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EIGHTEENTH ANNUAL REPORT
RADIATION EXPOSURES FOR DOE AND
DOE CONTRACTOR EMPLOYEES
1985

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 identifi-
cation 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 established with Union Carbide Corporation at Oak Ridge, Tennessee, to com-
puterize the processing of the radiation exposure reporting system. Annual summary reports were
published from 1969 through 1973 (WASH-1350-R1 through WASH-1350-R6), which included infor-
mation 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 Admin-
istration (ERDA) and the U.S. Nuclear Regulatory Commission (NRC), each agency assumed respon-
sibility for collecting and maintaining occupational radiation 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 established 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 ldaho,
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 contrac-
tor radiation exposure data for 1977-1979 were presented in DOE/EV-0066/10, 11, and 12, respec-
tively. A revised version of the 1979 report was issued as DOE/EP-0039. The data for 1980-1982 were
presented in DOE/EP-0040, DOE/EP-0040/1, and DOE/EP-0040/2. The data for 1983 and 1984 were
presented in DOE/PE-0072 and DOE/EH-0011, respectively. This report contains 1985 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 DOE Technical Information Center, P.O. Box 62, Oak Ridge, TN 37830.






SUMMARY

All U.S. Department of Energy (DOE) and DOE contractors are required by DOE Order 5484.1,
Chapter IV, to submit occupational radiation exposure records to a central repository. The data
required include a summary of whole-body exposures to ionizing radiation, a summary 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 1985.

A total of 95,806 DOE and DOE contractor employees were monitored for whole-body ionizing
radiation exposures in 1985. This represents 58.1% of all DOE and DOE contractor employees and is
an increase (4,203) from the number of employees monitored in 1984. In addition to the
employees, 96,665 visitors were monitored.

Of all employees monitored, 58.4% received a dose equivalent that was less than measurable, 39.8%
a measurable exposure less than 1 rem, and 1.9% an exposure greater than 1 rem. One employee
received a dose equivalent greater than 5 rem (8.66 rem). The exposure received by 91.9% of the
visitors to DOE facilities was less than measurable. Only 8.1% of the visitors received a measurable
exposure less than 1 rem, and 0.01% of the visitors received an exposufe greater than 1 rem. No
visitors received a dose equivalent greater than 2 rem.

The collective dose equivalent for DOE and DOE contractor employees was 8,223 person-rem. The
collective dose equivalent for visitors was 461 person-rem. The total dose equivalent for employees
and visitors combined was 8,684 person-rem. The average dose equivalent for all individuals
(employees and visitors) monitored was 45 mrem, and the average dose equivalent for all individ-
uals who received a measurable exposure was 182 mrem. The highest average dose equivalent for
all monitored individuals was observed at reactor facilities (205 mrem), and the lowest was
observed for visitors (5 mrem) to DOE facilities. These averages are significantly less than the DOE
5-rem/year radiation protection standard for whole-body exposures.

Ten new cases of internal depositions were reported in 1985 that exceeded 50 percent of the
pertinent annual dose-equivalent standard. Of these ten cases, eight occurred in a pervious year
and are reported now because recent revisions in the dose calculations established these cases as
reportable depositions. Twenty-six other cases reported during 1985 were considered to be the
continued tracking of previous depositions.

A total of 6,856 monitored employees terminated their employment in 1985. The average cumula-
tive dose equivalent for terminated employees who worked one to two years was 0.29 rem; two to
four years, 0.29 rem; four to six years, 0.44 rem; and longer than six years, 2.56 rem. The average
cumulative dose equivalent for employees who terminated with more than six years of employ-
ment appears high in comparison with the other data. However, this average includes the cumula-
tive exposure of some individuals who worked for DOE or DOE contractors for over 20 years.
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EIGHTEENTH ANNUAL REPORT

RADIATION EXPOSURES FOR DOE AND
DOE CONTRACTOR EMPLOYEES
1985

INTRODUCTION

One of the basic U.S. 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 5480.1, 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)(a)(rem)
Whole body, head and trunk, Year 5(c)
gonads, lens of the eye,(b) 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

(a) 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 that exceeds the standards specified in this table.

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

(c) In special cases, with the approval of the Deputy Assistant Secretary for Safety, Health, and
Quality Assurance, a worker may exceed 5 rem/year provided his/her average exposure per
year since age 18 will not exceed 5 rem/year. This does not apply to emergency situations.

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




To assist in the determination that exposures to individuals are maintained at the lowest level
reasonably achievable, DOE requires the submittal of occupational radiation exposure records to a
central repository. The data required include a summary of whole-body exposures to ionizing radia-
tion, a summary 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
Administration (ERDA).

This report includes a summary of the data submitted for 1985 by DOE and DOE contractor facilities.
Data from previous years are also included so that trends can be analyzed. Appendices A, B, and C
present whole-body exposure data for 1985.

SUMMARY OF WHOLE-BODY IONIZING RADIATION EXPOSURES

Monitoring is required by DOE Order 5480.1, Chapter XI, where the potential exists for an individ-
ual to receive a dose or dose commitment in any calendar quarter in excess of 10 percent of the
quarterly or annual occupational radiation exposure standards 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-
equivalent intervals ranging from “less than measurable” to “greater than 10 rem” 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 are
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 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 measur-
able exposure is calculated as well as the average dose equivalent per individual monitored.

The annual collective dose equivalent is expressed in units of person-rem and 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 equiva-
lent to be calculated without knowledge of each individual’s annual dose. However, a source of
error is introduced into the calculation by the assumption that the midpoint of the dose-equivalent
range is the mean dose equivalent of the individuals reported in each dose-equivalent range. Fre-
quently, 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.
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<Measurable
58.4%
Measurable to 1 r
39.8% Measurable
>1 rem to 1 rem

<0.01% 8.1%

DOE and DOE Contractor Employees Visitors
(95,806 Monitored) (96,665 Monnorqd)

FIGURE 2. Percentage of Monitored Employees and Percentage of Monitored Visitors Who Received
a Dose Equivalent Less Than Measurable, Measurable to 1 Rem, or Greater Than 1 Rem, 1965

The collective dose equivalent was 8,223 person-rem for all DOE and DOE contractor employees,
and 461 person-rem for visitors to DOE facilities, for a total collective dose equivalent of 8,684
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 (63.4%) of the total person-rem.

The distribution of whole-body exposures for the years 1965-1985 is presented in Table 3. As can be
observed in Table 3, the fraction of all monitored workers who received a dose equivalent greater
than 1 rem has gradually declined since 1965, starting at about 5% and leveling off at about 2% for
the last eight years. This general downward trend in occupational radiation exposures can be
observed in Figure 4, which shows the collective dose equivalent for all individuals from 1965 to
1985 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 before 1974, less-than-
measurable exposures were 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 which 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. The assignment of exposures to a given
facility type is a policy decision of each field organization. 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 “Other.”
Examples of facilities included in the “Other” category are radioactive waste handling, construc-
tion, and irradiation facilities. The smallest contribution was from DOE Offices. A summary of the
data 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 moni-
tored for all facilities combined was 45 mrem. The highest average dose equivalent per individual
monitored was observed at reactor facilities (205 mrem), and the lowest was observed for visitors to
DOE facilities (5 mrem). The average dose equivalent per individual monitored with a measurable
exposure was 182 mrem. The highest average dose equivalent for individuals monitored with a
measurable exposure was observed at reactor facilities (323 mrem), and the lowest was observed for
visitors (59 mrem).
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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 the
fraction of the collective dose equivalent at each field organization attributed to each facility type.
Trends in collective dose equivalent from 1979 to 1985 for each field organization are shown in
Table 8.

TABLE 6. Collective Dose Equivalent for DOE/DOE Contractor Employees and Visitors by Field
Organization, 1985

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 32,385 19,138 2,900 90 152
Chicago 16,546 3,705 502 30 136
Idaho 43,843 1,931 420 10 218
Nevada 28,877 284 34 1 121
Oak Ridge 3,762 1,751 353 94 202
Pittsburgh

Naval Reactor 2,393 1,860 180 75 97
Richland 14,760 6,016 2,548 173 424
San Francisco 27,178 1,777 187 7 105
Savannah River 19,983 9,363 1,394 70 149
Schenectady

Naval Reactor 2,736 1,912 165 60 86
TOTAL(a) 192,471 47,737 8,684 45 182

(a) Energy Technology Centers report 8 persons were monitored with no measurable exposure; included in
total individuals monitored.
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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 result in a dose commitment to the critical
organ in excess of 50 percent of the pertinent annual dose-equivalent standard set forth in DOE
Order 5480.1, Chapter XI; or when

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

Ten new cases of internal body depositions were reported which exceeded 50 percent of the perti-
nent annual dose-equivalent standard. Of these ten cases, eight occurred in a previous year and are
reported now because recent revisions in the dose calculations established these cases as reportable
depositions. Of these eight cases, five occurred before 1980 and are not listed in Table 9.

Table 9 lists the first year known in which the dose-equivalent exceeded 50 percent of the annual
standard, the radionuclide(s) involved, the organ showing the highest percent of the annual stand-
ard, and the number of individuals in each dose-equivalent range. Revisions to previously reported
cases are included.

TABLE 9. Dose Distributions for Cases of Internal Body Depositions, 1980-1985

Critical Dose-Equivalent Interval (rem)
Year Radionuclide Organ 7.5-10 10-15 15-25 25-50 _50-100 _100-200
1980 nepy Bone 2 2(a)
Ay, BSY, 20y Lung 1
1981 28py, B9py, 240py Bone 1 1
Lung 1
B4y, BIY, BIY Lung 3
1982 mpy Bone 3(b) 1
28py, Py, 24Py Bone 1
Liver 1
1983 29py, 40Py, 29AmM Bone 1
4y, B3Y Lung 4
1984 Mmpy, 41Am Lung 1(c)
1985 24y, BIY, 28 Lung 2

(a) One of these cases was formerly reported in the 15-25 rem dose-equivalent interval, but was placed in the
25-50 rem interval after a revision of the dose calculation.

(b)Two of these cases were previously not reported and are reported now because recent revisions of the dose
calculations established them as reportable depositions.

(c) Not included in the previous annual report because it was recently determined that this deposition was
reportable.
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SUMMARY OF WORKER TERMINATIONS

A total of 6,856 monitored workers terminated their employment with DOE or DOE contractors in
1985. 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 1985 after 1 to 365 days of employment was significantly less than the
5 rem/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 2.56 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 some individuals who worked for DOE or DOE
contractors for more than 20 years.

TABLE 10. Average Cumulative Dose Equivalent for Individuals Terminating in 1985

Total Cumulative Average Cumulative Dose
Length of Number of Dose Equivalent Equivalent Per Terminated
Employment Terminated Employees (person-rem) _Employee (rem)
1-90 days 1,530 803 0.52
90-180 days 1,233 613 0.50
180-365 days 789 345 0.44
1-2 years 642 187 0.29
2-4 years 627 181 0.29
4-6 years 373 163 0.44
>6 years 1,662 4,258 2.56
Total 6,856 6,550 0.96
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- APPENDIX A

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES
BY FACILITY TYPE FOR EACH DOE FIELD ORGANIZATION, 1985
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APPENDIX B

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES
TO PERSONNEL FOR EACH DOE FIELD ORGANIZATION, 1985






yLL

6¢

$89

66

waJ-uosidd
|0l

8 € 85 0L 143 9 141"

8 ¢ 85 €0L 133 a9 6LL

8€T
v
6L

L

L

114

114

PreE‘L
00¢
oL
sl

SL

oL

oL

LLL

PLL

0t

o€

¥89°L

¥89°L

ey
sy
069°€

62

4

4"

L0S
osL
Lze

S¥T

1444

¥

144

leol
SI0}ISIA
saakojdwy
ge7 jeuonen sowe|y so

120§
SIOUSIA
saakojdwy

(s1s01eUOIGNS VILAN)
SunaauiBug sqooef

1|0

SI0YISIA

saadojdw]
SupaauBug sqooe(

ey

SI0YISIA

soako|dwy
A80j0d1x0] uonejeyu|

L2078
SIOUSIA
saakojdwy

‘0D 213 [eI3UD

120 §
SI0USIA
saakojdwy
SWalsAg JeaponN-wayd

(120 8

SIOMUSIA

saa/ojdwi3
siopenuodqng
*2si anbianbngq)y

Ol< Ol 6 68 8Z 9 9§ S¥ ¥E €T L 00L SO 05O
-6’0 00 -ST0
(w24) sa8uey Judjeainbi-asoq

q86lL

YA
-0L0

NOLLVZINVDYO dHH INOINONGTV
HTNNOSH#3d Ol STINSOdXd AdOE-TIOHM TVNNNY 10 NOLLNgIi1SIa

1'q 319V1

oL'o>
-'seapy

*SeIN

lopenuod)

B.1



LSS‘L
8L
0LE°L

Lz
iU
6€L

(R4
L
6€L

W3I-U0sIdd QL<
jeiog

OL6 68 8/ (9 96 S+ +€ €T 1 00L L0 0s°0

€9 v €SL VA 4 V4 4 4

€9 P €SL 4T iy

-

1L
[43
6€L

6Lz

[4¥4

14 /4
LLSE
PEEPY

8L
8L
096C
66€°L
195°L
<9

99

LsL

€SL

0sZ

0sZ

1 74}
€SL
¥4

So0g

S0t

6vC'L
LLS
1 Y2

120§

SI0)SIA

saadojdw3
|euoneusaiul jjamyd0y

el

SIONSIA

saakojdwgy
slopenuodqns vy 1N
uaspNu-uosiiIoWw

jejoL
SIONSIA
saakojdwy
'0D) U3SPNUY-UOSILIOK

&0
SIONSIA
s3akojdwy
"0D) Yd1e3say ojuesuopy

el
SIOUSIA
saakojdwy

(WN ‘sowejy so7)
se|ig-1a8uep 3 uosepy

[®101
SIONISIA
saakojdwy

(x1 ‘ojjuewy)
se|is-1a8uey p uoseyy

=80 -05°0 = TA
(w3a) sa8uey Juajeainbz-asoqg

9861

sT0
-0L0

NOLLVZINVDIO a1iid InOWNONG1V
'HNNOS¥3d OL STINSOdXI AGOF-TIOHM TVNNNY 40 NOLLNSGINLSIa

(penunuo)) 1°g 318V1

oL'0>
-'seapy

‘seapy

loenuo)

B.2



L

LL

13

113

LSy

LSy

8z

695
244
e

LpEL

LpEL

(74}

(44}

€L

€L

74 4

9Ly

£06°C

SE6°L

|leloL

SIONSIA

saakojdw]
Auedwo) eiz ay|

|elol

SIONSIA

s9akojdwy
‘di0)) xipuag sy

[el0l

SIONSIA

saakojdw]
sadojos| aukpaja|

|elolL
SIONSIA
saakojdwy
(VD ‘@10WIaAIT)
sajiojeloqe eipues

[elol
SIONSIA
saakojdwy

(WN ‘anbianbnq|y)
saliojeioqe eipueg

jeloy
SIONSIA
saakojdwy

JU| ‘UOISIM ‘4 A0y

Wwai-uosiad OL< OL6 68 8Z /9 9§ S+ ¥€ €T T-L 00L SZO0  0SO

e10)

=60 0S50 -ST0

(w?a) saSuey judjeainbz-asoq

o861l

S0
-0L'0

NOLLVZINVDYO aHH INO¥HENONGV
THNNOS¥3d O1 STANSOdX3 AdO9-TTOHM TYNNNY 40 NOLLNgliiSIa

(penunuo)) 1°g 318V1

oL'o>
-*SBAN

"SBaN

I01BHUOD)

B.3



(wai) so8uey juapeainbz-asoq

o861
NOLLVZINVDYO aHH INDINONGTV

'HNNOS¥3d O1 STINSOdX3 AdO8-TTIOHM TVNNNY 40 NOLLNSGINISIa

(p3nuguo)) 1°g J1gV1L

888°C L 8 vb ¥IL 8y SIZ €6 98/  €0SL  TSSSL 065ZL  INDUINONGIY IVIOL

12 L 4l pE &z |e101

SIONSIA

v L L 143 X7 s3akojdwz

m._OuUw._ur_OUn:w

1da@ yijeaH aieis yein

z z LE p [e101

SIOYSIA

4 z LE b saakojdwg

1daQ yijeaH arers yein

was-uosiad OL< OL6 68 8Z Z9 96 S ve €T -1 00L Sc0 050 sz0 00>  ‘seapy Iopenuoy
je10) S0 050 -SZ0 -0L'0  -'Seay >

B.4



[44
6L

-

6¢

¥9¢
114
61T

{8

18

WwaJ-uosIad
[eloL

L L € 8 (X4 SZL 888°L el
€7 699°L SIONSIA
L L € 8 ¥4 418 6Lz saakojdw3
A8ojouyd3a] jo
2IMIsuU] SRIsNYdesseN
[4 L € o€ 9L 6€8 918 |elol
8 [44 1174 00S°L SIONSIA
[4 L 13 [44 ¥s ¥09 9LE'L saakojdw]
‘qeq |euoneN 1wid4
L 14 L [4 48 SL [44" L0S jelol
4 4} €81 SIONSIA
L ¢ L 4 7L €L o€l 8LE saakojdwy
281w 08ed1yD
6 6% 114 LS LoL 1348 ¥90°L (443 jelol
L € 4 6L LE 65€ £8L SIONSIA
6 [44 0z 6% [4:] (489 S04 68L saakojdwy
‘qeq [euonieN UaABY)0O0Ig
L 8 14 [4] 9LL e 988y |e1o1
L L L 14 S9 ££9°C SIOUSIA
L L 6L LS (445 Y744 €STT saakojdw3
‘qeq [euoneN auuodly
LE 6CL |elol
SIONSIA
LE 6L saaho|dwg
Kiojeso0qe sawy
OL< OL6 68 8. £[9 9§ S+ ¥€ €T TL 001 S0 0S0 1TAl] oL'0> ‘sed lopenuo)
-§,'0 -0S0 -SZ0 -0L'0  -'SedW >

(wa1) saSuey judeainbi-asoqg

sg6lL

NOLLVZINYDYO d13d ODVIIHD

ANNOS¥3d O1 STUNSO4dXd AGOE-TIOHM TYNNNY 10 NOLLNgiisid

cd 118vl

B.5



Los L €L 99 113 V7] €02 €€ 96T L ODVIIHD 1V10L
4N 4 £€€ 0zs‘L |elo1
SIONSIA

LL 4 €EE 0zs‘L sad/ojdwig
Aissaaun uojadupg

Wal-uosidd OL< OL6 68 87 79 9% S+ vt €2 Zi 0L SL0 050 SZ0  0L0>  seany 10penUoS

leoL

S0 050 -sz0 0L0 -'seapy >
(wa2) sasuey Juapeanbz-asoqg

S86L
NOLLYZINVDYO GHH O9YDIHD
BNNOS¥d O1 STUNSOdXA AGOE-TIOHM TVNNNY 40 NOLLNGIISIA
(panuguo)) g N1gvi

B.6



€

13

6SL ¥4
6SL ¥4
€ L
€ L
14

14

8

8

wal-uosidd 0L OL-6 68 8L L9 9§ S+ #E €T UL
jelog

4%

4"

g

6LL

6LL

8L

r4:]8

9L

9L

z0t

413

99

irl

i

£95'9C
44 474
SPL'L

8Tt

451

4SL

jelo}
SIONSIA
saakojdwz

"0 JEdPNN UOXX3

|10}
SIOUSIA
saakojdwy

"Juj ‘oyepl D ¥ D3I

|eloL

SIOUSIA

saakojdwy
jed1ueyoow weysuig

|jelol

SIONSIA

saakojdwy
‘1I5u0) s1a881g

[el04

SIOUSIA

saakojdwz
"3u3 pjai4 xipuag

|elol
SIOUSIA
saakojdwy

AIAIIG

3A11D2]0J4 UBDLIBWY

00'L
7

L0
-05°0

0s0
-ST°0

(w?d1) sa8uey juajeainbiy-asoq

NOLLVZINVYDYO a13ld OHVAI

sg6l

ST0
-0L0

oL'o>
-'seap

'SEaW

THNNOSH3d O1 STANSOdX3 AdOS-7TI0OHM TVNNNY 10 NOLLNGIISIA
£431avl

101DBNUO)

B.7



48

cl

jeoL

€ L

4

4

SL

SL

118

SiL

114 134

ST 134

148 €l

148 €L

6¥

6¥

9z

9C

48

48

oLL

oLL

9s¢

9S¢

6LL

6LL

444

(444

ey

SIONSIA

. s99Ao|dwg
1e3dNN A3)jA 1S9M

jeioL

SIONSIA

saadojdw3y
SO1S3GSY SJAIBM

[eloL

SIONSIA

saadojdwiy
uonINJISU0) puowsQ

120§

SIONSIA

saadojdwy
uaspnuj-uosuiopw

[el0g
SIONSIA
sd9kojdwg
auf “0) uBisag ysiyaq

jeloL

SIONSIA

sadkojdwy
SNO3UE||sIKy oyep|

00°L
-SL0

SL0 0s0
0s0 -sT°0

(wai) sa8uey Juaeanbz-asoq

g861
NOLLVZINVDYO aHH OHVaI

ST0
-0L'0

oL0>
-'SeapN

‘seapy
>

'HNNOSH¥d O1 STINSOdX3 AQOS-TIOHM TVNNNY 30 NOLLNGIMISIa
(panuguo)) g 1aV1

Jopesuor)

B.8



(wa1) saSuey Juapeanbz-asoq

S861
NOLLYZINYDYO 0HH OHVaI

HNNOSHEd Ol STNSOdX3 AGOE-TIOHM TYNNNY 10 NOLLNGLSIa

(penuguo)) ¢'g AVl

sy € o 19 SIL 8z o  €00°L 00¥'LY OHVaI V101

26 S v 9 €L uz 965°€L [e30}:

174 ¥4 SIONSIA

26 S R, 5 e €L uz €46 saakojdwz

1 3pNN

oyep| asnoyBunsam

Waluosidd OL< OL6 68 8Z .9 9§ S+ ¥€ €T ¢L 00L SZ0 050 SO OLO>  'seaw JODENuo)
je108 <0 0S50 -SZ0 OL0  -'seany >

B.9



¥68
134
LSE

8LL
43

SL¥L
(44
EvEL

sLeP
¥T6°c
v68

£S
L
9s

120}
SIOUSIA
saadodwiy

U] ‘UOSSIDG X XIUD 4

lelog

SI0USIA

soakojdwiy
£uay uonpayouy
|elusWUOIAUg

jeol
SIONSIA
saadojdwy

(seBaA se)

Ul ‘DRD3

jelog
SIOUSIA
sadkojdwig
fuasy seapny asuajag

1208
SIOUSIA
s394ojdwi3

"qe] s32JNosay ay

Wwai-uosidd OL< OL6 68 8L L9 96 S+ +€ €7 -1 00L SL°0 0s0 sT0 oL'0>
120] § S0 -0S0 -SsT0 -0L0 ~'seapy

(wd2) sa8uey Juapeainbz-asoq

o861
NOLLVZINYDYO Bl VavAIN

‘seapy
>

'HNNOS¥Id O1 STINSOdX3 AdOS-TTOHM TVNNNY 10 NOLLNGINISIa

¥'d avil

Jopenuor)

B.10



L 1 74 (1211
90L SIONSIA
L Ly sadkojdw3
S3DIAIDG INYUINOBM
L L 0L |e1oy
8L SIONSIA
L L 418 saakojdwi3
. Jouuj
jo wawuedag ‘s'n
L L 8 8 ¥L €6 POLLL jeor
9/8'S SIOMSIA
yal L 8 8 14 €6 828°S saakojdw3
{e21II3)3 spjoukay
89 jelol
1174 SIONSIA
744 so3kojdwg
“JSIW BpRAAN
€ € 9 6 €48 jeiol
[4:74 SIOUSIA
£ £ 9 6 LL9 saakojdwg
JU] ‘J9AJEN P SSW|OH
Wwai-uosidd OL< OL6 68 8Z /9 9§ S+ #€ €T I-L 00L SZO 0SO S0  OLO>  ‘Sean J01ERUOY

|eol -§£'0 -050 -ST0 -0L'0  -'seawy >

(wa) sasuey Judpeainbz-asoq
g6l
NOLLVZINYDYO dHH YaVvAIN

HNNOS¥Hd Ol STINSOdXd AdOS-TIOHM TVNNNY 10 NOLLNgIdiSIa

(psnuguo)) p'g T19V1L

B.1



9 [4 6 €L 4 091 11 3 V4 VAVA3IN 1VI10lL
48 jelol
e SIONSIA
€S s99/ojdusz

211109|3 asnoySunsap

WJ-uosidd OL< OL6 68 82 L9 9§ S¥ »€ €7 T 001 1741 050 ST0 oL'0> ‘seapN

120 §

60 0S50 -0 -0L0 -'seaw >
(w1) sasSuey Juapeainb3z-asoq

S61L
NOILLVZINYDYO HH VAVAIN
HNNOS¥HJ Ol STINSOdX3 AGOS-TIOHM TYNNNY 30 NOUNGIiLSIa
(panuguo)) y'g T18V1

Jopenuor)

B.12




SLL

1433

8L

8L
141
128

Wol-uosidd OL< OL-6 68
|elol

14

L4

8Z 49 9§ S+ v€ €T Tl

L La

a4 ¥24

S3

114

11 4

111

€L

-

ozL

ozL

oL

oL

€L

119

111
1S

113

SEE

S6

S6

141

148

48t
[4]

t4R

T

343

Lyt

&

&

g

jeloL

SIOUSIA

saakojdwy
yeonpeg/enaue unsew

jelol

SIOUSIA

saakojdw]
INYO/ENDLEW uliew

el

SIOUSIA

sadkojdwy
TL-A/enalieN uiew

el
SIOUSIA
saakojdwy

danAO/enduRW uIew

jeo1
SIONSIA
saakojdwy

*d10D) J1woly 1e3kpoon

el

SIOUSIA

soakojdw3
|euoileN |31ydag

00'L S0

-S,0 050

0S°0

= TAY

(wa1) sa8uey Judjeainbz-asoq

g86lL

sT0
010

NOLLVZINVDIO a1l IDAN XVO
THNNOS¥3d Ol STINSOdX3 AdOE-ITT0HM TVNNNY 10 NOLLNaiisia

S'q 118Vl

oL'o>
-'seapy

‘SeIN

J0enuo)

B.13



£6€ L ¥ (¥4 9 9g¢ €Ly 098 LLO°T 3IDAN XVO V101

13 L € L 6L |e1og

SIONUSIA

€ L € L 6L saako|dwy

‘U] ‘S3INPNNS USAOM

oL 4 4 w 8¢ 8¢ |e101

SI0YSIA

oL [4 14 44 8S 8t saakojdwg

Auedwo) 1wy

L 88 jelog

1 X4 SIONSIA

L s9 saakojdwy

11D 1e3|DNN 021y OldNg

€ oL SL 0T [el01

SIONSIA

€ oL SL 07 s3a/ojdwy

"Alun "d0ssy a8pry Q.

€€L z 6€ 002 L SEL ¥4 [e101

SIOMSIA

€EL z 6€ 002 L SEL ¥4 saakojdwy

"'0D) pea jeuoiieN

Wai-Uosiad OL< OL-6 6-8 82 49 9§ S+ vt €7 L 00l 520 050 <20 00>  seaw 10DENU0)
[eiop -SL0 -0S0 -ST0 -0L'0  -'seapy >

(wai) sa8uey Juajeanbz-asoq

S86L

NOLLVZINYDYO a1 3I9an Xvo
'HNNOS¥3d O1 STUNSOJdX3 AdOS-TIOHM TVNNNY 40 NOLLNGIYISIa

(panuguo)) ¢-g 31gv1

B.14



(was) saSuey Juapeanbi-asoq

S86l

NOLLYZINYDYO d1id 4OLVIY TVAVN HDUNGSLLId
HNNOS¥31d Ol STINSOdX3 AdOS-TTOHM TVNNNY 30 NOLLNgISIa

9°q 319v1L

8/L 14 LL aZ 8. e 09+'L 0zs HODYNAESLLId TV1OL
L st ¥4 feloL
SIOUSIA
L SL (4 saakojdwy
smeseddy
uejd asnoyBunsapm
€6 6 144 €0 4172 €61 jeoy
3 4 s (11]8 SIOYSIA
06 6 44 Loz 059 €6 s39/ojdui3
JAN/AUPI|]
asnoyBunsom
¥8 14 LL 8L vt 144 1372 90¢ jeloy
L 44 ¥T SIOYISIA
€8 14 L 8L 143 144 (¥ 472 [4:74 saakojdwy
1dva/21403)3
asnoyBunsom
was-uosidd OL< OL6 68 8L /9 9§ S+ € €T T-L 00L 174 050 1A 0L'0> 'SEaN Jopenuo)
jeloL S0 050 -ST0 OL'0  -'sesnw >

B.15



cL

45

LZs

Lzse

LS

4

SL

SL

waI-uosidd OL< OL-6
1211

6 9L 69 SoL 56

6 9L 69 soL 96

8

8

9s

141

148

(44

[44

9L

9sL

VA4

9sT

S6

56

44

4 44

¥L9
44
76S

€68
orL
1374

6

z6

L

[e101

SIOUSIA

saakojdwy
piojue-sieauiSug Jasiey

|01
SIOUSIA
soakojdwy
‘0D “JSU0D) sauof 'y

IB101
SIONSIA
soadojdwy
‘punoy
Y1|eaH "UOJIAU] piOjueH

[exog
SIONSIA
saakojdwg
‘qeq ‘A9 ‘8u3 piojueH

g0
SIONSIA
saadojdw3

*0D) J1123[] [BJBUIN

[e10g
SIONSIA
soadojdwg

U] pue|ydry sOd

8 8/ (9 9§ S¥ v€ €T TL 00L SZ0 0SO

sT0

-§0 -0S0 -ST0 -0L0

(w?1) sa8uey jJuajeainbz-asoq

S86lL
NOILLVZINYDYO a1l ANVIHOIY

oL'0>
-'SEa

‘SEapy

TANNOS¥31d Ol STANSOdX3 AdOF-TTOHM TVNNNY 10 NOLLNgId1SIa

49 19vl

Jopenuo)

B.16




IvS‘T 9 ST /19 A4 314 8€9 8/6 ¥78°C LzL's ANVIHDIY V101
8sT'L 9L 0€€ LLL LL LT 0T €S 9LL |elol
L LL 48T SIOUSIA
8sT'L 9L oge LLL (W4 Lze 04 (174 806 soakojdw]
"JU] "puj Je3[2NN panun
s 9. I8 8s 74} 6¥C 00S 8ev'L o'y jelog
L vL 98 SI0MISIA
S 9L 18 8§ a1 6+T 00s Vvl ¥8LE soakojdwy
*19dQ piojueH |[oM¥O0Yy
8L 9 6 9 oL €7 LE 144 95z 0L 12071
L 08¢ SIOMUSIA
LEL 9 6 9z oL € LE 144 6+ 29 saako|dwg
A10jei0qe
1SOMYUION d1j10ed
wal-uosidd OL< OL6 68 87 Z9 9§ S+ bt €T - 00°L SL0 0S°0 sT0 oL'0> "SeaN Jopenuo)
|eioL -6/0 0S50 -SZ0 -OL0 -'seapy >

(w?i) saSuey Juajeanbz-asoq

<861

NOLLVZINVDYO aHid ANVIHOIN
HNNOS¥d O1 STINSOdX3 AdOF-TIOHM TVNNNY 10 NOLLNGILISIa
(penuguo)) 2°g 319VL

B.17



€9 L4
i
5 14

ST

© 3

Wal-uosidd OL< OL6 68 8. /9 96 S+ ¥E€ €T Tl
el

L ! 14 6L¥'L feio1
00¥‘L SIOUSIA
L i 14 6/ saakojdw3
dHI/RIUIONRD
0 Aussaatun
S L 8L 79 L9 £6L°LZ (20T
(A 981 ewLTL SIONSIA
S L 8L LS 1744 0s¥s saakojdwy
INTI/81ulOe)
jJo Ausianiun
L oL 19 ¥29 €65 jexol
SIONSIA
L oL 19 ¥29 €65 saakojdwy
197/¢e1ui04]eD)
jo Ausiaaiun
S €C 4174 |elol
SIONSIA
S €C 0T saakojduwy
1)
‘[220V Jeaul] piojuelg
€L L 14 6 [444 6LS 120§
oLL oLy SIONSIA
23 L 14 6 zeL 60L saakojdwy
au/piaydoy
|[BUONBUIIU] [[PMYO0Y
00'L S0 0s0 S0 oL'o> SEaW Jopenuo)
=640 -0S0 -ST0 -0L'0  -'seaw >

(waz) saSuey juaeainbz-asoq

ggelL

NOILLVZINVYDIO d1ild OISIDONVYd NVS
TANNOS¥3d O1 STANSOdX3 AdOE-TTIOHM TYNNNY 40 NOLLNg1SIa

g'd 319Vl

B.18




81

- 0€ 6L 9L SE A 40 8zs°L

LEE'ST

ODJSIONVY4 NVS V101

-

SL
oL

M NN

897°L
LSLL
L

Vi 4

&

jelo]

SIONSIA

saa/ojdwy
SIN/®IuIOjije)
40 Aussanun

jelog
SIONSIA
saa/ojdwiy
JW/eluIojije)
Jo Aussaaiun

|el0)

SIONSIA

sda/ojdwy
WN/eiuiogfe)
J0 Aussaaiun

Wal-uos;dd 0OL< OL6 68 8. (9 9§ S+ ¥€ €T T-L 001 SL0 0s0 ST0 oL'0>

120 |

=60 0S0 -SZ0 -OL0 -'SedW
(waa) sa8uey judjeanbz-asoq

ggelL
NOLLVZINVDYO d1HH OJSIDNVY4 NVS

‘seapy

HNNOS¥3d O1 STINSOdX3 AGO08-TTIOHM TVNNNY 40 NOLLNGI11SIa

(panunuo)) g°g 11aV1

Joyenuo)

B.19



T6€°L VA W 3 4 oLe 1]:74 8/LL L9 0SP'OL  ¥IAIY HYNNVAVYS TVLOL

Vi 74 [eo1
SIONSIA
z (14 saakojdw3
9JIAIAG 153104 'S N
3 8L 8 |eloL
. SIONSIA
L 8L 8 saakojdwy
[aL 1199 uayanog
4 4 14 (314 jeio0]
SIONSIA
r4 Z e (34 ’ saakojdwy
.Aw._ ._OUm 19A1Y Su::w>um
[4:1% €T 174 09 X174 [4%4 yov ‘T 189°L |eol m
SIONSIA .2
79¢ (4 (¥4 09 €0Z  Iev yOor'T 1891 saako|dwy
ISU0D-d¥YS/uod ng °| 3
220°L pveEL (44" 0sc , 8§ 1474 4 T /898 |eyol
r4"] L 14 € 14" 506 pLL'S SIONSIA
L6 peEL LzL 144 6.S 0€L 6L€°€ €/S°E saakojdw]
'sudQ-4ys/uod na 'l 3
wal-uosidd 0OL< OL-6 68 82 Z9 96 Sy v€ €T L 00'L S0 0s°0 SZ'0 oL'o> ‘Seap 100enuUo)
|e1o) e TA) -0S°0 hTAl] -0L'0 -'Sea >

(wa1) sa8uey judjeainbiz-asoq

G861
NOILLVZINYDYO a1iid ¥3AIM HYNNVAYS
TANNOSH3d O1 SIINSOdX3 AdO9-TTOHM TVNNNY 10 NOLLNgiisia
6'd 318V1L



¥9L L 6L 62 r4 ¥4 £€65°L 18 AQV1DINIHDS V101

L 6L [44 |eioj

SIOYISIA

L 6L r44 saakojdwy

OVW/21109|] |elduan

€91 L 6L 6L r4 ¥4 p9S‘L 6L [e101

¢ ot 9L SIONSIA

9L L 6L 6L e pESL 999 sadko|dwy

Auedwo)

J14109)3 [eJ2URD)

Woi-uosiad OL< Ol 68 87 9 9§ S¥ ¥€ €T <L 00L SZO 0S0O STO  OLO>  'Seaw J00eRU0D
[eiog -6/0 -0S0 -SZ0 -0L'0  -'SEAW >

(w?au) sa8uey Judjeainbz-asoq

gg6lL

NOLLVZINYDYO d1iid 3OLOVIY TVAVN AAVLDINIHOS
TANNOSH3d O1 STANSOdX3 AdOE-TTIOHM TVNNNY 10 NOLLNGIISIa

or'a 119v1

B.21



NMOLNVDYOW 1v10L

Wal-uosidd OL< OL6 68 8L (9 9§ S¥ € €T L 00L SZ0 0SO SZO  OLO>  ‘seopN

[eso1

[4

4

L2 §
SIOUSIA
saakojdwy

U] OSYM D%D3

S0 -0S0 -SZ0  -0L0 -'seaN >
(w?1) sa8uey juajeainbz-asoqg

S861
SYIINID ADOTONHDIAL ADUINI NMOLINVIIOW
THNNOSH3d O1 STINSOdX3 Aa0E-TI0HM TVNNNY 10 NOLLNGIILSIa
LL'g 118vi

Jopesuo)

B.22



APPENDIX C

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES
FOR DOE GOVERNMENT EMPLOYEES AND VISITORS
BY DOE FIELD ORGANIZATION, 1985
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