left Counter; CIS = Back Left Counter; 
C16 = Front Counter; C17 = Hoodi C18 = Back Right Counter; 
C19 = Front Right Counter; C20 = Front Left Sink; C21 = 
Back Left Sink; C22 = Right Sink 
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Table 12-3-19. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 117 

Survey Date: 03/23/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results [or Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 12 9 
2 14 9 10 2 
3 11 14 14 6 

4 8 2 2 5 
5 12 4 22 1 

6 3 5 17 4 
7 0 17 26 8 
8 8 7 4 7 

9 3 10 13 6 

10 13 7 9 7 

11 16 14 10 4 
12 9 4 26 11 
1 3 7 9 12 11 
14 6 12 2 10 
15 29 5 15 11 
16 0 19 16 4 

17 3 10 21 2 

18 15 4 0 7 

19 1 0 2 8 7 

20 2 10 13 7 

21 31 8 12 14 

Average DPM 10 9 13 7 
Standard 

Deviation, DPM 8 5 7 3 
Maximum DPM 31 19 26 14 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-20. Final Status Survey Summary for CONTROL 
SAMPLES FOR IMPACTED SURVEY UNIT 

Building: 053 Survey Unit or Room Number: 117 

Survey Date: 03/23/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H·3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 21 131 
2 14 9 5 17 
3 11 14 17 16 
4 8 2 21 8 

5 12 4 26 18 
6 3 5 6 12 
7 0 17 7 7 

8 8 7 17 4 

9 3 10 2 12 
10 13 7 0 13 
11 16 14 8 20 

12 9 4 8 7 

13 7 9 12 9 

14 6 12 7 7 

15 29 5 30 6 

16 0 19 0 3 
17 3 10 5 2 
18 15 4 23 15 
19 10 2 4 7 

20 2 10 13 14 
21 31 8 0 7 
22 4 5 
23 9 2 
24 8 4 

Average DPM 10 9 11 14 
Standard 

Deviation, DPM 8 5 9 25 
Maximum DPM 31 19 30 131 

Action Limit, 
DPM 700 700 700 700 
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Figure 12-3-8. Grid Map for Building 53, Room 117 

Legend: 
~ = Main entrance; H = Hyperbaric Chamber; 
Extra Controls = Sink, Counters and Benches 
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Table 12-3-21. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 118 

Survey Date: 03/23/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contantination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 3 7 62 0 
2 14 9 63 6 
3 11 14 5 17 
4 8 2 18 11 
5 12 4 32 6 

6 3 5 0 3 

7 0 17 21 14 
8 8 "7 2 1 2 
9 3 10 3 10 

10 1 3 7 11 9 
11 16 14 9 7 
12 9 4 28 18 
13 7 9 20 4 
14 6 12 8 2 
15 29 5 11 9 

16 0 19 1 5 4 
17 3 10 13 7 

18 15 14 20 13 

19 10 2 15 16 
20 2 10 20 6 

21 31 8 4 5 
Average DPM 10 9 18 9 

Standard 
Deviation, DPM 8 5 17 5 

Max imum DPM 31 19 63 18 
Action Limit, 

DPM 700 700 700 700 
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Table 12-3-22. Final Status Survey Summary for CONTROL 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 118 

Survey Date: 03/23/00 Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contaminat.:ion 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
B-3 C-14 

1 3 7 7 9 

2 14 9 6 14 
3 11 14 8 4 
4 8 2 11 2 
5 12 4 5 17 
6 3 5 11 2 
7 0 17 6 17 

8 8 7 21 14 
9 3 10 8 9 

10 13 7 8 14 
11 16 14 0 15 

12 9 4 7 31 
13 7 9 7 4 
1 4 6 12 3 5 
1 5 29 5 6 17 

16 0 19 
17 3 10 

18 15 14 

19 10 2 
20 2 10 
21 31 8 

Average DPM 10 9 8 12 
Standard 

Deviation, DPM 8 5 5 8 
Maximum DPM 31 19 21 31 

Action Limi t, 
DPM 700 700 700 700 
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Figure 12-3-9. Grid Map for Building 53, Room 118 

Legend: 
~ = Main entrance 

C12 ~ Left Counter 
Cl3 = Right Counter 
C14 = Left Sink 
C1S = Right Sink 
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Table 12-3-23. Final status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 

C. Survey Unit or Room Number: 119 
Survey Date: 06/09/00 I Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 4 5 16 6 
2 20 1 26 3 
3 2 1 0 8 7 
4 1 17 0 10 

5 0 3 10 14 
6 2 12 7 9 
7 4 5 9 4 
8 28 1 14 21 
9 14 2 9 19 

10 7 9 11 125 
11 2 12 4 5 
12 6 14 15 2 
13 8 7 8 7 

14 19 4 0 0 
15 19 6 8 2 

16 7 12 13 7 
17 6 14 11 11 

18 6 14 1 12 
19 0 10 0 20 
20 0 7 11 21 
21 24 8 8 7 

Average DPM 9 8 9 15 
Standard 

Deviation, DPM 9 5 6 26 
Maximum DPM 28 17 26 125 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-24. Final Status Survey Summary for CONTROL 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Build:i. ~1g : 053 

D. Survey Unit or Room Number: 119 
Survey Date: 06/09/00 I Count Times: 1 minute 
Liquid Scintillation Swipe Results [or Background, H-3 and C-14 AnaJ~scs for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 4 5 29 8 

2 20 1 25 11 
3 2 10 2 10 
4 1 17 11 11 
5 0 3 5 17 
6 2 12 24 18 
7 4 5 10 4 
8 28 1 29 6 

9 14 2 14 6 
10 7 9 31 1 
11 2 12 31 10 
12 6 14 19 1 
13 8 7 29 13 
14 19 4 32 8 

15 19 6 18 6 

16 7 12 14 0 
17 6 14 8 4 

18 6 14 52 11 
19 0 10 21 13 

20 0 7 

21 24 8 

Average DPM 9 8 21 8 
Standard 

Deviation, DPM 9 5 12 5 
Maximum DPM 28 17 52 18 

Action Limit, 
DPM 700 700 700 700 
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Figure 12-3-10. Grid Map for Building 53, Room 119 

Legend; 

= Main Entrance; C16 = Sink; C17 
Counter; C19 Middle Counter 
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Table 12-3-25. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 

E. Survey Unit or Room Number: 120 
Survey Date: 06/09/00 I Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and 
C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 4 5 3 7 

2 20 1 8 7 

3 2 10 33 5 

4 1 17 1 15 
5 0 3 4 5 
6 2 12 2 10 
7 4 5 0 7 

8 28 1 1 3 9 

9 14 2 0 10 
10 7 9 9 4 
11 2 12 0 7 

12 6 14 7 12 
13 8 7 0 17 

14 19 4 14 2 
15 19 6 12 7 

16 7 12 5 19 
17 6 14 24 8 
18 6 14 4 2 
19 0 10 3 7 
20 0 7 9 7 
21 24 8 21 9 

Average DPM 9 8 8 8 
Standard 

Deviation, DPM 9 5 9 4 
Maximum DPM 28 17 33 19 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-26a. Final Status Survey Summary for CONTROL 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 

Survey Unit or Room Number: 120 
Survey Date: 06/09/00 I Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and 
C-14 Analyses for Residual Contamination 

Sample Nwnber DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 4 5 13 7 
2 20 1 0 18 
3 2 10 15 4 

4 1 17 7 9 

5 0 3 0 5 

6 2 12 16 11 
7 4 5 6 17 
8 28 1 0 7 
9 14 2 3 10 

10 7 9 

11 2 12 
12 6 14 
13 8 7 
14 19 4 

15 19 6 
16 7 12 
17 6 14 
18 6 14 
19 0 10 
20 0 7 
21 24 8 

Average DPM 9 8 7 10 
Standard 

Deviation, DPM 9 5 7 5 
Maximum DPM 28 17 16 18 

Action Limit, 
DPM 700 700 700 700 
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Table 12-3-26b. Final Status Survey Summary for CONTROL 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 

Survey Unit or Room Number: 120D 
Survey Date: 06/09/00 I Count Times: 1 minute 
Liquid Scintillation Swipe Results for Background, H-3 and 
C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 4 5 3 7 
2 20 1 3 7 
3 2 10 2 12 
4 1 17 3 7 

5 0 3 0 10 
6 2 12 1 2 9 
7 4 5 6 1 4 

8 28 1 1 14 
9 14 2 10 19 

10 7 9 17 9 
11 2 12 22 6 

12 6 14 13 4 
13 8 7 13 9 

14 19 4 13 4 

15 19 6 0 10 

16 7 12 21 4 

17 6 14 2S 6 
18 6 14 14 16 

19 0 10 11 11 

20 0 7 4 S 

21 24 8 0 15 
22 18 4 

23 9 2 
24 18 4 

25 2 12 
26 0 12 
27 9 4 
28 18 6 
29 17 14 
30 13 7 

31 0 15 
Average DPM 9 8 10 9 

Standard 
Deviation, DPM 9 5 8 4 
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Maximum DPM 28 17 25 
Action Limit, 

DPM 700 700 700 
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Figure 12~3-12. Grid Map for Building 53, Room 120D 

Legend: 
~ Main Entrance 
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Table 12-3-27. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 121 

Survey Date: 04/21/00 I Count Ti mes: 1 minute 
Liquid Scinti llation Swipe Results for Background, H-3 and 
C-14 Analyses for Re sidual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
B-3 C-14 

1 19 6 76 0 
2 12 7 16 9 

3 16 9 3 7 
4 13 7 8 4 
5 17 9 12 11 
6 2 10 37 0 
7 23 6 3 10 
8 7 9 26 11 
9 12 11 7 14 

10 13 9 3 10 
11 3 7 3 10 
12 23 1 2 10 
13 12 7 22 4 
14 18 9 21 8 
1 5 2 1 0 0 7 

16 0 7 15 14 
17 12 1 1 16 9 
18 7 12 0 10 
19 3 7 8 4 
20 22 6 5 5 
21 12 16 20 4 

Average DPM 12 8 14 8 

Standard 
Deviation, DPM 7 3 17 4 

Maximum DPM 23 16 76 14 
Action Limi t, 

DPM 700 700 700 700 
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Table 12-3-28. Final Status Survey Summary for CONTROL 
SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 I Survey Uni t or Room Number: 121 

Survey Date: 04/21/00 I Coun t Ti mes: 1 minu t e 
Liquid Scintilla tion Swipe Results for Background, H-3 and 
C- 14 Analyses fo r Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 19 6 9 7 

2 12 7 11 14 

3 16 9 31 3 
4 13 7 5 0 

5 17 9 25 8 

6 2 10 7 20 
7 23 6 17 1 
8 7 9 3 7 
9 1 2 11 4 5 

10 13 9 1 4 4 

11 3 7 2 5 1 
12 23 1 7 12 

13 12 7 11 11 
14 18 9 7 14 
15 2 10 0 7 

16 0 7 25 13 
1 7 1 2 11 17 4 

18 7 12 0 10 

19 3 7 19 4 
20 22 6 3 7 

21 12 16 12 9 

22 8 4 
2 3 0 12 

2 4 3 7 

25 17 6 

26 6 17 
27 2 10 

28 26 11 
29 16 6 

Avera ge DPM 12 8 1 1 8 
Standard 

Deviation, DPM 7 3 9 5 
Maximum DPM 2 3 16 31 20 

Action Limit, 
DPM 700 700 700 700 
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Figure 12-3-13. Grid Map for Building 53, Room 121 

Legend: 
~ = Main entrance; C18= 1EFT (1) COUNTER; C19= L 

COUNTER, FRONTi C20=FRONT COUNTER; C21=RIGHT (R) 
COUNTER; C22=L SMALL SINK; C23=1 LARGE SINK; C24=L 
SMALL SINK; C25=L FRONT SINK; C26=R SINK; C27=HOOD; 
C28= HOOD; C29= BIOHOOD 
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Table 12-3-29. Final Status Survey Summary for RANDOM 
STATISTICAL SAMPLES FOR IMPACTED SURVEY UNIT 
Building: 053 Survey Unit or Room Number: 122 

Survey Date: 04/21/00 Count Times: 1 minute 
Liquid Scintilla t ion Swipe Results for Background, H-3 and 
C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, H-3 DPM, C-14 
H-3 C-14 

1 19 6 18 6 

2 12 7 7 12 
3 16 9 9 4 
4 13 7 0 3 
5 17 9 0 5 
6 2 10 0 15 
7 23 6 13 4 

8 7 9 10 12 
9 12 11 8 4 

10 13 9 8 9 

11 3 7 0 13 
12 23 1 12 2 
13 12 7 21 6 

14 18 9 11 9 
15 2 10 16 6 

16 0 7 14 2 
17 12 11 4 5 

18 7 12 6 12 
19 3 7 11 9 

20 22 6 21 6 

21 12 16 1 17 
Average DPM 12 8 9 8 

Standard 
Deviation, DPM 7 3 7 4 

Maximum DPM 23 16 21 17 
Action Limi t, 

DPM 700 700 700 700 
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Table 12-3-30. Final Status Survey Summary for CONTROL 
SAMPLES FOR IMPACTED SURVEY UNIT 
Buildi ng: 053 Survey Unit or Room Number: 12 2 

Survey Date: 04/21/00 Count Times: 1 minute 
Liqu i d Scint i llat ion Swipe Results for Background, B-3 and 
C-14 Analyses for Residual Contamination 

Sample Number DPM, Background DPM, DPM, C-
H-3 C-14 H-3 14 

1 19 6 15 9 

2 12 7 10 2 

3 16 9 21 6 

4 13 7 17 4 

5 17 9 10 11 

6 2 10 18 1 
7 23 6 9 14 

8 7 9 17 6 

9 12 11 13 2 
10 13 9 0 10 

11 3 7 11 4 
12 23 1 12 7 

13 12 7 1 3 11 
14 18 9 10 9 

15 2 10 1 6 11 
16 0 7 4 10 
17 12 11 14 2 
18 7 12 14 0 

19 3 7 9 7 

20 22 6 19 6 
21 12 16 10 2 

22 14 9 
23 9 7 

24 15 16 
25 17 6 

26 2 10 
27 1 12 
28 20 8 
29 12 9 

30 11 9 

31 0 2 

32 2 10 
33 1 15 
34 13 4 
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35 0 
Average DPM 12 8 11 

Standard Deviation, 
DPM 7 3 6 

Maximum DPM 23 16 21 
Action Limit, DPM 700 700 700 
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Figure 12-3-14. Grid Map for Building 53, Room 122 

Legend: 
~ = Main entrance; C19=R FRONT COUNTER; C20=R REAR 

COUNTER; C21=BACK COUNTER; C22=L REAR COUNTER; C23=L FRONT 
COUNTER; C24=L FRONT SINK; C25=L REAR SINK #1; C26=L REAR 
SINK #2; C27=REAR SINK; C28=R REAR SINK #1; C29=R REAR SINK 
#2; C30=R FRONT SINK#l; C3l=R FRONT SINK#2; C32=R FRONT 
SINK#3; C33=EYEWASH SINK; C34=ISLAND COUNTER; C35=HOOD 
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