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PREFACE

This report is one of a series of annual reports provided by the U.S. Department of Energy (DOE)
summarizing occupational radiation exposures received by DOE and DOE contractor employees.
These reports provide an overview of radiation exposures received each year as well as identification of
trends in exposures being experienced over the years.

In 1968, the U.S. Atomic Energy Commission (AEC) established a program for reporting certain
occupational radiation exposure information to a central radiation records repository. At the same
time, a contract was made with Union Carbide Corporation at Oak Ridge, Tennessee, to computerize
the processing of the radiation exposure reporting system. Annual summary reports were published
from 1969 through 1973 (WASH-1350-R1 through WASH-1350-R6), and included information on AEC
contractor employees and visitors, as well as employees and visitors of companies in the private sector
licensed by the AEC.

In January 1975, with the separation of the AEC into the Energy Research and Development Agency
(ERDA) and the U.S. Nuclear Regulatory Commission (NRC), each agency assumed responsibility for
collecting and maintaining occupational exposure information reported by the facilities under its
jurisdiction. Former AEC licensees reported to the NRC while contractors reported to ERDA. At the
same time, a contract was made with Union Carbide Corporation at Oak Ridge, Tennessee, to
computerize the reporting and processing of both the ERDA and NRC radiation exposure reporting
systems. On October 1, 1977, DOE was formed and assumed the responsibilities of ERDA. Processing
and programming of exposure information continued at Oak Ridge until October 1978, when the
management and further development of the DOE radiation exposure reporting system was assigned
to the System Safety Development Center, EG&G Idaho, Inc.; the NRC system remained at Oak Ridge.

Radiation exposure data for ERDA and ERDA contractor employees and visitors for 1974 through 1976
were reported in ERDA 76/119, ERDA 77-29, and DOE/EV-0011/9. The DOE and DOE contractor
radiation exposure data for 1977, 1978, 1979, 1980, 1981, and 1982 were presented in DOE/EV-0066/10,
11,12,13, and 14 and DOE/EP-0040/2 respectively. A revised version of the 1979 report was issued. This
report contains 1983 radiation exposure data for DOE and DOE contractor employees and visitors.

Previous reports for AEC/ERDA/DOE government and contractor employees and visitors may be
obtained from the U.S. DOE Technical Information Center, P.O. Box 62, Oak Ridge, TN 37830.






SUMMARY

All Department of Energy (DOE) and DOE contractor facilities are required by DOE Order 5484.1,
Chapter 1V, to submit occupational exposure records to a central repository. The data required
includes asummary of whole-body exposures to ionizing radiation, asummary of internal depositions
of radioactive materials above specified limits, and occupational exposure reports for terminating
employees. This report is a summary of the data submitted by DOE and DOE contractors for 1983.

A total of 88,283 DOE and DOE contractor employees were monitored for whole-body ionizing
radiation exposures in 1983. This represents 56.6 percent of all DOE and DOE contractor employees and
is an increase from the number of individuals monitored in 1982. In addition to the employees, 84,851
visitors were monitored.

Of all employees monitored, 56.5 percent received a dose equivalent that was less than measurable,
41.6 percent a measurable exposure less than 1 rem, and 1.9 percent an exposure greater than 1rem.
The exposure received by 94.6 percent of the visitors to DOE facilities was less than measurable. Only
5.4 percent of the visitors received a measurable exposure less than 1 rem, and <0.01 percent of the
visitors received an exposure greater than 1 rem. No employees or visitors received a dose equivalent
greater than 5 rem.

The collective dose equivalent for DOE and DOE contractor employees was 7,858 person-rem. The
collective dose equivalent for visitors was 300 person-rem. The total dose equivalent for employees and
visitors combined was 8,158 person-rem. The average dose equivalent for all individuals (employees
and visitors) monitored was 47 mrem and the average dose equivalent for all individuals who received a
measurable exposure was 190 mrem. The highest average dose equivalent for all monitored employees
was observed at fuel fabrication facilities (235 mrem) and the lowest among visitors (4 mrem) to DOE
facilities. These averages are significantly less than the DOE 5-rem/year radiation protection standard
for whole-body exposures.

Five cases of internal depositions were reported in 1983. In all cases, the depositions were less than the
annual dose-equivalent standard. Internal depositions were the result of accidental, not planned,
exposures.

A total of 7,449 monitored employees terminated their employment in 1983. The average cumulative
dose equivalent for terminated employees who worked one to two years was 0.33 rem; two to four
years, 0.30 rem; four to six years, 0.41 rem; and longer than six years, 3.70 rem. The average cumulative
dose equivalent for employees who terminated with more than six years of employment appears high
in comparison with the other data. However, this average includes the cumulative exposure of
individuals who worked for DOE or DOE contractors for over 20 years.
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SIXTEENTH ANNUAL REPORT
RADIATION EXPOSURES FOR DOE
AND DOE CONTRACTOR EMPLOYEES
1983

INTRODUCTION

One of the basic Department of Energy (DOE) radiation protection policy objectives is that radiation
exposures be maintained as low as is reasonably achievable (ALARA) and within the occupational
exposure guidelines provided in DOE Order 5480.7, Chapter XI (Table 1). Assurance that occupational
exposures do not exceed the guidelines is not considered, in itself, sufficient. All operations are to be
conducted “in a manner to assure that radiation exposures to individuals and population groups are
limited to the lowest levels technically and economically feasible.”

TABLE 1. Radiation Protection Standards for External and Internal Dose Equivalents for
Individuals in Controlled Areas

Dose Equivalent (Dose or

Type of Exposure Exposure Period Dose Commitment)(rem)(a)
Whole body, head and trunk, Year 5(b)
gonads, lens of the eye,(C) Calendar quarter 3

red bone marrow, active
blood-forming organs.

Unlimited areas of the skin Year 15
(except hands and forearms), Calendar quarter 5
other organs, tissues, and
organ systems (except bone)

Bone Year 30
Calendar quarter 10
Forearms(d) Year 30
Calendar quarter 10
Hands(d) and feet Year 75
Calendar quarter 25

(3)To meet the dose commitment standards above, operations must be conducted in such a manner
that it would be unlikely that an individual would assimilate in a critical organ, by inhalation,
ingestion, or absorption, a quantity of radionuclide(s) that would commit the individual to an organ
dose which exceeds the limits specified in this table.

(b)in special cases with the approval of the Director, Division of Operational and Environmental Safety,
aworker may exceed 5 rem/year provided his/her average exposure per year since age 18 will not
exceed 5 rem/year.

(c)A beta exposure below a maximum energy of 700 keV will not penetrate the lens of the eye;
therefore, the applicable limit for these energies would be that for the skin (15 rem/year).

(d)All reasonable effort shall be made to keep exposure of forearms and hands to the general limit for
the skin.




To assist in the determination that exposures to individuals are maintained at the lowest level practica-
ble, DOE requires the submittal of occupational radiation exposure records to a central repository. The
datarequired includes a summary of whole-body exposure to ionizing radiation, asummary of internal
depositions of radioactive materials, and occupational exposure reports for terminating employees.
The central data base also includes occupational radiation exposure information for the Atomic Energy
Commission (AEC) and the Energy Research and Development Agency (ERDA).

This report is a summary of the data submitted for 1983 by DOE and DOE contractor facilities. For the
purpose of trend analysis, the data is compared to that reported in previous years. The data used to
prepare this report is presented in Appendix A, “Distribution of Whole-Body Exposures by Facility
Type for Each DOE Field Organization, 1983”; Appendix B, “Distribution of Annual Whole-Body
Exposures by Contractor for Each DOE Field Organization, 1983”’; and Appendix C, “Distribution of
Annual Whole-Body Exposures for DOE Government Employees and Visitors by DOE Field Organiza-
tion, 1983.”

SUMMARY OF WHOLE-BODY IONIZING RADIATION EXPOSURES

Monitoring is required by DOE Order 5480.1, Chapter X!, where the potential exists for an individual to
receive a dose or dose commitment in any calendar quarter in excess of the 10 percent of the quarterly
orannual occupational exposure guidelines shown in Table 1. Depending on the administrative policy
of the contractor, monitoring may also be provided to individuals, such as clerical workers, for whom
the exposure potential is extremely low.

The number of individuals who received an occupational whole-body exposure in one of 16 dose-
equivalentintervals ranging from “less than measurable” to ““greater than 10rem” is provided annually
by each DOE and DOE contractor facility. A positive, measurable exposure is any recorded exposure
greater than the minimum sensitivity of a personnel monitoring device. The data is further subdivided
into one of 10 facility types.

Contractors have the option of reporting the distribution of whole-body occupational dose equiva-
lents only for those individuals for whom monitoring is required, or for all those for whom monitering
is provided. Many contractors choose to report the latter, thus increasing the number of individuals
who are considered to be radiation workers. To account for this effect, the average dose equivalent per
individual receiving a measurable exposure is calculated as well as the average dose equivalent per
individual monitored.

The annual collective dose equivalent is calculated by multiplying the number of individuals in each
dose range by the numerical midpoint of the range, and then summing the products. This procedure
allows an estimate of the collective dose equivalent to be calculated without knowledge of each
individual’s annual dose. However, a source of error is introduced into the calculation by the assump-
tion that the midpoint of the dose-equivalent range is the mean dose equivalent of the individuals
reported in each dose-equivalent range. Frequently, the actual mean dose equivalent in each range is
less than the assumed arithmetic mean. Thus, collective dose equivalents presented in this report may
be slightly higher than the actual collective dose equivalents.



DISTRIBUTION BY DOSE INTERVAL

The number of employees and visitors who received a dose equivalent in each of 16 dose-equivalent
ranges is presented in Table 2. There were no DOE employees or visitors who received a dose
equivalent greater than 5 rem. A total of 88,283 DOE and DOE contractor employees were monitored
for whole-body ionizing radiation exposure in 1983. This represents 56.6 percent of all DOE and DOE
contractor employees. In addition to the employees, 84,851 visitors were monitored at DOE facilities.
Visitors may include radiation workers from another DOE facility present on an interim basis.

TABLE 2. Distribution of Whole-Body lonizing Radiation Exposures for DOE/DOE Contractor
Employees and Visitors by Dose-Equivalent Interval, 1983

Dose-Equivalent Interval Number of Persons Collective Person-rem
(rem) Employees  Visitors Total Employees Visitors Total
<Measurable 49,871 80,285 130,156 0 0 0
Measurable to 0.10 26,528 4,244 30,772 1,327 212 1,539
0.10 to0 0.25 4,903 238 5,141 858 42 900
0.25 to 0.50 3,218 51 3,269 1,207 19 1,226
0.50 to 0.75 1,353 22 1,375 845 14 859
0.75 to 1.00 766 7 773 670 6 676
T1to2 1,270 3 1,273 1,905 5 1,910
2to3 294 1 295 736 2 738
3to 4 49 0 49 171 0 171
4t05 31 0 31 139 0 139
5to 6 0 0 0 0 0 0
6to7 0 0 0 0 0 0
7to08 0 0 0 0 0 0
8to9 0 0 0 0 0 0
9to 10 0 0 0 0 0 0
>10 0 0 0 0 0 0
TOTAL 88,283 84,851 173,134 7,858 300 8,158

A comparison of DOE and DOE contractor employees, the number of employees monitored and the
number of employees who did not receive a measurable dose equivalent in the last five years is
presented in Figure 1. The number of employees monitored in 1983 increased slightly from the number
reported in previous years (Figure 1).

Of the employees monitored in 1983, 56.5 percent received a dose equivalent that was less than
measurable, 41.6 percent a measurable exposure less than 1 rem, and 1.9 percent an exposure greater
than 1 rem (Figure 2). The exposure received by 94.6 percent of the visitors to DOE facilities was less
than measurable. Only 5.4 percent of the visitors received an exposure between measurable and 1rem,
and <0.01 percent of the visitors received an exposure greater than 1 rem (Figure 2).
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FIGURE2. Percentage of Monitored Employees and Percentage of Monitored Visitors Who Received
an Exposure Less Than Measurable, Measurable to 1 rem, or Greater Than 1 rem, 1983

The collective dose equivalent was 7,858 person-rem for all DOE and DOE contractor employees, and
300 person-rem for visitors to DOE facilities, for a total collective dose equivalent of 8,158 person-rem.
The contribution of the individuals in each dose-equivalent interval to the collective dose equivalent is
shown in Figure 3. Individuals whose exposure was less than 1 rem contributed the greatest portion of
the total person-rem.

The distribution of whole-body exposures for the years 1965-1983 is presented in Table 3. As can be
seen in Table 3, the number of employees who received a dose equivalent greater than 1 rem has
gradually declined since 1965. This same downward trend in the occupational exposures can be seenin
Figure 4, which shows the collective dose equivalent for all individuals from 1965 to 1983 who received
an exposure greater than 1 rem. The collective dose equivalent for individuals who received an
exposure less than 1 rem was not included because prior to 1974, a less-than-measurable exposure was
not distinguished from measurable exposures in the reporting system. This decrease in the collective
dose equivalent has been achieved even though some work was performed in older facilities that were
not constructed using current design criteria. This trend reflects both changes in the nature of the work
performed at DOE facilities and the consistent application of ALARA practices throughout all DOE
operations.
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DISTRIBUTION BY FACILITY TYPE

The number of individuals and the distribution of the annual whole-body exposures in each of 10
facility categories were reported to the central repository. For this report, visitors were considered a
facility type. The contribution of each facility type to the collective dose equivalent is shown in Figure 5.
The largest percentage of the total collective dose equivalent was in the category “Reactor.” “General
Research” was a close second. As would be expected, the smallest contribution was from DOE offices.
A summary of the data submitted is presented in Table 4.

The average dose equivalent by facility type per individual monitored and per individual monitored
with measurable exposure is shown in Table 5. The average dose equivalent per individual monitored
for all facilities combined was 47 mrem. The highest average dose equivalent per individual monitored
was observed at fuel fabrication facilities (235 mrem) and the lowest was observed for visitors to DOE
facilities (4 mrem). The average dose equivalent per individual monitored with a measurable exposure
was 190 mrem. The highest average dose equivalent for individuals monitored with a measurable
exposure was observed at fuel fabrication facilities (321 mrem) and the lowest was observed for visitors
(66 mrem).

2,500
p— -
- £
S 1
ol - © -
° ®
= 2,000 © $ —
£ ® &
[ o Y - _
- [+ o c
s i P g 5 ’
c ) -
4 - S £
o - 2 o -
a ®
—~ 1.500p 2 -
c
© - -
- o
3 s c -
5 L a .
< O
w L [x) .
@ c <
4 1,000~ .g a —
o L ® o - 4
) 8 3 c
2 - o - @ N
= L [ E 5 -
g e £ g
= - I ° © -
[=] 3 = [
© 500+ v uc.a < o —
(5] (%]
B 13 =] = -
- 3 < o .
. | g w i
, - E o
r' : o -
0

Facility Type

FIGURE 5. Contribution of Each Facility Type to the Total Collective Dose Equivalent, 1983
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DISTRIBUTION BY FIELD ORGANIZATION

For each field organization, the number of employees monitored and the collective dose equivalent
are shown in Table 6. Differences in the collective dose equivalent at each field organization reflect
differences in the nature of the work performed and the administrative policy concerning whether the
dose distribution is reported for all employees or only for those for whom monitoring is required.
Table 7 provides an indication of the work done at each field organization by showing what fraction of
the collective dose equivalent at each field organization is attributed to each facility type. Trends in
collective dose equivalent from 1977 to 1983 for each field organization are in Table 8.

TABLE 6. Collective Dose Equivalent for DOE/DOE Contractor Employees and Visitors by Field
Organization, 1983

No.
Individuals Collective Average Dose  Average Dose Equivalent
No. With Dose Equivalent (mrem)  (mrem) Per Individual
Field Individuals Measurable Equivalent Per Individual Monitored With

Organization  Monitored Exposure (Person-rem) Monitored Measurable Exposure
Albuquerque 30,002 15,968 2,332 78 146
Chicago 16,528 3,854 623 38 162
Energy Tech.

Centers 13 1 0 0 0
idaho 35,074 1,685 353 10 209
Nevada 27,684 237 25 1 105
Oak Ridge 3,969 1,578 371 93 235
Pittsburgh

Naval Reactor 2,918 2,250 220 75 98
Richland 12,422 6,720 2,458 198 366
San Francisco 22,879 1,734 267 12 154
Savannah River 19,061 7,230 1,293 68 179
Schenectady

Naval Reactor 2,584 1,721 217 84 126
TOTAL 173,134 42,978 8,159 47 190
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SUMMARY OF INTERNAL EXPOSURES

Internal body depositions of radioactive material result from accidental, not planned, exposures.
A report of internal body deposition of radioactive materials is required when:

1. any uptake of radioactive material occurred during the reporting year that either independently or
when added to a current burden was estimated to resultin adose commitment to the critical organ

in excess of 50 percent of the pertinent annual dose-equivalent standard set forth in DOE Order
5484.1, Chapter XI; or when

2. any previously unreported uptake of radioactive material was determined to have been reportable
according to the above criteria by reason of the most recent dose-equivalent estimates.

Table 9 gives a five-year comparison of new cases of internal body depositions. Only those cases
occurring within each year are included. Cases where the effects of prior years’ depositions are
continuing or where a new uptake is not clearly identified are not included.

Of 10 internal deposition reports for 1983, five are considered new and are included in Table 9. The five
remaining reports are not included for the following reasons: in three cases, the current burden has
decreased from the measured level of previous years. These instances are judged as continued tracking
of a previous uptake. In two other cases, the reported burden was not in excess of 50 percent of the
nertinent annual dose-equivalent standard.

TABLE 9. Dose Distributions for Cases of Internal Body Depositions, 1979-1983

Critical ‘ Dose-Equivalent Interval (rem)
Year Radionuclide Organ 7.5-10 10-15 15-25 25-50 50-100 100-200
1979 24y, 85y, 38y Lung 2
1980 2Py Bone 3(a) 1(b)
234, 235, B38Y Lung 1
1981 238py, 239Py, 40Py Bone 1 1
Lung 1
24y, 235, 238 Lung 3
1982 8Py Bone 1(a) 1(a)
28py, 2Py, 40Py Bone 1
Liver 1
1983 293Py, 40Py, 249AmM Bone 1
nay, B5Y Lung 4

(a) These previously unreported individuals exceeded 50 percent of the annual standard during 1980 as a result of
chronic buildup due to translocation from the lungs from prior years’ exposure. No acute exposure is known to
have occurred.

(b)One individual exceeded 100 percent of the annual standard in 1980 for unknown reasons. This individual
received a Type B plutonium lung exposure as a result of an incident in 1971, and has been excluded from work
with plutonium since that time. Since the systemic burden was less than half the standard in 1978, this new
information was also reported. This individual’s case is being closely followed to see if some mechanism for the
increase in systemic burden can be determined.
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SUMMARY OF WORKER TERMINATIONS

A total of 7,449 monitored workers terminated their employment with DOE or DOE contractors in 1983.
Table 10 gives the length of employment as well as the average cumulative dose equivalent for the
workers in each time interval. These data indicate that the average cumulative dose equivalent for
workers terminating in 1983 after 1 to 365 days of employment was significantly less than the 5rem/year
radiation protection standard for the whole body.

The average cumulative dose equivalent for workers who terminated after more than six years of
employment was 3.70 rem. This average appears high in comparison with the average cumulative dose
equivalent for employees who terminated with less than six years of employment. However, this
average includes the cumulative exposure of individuals who worked for DOE or DOE contractors for
more than 20 years.

TABLE 10. Average Cumulative Dose Equivalent for Individuals Terminating in 1983

Total Cumulative Average Cumulative Dose
Length of Number of Dose Equivalent Equivalent Per Terminated
Employment Terminated Employees (Person-rem) Employee (rem)

1-90 days 2,035 978.63 0.48
90-180 days 1,063 489.23 0.46
180-365 days 685 400.31 0.58
1-2 years 708 233,95 0.33
2-4 years 844 256.31 0.30
4-6 years 462 187.30 0.41
>6 years 1,652 6,112.75 3.70
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APPENDIX A

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES BY FACILITY TYPE
FOR EACH DOE FIELD ORGANIZATION, 1983
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APPENDIX B

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES BY CONTRACTOR
FOR EACH DOE FIELD ORGANIZATION, 1983






yAu

L

¥9

¥9

S 14 9 44 6¢ 98 (14
L ozL
S !4 9 (44 6t S8 41"
4
4
L t S 114
9
L t S 6t
9 S SLL
4
9 S eLL
t LE wi'L
t Le L

8ve‘L e}
€LL SIONSIA
S€9 saakojdw]
(X1 ‘ojpaewy)
sejig-Ja8uey % uosep

S (L2078
SIOUSIA
S saadojdwg
siopesuodqng
-18u3 sqooe(

44 e}

SIONSIA

rad saakojdwy
0 8upaauifug sqooe(

s79 e}

1143 SIOMSIA

Y774 saakojdwy
A80jodjx0§ uonejeyuj

85t |elo)

] SIONSIA

4 £4 saakojdwy
*0D) U133 |esaudD

v6 g0l

SIONSIA

¥6 saakojdwy
251y anbisanbnq)y

wal-uosRd 0L OL-6 68 8/ (9 9§ S bE €T Tl 00'L LTA ) 0s'0 S0 oL'0>

jeoL

-6£0 050 -ST0 -0L0 -'seay

(w?3s) sasuey Judjeainbz-asoq

€861
NOLLVZINYDYO0 aidid IndOJINONATV

‘seapy Jopenuo)
>

YOLDVIEINOD Ag STUNSOdXI AAOE-1TOHM TVNNNY 40 NOILLNEI¥1SIa

1'da 119vil

B.1



wal-uosidd 0L 0L-6 68 8L (9 9§

LELL € R-TARNN Y4} y74% Sbt
66
8€0°L € 874 ScL y74% Syt

SLL £ £ 9l
43

£0L 13 € 9L

8bs

8rs

oLL

oLL

4"

a

9rL‘9
£46°L
17408 4

00L'L
r4X4
89b°L

€9

£9

LS

LS

€l

£l

0€6
e

80¢

[e104
SJIONSIA
saakojdw]

JU] ‘uoiieiAy ssOY

feiog

SIONSIA

saakojdw]
[euoneusau| ||amy0Yy

ey

SIONSIA

saakojdw3
sjopenuodqng
uaSpNUH-UoSIIOW

|exo)
SIONSIA
saakojdwy

‘0D UISPNUY-UOS|LIOW

|eoL
SIONSIA
saakojdwy

‘0D Y2Jeasay ojuesuopy

(e101

SIONSIA

saadojdwy
(WN ‘sowejy so7)
sejis-Ja8uep % uosepy

St bt tT 'L 00l SL0 0s0
1311 “§£0 -0S0 -SZT°o

(waa) safuey juajeainby-asoq

£861

SC0
-0L'0

NOILVZINYDIO a4 InO¥INONG1V

HOLIVUINOD Af STUNSO4XI AAOS-ITOHM TYNNNY 10 NOolLNgiaisia

(panuyuo)) 1°g 318V1L

oL'o>
L EIN]

‘seapy
>

Jopenuo)

B.2



Ly 4 14 S 44 62 Ly 806 |eog
SIONSIA
Vig 4 14 S [44 67 74 806 saddojduy
Auedwo) ei7 3y)
L L L 9 60 |elon
SIOMSIA
L L L 9 60¢ sdadojdw3
‘di10) xipuag ayy
z L 9 z 8 |eio0g
SIONSIA
[4 L 9 4 8 s994ojdwiy
sadojos| audpaja)
14 L € 8s LL0°L |eiog
€91 SIOMSIA
4 L € 8S vL6 saako)dwy
(VD ‘d10WIaAn])
sajiojeioqe] elpueg
8oL L L 9 ¢ 14 S (174 0oL L66 y08°‘t |elon
143 L L 14 143 4 PLLL SIOMNSIA
(74 L L9 v v 9L 99 Sé6v 060°C saakojdwy
(WN ‘@nbisanbnqjy)
saliojejoqe ejpues
wal-uosdd OL< O0L-6 68 8L (9 9§ Sbv bt €T L 001 S0 050 sT0 oL'0> ‘SeIW Jopenuo)
|evog -§£0 -050 -ST0 -0L0 -'seapy >

(wai) saSuey juajeainbz-asoq

£861
NOILVZINVDYO @14 INOIINONATIV

YOLDVIINOD Ad STANSOdXI AdOE-ITOHM TVNNNY 40 NOLLNgI¥1SIa

(panunuo)) 1°g 318V1

B.3



€LET IL ZE $S 60r 98L 897 78S gsLL 8L6‘zL pEI'EL INOAINDNAIV V101
00 oL LE Ov SZL  #b S 9zL 192 6,8°L 19SS jelog
(4 4 L 14 6¢ £pE SE0°L SIONSIA
129 oL 1L OoF €L ¥ ¥S e w 9€SL €8T saa4ojdw3
ejusogje)) Jo ANsidAlun
wai-uos1dd Ol OL-6 68 82 L9 9§ Sv #E ET TL 001 S0 050 SZ'0 oLo> 'sea 10)0e1U0D)
-0L'0  -'Sedn >

e} -6£'0  -0s0 -STO0

(wai) sa8uey Juajeanby-asoq

gg6l

NOILVZINVDYO a1ii4 InOIINONGTIV

YOILDVUINOD Ad STUNSOdXI AAOS-TTIOHM TVYNNNY 40 NOLLNgI1SIa

(panunuo)) 1°g 318V1

B.4



SL L 4 €L SL 91t LSZ'L |eiog
8 605°L SIONSIA
SL L z £L SL 80L we sa3kojdwy
"yoay jo
“J5U} SNAsSNYDeSSe
56 v 9 1’4 €S F41 €09 667°€ |01
0ot S bL 9 Lz $68°L SIOMSIA
59 4 9 st 6€ 65 z6¢ Sov‘L seakojdus3
.A_u._ _n:O_auz una4
L € L L4 4 1 4 9 oL 43 00C 9 |jejog
L € 9L 0L SIOMISIA
9/ € ¢ v T b 9 oL 62 veL zse saakojdusy
sy oBediyd
69 14 LL a4 9T LS L6 651 869 8€0°L jeiog
(113 L 4 oL 6 114 (1,211 6SL SI0MSIA
(14 14 oL & 1 <4 Va4 a8 9Ll 8Ls 6.8 saadojdwy
‘qeq jeuolieN uaaeyyooig
bLL 1 4 8 8 97 9Z 141 09€ $€0°S jeiog
€ L 114 8SL'E SIOMSIA
LLL 1 4 8 8 9 SL €L LLE 9/8'L saadojdw3
‘qe jeuoneN auuoday
'4 Ly € |exog
SI0)SIA
F4 (14 € saakojdws]
Aiojesoqe sowy
was-uosidd OL< OL-6 68 8L (9 9§ S¥ ¥€ €T Tl 00L SO 0SO STO  OL0> "SeaW 10e1U0)
et YA -05°0 YA -0L'0 -'SedN >

(waa) sa8uey judjeainby-asoq

gg6l

NOILVZINVYDHO d1ild ODVIIHD

YOLIVILNOD A8 STUANSOdXI AOE-ITOHM TVNNNY 10 NOLLNEIE1SIA

g 11avi

B.5



079 € Ll 6L 19 194 LLL Sst 89 ¥99°C 095TL OODVIIHD V101
114 9 8L 98 €Ls |ewog
SIONSIA
14 9 8L 98 £18 saakojdwy
A)iS13A1UN UOYBIULY
wai-uosidd Ol OL-6 68 8. L9 9SS S¥ vt €T L 00'L SL0 0s0 sT0 oL0> seapN J0peNUuo)
(1208) § 60 -050 -ST0 -0L0 -'seapy >

(waa) sa8uey yuajeainbz-asoq

€861

NOILVZINVODYO d1ild OOVIIHD

JOLIOVUINOD Al STANSO4XI AdOE-ITOHM TVYNNNY 10 NOILLNg1SIa

(panuyuo)) z'g 119V1L

B.6



l S SYILNID ADOTONHIIL
ADYINI 1VIOL
l S ey
SIOMNSIA
l S saakojdwy

U] ‘OSYM D993

was-uosidd OL< OL-6 68 8L (9 96 S¥ vE €T Tl 00'L SZ°0 0s0 S0 oL'o> ‘Seay Jopenuo)

[e1og

-6’0 -050 -STO0 -oL0 -'seaN >

(waa) sasuey juajeainby-asoq

€861
SYIINID ADOTONHDII1 ADYINA
JOLDVUINOD Af STUNSOdXI AAOE-ITOHM TVNNNY 40 NOILLNAIWLSIa
t'd 318vl

B.7



€Ll

€L

44 (1743

44" 0ze

¥

| 74

LEO'CT
6£L07
sl

0s

0s

e}
SIONSIA
savddojduiy

U] ‘oyep] O 3 O3

jeiol

SI0MISIA

sad4ojdwy
Auedwo) 5111393 1D

eoL

SIONSIA

sa3/ojdwy
|ediueydapyy weysuig

|eloL

SIONSIA

s9940jdw3
‘I5U0) s1a881g

jeio1
SI0JSIA
saakojdwy

‘8u3 pjai4 xipuag

|eiog
SIONSIA
sa3kojdwy
IAIBG
AAIDA014 UBdLIRWY

wai-uosiad OL< OL6 68 8L (9 9
eio}

YOLDVULINOD A8 STUNSOdXI AdOS-ITOHM TVNNNY 10 NOLlLNgidisia

S vt tT Tl 00°'L SL0 0s0
-6’0 050 -STO

(wai) safuey juajeainby-asoq

€861
NOILVZINVDYO a1ld OHVAI

¥'d 31avl

ST0 oL'o>
-0L'o -'Sea

‘seapy
>

10DeNUOD

B.8



[4 L 4 L 4 je1og
SIONSIA

[4 L 4 L 4 saakojdwy
S01Saqsy SIAIEM

€L 14 £ [4 S ¥ 8 4 |e1o)
SIONSIA

€L 14 t 4 S 3 4 8 z saako|dwy
uolINIISUO)) puowiQ

€7 S L 9 48 6L 89 11 jelo0}

SIONSIA

€ S L 9 48 6l 89 SS saakojdwy
U3ISPNUY-UOSIIIOW

[4 L je1o}

SIONSIA

z Vi saakojdwy

su| “0) uBlisag ydiya

4 L 4 9 L 9 £ZL 1% jeio)
SIOUSIA

44 L 14 9 t 74 €L SLT sa34o|dw3
snoaue|j@asIy oyep|

8LL 8 8L Ly v6 60L wue ¥99°0L |eroy
0£8'6 SIONSIA

8LL 8 8L (R4 ¥6 601 t4%4 142'] s9340|dwy
‘0D 1B3[INN UOXX]
waI-uosidd OL< OL-6 68 8L £9 9§ Sb ¥t €T Tl 00°'L SL0 0s'0 ST0 oL'o> SeaW Jopenuo)

|10} 60 050 -ST0 -0L'0  -'SednW >

(w?31) saSuey juajeainby-asoq

€861
NOILVZINVDYO a1ild OHval

YOLDVULINOD Af STUANSOdXI AOE-TTOHM TVNNNY 40 NOLLNgI1SIa

(panunuo)) p°g 319V1

B.9



0S¢ o€ 8s LLL 1174 60t L68 9LT'tE OHVYQai vIiOL
(4 £ 8L 8t 314 (¥4 65 LSL jelog
SIONSIA
6v € {3 8L 14 ¥4 6 st sa34o|dus3
483NN AdjjeA 1s9Mm
wal-uosdd 0L OL-6 68 8L L9 99 S+ vE €T TL 001 S0 0s'0 LA oL'o> Sed Jopenuo)
(121§ “§L0 050 -ST0  -0L0  -'sean >

(wai) safuey juajeanbi-asoqg

£861
NOILVZINVDYO a1iid OHvai

JOLIOVIINOD Af STANSOdXT AAOE-ITOHM TVNNNY 10 NOILLNgI¥iSIa

(panuyuo)) p°g 318V1

B.10



-

-
-

-
ToOHm
-

1439
veEL
097

0L

90L

TES'L
oL
89t°L
696y
966°€
€46

65

11

®ol
SIONSIA
saadojdwy

U] ‘UOSSIIS P XU

|e101
SIONSIA
saadojdusy

‘231014 |RIUBWIUONAU]

jemiol

SIONSIA

saakojdwy
u) ‘D303

jeloL
SIOMSIA
saakojdwy
Aouasy sespnN asuajaq

jelo}

SIONSIA

saakojdwy
1e3PNU03N YID

{eo1
SIONSIA
saakojdwy

‘qe7 s32IN0s3Y 11y

wal-uosRd Ol< OL6 68 8L (9 95 Sv b€ €T Tl 00'L €0 - 050 sT°0 oL'o>

|elog

60 -0s0 -ST0 -0L0 -'Seaw

(w?a1) sasuey Juajeainbz-asoq

£861
NOILVZINVDYO ad13id VAVAIN

‘seapy

YOLDVULINOD A8 STUNSOdXI AQOE-TTOHM TVNNNY 10 NOLLNgIi1SId

$'4118v1l

1010B1U0)

B.11



L t S 443 jelo)

111 SIOUSIA

L € S 292 saakojdwy

S3DIAIDG INYUINIBM

L 88L jelo}

8 SIONSIA

L 08l saa/o|dw]

FLIYEMTT]

jo awisedaqg 'sn

L L 6 44 <9 65S€°0L jelog

. aLE'Y SIOUSIA

L L 6 144 9 L¥0'9 saako|duy

(e211103}3 spjoukay

L ¥L6 |elog

99¢ SIOUSIA

L 6vS saakojdw3

*ISIW BpeAdN

L 14 Lo8 el

474 SIOUSIA

L P 695 saadojdwy

‘U ‘JaAseN ' SOW|OH

ore jelog

0Lt SIONSIA

0L saako|dwy

*$3d1A13¢ uouNqijjeH

wali-uosidd OL< OL-6 68 8L L9 9§ S¥ vE €T L 00L SL0 050 ST0 oL'o> 'SedW Jopenuo)
g0 -0 -050 -ST0 -OLO -'sean >

(waa) saBuey juajeainbz-asoq

£861
NOILVZINVDYO a1iid VavAIN

JOLOVIULNOD A STANSOdXI AAOE-1TOHM TVNNNY 10 NOLLNgi1sia

(panunuo)) ¢°g 318V1

B.12



gL 4 ZL £ a1 960°0C YAVAIN V101

L 60L |e104

LS SIOMSIA

L 8s saakojdwy

211103)3 asnoySunisap

wal-uosidd OL< O0L-6 68 8L (9 9S S+ vt €T TL 001 SL0 0s0 S0 oL0> SeaW Jopenuo)
jelo) 8,0 -0S0 -ST0 -OL0 -'Sea >

(w?31) sauey Juajeainbi-asoq

£861
NOILVZINVYDYO atiid VavAiN

YOLIVULINOD Ad STUNSO4XI AGOE-ITTOHM TVNNNY 40 NOolLLNgiiLsia

(panuguo)) s'g 318V1

B.13



L

LL

£l

£l

8

8

174

174

wai-uosidd 0L OL-6 68 8L L9 96
|e10}

oL 143 113 808 |e10}
SIONSIA
oL 143 St 808 saakojdwig
‘0D 8upiaauiBuj isny
SL [4% 6t [43 |exog
SIMISIA
Sl it 6t it saadojdwy
Auedwo) |NY
£ 9 |e10}
SIONSIA
£ ¥9 saadojdwy
*J1D 1e3]INN 001y OMdNg
L € L € €8 0L |elo)
SJIONSIA
L £ L € £8 0L saakojdwy
‘AU "d0ssy Ia8piy yeO
4 9z LEL L6 14 S (e}
SIONSIA
4 L4 LEL L6 1£] S saafo|dw3
O14Q jo pea |euolieN
l £ 113 95¢ 08¢ jeog
SIONSIA
L € 113 95¢ 08¢ saakojdwy
*d10) J1w0yy Jeakpoon
00°'L S0 0S50 ST0 oL'o> ‘seapy jopenuo)
-6/0 -0S0 -SsT0 -0L0 ~'seapy >

(waa) sauey juajeainbiy-asoq

£861

98 118Vl

NOILVZINVDYO d1ild DAl XvOo
YOLIOVULNOD Af STINSOdXI AAOE-ITOHM TVNNNY 10 NOLLNgd1sIia

B.14



0.€ 14 9¢ 1313 86 14413 8t LZL 06€°'T 3DAR VO V101
S 4 L S L €l 9 |e1o)
SIONISIA
S 4 L S L €L 9 saakojdwy
*2U| ‘S3INIDNING USAOM
S 9 9L L 9l |eio}
SIOMSIA
S 9 9L L 9L saakojdw3
yeonped/apiqseD) uoiun
0L L4 St a4 8s ¥6 0s 19 805 12078
r4} € t 8 SL 0t 6LV SIONSIA
8sl 14 113 | {4 §S 98 13 Lt 6T saakojdusy
INYO/3piqse) uolun
9 L 6 8t OLL 9Ll ¥6 |eoj
SIOMSIA
9 L 6 8¢ oLL 9LL ¥6 saa4ojdw3
ZL-A/3piqie) uown
S L 43 14 (1724 |eog
SIONSIA
S L 7L ¥S 0¥y saakojdwy
ddDy0/3piqie) uoun
war-uosiad OL< OL6 68 8/ (9 9§ S¥ ¥€ €Z TL 00L S0 050  STO  OL0> 'SeaN 10peNU0)
|e10]g -840 -0s0 -SZ0 -0L0 -'Seaw >

(wa1) saBuey juajeainby-asoQq

£861

NOILVZINVDOYO a13id 39aii XvO
YOLOVEINOD Af STUNSO4XI AQOE-TTOHM TVNNNY 10 NOILNgId1SIa
(panunuo)) 9°g 119V1

B.15



(wa1) saSuey yuajeainbz-asoq

£861

NOILVZINYDYO a13ld 301DVId TVAVN HDYNASLLId

YOLOVULINOD At STUNSOdXI AdOF-ITOHM TYNNNY 40 NOLLNGIdISIa

'493118v1

8Lz L oL zL 0sL (Wz4 8s'L it ] HD¥NASLLId TVIOL
L 1 74 L ey
SIONSIA
L 1 X4 L saakojdwy
‘eddy jueld asnoyBunsam
v8 L € L9 69L 848 6¥L |ewo}
9 95 SIONSIA
¥8 L € L9 69L 144 €6 saakojdwy
1YN/2133(3
asnoyBunsapm
18 9 oL 6 6L 9€ 1 74'] 0s€ (208
4 9t 8sL SIONSIA
6L 9 oL 6 6L 9 8€8 6L saakojdwy
1dve/31419313
asnoyBunsapm
4 0L 99 13:74 Ly |ewoy
13 1 9¢ SIONSIA
6v 0L 99 1144 S saafojdwy
‘0D 14817 ausanbng
wai-uosidd oL 0L-6 68 8L (9 9S S+ Pt €T L 001 S0 050 YA oL'o> Sea Jopenuo)
(12078 e TAl -05°0 1A -0L'0 -'SedW >

B.16



(w?ai) saSuey Judjeainbz-asoqg

€86l

NOLLVZINVYDIO aT1iid NVIHON
JOLDVIINOD A8 STUNSOdXI AdOS-ITTOHM TYNANNY 40 NOILNgi1sia
84 118Vl

118 L £ 6 8 EEL 0€¢ [e1og

L L SIOMSIA

St L t 6 8 ceL 61T saadojdwy

p1ojuep-s1aauiBuy sasie)y

Loy & L 9 74 9sL 26 1943 LES |elog

€ 14 SIONSIA

Loy & w19 L 9sL <6 0L€ 0Ls saakojdwiy

‘0D "JISuU0)) sauof ‘y °f

6 148 |e1oy

€ SIONSIA

6 L saakojdusy

‘punoy

YijeaH "uosiauj piojue

69 8 14 €L (84 ¥9 0/€ S¥9 jeog

L 8L 69L SIONSIA

89 8 4 €L Ly ¥9 1413 9 saakojdwy

‘qey ‘A3 ‘8u3 pliojuey

z 3 L oL S je10g

SIONSIA

[4 £ L oL S saakojdwy

Juj puejyory SOg

991 Z 9 13 Lz 9 Ly 174 6Ly 174 jelog

L 9L 874 SIONSIA

S9L zZ 9 6t ¥4 74 V4 SL 13114 z0S saakojdwy

Ai0jeso0qe

1SOMYLION dij1ded

was-uosidd 0L OL-6 68 8Z £9 9§ S¥ ¥E €T T-L 001 S0 0s0 sT0 oLo> S lopenuo)
||t 60 -080 -ST0 -OL0 "SedW >

B.17



pSH'T v 80 8LS 08 S6€ v08  9L0°L wy'e LTE°S GNVIHDIY V101
L£€°L T 69L 6T 9yl 6/L £VE  90b 79 888 jeio}g
9 L £ 6 134 82 SIONSIA
LEE‘L T 69L 6T skl 9/L EPE  L6E 645 L09 saa4ojdwy
"2U] "puj JBIPNN PINUN
yo¥ I 8 8y 6 S0z o 90s°L S97'T |10}
S L 98 6€8 SI0MSIA
65 IL 8, 8 26 vOZ  OLE ozv'L 9ZHL saakojdwy
1adQ piojueH ||lam¥poy
wal-uosidd OL< OL6 68 82 (9 96 S¥ b€ €T T 00L SZ0 0S5O SZTO  OLO> "Seapy 10BHUOD)
Jeloyl -0 -0S0 -SZ0 -OL'0  ‘Seaw >

(waz) saSuey juajeanbi-asog

tg6l

NOILVZINVDYO amiid aNvIHON

YOLDVUINOD A8 STINSOLXT AAOF-ITOHM TVNNNY 10 NOILNgi1SIa

(panunuo)) g°g 118V1

B.18



08

LL

9

9

A 4"

148

wai-uosidd 0L 0L-6 68
|eog

9 85 e}

SIOMSIA

9 8s saadojdwy

¥HI1/RIUIONRD

jo Aussamun

L 9 4 £L (74 V4 869 SS6°LL jeog

L 1 9L £58°6 SIONSIA

L 9 4 £L {4 9 795 2608 saakojdui3

INT1/BIUIOHN RD

jo Ausiaaiun

L (174 Ly oLe jelog

SIONSIA

L (174 Lbp oL8 saalojdwy

197/e1ui041j€D

jo Ausiamiuny

€ S 8z £5L jeiog

SIOMNSIA

€ S 8z L5L saadojdwy

‘n)

'|[330Y 1eauiy piojuels

A T 8 € S 14 S 8 veT 1279 |e1og

S¢ €Le SIONSIA

A T 8 €L S v S 8 6+ 80€ saakojduwy

dnoun swaisAs A810u3

_uco_au—:wac_ __v;u_ucx

8, (9 95 Sb ¥€ €T T 001 S0 0S0  STO oL'0> ‘seaw lopenuo)
-6/0 -0S0 -ST0 -0L'0  -'seay >

(wa1) saBuey Juapeainbi-asoq

£g6l

NOILVZINYDYO ai3ld OOSIONVHI NVS
HOL1DVULNOD A€ STUNSOdXI AAOE-ITOHM TVNNNY 10 NOLLNgIdisIa

6'd 318V1

B.19



99¢ a1 6 (4 oL gL ov oLL p0s°‘L 080°LZ  ODSIDNV¥I NVS Tv1OL

£ S £ 148 €6€°L |eio}

L i 8 88C'L SI0JISIA

4 v £ 9 SoL saakojduwy

SIN/eIuIOje)

jo Ausiaaiun

0t |elo}

SIONSIA

0f saakojdwy

JW/elusogije)

o Ausiaaiun

S 4 L L L L € 96 |elog

SIONSIA

S 14 i L L l € 9g saakojdwy

WN1/eluIoje)

jo Aussaaun

WwaJ-uosidd Ol< OL-6 68 8L (9 96 S¥ vt €T Tl 00'L S0 0s°0 sTo oL'0> Seaw jopenuo)
|eio} -6/0 -0S0 -ST0 -OL0 -'seay >

(waa) saSuey juajeainby-asoq

€861
NOILVZINVDYHO a13ld OODSIDONVYd NVS

JOLDVIUINOD A STANSOdXT AGOS-TTOHM TVNNNY 10 NOlLNaii1sia

(panunuo)) 6'g 319V1

B.20



(wai) saSuey Judjeanbz-asoq

£g6l

NOILVZINVOYO a13id ¥IAI HVYNNVAYVS
YOLDVUINOD A8 STUANSOdXI AdOS-ITOHM TVNNNY 10 NOLLNgId1SId

oL'g 11avl

6T'L L ESLLpl 43 S8, S8LL 268y 9/5'LL  YIAIIHVYNNVAVYS 1V1OL
L ¥4 |10}
SIONSIA
L X4 saakojdw3
D1A136 153104 'S N
L pL ST jeio}l
SIONSIA
t 145 114 saadojdu]
|31 |39 us3yinog
L L (¥4 i jeog
SIOMNSIA
L 1 ¥4 2 s3akojdwy
‘qeq 'jod3 13A1Y yeuueaeg
Y714 L9 6 €€ 80  wi¥ 8LS‘L 6Z€EL jer0}
SIONSIA
L L 9 6 113 80 ¥ 8LS'L 6ZE°L saadojdwy
“ISU0D-4yS/1uod ng I 3
€L0°L WL TEL v6T us o £v0'e pSL'0L jel0)
4 4 oL & S6'9 SIONSIA
600'L WL TEL 1474 S5 00L 910'€ 6LLE saakojdusy
'sudQ-d¥s/1u0d n@ 1 3
wal-uosidd 0L< OL-6 68 8/ (9 96 S¥ ¥€ €T TL 00L SLO 0SO STO  OL0> ‘seap 1012811U0D)
|e104 60 -0S0 -ST0 -OL'0  -'SeAW >

B.21



91z 8t oL 11 S6 1341 98€°L 758 AQVIIDINIHOS V101
L L Ll ¥4 jeyoy
SIONSIA
L L yal (k4 saakojdwy
OVYW/2u3(] [eIBUdD)
SIT 8t oL 33 S6 44" 69¢°L LE8 |e10}
SIONSIA
14 8t oL 133 S6 44! 69t°L LEs saakojdwy
Auedw o) 9|3 jesauan
woI-uosidd 0L O0L-6 68 8L L9 9SS S¥ ¥E €T T-L 001 S0 050 Sz'0 oL'o> Sea lopenuo)
|ei0l 6,0 050 -sT0 -0L0 -"SedW >

(wai) saguey juajeainbz-asoq

NOILVZINYDYO a13id 401DV3IY TVAVN AAV1IDINIHOS
JOLIVUINOD Al STUANSOdXT AGOH-ITOHM TVNNNY 10 NOLLNgdLsia

€861

li'g 318vl

B.22



APPENDIX C

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES FOR
DOE GOVERNMENT EMPLOYEES AND VISITORS
BY DOE FIELD ORGANIZATION, 1983
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