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5.1

OCCUPATIONAL INTERNAL DOSE

Technical Basis Documents and Site Profile Documents are general working documents that provide
guidance concerning the preparation of dose reconstructions at particular sites or categories of sites.
They will be revised in the event additional relevant information is obtained about the affected site(s).
These documents may be used to assist NIOSH in the completion of the individual work required for
each dose reconstruction.

In this document the word “facility” is used as a general term for an area, building or group of buildings
that served a specific purpose at a site. It does not necessarily connote an “atomic weapons
employer facility” or a “Department of Energy facility” as defined in the Energy Employees
Occupational lllness Compensation Program Act of 2000 (42 U.S.C. § 7384l (5) and (12)).

When the first reactor was started on the Hanford site, there were no programs to monitor an
employee for internal dose, with the exception of measuring particles in the air. The site was
operating three reactors, a fuel manufacturing facility and four processing plants from 1943 to 1946
before a bioassay program was in place. The responsibility of personnel monitoring was with the
Medical Department. For this time frame, air sampling data, environmental data and incident data will
likely be the only information available to use for recreating personnel exposure. Information about air
sample results was highlighted in monthly reports of the Health Instrument Department. These were
very brief summaries, mostly highlighting problems; often no values were listed, indicating air
concentrations were below concern. Air sample data from the reactors were almost never listed in
these reports; the radiation protection emphasis at the reactors seemed to be external dose and
effluents in the water. The records show that high air concentrations at the other facilities prompted
use of respiratory protection. Table 5.1-1 summarizes the air sample data found so far.

Table 5.1-1. Air sample data.

Most sampler
Year Facility Max concentration (pCilcm3) concentrations (pCiIcm3)
1943 Building 305 Test Reactor
1944 B Reactor
D Reactor
T Plant
1945 T,U,B Canyon Bldgs 8E-12 Pu <8E-13 Pu
T,U,B Concentrator Bldgs (224T,U,B) 2E-11 Pu <2E-12 Pu
D Reactor
B Reactor
F Reactor
231-Z One at 8E-11 Pu, very temporary and <8E-13 Pu
area immediately placed on mask; most
highs were about 8E-12 Pu or less.
300 Area Labs 6E-12 Pu <8E-13 Pu
Metal Fab. Bldgs. 1E-9 Unat <2E-10 Unat
1946% | T,U,B Canyon Bldgs. 4E-12 PU°
T,U,B Concentrator Bldgs.
D Reactor
B Reactor
F Reactor
231-Z 4E-11 Pu 8E-13 Pu
300 Area Metal Fab. Bldgs. 2E-9 Unat <1E-10 Unat
3706 Bldg. 6E-12 Pu, 5E-10 Unat <2E-12 Pu
200 W Laundry 1E-11 Pu 4E-12 Pu

a. Based on monthly reports for July and September through December only.
b.  Excluding one incident in B canyon involving only two workers, for which special urine samples were obtained.
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In the 1940s the radiation protection community used the term ‘tolerance’ to describe dose limits and
other values such as air concentration values. This was prior to when the NCRP introduced the terms
Maximum Permissible Body Burden and Maximum Permissible Concentration. Air concentration
tolerance levels were based on dose rates to significantly-impacted organs. Examples at Hanford
were 0.01 rep per day from alpha-emitters, 1 rep per day to the thyroid from beta/gamma emitters, or
total accumulation in the body of a radionuclide with comparable effects to 0.1 ug of radium. The
latter limit was used to establish the limit for total accumulation of plutonium in the body of 0.5 pg.
The radiation protection program was directed toward preventing workers from acquiring a tolerance
dose or being exposed to tolerance air concentrations. Respiratory protection was supposed to be
worn if an air concentration exceeded the tolerance level or if a tolerance level was anticipated to be
exceeded for a given job. The tolerance air concentration for plutonium in 1945 was 4 x 10™* pCi/cm?®
(Cantril 1945). Additional discussion on tolerance levels is provided in Attachment D.

Air sample data were not routinely reported in the Health Instrumentation Section monthly reports for
the reactors. There were three exceptions in 1946: 1) a high air sample of 3x 10”° uCi/cm? beta
activity when a gasket around a thimble blew, 2) 6.5x10° puCi/cm? beta activity at 100 D — listed as the
highest value for the year, 3) 6x10°® uCi/cm?® beta activity for a task at 100 F but workers were wearing
respirators.

Considerable (hundreds per month) thyroid scans were being done for workers in the separation
(canyon) buildings during this time. Concern was for **!| uptake for workers who entered the canyons,
such as crane operators. No information was reported as to instruments used, MDASs, or results. The
1946 annual summary report stated that nothing significant was detected in any of the thyroid scans,
without stating what was considered significant. However, the tolerance level for **'| in air had been
established in October 1945 as 1x10” uCi/cm® (Cantril 1945) based on a permissible equilibrium
amount in the thyroid of 2 uCi. Based on other statements in the monthly reports, it is reasonable to
assume that scans showing thyroid burdens over 2 uCi would have been considered significant.

Air concentrations for which respiratory protection was required were established at least by 1947 and
probably earlier. The values were 1 x 10 uCi/cm?® (alpha) for plutonium and 1 x 10”° uCi/cm? for
fission products (assumed to mean particulate beta-emitters) (Parker 1947, Patterson 1949).

The Health Instrument Section Monthly reports do mention contamination spreads in the reactor
buildings, 231-Z, concentrator buildings, and uranium metal fabrication shops during these years, so
intakes undoubtedly were occurring. Large intakes of plutonium would have been detectable in later
years when bioassay was available; but some level of chronic intake during this period is a
reasonable assumption. Chronic intakes of uranium in the metal fabrication shops should also be
assumed. The tolerance air concentration for uranium machining was 1.5x10* pg/cm?, which
converts to 1.1x10™° uCi/cm?®. Most air sample data for the “Metal Fabrication Buildings” were simply
listed as less than that level.

Because there is little information concerning intakes in the years prior to implementation of routine
bioassay programs, the following default assumptions should be made unless there is better
information in the worker’s file. All of the values below should be considered the modes of triangular
distributions with zero minimums and maximums of twice the modes. Although it is unlikely that all
workers were actually exposed to air concentrations at just under the respiratory protection required
levels for 40 hours per week (basis for the mode), it is also possible that workers were exposed to
greater concentrations for short periods of time. The maximum values account for

e short term exposure to higher air concentrations
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¢ the possibility that the respiratory protection was not always effective
e uncertainty in the date the respiratory protection requirement was implemented.

Reactor workers, 1944-48: Assume inhalation intakes of fission products based on the respiratory-
protection-required concentration, i.e., 1 x 10 pCi/cm?, for 40 hours per week. Assuming a breathing
rate of 1.2 m%hr, this produces a chronic inhalation intake of 9,600 pCi per work day or 6,600 pCi per
calendar day. In addition, assume an ingestion intake of 200 pCi per calendar day, based on
guidance in “Estimation of Ingestion Intakes” (NIOSH 2004). [(0.2)(1 x 10° pCi/m®)] Although reactor
workers were normally exposed to just activation products, anecdotal information indicates that the
integrity of the fuel cladding was not always good and exposure to fission products during refueling or
handling of spent fuel was possible. Use Table 5.7-2 to choose which fission or activation product
radionuclide to apply.

Separations plants, 1944-46: Assume inhalation intakes of plutonium alpha (6% Pu mix, see Table
5.2.1-3) absorption type M at 1x10™*? uCi/cm?® for 40 hours per week. As described above, this
produces a chronic intake of 9.6 pCi per work day or 6.6 pCi per calendar day. In addition, assume
an ingestion intake of 0.2 pCi per calendar day. Assume intakes of fission products based on the
respiratory-required concentration, i.e., 1 x 10®° pCi/cm?®, for 40 hours per week. This produces a
chronic inhalation intake of 9,600 pCi per work day or 6,600 pCi per calendar day plus an ingestion
intake of 200 pCi per calendar day. Use Table 5.7-2 to choose which radionuclide. These chronic
intakes would apply from either the first day of work for the worker or the start up of the plant
(December 1944 for T Plant and April 1945 for B Plant). Also assume chronic inhalation intake o
of 7.5 x 10™ pCi per day SR-1 vapor, which will produce equilibrium thyroid burdens at just under the
2-uCi tolerance level (ICRP 1997, Table A.6.20). The iodine intake, excluding environmental
radioiodine, would only apply to workers that entered the canyons or perhaps the main stack sampling
buildings, but it's unlikely the dose reconstructor (DR) will be able to differentiate these workers from
general workers at the separations plants, in which case the DR should apply the intake to all workers
at these plants with job descriptions that imply some risk of intake. Ingestion of **!| was unlikely.

131
f =

231-Z, 1945-46: Assume intakes of plutonium alpha (6% Pu mix, see Table 5.2.1-3) absorption type
M or S at 1x10™*2 pCi/cm? for 40 hours per week. This produces an inhalation intake of 9.6 pCi per
work day chronic intake or 6.6 pCi per calendar day plus an ingestion intake of 0.2 pCi per calendar
day.

300 Area uranium fabrication buildings (313, 314), 1944-47: Assume chronic inhalation intakes of
1900 pCi per day natural uranium (1300 pCi per calendar day) and ingestion intakes of 60 pCi per
calendar day (based on assumed average air concentrations of 2x10™° uCi/cm® and other parameters
described above). (See Section 5.2.5 for the isotopic composition.) Assume absorption type S or
Type M depending on the organ of concern.

Laundry 1944-46: Assume chronic inhalation intakes of plutonium alpha (6% Pu mix, absorption
Type M) of 38 pCi per work day (27 pCi per calendar day) and ingestion intakes of 0.8 pCi per
calendar day based on an air concentration of 4 x 10™ uCi/cm?®, 8 hr per day, and other parameters
described above. This intake assumes exposure to the soiled laundry for the entire day. If interviews
indicate that part of the time was spent at the washing station or handling the cleaned laundry, the
intake may be reduced by the ratio of hours spent handling clean laundry/8.

According to the history compiled by R. H. Wilson (1987), one of the priority tasks for a special studies
group formed in 1944 was to determine a way to measure plutonium in the body. Limits on the
amount of plutonium in the body were set as early as 1944, and, after experimentation with various
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methods, routine urine sampling and analysis for plutonium was initiated in 1946. Urinalysis for
uranium seems to have started in 1946 also and was well established by 1948. Urinalysis for fission
products started in this time frame as well, although the Wilson document indicates that separation
from *°K was not always successful prior to 1949. Since then, monitoring for numerous radionuclides
has occurred at Hanford because of the complex scope of work over the years, the many research
projects, special “campaigns,” etc. Additionally, numerous techniques have been used because of
improvements in techniques. The major sources of intakes have been plutonium, ?**Am either as an
ingrown contaminant in the plutonium or as a separated waste product, uranium, fission products,
activation products, and tritium. But the records as a whole list a wide spectrum of radionuclides that
were monitored and an even longer list of codes used to identify either the radionuclides, groups of
radionuclides, specific measurement technigues, or combinations of radionuclides and techniques.
Many of the radionuclides apply to a small set of workers on a research project or to workers whose
tasks “might” have exposed them to lots of different sources, for instance, radiation monitoring
technicians.

Table 5.1-2 provides a fairly exhaustive list of codes for analyses that can be encountered in the
bioassay or internal dosimetry records for Hanford workers. Some of the codes were used for
scheduling bioassay but not for reporting results of the bioassay. For instance, IPA is a code for
performing plutonium and americium separation chemistry and alpha spectrometry on an excreta
sample, but the results would normally be reported separately for >®*Pu, **°Pu, and ***Am. However, if
the sample was not obtained or the results could not be reported due to analysis problems, the record
will just show the IPA code with a reason for not obtaining a result. Other codes refer to a type of in
Vivo count or a special type of sample analysis. For instance, LEPD is the code for performing an x-
ray/gamma-ray analysis on an excreta sample using the low-energy photon detector (a thin window
germanium detector); however, if anything was detected, the actual radionuclide was reported. The
code GOK (God only knows) shows on in vivo count hardcopy records during the 1960s and 70s.
This refers to net counts per minute from an undetermined source in a low-energy region of the
spectrum from Nal-based whole body counters.

Table 5.1-2. Codes and radionuclides associated with bioassay at Hanford.

Code Description Comment
AAAAL Americium Probably Am-241
AAAA2 Americium Probably Am-241
AAAA3 Americium Probably Am-241
AAAA4 Americium Probably Am-241
AAAA5 Americium Probably Am-241
AAAAG Americium Probably Am-241
AAAA7 Americium Probably Am-241
AC225 Actinium 225
ACS Actinium 227, thorium 227 Scheduling code
AC227 Actinium 227
AC228 Actinium 228
AG110 Silver 110
AM241 Americium 241
AM242 Americium 242
AM243 Americium 243
BA140 Barium 140
BETA Beta
BI213 Bismuth 213
BI214 Bismuth 214
BK249 Berkelium 249
BR 82 Bromine 82
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Am241

Code Description Comment

ci14 Carbon 14

CE141 Cerium 141

CE143 Cerium 143

CE144 Cerium 144

CF249 Californium 249

CM242 Curium 242

CM244 Curium 244

CO 58 Cobalt 58

CO 60 Cobalt 60

CR51 Chromium 51

CS134 Cesium 134

CS137 Cesium 137

EU152 Europium 152

EU154 Europium 154

EU155 Europium 155

EU156 Europium 156

EV155 ? Probably a typographical error for Eu-155 that got left in the
database

EV156 ? Probably a typographical error for Eu-156 that got left in the
database

FE 59 Iron 59

Table 5.1-2 (Continued). Codes and radionuclides associated with bioassay at Hanford.

Code Description Comment

FP Fission products

GA Gross alpha

GB Gross beta

GELI Gamma-Geli detector Excreta scheduling code for a gamma scan with a germanium
detector

GOK God only knows See text

GS Gamma Nal detector Excreta scheduling code for a gamma scan with a Nal detector

H3 Tritium

1125 lodine 125

1129 lodine 129

1131 lodine 131

1133 lodine 133

IAM Isotopic americium Excreta scheduling code for americium separation and alpha
spectrometry

ICA ? Probably scheduling code for americium and curium via alpha
spectrometry

ICM Cm isotopic Excreta scheduling code for curium isotopes via alpha
spectrometry

IEU Eu isotopic Excreta scheduling code for europium separation and isotopic
analysis

IPA Isotopic Pu and Am241 Excreta scheduling code

IPIU Isotopic Pu, isotopic U Excreta scheduling code

IPS Isotopic Pu and Sr Excreta scheduling code

IPSA Isotopic Pu, Sr tot & Am241 | Excreta scheduling code; Sr tot means radiostrontium by gross
beta

IPSR Seq Pu isotopic Sr-total Excreta scheduling code for isotopes of Pu and radiostronium

IPU Isotopic plutonium Excreta scheduling code

IPUB Plutonium isotopic, Pu241 Excreta scheduling code; Pu-241 separate anal. by beta counting

IPUBA Plutonium isotopic, Pu241, Excreta scheduling code
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Code Description Comment
IPUL Low level isotopic Pu Pu-238 and Pu-239 using a 10,000 minute count
IRA Radium isotopic Excreta scheduling code
IR192 Iridium 192 Excreta scheduling code
ISCP Sequential Sr 90 Ce Pm Excreta scheduling code
ISPEC Gamma spectroscopy Excreta scheduling code
ISR Sr isotopic Excreta scheduling code
ITH Thorium isotopic Excreta scheduling code
ITPAC Seq isotopic Pu, Cm & Excreta scheduling code
Am241
U U isotopic Excreta scheduling code
IUPU Isotopic Plutonium/U-natural |Excreta scheduling code
K 40 Potassium
LA140 Lanthanum 140
LEPD Low energy photon detector |Excreta scheduling code for low-energy photon scan
MFP Mixed fission products
MN 54 Manganese 54
MO 99 Molybdenum 99
NA 22 Sodium 22
NA 24 Sodium 24
NAI Gamma Nal detector Excreta scheduling code
NB 95 Niobium 95
NP237 Neptunium 237
Table 5.1-2 (Continued). Codes and radionuclides associated with bioassay at Hanford.
Code Description Comment
NP239 Neptunium 239
PB210 Lead 210
PB212 Lead 212
PM147 Promethium 147
PO210 Polonium 210
PR144 Praseodymium 144
PU Plutonium alpha Total alpha from Pu isotopes after separation
PUMIX Plutonium alpha Total alpha from Pu isotopes and Am-241
PU238 Plutonium 238
PU239 Plutonium 239 When pertaining to excreta samples, it's actually Pu-239+240
PU240 Plutonium 240
PU241 Plutonium 241
PU242 Plutonium 242
QUS U Quick Uranium Soluble; excreta scheduling code for elemental U
QUS 1 ) Same as QUS
QUS 2 ) Same as QUS
RA224 Radium 224
RA225 Radium 225
RA226 Radium 226
RA228 Radium 228
RH106 Rhodium 106
RND Radon daughters
RU103 Ruthenium 103
RU106 Ruthenium 106
S 35 Sulfur 35
SB124 Antimony 124
SB125 Antimony 125
SCP Sequential Sr-total Ce Pm Excreta scheduling code
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Code Description Comment

SM153 Samarium 153

SR Strontium Total radiostrontium by beta counting

SR 89 Strontium 89

SR 90 Strontium 90 When pertaining to excreta samples, Sr-90 by yttrium ingrowth

TAC Total actinides

TC 99 Technetium 99

TH227 Thorium 227

TH228 Thorium 228

TH230 Thorium 230

TH232 Thorium 232

TH234 Thorium 234

TL208 Thallium 208

U Elemental uranium

URAN Elemental uranium

U DEP Depleted uranium

U NAT Natural uranium

U 233 Uranium 233 See uranium discussion in text

U 234 Uranium 234 Actually U-234 + 233, but usually U-234

U 235 Uranium 235

U 236 Uranium 236

U 238 Uranium 238

UMIX Uranium mix Total uranium, used for intakes not bioassay

UMS U 235U 236 U 238 U 234

Table 5.1-2 (Continued). Codes and radionuclides associated with bioassay at Hanford.
Code Description Comment

us U

XX 0 Isotope will have no result

ZN 65 Zinc 65

ZR 95 Zirconium 95

Other bioassay codes have been used to indicate the following:

sample type,

in vivo count body location,

reason for the sample/count,

type of kit and some details about the sampling protocol,
laboratory used,

laboratory turnaround time versus analytical sensitivity,

units associated with the result, and

reason for not obtaining a valid excreta result or in vivo count.

In addition there are codes pertaining to the nature of the intake, including

reason for an intake assignment,

source of intake (as in at Hanford or other site),
nature of intake, and

mode of intake.

Tables listing and explaining these codes are provided in Attachment D.



| Effective Date: 11/24/2004 | Revision No. 01 | Document No. ORAUT-TKBS-0006-5 | Page 13 0f57 |

5.2 IN VITRO MINIMUM DETECTABLE ACTIVITIES, ANALYTICAL METHODS, AND
REPORTING PROTOCOLS

Most urinalysis records have, at some time, been entered into the electronic database(s). However,
for some of the earliest urinalysis records, cases have been discovered where not all records were
included in the electronic database. For any case where urinalysis might have been obtained prior to
1974, the hardcopy file for the case should be thoroughly reviewed for urinalysis results that might be
missing in the electronic database. The Hanford Internal Exposure (HIE) database was implemented
in 1974, followed by the Occupational Radiological Exposure (ORE) database in 1983, and the
Radiological Exposure (REX) database in 1993. In principal the REX database has all the information
from the previous databases, but as stated above there may be isolated situations where some data
never got into a database or some data did not get transferred from one database to another.

There is another anomaly found in the results circa 1946-1950. There is a urinalysis record with no
result and no volume. This might indicate that the sample was not turned in or the analysis failed;
however, experience has shown that this convention was also used to indicate a result that was a
non-detection. In many cases the actual laboratory urinalysis results card is available in the worker’'s
file and would show if the analysis was performed but the results were below detection or not.

Home sampling began very early in the program (1946) and has continued throughout the history of
Hanford. Home sampling was used to prevent contamination of samples in the workplace.

In vitro analyses were performed in house until the breakup of the main Hanford contractor (General
Electric) occurred in 1965. At that time the DOE-Richland Office established a contract for in vitro
analyses with the United States Testing Company, which built and operated a commercial low-level
radiochemistry lab in north Richland until 1990. The responsibility for awarding and overseeing the
contract was subsequently transferred to Battelle as operators of the Pacific Northwest Laboratory.
Except for a period between 1990 to 1992, despite a series of competitive procurements, in vitro
analyses have been performed in the same facility since 1965. However, due to buyouts and
mergers, the name of the laboratory has changed in the following sequence: United States Testing,
International Technology Analytical Services, Quanterra Environmental Services, and Severn Trent
Laboratories (present).

Battelle defaulted the contract with United States Testing in June 1990, and subsequently routine
samples were collected and frozen (Lyon 1991, Lyon 1992). Between September and November
1990 temporary contracts/agreements were established and samples were being analyzed at the
following laboratories: Los Alamos National Lab (plutonium), TMA-Norcal (strontium), PNL-Analytical
Chemistry Lab [325 Building] (tritium), and Westinghouse Hanford Company [222-S Building]
(elemental uranium). In February 1991, IT Analytical Services commenced analyses for plutonium,
americium, curium, and isotopic uranium. Los Alamos National Lab was replaced by Oak Ridge
National Lab and Reynolds Electric and Engineering Company at the Nevada Test Site (plutonium) in
April 1991. The contract with IT Analytical Services replaced the former contract with United States
Testing, but the other labs continued to process samples until the backlog was worked off. So the
work at the temporary labs was finishing up during late 1991 through early 1992 with the last results
being received in March 1992.

5.21 Plutonium
By far the most serious intakes at Hanford involved plutonium and ?**Am. Routine urinalyses for

plutonium started in September 1946. The first plutonium bioassay analysis consisted of lanthanum
fluoride precipitation and thenoyl! trifluoroacetone (TTA) extraction and gross alpha counting.
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Electrodeposition on a stainless steel disk combined with nuclear track emulsion (autoradiography)
started in December 1952. Detection levels for these and subsequent procedures are listed in Table
5.2.1-1. The definition of “detection level” no doubt changed over the years, but the levels in Table
5.2.1-1 fit reasonably with the concept of limit of detection or MDA. For example, the Wilson history
states, “From statistical evaluations of data collected in 1953, the true detection limit with nuclear-
track film was determined. These evaluations showed 0.05 dpm was achievable within reasonable
confidence levels. Occasionally recovery, counting, etc., allowed detection levels to be as low as
0.028 dpm and for a short period, a level of 0.027 dpm was reached and used as the detection level.
... This practice [of recording lower detection levels] was discontinued and the more conservative
0.05 dpm was used routinely even though lower levels were possible part of the time.”

Prior to October 1983 the recorded value was the total alpha activity from plutonium so would have
included activity from #*®Pu, *°Pu, and **°Pu. Any **'Pu or ***Am present in the urine would not have
been accounted for by the recorded results.

The results may have been reported as Pu or ?**Pu, but until October 1983, the result was really the
total alpha activity from isotopes of plutonium. Results on plutonium urinalysis sheets were recorded
in units of dpm/sample, but the same results were recorded in units of pCi/sample in the electronic
database. The units in the electronic database should have a unit code of 5, meaning pCi/sample, but
if the code is missing or unreadable, the units are still recognizable because the exponent is normally
—7 or —8. A value of 1.1 x 10°® was recorded for results for which plutonium was not detected (one
half of the nominal 0.05 dpm MDA). This method of recording was used through 1974. In 1975 the
units were changed to dpm/sample (unit code 1) and 0.025 was recorded for results for which
plutonium was not detected.

Table 5.2.1-1. Routine plutonium urinalysis detection levels.

MDA, Decision level,

Period dpm/sample dpm/sample Measured quantity
Prior to June 1949 0.96° 0.66 Total Pu alpha
6/1949 to 11/1952 0.33 “
12/1952 to 1/27/53 0.18
1/28/53 to 3/26/53 0.15
3/27/53 to 11/06/53 0.05
11/07/53 to 12/04/53 0.07
12/53 to 4/55 0.057
5/55 to 8/55 0.027°
9/55 to 9/55 0.04°
10/55 to 9/30/83 0.05° 0.025° “
10/01/83 to 12/31/83 0.035 Each Pu-238, Pu-239
1/02/84 to 4/88 0.02 “
5/88 to 5/90 0.02 0.01
6/90 to 11/91 0.03 0.015
11/91 to 4/2000 0.02 0.01
5/2000 to 8/2001 0.02 Xp, + 2.05x TPU°

9/2001 to present 0.02 2 x TPU°

. Estimated from data in Table 1 in “Bioassay at Hanford” (Healy 1948)

b. The values are probably closer to a decision level than an MDA. Recommend using 0.05
dpm as the MDA.

c. During part of this period, results that were less than the detection limit were reported as
0.025. But if net activity above background and above 0.025 was detected the actual amount
was recorded.

d. Xpis mean of blanks and TPU is total propagated uncertainty.
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In October 1983 several changes were made. The lanthanum fluoride/TTA method was replaced by
the use of anion exchange columns, alpha spectrometry analysis replaced autoradiography, and
chemical yield was established for each sample separately by use of a **?Pu tracer. The results of
28py and #%*%*°Py have been reported separately since then. A 2,500 minute counting time has been
used since 1984. A 10,000-minute count time was introduced for special situations in 1996 but its use
was rare.

Starting in the mid 1990s the fecal procedure was enhanced to ensure improved oxidation of highly
insoluble plutonium. Added steps included wet ashing with hydrogen peroxide and fusion with
hydrogen fluoride. This procedure was tested with special high-fired plutonium oxide samples from
INEEL and found to work very well.

Fecal samples were usually not analyzed in total (were aliquoted after muffling, dry ashing, and wet
ashing); hence, more than one analysis result for a given sample was possible and will often be found
in the database.

The MDAs listed from 1983 to present are nominal MDAs based on contractual requirements.
Generally the lab performed slightly better than the contractual MDA, but the true MDA varied slightly
over time and the contractual MDA was a reliable estimate. Reporting of errors, which was the total
propagated uncertainty including uncertainty associated with the determination of chemical yield,
counting efficiency determination, and systematic errors, began in 1981. The implementation of a
distinction between an MDA (type | and type Il errors) and a decision level (type | error) occurred in
April 1989. Initially a fixed value of 0.01 dpm/sample was used for all results, being one half the
nominal MDA. The decision level was allowed to become sample-specific based on the total
propagated uncertainty in 2000, and an adjustment was made to the formula in 2001.

The MDAs listed in Table 5.2.1-1 apply to routine and priority processing of urine samples. Fecal
sampling was used for special sampling after potential intakes, and other processing codes
(emergency and expedite) have been available for special urine and fecal samples. The contractual
MDAs for these samples are provided in Table 5.2.1-2.

Table 5.2.1-2. MDAs for nonroutine Pu excreta analyses.

Fecal samples, MDA, dpm/sample Urine samples, MDA, dpm/sample
Period Emergency® | Expedite | Priority Emergency® Expedite
1/1965 to 10/1983" 0.9-1.5 NA 0.1-0.15 0.5-0.7 NA
10/1983 to 1/1985° 9 NA 0.2 0.5 NA
1/1985 to 6/1990 9 3 0.2 0.5 0.08
6/1990 to 2/1991° 20 4 NA 2 0.4
2/1991 to present 9 3 0.2 0.5 0.08

a. Attimes the emergency category was called “rush” and the routine category was called “normal.”

b. MDAs varied according to sample size over the range shown; the lower value was generally applicable except
for very large samples. MDAs for this period apply to total Pu alpha.

c. MDAs from this time forward apply to Pu-238 and Pu-239 separately.

d. Emergency and expedited processing of urine and fecal samples was available through PNNL'’s Analytical
Chemistry Laboratory. Priority fecal analyses were also available through the offsite labs but the MDA was not
established, probably about 0.2-0.5 dpm/sample considering state-of-the-art of those labs.

Normally, fecal sampling was done in response to suspected intakes; however, routine fecal sampling
was used for some high risk plutonium workers, mostly operators at PUREX and the Plutonium
Finishing Plant, from 1986 through June 1989. The special study showed that, when considered as a
group, the mean fecal excretion was statistically significantly different from controls. Enhanced air
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sampling, initiated in response to the study, showed frequent-intermittent releases of plutonium in the
workplaces, at levels below the detectability of normal air sampling. When modeled as chronic intake,
the intakes and doses were low (less than 10 mrem committed effective dose equivalent), and were
documented in the workers’ records. (Bihl, 1993; Lyon et al 1988; Lyon et al 1989) When
encountered in the workers’ records, results for these fecal samples should be interpreted as
associated with chronic intakes, not with an acute intake occurring many days prior to the sample
dates.

Except for a few standards in radiochemistry laboratories, plutonium at Hanford was comprised of a
mix of radionuclides, namely ***Pu, #°Pu, **°Pu and ?**Pu. The activity of ***Pu in plutonium mixtures
at Hanford was too small to contribute significantly to dose. Hanford plutonium mixtures were
categorized by their weight percent of ?°Pu. When the reactors were operated with the purpose of
producing plutonium for weapons, the target mixture was about 6% 2*°Pu, a mixture referred to as
weapons grade. N Reactor was also operated to produce electrical power for a local public power
company. When operated to produce power, the mixture in the fuel rods when removed from the
reactor was nominally 12% 2*°Pu, a mixture referred to as fuel grade. At any given time, individual
fuel rods would have mixtures differing from these, as would individual batches of rods starting at the
front end of the fuel rod dissolution and plutonium extraction processes. However, when refined and
blended, the target mixture was the weapons grade mixture. Tables 5.2.1-3 and 5.2.1-4 lists the
relative activities of plutonium isotopes and ?**Am, which grows in from ?**Pu, for 6% 2*°Pu and 12%
49pu mixtures (from Carbaugh 2003). In these tables “aging” refers to the time since the ***Am was
separated from the plutonium then starts to build in again from decay of *'Pu.

The values in these tables can help determine the total intake of plutonium and ?**Am if there are
limited data concerning the composition of the source of the intake. For instance, only in rare, large
intakes was **'Pu measured as part of the intake so the activity of that isotope is almost never
available. ?**Am at time of intake was also often not determined directly. Since 1983, #*®Pu and
239+2499p were measured separately so the ratio of one to the other can be used to estimate the
category of the plutonium mixture and, from the tables, to estimate the activities of ***Pu and ***Am.
Prior to 1983, the measured quantity was total alpha from plutonium, which means the total of **®*Pu
and 2°py. So unless ***Am was measured or there is other information about the intake, there
may be no way to tell from the bioassay how much ***Pu and ***Am were present at intake.

Most plutonium mixtures handled at Hanford were nominally weapons grade, and if the
239+240py to #**Pu ratio implies weapons grade (e.g., >8) the ratios in Table 5.2.1-3 should be
used. However, lacking any helpful information about the intake, an assumption of 10-year-old
fuel grade plutonium mixture would be claimant-favorable and reasonable. For intakes since
about 1996, 20-year-old fuel grade mixture could be assumed.

Table 5.2.1-3. Activity composition of Hanford reference weapons-grade plutonium mixture (6%).

Mixture designation: Fresh 5-Year 10-Year 15-Year 20-Year 25-Year 30-Year
Years of aging™: 0 5 10 15 20 25 30
Specific activity in mixture (Ci/g)
8py 8.56E-03 | 8.23E-03 | 7.91E-03 | 7.60E-03 | 7.31E-03 | 7.03E-03 | 6.75E-03
“9py 577E-02 | 5.77E-02 | 5.77E-02 | 5.77E-02 | 5.77E-02 | 5.77E-02 | 5.77E-02
“Opy 1.36E-02 | 1.36E-02 | 1.36E-02 | 1.36E-02 | 1.36E-02 | 1.36E-02 | 1.36E-02
“Ipy 8.24E-01 | 6.48E-01 | 5.09E-01 | 4.00E-01 | 3.15E-01 | 2.48E-01 | 1.95E-01
#“2py 1.97E-06 | 1.97E-06 | 1.97E-06 | 1.97E-06 | 1.97E-06 | 1.97E-06 | 1.97E-06
“TaAm 0 5.83E-03 | 1.04E-02 | 1.39E-02 | 1.66E-02 | 1.87E-02 | 2.03E-02
2397290 7.13E-02 | 7.13E-02 | 7.13E-02 | 7.13E-02 | 7.12E-02 | 7.12E-02 | 7.12E-02
Pu-alpha 7.99E-02 | 7.95E-02 | 7.92E-02 | 7.89E-02 | 7.85E-02 | 7.83E-02 | 7.80E-02
Total alpha 7.99E-02 | 8.53E-02 | 8.96E-02 | 9.28E-02 | 9.52E-02 | 9.70E-02 | 9.83E-02
Activity Ratios
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Mixture designation: Fresh 5-Year 10-Year 15-Year 20-Year 25-Year 30-Year

Years of aging™: 0 5 10 15 20 25 30

Specific activity in mixture (Ci/g)
=9720py# T Am NA 12.2 6.87 5.13 4.28 3.80 3.50
Z3980p ;. #38py 8.33 8.67 9.01 9.38 9.74 10.1 10.5
#py =0y 11.6 9.09 7.15 5.62 4.42 3.48 2.73
Pu alpha:*****Pu 1.12 1.12 1.11 1.11 1.10 1.10 1.10
Pu alpha: “°Pu 9.33 9.66 10.0 10.4 10.7 11.1 11.6
Pu alpha:**'Am NA 13.6 7.62 5.68 4.73 4.19 3.84
*1py: Pu alpha 10.3 8.15 6.43 5.07 4.01 3.17 2.50

a. Time since separation of >

Am from the Pu mix.

There was at least one project in the 1970s involving irradiated fuel rods from commercial power
reactors (Nuclear Waste Vitrification Project). The 324 and 325 Buildings in the 300 Area were
involved. Commercial fuel rods have a much higher degree of “burnup,” and the ones at Hanford

were characterized by much more **Pu and nominally 26% **°Pu. Table 5.2.1-5 provides the activity
characteristics of the commercial fuel used in the Nuclear Waste Vitrification Project. In addition, the

Plutonium Finishing Plant sometimes recycled plutonium from other DOE sites. This material would
be rich in **Am. Plutonium from the West Valley commercial reprocessing site is also stored at

Hanford. But unless the records concerning the specific intakes being investigated have evidence of
these unusual mixtures, the default mixtures mentioned above should be used.

If some of the plutonium bioassay was obtained prior to October 1983 and some after, the two data

sets are not compatible. For a first approximation, for curve fitting in IMBA and POC determination in

IREP, the Pu alpha data can be treated as ***Pu and for the post 1983 data, the %°Pu and #®Pu
values can be summed and treated as »°Pu. However, the intakes of *'Pu and ***Am must be
included in the dose determination for input into IREP. If the POC is marginally close to the 50%
criterion, then the total Pu alpha intake (as ***Pu) should be split out into actual intakes of ***Pu and

29py because the dose conversion factors are not the same.

Most plutonium at Hanford was in moderately soluble form, e.g. nitrates, which can be modeled as
inhalation (absorption) type M. But many forms were possible over the years, especially metal and
oxides. Even material, such as old contamination, that was originally in soluble form has a tendency

Table 5.2.1-4. Activity composition of Hanford reference fuel-grade plutonium mixture (12%).

Mixture designation: Fresh 5-Year 10-Year 15-Year 20-Year 25-Year 30-Year
Years of aging®: 0 5 10 15 20 25 30
Specific activity in mixture (Ci/g)
8py 1.71E-02 | 1.64E-02 | 1.58E-02 | 1.52E-02 | 1.46E-02 | 1.40E-02 | 1.35E-02
“py 5.26E-02 | 5.26E-02 | 5.26E-02 | 5.26E-02 | 5.26E-02 | 5.26E-02 | 5.25E-02
“Opy 2.72E-02 | 2.72E-02 | 2.72E-02 | 2.72E-02 | 2.72E-02 | 2.71E-02 | 2.71E-02
“Ipy 3.09E+00 | 2.43E+00 | 1.91E+00 | 1.50E+00 | 1.18E+00 | 9.29E-01 | 7.30E-01
#“2py 3.93E-06 | 3.93E-06 | 3.93E-06 | 3.93E-06 | 3.93E-06 | 3.93E-06 | 3.93E-06
“Iam 0 2.19E-02 | 3.89E-02 | 5.22E-02 | 6.24E-02 | 7.03E-02 | 7.63E-02
2397240p 7.98E-02 | 7.98E-02 | 7.98E-02 | 7.97E-02 | 7.97E-02 | 7.97E-02 | 7.97E-02
Pu-alpha 9.69E-02 | 9.62E-02 | 9.56E-02 | 9.49E-02 | 9.43E-02 | 9.37E-02 | 9.32E-02
Total alpha 9.69E-02 | 1.18E-01 | 1.35E-01 | 1.47E-01 | 1.57E-01 | 1.64E-01 | 1.69E-01
Activity ratios
Z397290p 7T Am NA 3.64 2.05 1.53 1.28 1.13 1.04
2397240p ;- 238p 4.67 4.86 5.05 5.24 5.46 5.69 5.90
“py; =990y 3.87E+01 | 3.05E+01 | 2.40E+01 | 1.88E+01 | 1.48E+01 | 1.17E+01 | 9.16
Pu alpha:">"**Pu 1.21 1.21 1.20 1.19 1.18 1.18 1.17
Pu alpha: **°Pu 5.67 5.87 6.05 6.24 6.46 6.69 6.90
Pu alpha:**'Am NA 4.39 2.46 1.82 1.51 1.33 1.22
“py: Pu alpha 31.9 25.3 20.0 15.8 125 9.91 7.83

a. Time since separation of the “Am from the Pu mix.
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Table 5.2.1-5. Activity composition of Hanford reference commercial power fuel-grade plutonium

mixture.
Mixture designation: Fresh 5-Year 10-Year 15-Year 20-Year 25-Year 30-Year
Years of aging™: 0 5 10 15 20 25 30
Specific activity in mixture (Ci/g)
8py 1.71E-01 | 1.64E-01 | 1.58E-01 | 1.52E-01 | 1.46E-01 | 1.40E-01 | 1.35E-01
Zpy 3.41E-02 | 3.41E-02 | 3.41E-02 | 3.41E-02 | 3.41E-02 | 3.41E-02 | 3.41E-02
“Opy 5.90E-02 | 5.89E-02 | 5.89E-02 | 5.89E-02 | 5.89E-02 | 5.88E-02 | 5.88E-02
“Ipy 1.34E+01 | 1.05E+01 | 8.28E+00 | 6.51E+00 | 5.12E+00 | 4.03E+00 | 3.17E+00
#“2py 1.97E-04 | 1.97E-04 | 1.97E-04 | 1.97E-04 | 1.97E-04 | 1.97E-04 | 1.97E-04
“TAm 0 9.49E-02 | 1.69E-01 | 2.26E-01 | 2.79E-01 | 3.04E-01 | 3.31E-01
2397290 9.31E-02 | 9.31E-02 | 9.30E-02 | 9.30E-02 | 9.29E-02 | 9.29E-02 | 9.29E-02
Pu-alpha 2.65E-01 | 2.58E-01 | 2.52E-01 | 2.45E-01 | 2.39E-01 | 2.34E-01 | 2.28E-01
Total alpha 2.65E-01 | 3.53E-01 | 4.20E-01 | 4.71E-01 | 5.10E-01 | 5.38E-01 | 5.59E-01
Activity ratios
Z397290p -2 A NA 0.981 0.551 0.411 0.344 0.305 0.281
2397240p - 238p 0.544 0.568 0.589 0.612 0.636 0.664 0.688
;=9 40py 144 113 89.1 70.0 55.1 43.3 34.1
Pu alpha:"****Pu 2.85 2.77 2.71 2.63 2.57 2.52 2.45
Pu alpha: “*°Pu 1.55 1.57 1.59 1.61 1.64 1.67 1.69
Pu alpha:"*'Am NA 2.72 1.49 1.08 0.857 0.770 0.689
“py: Pu alpha 50.6 40.7 32.9 26.6 21.4 17.2 13.9

a. Time since separation of the Am 241 from the Pu mix.

to oxidize when left in contact with air, such as old contamination. Oxides, metal, and old
contamination should be treated as inhalation type S.

If nothing is known about the chemical form of the plutonium, then either type M or S can be used. If
there are sufficient bioassay data to determine the type by curve fitting, use the best fit; otherwise use
the type that maximizes the dose to the organ of concern. ***Am that is a component of plutonium
contamination should be modeled in the lung the same as the plutonium matrix in which it has
ingrown. Inother words the americium should be treated as absorption type S if the plutonium is type
S.
5.2.2 Americium

Americium was usually a trace contaminant in plutonium mixtures as discussed in section 5.2.1.
However, because americium was separated from plutonium at the reprocessing plants (e.g., T Plant
and S Plant (REDOX) in the early years, PUREX from 1956) and at the Plutonium Reclamation
Facility (a wing in the Plutonium Finishing Plant), waste tanks, transfer lines, and a whole operation in
the Plutonium Finishing Plant had ?**Am that was chemically separate from plutonium. This
americium should be treated as americium (as opposed to trace americium atoms bound in a
plutonium matrix). The ICRP recommended absorption type for americium is M.

It has not been discovered yet when americium analyses first started. There is no mention of
americium excreta analysis in the 1948 report by Jack Healy, “Bioassay at Hanford;” no mention in a
1954 memo, “Bioassay Annual Report,” that lists numbers of urinalyses for plutonium, fission
products, and uranium; no mention in a compilation of bioassay procedures, given a title of “Bioassay
Procedures and Analysis (Old Bioassay Bible),” but no author or editor, dated April 10, 1961.

Hanford bioassay records show 41 urinalyses for ***Am in 1964 collected from 19 workers. No
americium urinalyses were recorded immediately before 1964 and none in 1965 or 66. The samples
were collected over a short time period. The first samples, twelve of them, were collected on August
25 or 26. The last sample was collected on October 29. The results range from 1.3 x 10° to
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6.4 x10°. No units are given, although the magnitude of the results suggest the units are uCi/sample
or uCi/L, which is consistent with the reporting style later in the 1960s. It is not clear whether the units
are per sample or per liter. Per liter was used in 1967 through July 1969, and because the volumes
can vary from less than a liter to more than a liter, no particular choice is technically better than the
other; hence, assuming the units are uCi/L is reasonable.

One set of four samples for one worker were collected as follow-up to a contamination event. Among
the remaining workers, most were sampled on August 25 or 26, and then had at least one additional
sample a month or two later. Hence, it is likely that the August 25/26 samples were baselines used to
establish the bioassay program at the start of the experiments that were being conducted to support a
new ***Am separation process at the Plutonium Finishing Plant.

No information about the radiochemical analysis method or detection level has been found. Assuming
the August samples were baselines, a cumulative probability analysis was performed on the results
that provided a median value of 1.9 x 10°® uCi/L and a 95th percentile of 2.3 x 10°® uCi/L. Based on
this analysis the MDA for ***!Am analyses in 1964 was assumed to be 4.6 x 10 ° pCi/L.

The records show no americium bioassay in 1965 or 1966; there are 168 results in 1967. The latter
are a combination of urine and fecal results, and most of the results seem to be duplicated twice in the
database. The duplication appears to be a mistake in the database that does not show up in
hardcopy listings of these bioassay results. The results are all from special samples for 6 workers
that were involved in the same potential intake accident in 222-S on May 2, 1967. There are internal
dosimetry evaluations in the workers’ files documenting the accident and bioassay results. Many of
the urine sample results were listed as <5.41 x 10”7 uCi/L so it is assumed that this was the MDA for
the analysis. This is the same number that was handwritten on the side of an unpublished article,
“Evaluation of Internal Depositions of Americium Using Bioassay Samples,” by RC Henle dated May
1968. The handwritten note says, “5.41 x 107 uCi/L detection level.”

A memo to file from John J. Jech, Senior Development Engineer in the Personnel Dosimetry Services,
dated September 1969, states that per a telephone conversation with Matt Lardy at the U. S. Testing
Company, the new detection limit for ***Am is 2.0 dpm/sample as of July 10, 1969. Matt Lardy
described, in the personal interview, the procedure as DDCP extraction to a planchet and gross alpha
counting. A letter was found from Matt Lardy to Harold Larson, manager of Personnel Dosimetry
Services, dated March 27, 1974, stating that the new limit for ***Am in urine is 0.1 pCi/sample at the
90% confidence limit. This limit was still listed in a statement of work with U.S. Testing in 1979 and
again in 1982, although it was therein stated as 0.2 dpm/sample. In the laboratory statement of work
for a new contract starting October 1983, the detection level was listed as 0.04 dpm per sample. This
improvement was achieved by use of an alpha/gamma coincidence counter.

Until October 1983 the gross alpha count could have included ?*Cm or ?**Cm if any were associated
with the intake. Assuming that the results are 2LAm is claimant favorable. However, sometime
between October 1983 and October 1985, both the chemistry procedure and the counting technique
were changed. The chemistry method was similar to that described in the HASL-300 manual and
commonly referred to as the “RICH-RC-50-80" method. This method involved sequential precipitation
with calcium oxalate and iron hydroxide, removal of plutonium using anion exchange, loading on
another column with nitric acid and methanol, and elution of the americium with HCI and methanol.
Electrodeposition and counting by alpha spectrometry were also implemented at this time. The MDA
in the 1985 statement of work was listed as 0.02 dpm/sample consistent with the change to alpha
spectrometry, and it has stayed there to the present. Presently, Eichrom TRU column exchange is
used for the separation of the americium for urine; however, the MDA is the same.
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Table 5.2.2-1 summarizes what has been uncovered concerning ***Am MDAs for routine urinalysis.

Table 5.2.2-1. Routine ***Am urinalysis detection levels.

MDA, Decision level,

Period dpm/sample dpm/sample
1964 4.6E-6 puCi/L Anything detected
1967 to 6/1969 5.4E-7uCi/L
7/1969 to 2/1974 2.0 Anything detected
3/1974 to 10/1983 0.2 !
10/1983 to 9/1985 0.04 !
10/1985 to 05/1988 0.02 !
05/1988 to 06/1990 0.02 0.01
07/1990 to 10/1991 0.03 0.015
11/1991 to 4/2000 0.02 0.01
5/2000 to 8/2001 0.02 X + 2.05 x TPU?
9/2001 to present 0.02 2XTPU

a. Xpis the mean of the blanks and TPU is total propagated uncertainty.

The MDAs listed in Table 5.2.2-1 apply to routine and priority processing of urine samples. Fecal
sampling was used for special sampling after potential intakes, and other processing codes
(emergency and expedite) have been available for special urine and fecal samples. The contractual
MDAs for these samples are provided in Table 5.2.2-2. These analyses may have been used
because of suspected intakes of pure ***Am (such as the famous explosion of an americium
exchange column at the Plutonium Finishing Plant in 1976) or to determine the activity of ***Am in a
plutonium mixture. There is evidence of a few intakes of pure ***Am prior to 1969, involving unusual
circumstances such as using a supposedly sealed source that had ruptured. These intakes were
analyzed by urinalysis so obviously a procedure existed at that time, although not part of the contract
with U.S. Testing. On rare occasions for a serious intake, samples were analyzed for ***Am using a
low-energy photon detector, prior to any chemistry. This technique came into existence in 1986 or 87.
Its detection level was about 5 dpm/sample. Generally, the LEPD result was just used as a rapid
indicator, and a more accurate result was obtained by wet chemistry/alpha spectrometry days later.

Table 5.2.2-2. MDAs for nonroutine ***Am excreta analyses.

Fecal samples, MDA, dpm/sample Urine samples, MDA, dpm/sample
Period Emergency?® Expedite Priority Emergency® Expedite
1/1967 to 2/1974 (b) NA (b) (b) NA
2/1974 to 1981 (c) NA 4 (c) NA
1982 to 9/1983 3.6-12 NA 1.2-5.0 0.7-1.0 NA
(3.6 most probable)d (1.2 most probable)CI (0.7 most probable)CI
10/1983 to 9/1985 200 NA 0.16 1.0 NA
10/1985 to 6/1989 20 6 0.1 1 0.08
7/1989 to 10/1991° 20 4 NA 2 0.4
11/1991 to present 20 6 0.1 1 0.08

At times the emergency category was called “rush” and the routine category was called “normal.”

Probably available but MDAs not found.

c. Emergency analyses were available on request, but the statement of work (based on 1978 SOW) did not specify the MDAs. It implied
that an MDA about 10 times the routine (or priority for fecal) MDA was expected.

d. Varied according to sample size over the range shown; the lower value was generally applicable except for very large samples.

e. Emergency and expedited processing of urine and fecal samples was available through PNNL's Analytical Chemistry Laboratory.

Priority fecal analyses were also available through the offsite labs but the MDA was not established, probably about 0.2-0.5

dpm/sample considering state-of-the-art of those labs.

op
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5.2.3 Curium

The curium isotopes of concern were 242 and 244, although sources of curium at Hanford were
minor, usually calibration sources or as minor constituents in an actinide mixture. The curium and
americium procedure were the same so the results would have been reported as curium only if so
requested through the bioassay request system, until alpha spectrometry was initiated. After 1985,
the chemistry is the same as americium, but ***Am, *Cm and ***Cm were reported separately if
requested. The MDASs were not always identical with **Am, however. Routine urinalysis MDAs for
curium are provided in Table 5.2.3-1 and non-routine excreta analyses are provided in Table 5.2.3-2.

Table 5.2.3-1. Routine Cm urinalysis detection levels.

MDA, Decision level,
Period dpm/sample dpm/sample

7/1969 to 1981 Not specifically mentioned
1982 to 9/1983 Listed for emergency processing only
10/1983 to 4/1988 0.02 Anything detected
5/1988 to 6/1990 0.02 0.01
6/1990 to 10/1991 0.03 0.015
11/1991 to 4/2000 0.02 0.01
5/2000 to 8/2001 0.02 Xp + 2.05 x TPU?
9/2001 to present 0.02 2xTPU

a. xbis the mean of the blanks and TPU is total propagated uncertainty.

Table 5.2.3-2. MDAs for nonroutine Cm excreta analyses.

Fecal samples, MDA, dpm/sample Urine samples, MDA, dpm/sample
Period Emergency® Expedite Priority Emergency?® Expedite
Prior to 1982 (b) NA (b) (b) NA
1982 to 9/1983 10° NA NA 0.5-1.0 (0.5 NA
most probable)®™
10/1983 to 9/1985 240 NA 0.8 10 NA
10/1985 to 6/1989 240 70 0.8 1 1.2
7/1989 to 10/1991° NA NA NA NA NA
11/1991 to present 240 70 0.8 1 1.2

At times the emergency category was called “rush” and the routine category was called “normal.”

Probably available but MDAs not found.

Total alpha; would have included any americium present also.

Varied according to sample size over the range shown; the lower value was generally applicable except for very large samples.

aoop

5.2.4 Tritium

The history of tritium urinalysis at Hanford is not well documented. Tritium urinalysis was not
mentioned at all in the Wilson history of personnel dosimetry (Wilson 1987). The earliest report found
to date on tritium urinalysis at Hanford dates to 1949 by Jack Healy, the leading internal dosimetrist at
Hanford for many years (and apparently an instrumentation expert as well). That procedure was
based on “production of acetylene from the active water, with subsequent measurement of the
ionization caused by the tritium beta particle” (Healy 1949). No detection level was mentioned in that
letter, but one was mentioned in an internal memo from Herbert M. Parker to A.B. Greninger, dated
January 1950, that referred to the acetylene method for urinalysis and provides a sensitivity of about
1.2 uCi/L in water (Parker 1950). However, that method apparently didn’t work well because Healy
stated in a 1951 letter to H.F. Schultz at Los Alamos that, “Your problem on the determination of
tritium in the urine samples is one that we have been working on for the last two years, and have
finally obtained what appears to be a decent method for routine use” (Healy 1951). The copy of the
letter is of such poor quality that the method described is hard to follow, but it definitely was not liquid
scintillation counting. A 1961 report entitled “The Estimation of Whole Body Dose from Tritium by
Urine Analysis” indicated that liquid scintillation was used by that time, but again no detection level
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was given. Liquid scintillation counting was implemented for tritium bioassay at the Savannah River
Site in 1958 and it is reasonable to expect that Hanford did so at about the same time. In the
previously mentioned interview with Matt Lardy, Mr. Lardy stated that liquid scintillation counting of a
1-ml aliquot of raw urine has been used since U.S. Testing was awarded the bioassay contract in
1965.

Tritium intakes were accounted for as part of external dose until about 1986 or 87, when they were
entered in the dose database as an internal dose.

Basically tritium was not a major source of radionuclide exposure for large numbers of workers at
Hanford. A 1967 report states, “Battelle-Northwest and its predecessor at Hanford, the General
Electric Company, have been involved in activities with tritium since about 1950, initially as a
manufactured product for weapons applications and later as a by-product of heavy water reactor
operations. Our most recent experience is from operation of the Plutonium Recycle Test Reactor
(PRTR)” (McConnon, 1967). There was also some work on a tritium target program in the 1990s in
the 300 Area and tritium light sources in the 1980s (involving just a few people), and there has been
low-level use of tritium as a tracer in various biology experiments. Tritium exposure was assumed to
be chronic during the exposure period, unless a very large acute intake was known to occur.

Tritium was referred to as P-10 in the 1950s. The main source of tritium in the 1950s was 108-B, also
called the P-10 Plant, which started in August 1949.

Very little data on MDAs has been discovered. A 1964 letter to the PRTR Radiation Monitoring
personnel (McConnor, 1964) states that a tritium bioassay result exceeding 5 uCi/L will be reported to
the Radiation Monitoring Office the day after the samples are picked up, indicating a level of concern
probably well above the MDA. One P-10 Personnel Sample Analysis card, with entries in 1952,
shows several values below 5 puCi/L with the smallest value being 2.5 uCi/L. None of the values are
listed as less-thans. The 1965 statement of work with US Testing shows an MDA of 1 uCi/L (which is
consistent with the MDA at Savannah River Site throughout the 1950s). Table 5.2.4-1 provides MDAs
for routine tritium urinalysis as best has been compiled to date. From 1978 to present the MDAs were
obtained from statements of work with the bioassay laboratory; the MDAs and time periods prior to
that are guesses.

Table 5.2.4-1. Routine tritium urinalysis
detection levels.

Period MDA
1949 through 1960% = 5 uCi/L
1961 through 1981 1 uCi/L
1982 through 10/1991 10 dpm/ml
11/1991 to present 20 dpm/ml

a. Dates and MDA are best guesses. The change in
1961was based on earliest reference to liquid
scintillation counting.

5.25 Uranium

Uranium exposure at Hanford involved principally three physical forms: depleted (DU), natural (NU),
and slightly enriched that was also called recycled uranium (RU). Small numbers of researchers may
have experimented with more enriched uranium at different times, e.g. metallurgy on commercial
grade fuel, but such exposure would have been to small groups for limited periods. Table 5.2.5-1
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provides the default uranium mixtures (Carbaugh 2003). Generally, personnel working in the
production facilities (e.g., fuel fabrication, the reactors, fuel dissolution and plutonium processing,
waste management) were exposed to natural uranium during operation of the early reactors (through
1951) and recycled uranium starting in February 1952 (at the UO3; Plant and July 1952 at the 300
Area Fabrication plants)(DOE 2002) . Recycle uranium also had impurities build up and track with the
uranium over time. Impurities can be approached in two ways, representative levels based on
averages of several measurements at different times and upper limits based on tolerance
specifications (e.g., not to exceed). Both of these approaches are given in Table 5.2.5-2.

Table 5.2.5-1. Radiological characteristics of Hanford uranium mixtures.

Uranium mixture

Weight percentage *°

Natural (NU)

Depleted (DU)

Recycled (RU)

Commercial fuel (CF)

234y 0.0057 0.0005 0.0082 0.0300

2y 0.7204 0.2500 0.9700 2.9600

%y Negligible Negligible 0.0680 Negligible

238 99.2739 99.7500 98.9500 97.0100
Specific constituent activity in mixture (uCi/g, nCi/mg, or pCi/ug®

2y 0.3563 0.0313 0.5125 1.8750

2y 0.0156 0.0054 0.0210 0.0639

%5y Negligible Negligible 0.0440 Negligible

238y 0.3336 0.3352 0.3325 0.3260

Total 0.7054 0.3718 0.9099 2.2649
Specific constituent activity in mixture (dpm/ug)°®

2y 0.7909 0.0694 1.1378 4.1625

2y 0.0345 0.0120 0.0465 0.1419

%5y Negligible Negligible 0.0977 Negligible

238y 0.7405 0.7441 0.7381 0.7236

Total 1.5659 0.8254 2.0200 5.0281
Constituent fraction of total uranium activity in mixture

2y 0.5051 0.0840 0.5632 0.8279

2y 0.0221 0.0145 0.0230 0.0282

%5y Negligible Negligible 0.0484 Negligible

238y 0.4729 0.9014 0.3654 0.1439

Total 1.0000 1.0000 1.0000 1.0000

a. NU, DU, and CF data from Rich et al. 1988.

b. RU data based on average of data presented by Sula, Carbaugh, and Bihl 1991.

c. Can be used to represent specific alpha activity in the mixture as well.

The rigorous radiation protection barriers and procedures designed to prevent intakes of plutonium
and fission products were not, in general, applied to work with uranium. Hence, exposure to uranium
in the major uranium facilities was considered chronic exposure until 1992.

Uranium compounds at Hanford ranged from very soluble uranyl nitrate and soluble UO3 to relatively
insoluble UO, and U;0g. Dissolution tests in simulated lung fluid were conducted on samples from
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Table 5.2.5-2. Impurities in recycled uranium at Hanford.

Constituent Maximum allowed® Observed range” Reference level®
Plutonium 10 ppb U <1-2ppbU 0.4 nCi Pu-alpha/guU
Neptunium Not established 0.04 - 0.16 ppm U 0.4 nCi “'Np/g U
Thorium 750 ppm U 8-10 ppm U 5 pCi “**Th/g U
PTc Not established 3-4ppmU 0.2 uCi*Tc/g U
103.1%Ry <20 uCi/lb U <6 uCi/lb U 40 nCi "Ru/g U
*ZrNb <10 uCi/lb U <4 uCi/lb U 20 nCi >ZrNb/g U
Other gamma emitters | <2 uCi/lb U 0.09 - 0.75 uCi/lb U | Negligible

a. From UOj; Plant operating specifications, OSD-U-185-0001 (Thompson 1986).

b. From analysis of uranium lots 88-1, 88-2, 88-3 that were processed in 1988, and lots 93-01, 93-02, 93-
03, 93-04, and 93-05, processed in 1993.

c. Areference level is chosen for determining bioassay monitoring needs and for use as an initial
assumption in evaluating intakes. The use of the reference levels is expected to result in a slight
overestimate of dose compared to levels actually observed in 1988.

the major uranium handling facilities. Results are shown in Table 5.2.5-3. Because the relationship
between the old lung fluid studies and the ICRP 66 absorption types is not established, Table 5.2.5-3
also shows recommended absorption types for intakes from the listed facilities, which should be used
unless person-specific data are available. These absorption type assumptions should be applied to
the impurities as well. >*Pu can be assumed for the plutonium alpha impurity.

Table 5.2.5-3. Inhalation class for Hanford uranium compounds.

ICRP 30 inhalation class Recommended ICRP 66
from lung fluid studies Compound and location lung absorption type
80% D Hanford UO3 Plant smear sample dissolution study in 19842, b
20% W (UO3 powder)
10% D Hanford 303-M Building air sample dissolution study® (300 b
90% Y Area Uranium Fuel Production Facilities)
29% D Hanford 333 Building air sample dissolution study® (300 Area b
71% Y Uranium Fuel Production Facilities)
20% D Hanford 306-W Building Machine Shop air sample dissolution b
80% Y study®
Uranyl nitrate at PUREX or UO3 Plant F
UCl,4 or U carbonate (assumed form after discharge to the soil) M

a. Sula, Bihl, and Carbaugh (1989).

b.  Because the conversions from the solubility studies to the ICRP absorption types are not exact, the dose reconstructor may use the
same percentages for D to F, W to M, etc. or may just use the predominant form to maximize dose to the organ of concern; for
instance, the 303-M Building uranium might be considered 10% F, 90% S or all type S.

c. Letter Report to Monte J. Sula from Darrell R. Fisher, January 20, 1986.

d. Cooke and Holt 1974.

A note about sampling of UO; Plant workers: Because chemical toxicity was the principal concern for
uranium exposures at UO3; Plant, one sampling scheme used was to obtain both a Friday evening
sample and Monday morning sample. The period of this sampling scheme was not established, other
than in the 1970s and maybe earlier. This scheme was changed to Monday—morning-only sampling
circa early 1980s. Change over should be clear in the records.

The Friday/Monday sampling scheme was also used in 1962-63 for 313 and 314 Building workers.

The Wilson history states that the uranium urinalysis program prior to 1948 was not reliable. The
fluorometric method, which fused uranium from raw urine with sodium fluoride and measured the
fluorescence when the compound was exposed to ultraviolet light, was implemented sometime during
the first half of 1948 (Healy 1948, Wilson 1987). This method was used for elemental uranium
analyses, with various refinements over the years including some upfront chemistry on the raw urine,
until about 1991, when it was replaced by kinetic phosphorescence analysis (KPA) (Lardy 2003).
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[Note: Mr. Lardy said about 1990 but other evidence indicates late 1991.] A 1970 letter describes two
procedures: one with wet-ashing with nitric acid and hydrogen peroxide, then acidification and
counting of a 100 pL aliquot with a detection level of 0.5 pg/L; another with extraction (after wet-
ashing) with methyl isobutyl ketone and ammonium hydroxide. The detection limit for the latter was
listed as 0.05 ug/L but the recoveries were about the same for both methods so the latter must have
used a 10 times larger aliquot. Based on requirements in later statements of work, it is assumed that
the first method was used for routine analyses. A third method was also listed; this was a radiometric
procedure using the same separation chemistry as the second procedure, but the sample "is
measured by a gas flow proportional counter or a ZnS (Ag) scintillation counter.” (Lardy 1970) The
detection limit was given as 0.5 dpm/sample. A 1989 description of the chemistry was wet-ashing
with HCI and extraction with hexone. A 100 ml aliquot was used, but the results were reported as per
total sample. The chemistry for the KPA involves a 50-ml aliquot that is wet-ashed with acid, passed
through an ion exchange column, then eluted with weak acid. Results are reported as per total
sample.

When alpha spectrometry was introduced in 1983, two uranium urinalyses procedures were offered:
the elemental procedure discussed above and the alpha spectrometric procedure to provide isotopic
results. Generally, the elemental procedure was used for workers exposed to natural or slightly
enriched forms of uranium, and the isotopic procedure was used for depleted or more than slightly
enriched forms of uranium. Generally, personnel working in the production facilities were monitored
by the elemental analysis, whereas Pacific Northwest Laboratory workers were monitored by the
isotopic analysis because of the wide scope of research projects that occurred over the years.

Alpha spectrometry cannot differentiate between ?**U and **U. Prior to 1994, the results for this
region of the alpha spectrum were reported as ***U; they were reported as #**U from 1994 to present
unless it was specifically determined that the worker was exposed to 23U. Work with *3U did occur at
Hanford, but was rare after the early 1970s, long before alpha spectrometry came into use for
bioassay. So unless specifically mentioned in an intake investigation report, assume ***U results
since 1983 are actually **U.

23 was handled at 2317 Building in the mid 1960s as a special project, maybe extending into the
early 1970s. This project involved thorium campaigns at PUREX, separation of the #**U, and
shipment to 2317 Building. No details about this work have been uncovered as yet, such as isotopic
purity. Because of the time frame, bioassay must have been for elemental uranium, at least until
about 1970. If so, because of the high specific activity of 23U, the bioassay MDA would have been
only about 90,000 dpm/L. Hopefully, something better was done, and the worker’s record might show
that, but as yet the specific bioassay used for the #3U project has not been discovered.

Table 5.2.5-4 summarizes the routine urinalysis detection levels and Table 5.2.5-5 summarizes
nonroutine detection levels.

Starting about 1995, mass spectrometry has been used as an investigational tool to discriminate
between natural background uranium and recycled uranium through measurement of *°U. The
presence of **U confirms an occupational intake of recycled uranium; the detection limit for ?°U is
such that urinary excretion of uranium greater than 0.2 pg/L (see discussion of natural background
excretion below) from an intake of recycled uranium should have a detectable amount of 2°U.

Natural uranium from nonoccupational intakes (primarily food and water) is excreted in urine at levels
above the analytical MDAs for either the elemental uranium analysis or the alpha spectrometry
analysis. The ***U to ?**U ratio can be used to distinguish depleted uranium from natural uranium,
but, considering uncertainties in analytical results, that ratio can not be used to distinguish recycled
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Table 5.2.5-4. Routine uranium urinalysis detection levels.

Elemental Isotopic
MDA, Decision level, MDA, Decision level,

Period Mg/L Mg/L dpm/sample dpm/sample
Prior through 1948 Not specifically mentioned NA NA
1948 through 1949 10 Anything detected NA NA
1950 through 1969(a) 4 (b) NA NA
1970 through 1974 0.5 0.5
1974 through 1981 0.4
1982 through 9/1983 0.05-0.25 (0.1

most probable)(c)

10/1983 through 0.03 0.5 (d) 0.035
12/1983
1/1984 through 8/1985 0.03 0.02
9/1985 through 6/1990 0.03/0.5(e) 0.2(f) 0.02
6/1990 through 0.2/0.5(e) 0.2(f) 0.03 0.15/0.015(qg)
10/1991
11/1991 through 0.06/0.5(e) 0.2(f) 0.02 0.15/0.010(qg)
present

a. Estimated time period based on 1954 and 1970 letters.

b. Values were reported well below the 4 ug/L value so either the MDA was thought to be lower than that value or a
decision level of 2 ug/L was being applied.

c. MDAs were based on sample size, but 0.1 ug/L applied to most sample sizes.

d. Values below this were recorded but not followed up as occupational intakes.

e. The larger value is the MDA for a special (rapid) analysis for UO3z Plant workers based on potential chemical toxicity.
The need for this special analysis ceased in 1994 after the last processing in the UO3 Plant.

f.  Based on upper level for natural background excretion. See text for discussion.

g. First value applied to 2*U and #*®U; second value applied to

235y decision level was lowered to 0.007 dpm.

235

Table 5.2.5-5. MDAs for nonroutine uranium excreta analyses.

U based on natural background in urine. In 2002 the

Analysis Fecal samples, MDA, dpm/sample Urine samples, MDA, dpm/sample
Period type Emergency®® Expedite Priority Emergency®® Expedite
1980° Elemental 10 ug/L
10/1983 to 9/1985 Elemental | 8 pg/sample NA 0.3 pg/sam. 7 pg/sam. NA
Isotopic® 12 dpm/sam. NA 0.3 dpm/sam. |1 dpm/sam. NA
10/1985 to present | Elemental | 8 uyg/sam. 5 yg/sam. 0.3 pg/sam. 7 yg/sam. 0.5 yg/sam.
Isotopic 12 dpm/sam. 4 dpm/sam. | 0.3 dpm/sam |1 dpm/sam. 0.12 dpm/sam
6/1990 to 10/1991 Elemental |20 uyg/sam. 4 ug/sam. NA 20 yg/sam. 4 ug/sam.
Isotopic 20 dpm/sam. 4 dpm/sam. | NA 2 dpm/sam. 0.4 dpm/sam
11/1991 to present | Elemental | 8 pg/sam. 5 pg/sam. 0.3 pg/sam. 7 pg/sam. 0.5 pg/sam.
Isotopic 12 dpm/sam. 4 dpm/sam. | 0.3 dpm/sam. |1 dpm/sam. 0.12 dpm/sam

a. Attimes the emergency category was called “rush” and the routine category was called “normal.”
b.  Earliest mention found in a contract with the laboratory. The ability to perform analyses on fecal samples was also mentioned but an
MDA was not specified.

c. U-234, U-235 U-238.

d. Emergency and expedited processing of urine and fecal samples was available through PNNL's Analytical Chemistry Laboratory.
Priority fecal analyses were also available through the offsite labs but the MDA was not established, probably about 0.2-0.5
dpm/sample considering state-of-the-art of those labs.

uranium. Three studies were conducted, in 1985, 1990, and 1995, to establish the range of natural
background excretion in unexposed persons living near the Hanford site. The third study purposely
looked for possible geographic and seasonal differences in the background. All studies found natural
excretion to be lognormally distributed. Although the 50 percentiles and slopes of the excretion
curves were different in the studies, each study found 0.2 pg/d to be about 99 to 99.9 percentile,
although the 1995 study had one result that greatly exceeded the 0.2 ug/d value. (Carbaugh 2003)
Hence, 0.2 ug/d was established in 1985 and continues to be used at present as the environmental
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decision level for exposures to natural or recycled uranium. Only urinary excretions values greater
than 0.2 pg/d, which converts to 0.15 dpm/d for ?*U and ?**U and 0.007 dpm/d for **°U, are
considered indicative of a potential occupational source. Nevertheless, the one result in the 1995
study and many worker-specific investigations of urinary results exceeding 0.2 ug/d have shown that
results well above the environmental screen level do occur from natural sources. Some of these were
shown to be due to a specific home water well; others occurred from workers on city water from wells
(but apparently not all wells).

It is reasonable to use the urinary excretion values of 0.2 ug/d for elemental analyses, 0.15 dpm/d for
234 and #*®U and essentially anything detected for *°U, to distinguish between natural background
and potential occupational exposure for natural and recycled uranium, unless the worker’s file shows
235y results or other studies that show the excretion was from natural sources. These environmental
decision levels should apply to the entire history of Hanford. Prior to 1985, there will undoubtedly be
excretion values exceeding the environmental screening levels that were nevertheless due to natural
sources, but it's unlikely there will be data available to prove it.

Background excretion of uranium in feces probably varies over an even larger range than urinary
excretion; however, a definitive study for the Hanford area has not been conducted. Fecal samples
were rarely obtained for potential uranium intakes; when they were, the investigation report should
discuss how the results were interpreted.

5.2.6 Fission Product Analysis

Fission product urinalysis was the method used to monitor for intakes of fission products until whole
body counting was implemented in 1960. Routine fission product urinalyses started in January 1947,
but ferrous hydroxide precipitation was used on the supernatant from the plutonium lanthanum
fluoride procedure, and the results were erratic with occasional breakthrough of “°K. So data prior to
1948 should be considered unreliable and should be ignored (see guidance in 5.1 instead). The
procedure initiated in 1948 was to add Sr carrier to the aluminum oxide solution for the plutonium
procedure, then precipitate La hydroxide. This procedure was shown to extract the rare earths and
strontium with yields ranging from 90% for Ce to 23% for Sr. The dried planchet was counted for beta
activity with an approximate detection level of 30 dpm. (Healy 1948, Wilson 1987) The same
procedure was in use in 1954 with the addition of a Ce carrier. It was also listed in the compilation of
procedures referred to as the “Old Bioassay Bible” in 1961, but that same compilation had a separate
procedure for **Sr in urine. A memo in the Old Bioassay Bible discusses the start of use of a gas-
flow, beta proportional counter in November 1958 which resulted in increased counting efficiency.
The new detection limit was stated as 1.4 x 10™ pCi/sample, based on the counting efficiency of *Sr.
“Gross fission products” are also mentioned in the 1970 letter from Matt Lardy at US Testing with a
brief description that seems to imply the same procedure was still available, although probably not
used much. The detection level was given as 5 dpm/sample based on the beta counting efficiency for
%Sr. Table 5.2.6-1 summarizes the detection levels for the fission product urinalysis as best has been
uncovered.

It's a challenge to interpret the fission product urinalysis in a way that is meaningful as representative
of all the possible fission products and activation products that a worker might theoretically have been
exposed to. The procedure separated and counted radionuclides of alkaline earths and rare earths,
such as strontium, yttrium, barium, lanthanum, cerium, europium, and promethium. It did not account
for radionuclides of ruthenium, cesium, zinc, cobalt, manganese, niobium, or zirconium. The
radiochemical yield of the elements that were carried through to the final planchet varied, however,
from about 23% for strontium to about 90% for cerium. The abundances of all the fission products,
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relative to each other, varied (considerably) as a function of the time from when the reactor fuel was
removed from the core and allowed to cool to when the

Table 5.2.6-1. Routine fission product
urinalysis detection levels.

Period MDA
1948 to 2/1956 60 dpm/sample®
3/1956 to 10/1964 70 dpm/sample”
1965 to approx. 1969 | 31 dpm/sample
1970° 5 dpm/sample

a. Reported as 30 dpm/sample but that value
was more of a decision level than an MDA.

b. Recorded as 3.1 or 3.17 E-5 pCi/ sample.

c. Listed in the bioassay contract but probably
not used; replaced by whole body counting
and *°Sr urinalyses.

contamination was inhaled or ingested. See section 5.4 for a discussion about interpreting fission
product mixtures.

After whole body counting came into routine use, regular use of the fission product urinalysis
continued for many workers at facilities such as B Plant and Semi-Works where intakes of pure *Sr
were possible. So it was apparently being used as a *Sr bioassay. The records show fission product
analysis being used this way until early 1964. The same workers show actual *°Sr analysis results
starting in 1965, probably starting with the new contract with US Testing.

5.2.7 Strontium

Records of Sr urinalyses, both routines and specials, begin showing up in the database in 1965.
However, the compilation of procedures called the Old Bioassay Bible, 1961, had a procedure specific
for strontium in urine and fecal salts that included 