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INTRODUCTION

As set forth in the Inergy Systems aroup's special material
-1
*! as Condition 23: “A formal annual report shall be made t0 the

1

radioisotope review commitiee of the NSRP reviewing employee exposures
\ } i there ave any upward

ent releass data tc determine {1

.

trends developing in personnel expesures for identiviable categories of
workers or tyoes of cperations or effluent releases, {2 i¥ exposures
n¢ effiyents might be jowered under the concept of “as low &s reason-
1y acrievable”, and {3) iT equipment for effluent and exposure controi
is peing properly used, maintained and inspected. T7This repert shalil
nciude review ¢F other reguired audits and inspectiors performed during
the Dast Iwelve months and review of the data from the Toilowing areas:
tmslovee exposures; bioassay results; effluent releases; in-piant air-

berne radioactivity and environmental monitoring.

This report oresents an historicai basis for the identiTication of -
trends.* 1%t should be noted that in some instances both NRC licensed and
non-NRE Yicensed activities take place ir the same buiiding. In these
cases, certain measurements (e.g., ventilation air exhaust vadic-
activity: cannpt be separated for each type of activity. uhen this
occurs, the vaiues are reported unmoditTied as measured and are con-
servatively atiributed wholly to licensed activities.

The foilowing ISG facilities and operations are specifically covered

in This raport:

1Y Fyel Fabrications - Building 901 and supporting operations in
Buiidings 001 and 004, De Sote Facility, (anoga Park, California

L]
]

*Tne initial report in this series was issued for the Calendar Year 1675%

e
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2} Atomics International Hot Laboratory - Building 020, Sarta

Susana Field Laboratories, Santa Susana, Californiz
Kuclear Maieriai Development Facility ~ Buildinc 055, Santa

Susana Field Laboratories, Santa Susenaz, California
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PERSONNZL DOSIMETRY

Personnel dosimetry techniques generally consist of two types:
Those whick measure incident radiation on the body from externzl sources
{e.5., “ilr badges} and those whick measure internal body orgar accumule-
tiors ¢f racdioaciivity via inhalation, ingestion, or possibly through
cuts or puacture wounds (e.g., urinalysis). An atzemp*® has been made %o
separate the expcsure sipdes as mucn as possibie along these lines to;

; permit an evaluation of tne more significant exposure routes, anrd
2} to allow a differentiatior beiween those exposure sources whick are
external anc contirgllable in the future and those which may continue to
irradiate the bHody for some time period, regarcdless of future efforts
{i.e., irternal bodyv deposits).

FILM/TLD DATA

I

Personnel exterral radiatior exposures for the pertinent activiiies
€or the year are presented in Table ! where the number of individuals with
a specific annuai dose is shown aiong witn tne percentage of employees
witr each ennual dose value or Tess and the man-mret contributed by eacr
dese valus. These same data are plotied or Figure 1 or a log-probability
scaie.* The &average annual dose was acproximazely Z00 mResm,

'IVO LUNG SCANS

Measurements are made periodicaliiy c¢f the total radiocactive lung
ouragen for specific radicisotopes of those employees who have been or
potentially were exposed to radioactive aerosols in the respirably-sized
parzicle range. These measuremen:s are accomplished tnrouch the use of a
wncle body counter.** [uring the year, 54 Tung scans were made for uranium

*Data which have & normal probability distribution appear as a straight
line wher plotted on this type of scale.

**Helgesor. Nuciear Services, Inc., Pleasanton, California

F2RM 7°0-p REV. 7-76
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TABLE
WHOLZ BODY DOSES - 1976
Sheet ; of 3
Pop.
Jose P ce Dose
{=Rem) (pecple! {cum. peo.j* (cum. <} (man-Rem}
5 2l 17 .58 3.055
10 3C 41 i7.06 ¢.30C
13 22 £3 26.25 C.330
- 26 ic 77 31.17 5.289
25 15 32 38.33 0.373
3G 13 105 43.7% $.390
35 8 13 47.08 0.280
43 P 125 52.08 0.480
a5 8 133 55.42 .360
59 i 134 55.82 G.(C506
55 g 182 £6. 16 C.£00
65 : 143 59,58 C.065
70 4 147 61.25 C. 280
75 3 150 62.5C g.222
80 4 154 64,17 0.320
&5 1 155 64.58 0.085
9@ H id6 63.00 0.090
93 Z 158 65,83 C.190
139 4 162 67.5C 0.400
135 1 i63 67.92 0.105
115 3 166 £65.17 2.332
i13 3 169 70,42 0.345
125 4 373 72.08 0.500
13C 2 175 2.92 0.269
iLC 1 176 73.33 3,145
145 3 17¢ 74,58 0.43%
160 1 180 75.00 9. 160
HE : i81 73.42 G.165
*Cumulative peopie, with annuai dose < Indicated value

FORM 719-® REV. 7-7€
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THRBLE 1
WHOLE B0OBY DOSES - 1976
Sheet 2 of 3
Pon.
Dose [4 cp Jdose
{mRem) {people) {cum. peo.) {cum. <) {man-Rem}
175 1 182 73.83 C.175
18t 1 183 76.25 C.i85
190 1 184 76.€7 £.190
19s 1 185 77.08 n.19%
200 i 186 77.50 .206
205 Fd 188 78.33 C.210
220 1 189 78.75 0.220
230 1 13C 79.17 5.230
250 1 191 756.58 0,250
a 255 1 192 80.30 J.255
279 1 193 8G.42 0.270
275 z 10¢ 81.25 G.550
280 2 197 82.08 J.560
290 1 188 82.5C D.290
300 2 20¢ 83.32 2.600
210 i 201 83,75 0.310
315 M 202 86.:7 0.31%
326 H 203 84,58 0.325
325 1 204 85,00 C.325
359 1 205 88,42 C.350
393 r4 2c7 8€.25 C.78¢
415 1 208 86.67 0.415
470 H 204 87.08 0.470
485 1 21C 87.30C 0.485
£10 1 il 87.%2 0.5i0
515 i z12 88.33 0.518
535 1 213 88.75 0.520
—
731-6.27

FORW 7182 REV. 7-78
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TARBLE 1
WHOLE BODY DOSES - 1976
Sneet 3 oF 3
Lop.
Dose e CP Dose
{mRer) {peopie} {cum. peo.; {cum, &} frian-Rer;
530 1 214 86.:17 C.555
610 1 215 80,58 0.61C
615 i 216 92,00 C.615
620 1 217 9c_ 42 0.620
630 : 218 90.83 ¢.830
635 4 21¢ €1.25 C.63%
662 1 22C 91.67 J.6E5
657C 1 22z 9z.08 G.67C
680 E 222 92.50C 0.68C
775 1 223 9z.92 C.775
835 1 z22L G3.32 0.83%
895 1 225 93.7: G.895
§2a i 226 94 17 0.920
980 1 227 a4.58 $.98C
1015 1 228 az.0¢C 1.015
1113 1 229 95.42 1.115
1200 1 2390 05,82 1.200
139G 1 231 96.25 1,390
1430 : 232 96.67 1.43C
147 1 233 07.08 1.470
1600 1 234 67.50 1.600
1635 1 235 €7.92 1.€55
1675 1 23¢ 98.33 1.672
1690 1 237 98.7% 1.€90
1830 1 238 99.17 - 1.83C
2039 H 23¢ a9 .58 2.030
2055 1 240 100 2.055
TOTAL Man-Rem £7 575
73.-C.271

FORM 216.P REV 7.78
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denosition. Nine of the scans {on seven different individuals} showed
aosizive results {Table 2R).

C.  BIDASSAYS

3ipassays nor=aily corsist of analysis of urine anc occasicrally
cf fecal samples. Personnel whose work assignments potentialiy expose
“hem g resoirabie-sized radioactive aerosols are routinely checked in
this manner. Normally, urinalyses are performed quarteriy and Tecal
analyses oniy when gross internal cortamination is suspected. 7he
tecaniques empioyed are described ir the appendix. A statistical
summary 5¢ the positive results for 1976 appears in Tabie 2A, whiie a
detailed listing 0% the positive results is shown in Table 28.
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TABLE 2A

BIDASSAYS - STATISTICAL SUMMARY - 197¢

Total
Total Indfviduais
Tozal Positive With Positive
Measurement®* Type** Tests Results Results*
L JF £18 26 2
4y UR 415 7 5
Gk A J ¢ J
GA ;| 67 C J
GA 2B 2 ) J
G3 H 38 i 1
Gs G 1 G ]
Pu A 38 i 1
Fp 1 5 Z 4
Fo 34 16¢ iC 6
Fp 35 171 ) 3
SR-9C 2 V4 2
L-235 Iv.C 54 g 7

LT
[H3
uR

Note

uranium

-

*Tests were repeated On some

uraniur - fiuorometric

uranium - radiometric

gross &ipha
aross betz

gross piutonium
fission products

individuals wno snowed positive resuits

uranium, in-vivo lung count

See Appendix for description of various bioassay tynes

FSRN 715-P REVv. 7-78
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Bi-L

H&S
Number

1292
1292
1297
1292

3999
3999

3897
3897
3897
3897

4015
4015

1215
1215

4148
4148
4148

3969
3969
3969

1584
1584
1584
1584

ale

02/12/76
03/29/76
06/21/76
06/29/76

08/30/76
02/04/77

10/25/76
1/08/76
11722776
12/16/76

02/10/76
06/30/76

05/17/76
08723776

07/19/76
11722776
01/13/77

02/09/76
06/29/76
02/03/77

08/25/76
11/22/76
08725776
11/22/76

TABLE 2B

POSITIVI BIOCASSAY RESULT SUMMARY - 1976
{Sheet 1 of &)

Sample Analysis

1VLC
U-ur
U-ur
IVLC

U-ur
IVLC

U-FP3A
U-FP3A
U-FP3B
U-FP3B

1VLC
IVLC

u-ur
U-UF

U-ur
U-UF
U-1iF

TVLC
IVL.C
IVLC

U-UR
U-UR
-UF
U-UF

oo . RCSUlts Per
Type + Votume Analyzed =~ T500 mR-day

38 ug
0.0005 ug
0.0001 ug
53 ug

0.0003 ug
0wy

13.9 dpm
3.06 dpm
15.4 dpm
3.63 dpm

52 ug
0 ug

0.0004 ug
0 ug

0.0005 ug
0.0005 ug
0 ug

96 ug

26 ug

0 ug

2.?24 dpm
0 dpm

0.0006 ug
0.0002 ug

0.75 ug

0.45 uy

104 dpm
132 dpm

0.75 uy

0.75 ug
0.75 ug

33.6 dpm
0.90 ug

Specific
Radionuclide

90
MFP (Srgo)

MFP (Sr
MFP (Cs}gg
MFP (Cs™
4235

5
UZJJ
u
U

U

U

Y
235

Usss

U
U?35

U235
"

”?SJ

U

U

Equivalent
MPRB %

10.6% MPLB
0.75
14.8% MPBD

0.45

21.7
0.0?

14.5% MPLB
0.7%

0.75
0.75

26.8% MPLB
7.2% MPLB

14.6
.9

angus) swalsig Abisu]
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a1

H&S
Number

4025
4025

2040
2040

3757

0863
0863
0863
0863

1863
1863
1863
1863
1863
1863

0178
0178

4154
4154
1154
1154

03/15/76
06/02/ 76

06/29/76
05/03/78

05/17/76

03/08/76
04/30/76
06/21/76
09/20/76

05/04776
08/16/76
05/04/76
09/28/76
08/16/76
0%/28/76

01/76/76
08/23/176

(09/20/76
10/26/76
09/20/76
10/26/176

Sample Analysis
Date

U-ur
U-UF

TVLC
IVLC

U-UF

U-UF
U-Ur
U-Ur
U-UF

u-ur
U-Ur
U-UR
U-UR
U-UR
U-UR

U-UF
U-UF

U-uRr:
U-UR
U-UF
U-UF

TABLE 78

POSITIVE éIOASSAY RESULT SUMMARY - 1976
(Sheet 2 of 4)

... Results Per
Type + Volume Analyzed 1500 mR-day Radionuclide

0.0004 ug
0, 000?

16 ug
0 uy

0.0006 ug

0.0004 ug
0.0001 ug
0.0001 ug
0 ug

0.0005 ug
0 ug

1.25 dpm
0.4 dpm
1.0 dpm
0.4 dpm

0. 0003 ug
0.0001 ug

1.40 dpm
0 dpm
0.0003 ug
0 uy

0.60 ug

0.90 ug
0.60 ug

0.60 ug

Specific

!

U
235

U

U235

U

u
Y
Y
1
T
3235
1235
1235
U235
U
Y
U
Y

235
235

Equivalent

MPBB %

0.6

6.4% MPLB

0.9
0.6

0.6

0.75
8.2
6.5

0.45

13.0
0.45

’

\
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&S

Number

1731
1731

3698
3698

3986
3986

3888

1059
1059
1059
4059

3981
3981
3981

4016

0606
0606

3955
3955

4007
4007

Sample
Date

01719776
08/23/76

08/23/76
09/21/76

02/10/76
09/23/76

04723176

12/10/76
01/03/77
12/10/76
01703777

05/18/76
08/17/76
09/20/76

02/07/176

0b/214)76
08/16/176
05/18/176
08/20/76

05/02/76
08/23/76

Analysis

TABLE 2B

POSITIVE. BIOASSAY RESULT SUMMARY - 1976
(Sheet 3 of 4)

o e - Results Per Specific
Type + Volume Analyzed™ ~ 1500 mit-day RadionucTide

u-UF 0.0013 ug 1.95 ug ]!
U-UF 0.0001 ug U
U-UF 0.0005 ug 0.75 uy ]
U-UF 0.000? ug I
IVLC 52 ug u53e
IvLC 0 ug (e
U-UR 0.0007 ug 1.05 ug v
-
U-UR 1.11 dpm 16.7 dpm usss
U-UiR 0.24 dpm Y
U-Ur 0.0013 ug 1.95 ug il
U-UF 0.0001 ug u
U-UF 0.0003 ug 0.45 ug U
U-UF 0.0009 ug 1.35 ug U
U-UF 0 uy 1
.
VLG 52 ug y23°
o 235
U-UR 1.04 dpm 15.7 dpm U336
U-UR 0.11 dpm e
-
U-UR 0.53 dpm 7.95 dpm voa2
IJ-UR 0.22 dpm i
U-UF 0.0005 ug 0.75 ug J
U-ur 0.0002 ug !

Equivalent

MPEB %

1.95

0.75

14.5% MPLB

14.5% MPLB
6.8

3.4

0.75

anoln swaysAs Abiauz
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TABLF. 28

POSITIVE BIOASSAY RLCSULT SUMMARY - 1976
(Sheet 4 of 4)

&S Sample Analysis Resulls Per Specific

o, .. Resulls per Equivalent
Number Date Type + Volume Anatyzed = 1500 mit-day Radionuclide MPBB %
e S R P P e e

4028  01/75/76  U-Pu 0.120 dpm 0.180 dpm Pugg; 0.15
4028 02/29/76 U-Pu (0.126 dpm P“é3q

4028 11/07/176 U-Pu 0 dpm Pu~

3916 05/03/76 U-UF 0.0004 ug 0.60 ug U 0.60
3946 0h/28/76 U-UF 0 ug ]

4020  05/17/76  U-UF 0.0005 ug 0.75 ug u 0.75
4020 06/18/76 U-UF 0.0001 ug ]

3656 01719776 U-UF 0.001 ug 1.5 ug }] 1.5

3656 09/14/76 u-ur 0.0007 ug 1.05 ug 4] 1.05
3656 1G/14/76 U-UFr 0.0004 ug 0.60 uy U?35 0.60
3656 10/14/76 U-UR 0.37 dpm Vi

27nh7 05/03/76 U-UF 0.0004 ug 0.60 uy U 0.60
2757 11/01/76 J-UF 0.0001 ug U

1131 06/28/76 -Ur 0.0007 ug 1705 ug i 1.05
4134 08/720/76 U-UF 0 ug i

:

3949  02/09/76  IVLC 38 ug uggg 10.6% MPLB
3949 02/03/77 TVLC 0 ug U

* - Positive result

+ - U-UF = Urine - Fluorumetric Analysis for Uranium
U-UR - Urine - Radiometric Analysis for Uranium
F-U0r = Fecal - Mluorometric Analysis For Uranium
F-UR = Fecal - Radiometlric Analysis For Uranium
U-Pu = Urine - Auloradiographic Analysis for Plutonium
U-FP3A-B = Urine - Radiometric Analysis for Fission Products

IVLC In-Vivo Lung Count

Y,

dnoss swskg ABssuz

[EUCBUIU| [[aMNO0H
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17. ON-SITE RADIATION/RADIQACTIVITY LEVELS

Radiation and/or radicactivity level measurements normally consist
of three aspecis: general arsa, ajr, and water.

Radiation exposzre rates in working and storage areas are periodically
measured with por<able survey instruments. The results of these surveys
are used tc estzblish the necessary bosting requirements and for control-
lirg persornel excosure. rilm badges are mounted ir seiected iocations
to provide an additional record of exposure, irtegratec over quarterly
periods.

Radigactivity in air is measured by fixed-Jocation air sampies and
zir monitors and by lapeil {breathing zone: air samples. Table 3
presents & summary of tne fixed sampler results.

FCSRKN 718-F BREV 7-728
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INTERIDR {WORKING AREA)} AIR SAMPLING SUMMARY - 1976
£lpha Beta, gamma
F mr— el Y a0
{uCi/cc) i/ce)
3uiidingiAres Max. Ay, Max. Ay,
..=11 - . .
91-%uel ‘ab. 5x1072% 0x10712 -
04-criem. labs NS NS NS NS
, 19 ”
020-AIHL x * ex1071%  3x107%2
955-KMDE 8.9x10713  ~3xi0713 o« ok

normally assessed in Builaing G20

assessed in Buiidings 01 ancd 055

T

= Not Sampled

In Buiiding 020,
restricted access area.

*Because 0f tThe nature of materigls in use, alpha ac

Notes: Based on materials in use, tne most restrictive MP('s
facility would be:
Bldg. 001: 1xi0™*0 21 ¢y-235} o
Bldg. 020: 11077 22l (Sr-90) 3,v
Bldg. 950: 2x1071% E1 (py-239} o

tivity is not

**Bacause 0f *he nature of materials in use, betz activity is not normally

in each

*he measurements shown were made in a

FCRK 719.F REVv 7.78
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ir the ATR fuel fabrication area of Building €31, about 5C inci-
viduals wore personal (lapel) air samplers during the year. The average

reading of these samplers waSnJS.Oxlo'iofsCi/hr—cc for 2 forzy-hr work

week. The maximus weekly reading was 3.4x10'9;LCi/hr—cc. The permis-
sitle Simit is ﬁxlﬂ“g;LCi/hr-cc for tne material in use. Fixed locatior
12

~r

air moritors in the area {13 Jozations) averagad 3.5x107*Y ulI/vr-cc,

-G
-

witk the Righest single sample peing Z.1x1d ~ uli/nr-cc.

1. Special Air Sampiing - Building 055

:n Building 035, air samples are routinely taken nzar a number of
points adjacent to the giove box trazin as well as other pertinent
Tocations {stack, etc.;. These data are tabuiated ir Table 4 in
descencing order of magnitude and the date {week)of each measurement is
nozed. In this manner, any unusual release is more apparent. However,
an inspectiorn o the data in Table £ leads itc the conciusion tnat the

values are districuzed ir an essentially random manner, with nc one week
standing cut. Thus, 1% is concluded that no unusua? releases occurred

guring the year.

FORY 7-9-F QEV_7-TE
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TABLE 4
~IR SAMPLES, NMOF -~ BUILDING 035, 1976
Max. Cum. Week Exp.*
Sampling Location uCi-hr/cc Week Ending
GBR-3A 1.8-12 i%/8
aBR-154 1,8-12 9/3
G3R-18S 1.5-12 7/30
G3R-24NE 1.5-12 7712
GBR-14 1.2-12 10/12, 11/19
‘GBR-3% 1.2-12 /17, 10/18
GBR=-5S 1.2-12 5/28, J/’T
GBR-6N 1.2-12 5/14, 7/23, 7/30, 8/27
GBR-155 1.2-12 12716
GBR-21S 1.2-12 5/7, 7/3C
GBR-24SW 1.2-12 /3
G3R-2€% 1.2-12 4/23, 10/18
G3R-27H i.2-12 /13
Filter Room 1.2-12 8/13
Theriine "A" 1.2-12 i2/23
Chem. Lab. 8.5-13 /11, B8/13, i0/22
11722, 12/23
GBR-4N 8.9-13 7/23
GBR-8N §.6-13 G/24
G3R-18S £,6-13 /26, 1G/22
GBR-205S 8.9-13 2/20, 9/2, 12/1
GBR-27S 8.9-13 5728, 7/3GC,
11719, 12/10
SS Vauit 5.9-13 5721, 9/24,
10/8, 10/22
Supporzt Area 5.6-13 13718, 11/24
Stack 3.6-13 /30, 10/17
Radeco "3" 3-13 /8, /30, 2/20,
J-f’J.7 11/0; ..2] 28
*Maxiruz permisstble exposure = 5 x 13"11;;Ci-hr/cc, aloha
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TABLE 5

RADIOACTIVITY CONTENT OF AIMOSPUERICALLY DISCHARGED EFFL”ENT RELEASCD
TO UNRESTRICTED ARLCAS - 1976

o Approx imate Sampling Period
Approximate Minimum Annual* Maximum Total
Effluent Detection Average Observed Radioactivity
Point of Volyme Activity Limit Concentration Concentration Released
Building  Release (ft”) Monitored (pC1/mﬂ) h&Cl/mﬂ) (pr1hnﬂ) (Cl)
00! Stack Exit 2.4 x 1010 rr 1.7 x 10718 9.4 « 10 14 8.3 x 107 13 <6.1 x 107°
B 5.5x10]6 ?"xl() ?'axlo” f17x10'5
004 Stack Exit 6.9 x 1010 a 4.5 x 10'lﬁ <#.1 x m'l’ 9.3 x 10 Sty <8.1 x 10'6
B 16X 10 1'5‘ «4.5 x 10719 2.5 x 10° -14 <8.9 x 10°°
020 Stack Exit 2.1 x 1010 a 9.7 x 10‘” <2.6 x w""’ 1.6 x 10” 15 <1.5 x 1077
B 3.1 x10° ~16 9.8 x 107 -15 3.2 x 10714 5.8 x 1070
022 Stack Fxit 1.0 x 101” a 3.0 x 10” 16 <8.1 x 10716 8.3 x 1071° <2.3 x 1077
8 97;<1016 <?6x101’ 19x10” <1.1 x 1079
055  stack Exit 1.6 x 101“ a 2.6 x 10'16 <3.4 x 1n'16 7.1 x 10'”’ <1.5 x 1077
Total <1.1 x 10”" ~4
. . o 15
Annual average ambient air <0,6 x 10
radioactivity concentration - 1976 Il <1.0 x 10-13

*Effluent radioactivity is generally less than ambient air radicactivity. 731-G.21
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III.  EFFLUZRT MONITORING

FACILITY VENTILATION

)

vYentiietion discharge air is continuously sampied at points down-
strear ot *he exhaust Tilters provided, prior ic exiting the facility
system. Thus, these measuremenis provide a record of radioactive
aerosols that were actually discharged from the facility by tnis route
curinc the year. A portion of the discharged zir is continuously drawn
via a side-stream *througn a high e“ficiency filter medium which collects
any particulate aerosois entrained in the sampie. Table 5 presents a
summary of average ané meximum radioactivity concentrations measured in
these systems during 1876.

3. LIQUID WASTES

£11 1igquid wastes from buiidings whick may contair significant
amounts of radioactivity ares drained to hoid-up tanks where they are
sampled and the contents assessed Tor radioactivity prior to dispesi-
tion. If the activity is below the orescribed limits {10 CFR 20). it is
ther. discharged to the sanitation sewers, If, however, these limits are
exceeded, the waste materiai is pumped out and disposed through tne use
of a commnercial racdicactive material disposal service. Duringc the
perioc in guestion, the liauid wastes which were discharged to the sewer

system are summarized in Table 5.

Fo8R 715.F REv. 7.7B
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TABLT 6
L1QUID EFFLUENT RADIOACTIVITY DISCHARGED TG SANTTARY SkNFR‘— 1976

Approximate Sample
Approximate Minimum Anpual Max imum
Fffluent Detection Average Observed
Point of Volume Activily Limit Concentration Concentration

Building Release (gal) Monitored (uCifme)

(uCi/mf)

-7
7

(uCi/md)
7
7

1.2 x 1077 1.4 x 10
4.1 x 1077 1.1 x 10

4.4 x 107
2.3 x 107

oM Retention 13,500 Qa
Tank B

——— e ——

004 Proportional 1,253,000 a 1.2 x 107
Sampler A 4.1 x 107

-8 1.4 x 1077

3.7 x 1077

9 3.2 x10
9 13108

020* - 0 - - —-

b s e e i | e i et | N IR s iR e s — e s ] sk 14 RS s B n 1 s R e R 0 s B § it mm | = a0 n e e Do om0 mmem s

055* ——— 0 --- -— S

vk B MLt R s (D R bl ke g e S B UM ) b 0 8 mm—r 8 RN R f N s mmsmem i amm om0 . e See B e - .t el m

0 mmm e R E mEtiam e m m meem - fm e m—— —_— T T - — i — =

Totlal

Radivactivity

Released
(Ci)

7.3 x 1076

5.7 x 10

<1.5 x 10
<3.3 x 10

-

*A11 liquid radioactive wasles from these facilities are solidilied and land buried as dry waste at an

appropriate disposal site.

The maximum permissibie concenlrations for discharge to the sewer are 8 x 10*4 pCifmla and 1 x 10'3;¢Ci/mﬂﬁ.

/31-G.271
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IV.

m

NYIRONMENTAL MONITORING*
E. INTRODJCTION

Environmental and facility effiuent radioactivity monitoring at
Atomics International iz performed by the Radiation and Nuclear Safety
Grous oF the Health, Safety, and Radiatior Services Department. Scil,
vegetation, anc survace water are routinely sampled 0 & distance of
10 mi from Atomics International sites. Continuous amsbient air sampling
anc tnermoiurinescent dosimetiry is performec on-site for monitoring
airbovrne racioactivity and site ambient racdiation levels. Redioactivity
in =fFiuents discharged to the atmosphere from Atomics Internaticnal
facilities is continuousiy sampled and monitored, to assure that the
amourts and concentrations released to unrestiricted areas are withnin
appropriete limits, and to identify processes which may require additional
encineering safeguards to mirimize radiocactivity levels in such effiuents.
In addition, seiected ronradicactive constituents in surface water dis-
cnarged 0 unrestrictec areas are determined.

B.  SUMMARY

Tre random variations observed in the environmental monitoring data
indicate that no signiticant local source ¢f artificial radipactive
material existec in the environs. Additionaliy, the similarity beiween
on-site anc off-site resulis further substantiate that the contribution
tc general environmental radipactivity due to operations at Atomics
International is essentiaily zers.

The envirenmertal radiocactivity measured and reported nerein is
attributec o natural sources and to continued faliout of radicactive
raterial “rom fereign atmospheric testing of nuciear devices.

*h separate and comprenhensive environmental radicactivity and facility
effluent report is issued annually. Tne mategiai in this section was
iargely abstracted from the report for 197€.%"/

FORY 713-FP REv. 7-78
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The sampling ancd analytic metnods used in the environmentiai monitoring
progra~ for racicactive materials are described in Reference 2.

Tne average radicactivity concentrations in iocal soii, vegetation,
surface water, and ambient air for 1976 are presented in Tables 7 through ll.
Ir calcilating the averaged concertratior vaiue for the tables, those
indivicua® sampies having radioactivity leveis less thar their rinimus
detectior levels /MDL) are assumed ts have a conceniration equal to the
MDL. This method of data averaging, required by ERDA Manual Chapter (5i3,
affords 2 signﬁffcant level of conservatism ir the data, as evidert in
the tabies, in that most radioactivity conceniraltions are reported as
“Tess than" {{) values. Tnus, for measurements in wnich some zpparent
radigactivity concentrations are below the MDL, the true averaged value
is somewhat 1ess than tne vaiue reported.

The maximum level of radiocactivity detected for a single sampie is
reported because of its sigrificance in indicating the existence of a
major episode or arez-wide lecation of radioactive material denositiorn.
None of the maximur observed values, whick occurred randomiy during this
yesar, show a ¢reat inCrease over the average values beyond natural
veriability. This indicates that no significant event occurred, iocally
or woridwide, which resulted in & markec increase ir local radiocactive

material depecsition.

The resuits reporied in Tables 7 and 8 show no significari difference
between on-site and off-gite samoles. The detected activity is due tc a
variety cf naturally occurring radicnuclides, and to radicactive fallout
resulting from dispersal of nuclear weapons materials and fissior produsts
by atmospheric testing. Natura:ly occurring radionuciudes include: Be',
KgG, Rba?. Sm147, and *ne uraniur and thorium series {including the noble
gas rador and its radioactive daughters). Radioactivity from failout

90_,90 137 147

consists primarily of the fission sroducts Sr , and Pm~ ",

- 233 23¢
and aisg U and Pu .

FOoBA 719-7 REL. 7-78
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TABLE 7

SOIL RADICACTIVITY DATA - 1976

Gross Radioactivity

#Ci/gm}
Max tmum
Number Annual Average Value Observed
Area Activities Sample {95% Confidence Levei!} Yaiue*
On-Site a 144 (5.6 + 1.5) 10~/ 8.4 x 1077
3 142 (2.5 = 0.1) 1077 3.2 x 107°
0f-Site a 28 (5.6 = 1.5} 10~/ 1.6 x 1076
I 48 (2.4 = 0,1 1¢°° 3.0 x 1072
*Maximum value observed Tor single sample.
TABLE &
YEQETATION RADIQACTIVITY DATA - 1976
Gross Radioactivity
{uCi/gm}
Dry Weight Ash
Annual Maxmur
Number Average Annual Average Vazlue Observed
Area Activity Sample value {95% ConTidence Level} Vaiue*
- ; . -7 -5
On-Site @ 184 f(<3.1=2.6)10°%  (<1.9:1.6) 1077 1.2 x 10
B 124 (2.5 =0.1) 1072 {1.70-0.03) 107% 2.98 x 107%
Off-Site @ 48 (<b.6 = 3.3) 1070 <2.2+1.7) 1077 8.4 x 1077
8 48 {3.0= .0} 1077 (1.41 =c.03) 107% 2.7¢ x 1¢7°

*Maximur value observed for single sample.

FORMN 715-P REV 7-T7B
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TABLE 9
NDFL PROCESS WATER RADIOACTIVITY DATA - 1676

Gross Radicactivity

{Ci/m2}
Mex imum*
Number Averace Value Observed
Arez  Activity Samcles f93% Confidence Level) Vaiue

NDFL a 24 (<2,5 = 2.9) 10710 4.2 x 16710
o ~ ”~ - -~ - 4 -q

B 2, (2.0 = 0.7} 1073 2.5 x 1077

*Maximum value cbserved for singie sample.
731-G.271

FORM 799-F REV. 7-78
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TAELE 12
Bot!l CREEK AND ROCKETDVNE SSFL RETENTION POND
RADIDACTIVITY DATA - 1976
oross Racioactivity
Faximum
Number Average Value Observed z of
Area Activity Samples (95% (onfidence Level) Vaiue* Guide**
Bell Creek a 12 (3.8 = 1.3) 1077 9.1 x 107/ NA
Mud No. 5¢ -5 -5
{uCi/gr) = i2 (2.3 = 0.1) 1D 3.0 x 1077 NA
SSFL Dond a 12 (5.9 + 1.5} 1977 7.7 x 1077 NA
Mud No. 55 -5 -5
(Ci/am) 3 12 {2.5=0.1) 10 2.6 x 1677 NA
Bell Creek a 12 (<i.7 = 1.6} 107/ 3.2 x 10~ NA
Vegetation
Ne. 5& £ =L
{FCi/gm ash} 3 i2 1.66 = 0.03} 107" 2.51 x 1Q NA
R : . T\ -8 -8
8eil Creek a 12 (<3.4 = 3,1} 10 7.0 x 1¢7° NA
Vegetation
No. 34 5 c
wliZor dry R 12 f3.2 2 0.1} 107 4.6 x 107" NA
weight}
Bell Creek a 12 (<2.5 = 2.9} 30710 2.8 x 10727 <c.006
Water No. 16 _c ¢
(uCi/mE 8 12 (2.2 = C.B) 1077 2.9 x 1077 c.7
SSFL Pond a 12 (<2.4 = 2.9) 15710 <2.4 x 1071°  ¢.006
kater No, 6 - e a
(yCi/mf} = 12 (4.3 2 0.8 197" 5.5 x 1577 1.4
n fn o v wa=10 _0 .
SSFL Pond a 12 <Z.B £ 3.0} 10 ° 5.3 x 10~ <0.0C7
Water Nc. 12 N _a o
(09 /mE) 3 12 (4.4 = 0.8 10~ 7.9 x 1677 1.5
*Maximum value observed for single sample.
=5 = r ~ - ] s g Y - .
**Guide: 4 x 107° uCi/mia, 3 x 1077 uCi/miB 10 CFR 20 Appendix B
NA = Nct applicabie, no Guide value having been established.
731-G.271
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TABLE 11
AMBIENT ARIR RADIDACTIVITY DATA - 1976

Maximum

Kumber Average Value Observed % of
Area Activity Samples {595% Confidence ievel} Value> Buide**

N s ~ -2 - n--!3 ~ ~
Headquarers a'f 719 (<6.7 = &.4) 1574° 1.6 x 1671 5.22
IS /i By wex 719 (<5.6 = 1.8) 1074 3.7 x 16712 032

- -1 . -1
NDFL a 2520 (6.5 = 7.2} 1071° 5.3x 10715 110
(uCi/me) By xex 2520 (a1 0.2) 200 aax 07t 5y

*Maximum value observed for single sample.

**Guide: Headquarters - 3 x 10'12;:81.'/:312‘ a); 3 x IC’-IG;-'-C'E/mﬁ; (3,7)(“’
- A 3 I 1 --:1 - I ~
NOFL - 6 x 1071 uci/mi {a;; 3 x 1074 aci/md {B,7)
I - - . - A [ od b R J 3 e 3
¥ Miniminum Detectabis level {MDL); 5. ip 15 uli/w” ~ Individual samples

1: - .
pCi/m2 are recorded and averaged as

with act'?vjty levels of C to 5.6 x 107
5.6 x 10720 uCi/mg.
*** Minimuz Detectabie_ Level {MDL} 1.2 x 1"14 Ci/m 2 - Individual daily
sampies with activity levels of G to 1.2 x 107 -14 uCifmi. Indicated
average values are upper limits, since some datz were below the

minimus detection limits.

FORM 7182 REV. 7-7§
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Process water used at the NDFL is obtained from Ventura County Water
District No. &, which also sunplies nearby communities, and is distributed
on-site by the same piping system previously used when process water was
obtained from on-site wells. Conversion was compieted during 1965.
bressure is providea by elevated storage tanks and storage reservoirs.

water ‘rom the pipe syster is sampled montkiy 2t twos locations. The
average process water racioactivity concerntration is presented in Teble 5.

Surface waters cischarged from KDFL facilities and the sewage plant
effluent drain soutnward into a reteniion pond or Rocketdyne property.
When full, the pond may be drained into Bell Creek, a tributary of the
Los Angeles River in the San Fernandc Valley, Los Angeles County.
Pursuant ic the reguirements of Los Angeies Regional Water Juelity
Cont»sy Boerd Resclution 5€-49 of September 21, 1966, a samsling station
for evaluating environmental radiocactivity in Beli Canyon was established

ir. 1965 approximately 2.5 mi downstiream from the southerr Rockwell Inter-
national Corporation boundary., Sampies, obtained ancd analyzed montnly,

-y

nclude stream bed mud, vegetation, and water. Average radioactivity
concertrations in Rocketdyne ponds and Bell Creek samples are presented
in Table 1C.

Comparison ¢f the radiocactivity concentrations in water from the
ponds and fror Bell Creek with that of the supply water shows no
significant variztior in either alpha or beta activity.

The surface water (NDFL) and the ambient air radisactivity Guide
values selected for each site are the most restrictive Timits for those
radionuclides currentiy in use at AI fTacilities. Thne identity of aill
such radionuciides is known, irrespective of concentration. Accordingly,
for ROFL surtface water, the Guide values of 4 x 10'6pCi/m:.i-o and

3 X 1;'7 uCi/eify for Pu233 and for Srgu, reshectively, are appropriate.

FORM 7192 REv. 7-7E
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The corresbondincly mast restrictive Guide value for Headauariers waste-
water radioactivity discharged to the sanitary sewers, a controlled
area, is & x 310 % uCi/mizand 1 x 1072 uCi/mi @, for U-235 and Co®7,
respectively. For KOFL ambient air radioactivity is due io work with

unencapsuiated plutonium at this site. The Guide value of
g0

-~

- 1 3 - - - _
3 x 10 1‘;&61ﬂn£;3, for Sr”°, is due to the presence of fissior products

in irvacizted nuciear Tuel at the site. The Guide vaiue of

30X 10'12 #Ci/méa “or -eadquarters ambient air racdicactivity is due to
work with unencapsuiatea uranium {including depleted uranium} at this
facility. The Guide value of 3 x 10710 uCi/m8 for Co®C, for Head-
Guarters ambient air radicactivity is approprizte since it is the most
restrictive limit for beta emitting redionuclides present at the faciiity.
Guide value percentages are not presented for s0il or vegetation datz
since no concentration Guide values have been established for these

media.

Ambient 2ir sampling for long-lived bparticulate alpha and beta radio-
activity is performed continuousiy with automatic sequential sampiers at
both the Headquarters and NDFL sites. Air is drawn through Type HVY-70
Tilter media which are periodically analyzed, after a minimum 120-h gecay
period to eiiminate the naturally occurring radon particulate daughters,
for long-lived raaiocactivity. The average concentrations of aipha and
beta ambient air radioactivity are presented separately in Table 1l.

rRadioactivity ievels observed in environmen:tal samples for 1976,
reporte¢ in Tables 7 through 11, compare clesely with ievels reportec for
recent years. Locai environmental radiocactivity levels, which result
primarily frox beta-emitting radionuclides, and have showrn the effect of
faliout during past extensive atmospheric testing of nuclear gevices,
rnave decreased, anc nave been generally constant during the past
several years. The effects of recent, aithougn infrequent, feoreign
atmospheric nuclear tests occasionally continue to be observabie in
daily ambient air radicactivity levels; however, the long-term effects
on surface ajr sample radioactivity ievels are not discernible. The continued
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relative constancy in current environmenta] radicactivity is due
primariiy to the dominance of naturally occurring radionuclides ir the
environment and tc tne longer-lived fission product radiocactivity from
faliout.

Site ambient radiation monitoring is performed with several types

T TLD's. Zach assimeter packet includes a single calcium fluoride
(CaFZ:Mn} iow background bulb-type chip dosimeter which produced the data
used in tris report, 2 single calcium fluoride {CaFZ:Mn) bare chip dosi-
meter, and¢ two calcium suifate {Ca504:5y} low backeround powder-type
dosimeters. The additional chip dosimeter is used for continued develop~
nent of TLD dosimetry programs at AI. The powder dosimeters, supplied
anc¢ evaluated by a commercial radiation dosimetry laboratory, are used

2s pDackup o the low background pulb-itype dosimeter. The desimeier sets
are placed at selected locations on &r near the perimeters ¢f the Head-
guarters and NLDF sites. Each dosimeter, sealed in a Tight-procf enerqgy
compensation shield, is installed in 2 pglyethylene container mounted at
each location. The dosimeters are exchangec and evaluated guarteriy.
There are iC on-site T_C monitoring locations. Three additionz] dosimeter
sets are jocated off-site at locations up to 10 mi from the sites and
similerly evaluated to determine the tocal area ambient radiation level,
which averaged 0.0095 mRem/h Tor 1676. The average radiation dose rate
and equivalent annual dose monitored at each dosimeter Tocation are
presented in Table 12.

The tabie shows that radiation deose rates and equivalent annual
deses monitored on-site (average = 95.5 mRem) are nearly identical to
leveis monitorec at three widely separated off-site jocations {average =
93.6 mRem}. These data include the natural background radiatior component,
which exists as a consequence of cosmic ratiation, radionuclides in the
soil, and radon and thoron ir the atmosphere, in addition to radiocactive
faliout frorm nuclear weapons tests. Locally, this is approximaiely
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TABLE 12
SITE AMBTENT RADIATION DOSIMETRY DATA - 1976
Equivalent
Dosimeter Average Dose Rate Annuat Dose
Location (mRem/h) {mRemr)
TLE~1 Headquarters 0.C10 88
TLD-2 Headquarters C.D08 70
TLD-3 Headquarters 2.01% %6
TiD-£ Headquarters 0.011 96
TLE-5 NDFL c.012 105
TL3-6 NDFL 0.013 11z
TLD-7 NDFL C.014 123
TLO-8& NDFL 0.012 105
TLD-S NDFL 0.00¢& 70
TL3-10 NOFL 0.010 88
TLD-11 Off-Site g.01c 88
TLD-12 OfFF-Site 0.012 105
TLD-13 Off-Site 0.010 8¢
731-5.271
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100 mRew/yr or~0.011 mRem/h, The smalil variabiiity observed in the
data is ettributed to differences in eievation and geologic conditions

at the various dosimeter Tocations. Since the data for the on-site and
cff-site locetions are nearly identicail, it is considered that nc measur-
able radiation expasure to the generai population or to individuals in
unconirglied areas resulted from Al operations.

FO2KM 716.F REV 7.78
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V. UKUSUAL EVZNTS
A. BUILDING 001 - ATR X-RAY BOGTH

On May 26, 1976, some men were discoverec doing work atop the roof
o< tne ATR radiographic room while X-ray operations were in progress. 1In
reconstructing the incidert, it was iearnec that the dose rate in the
arez where the men were working was ceneraily less than 2 mR/h with the
righest spot being about £ mR/h. Since the machine had onily been on a

total of 6 minutes, the maximum possible dose was §.4 mR, winich is negli-
cible.

Steps tc establish closer liaison between personnel working on/
around racdiation producing devices and personnel *or whor tihe work is
F=n
beinc performed will be established to avoid such future incidentzs. +9]

B. BUILDINE 00i ~ ATR POWDER ROOM

On June 17, 1976, a can of ~3 kg of recvcled UA]X briquets was droppec
and the briguets momentarily ignited, and thern extinguished themselves.
However, some amoun: of the uranium oxide was dispersed as an zeroscl.
Nesal swipes were obtained from all who hac beern in the room. Crly one
measurabie swipe wes obtained (~20 dpm/i0C cmz). Some protective clothing
contamination occurred. Involvec personnei submitted urinalysis samples.
Adaitional instruction was given on this operation which should help to

L. {6}
prevent future such 1nc1dents.'6’

C.  BUILSING 001

Or August 26, 1976, a sezled transfer can coniaining uranium fines
was inaavertently dropped tc the floor while being transferred from the
SKM Vault Weich Room %o tne Head-In Process Room. The drop resulted in
the autoignition of the contained fines. A very Timited amount of uranium

n

¢ispersal occurred betore an inverted 5-gal can was placed ovar the transfer

FOAM 7132 REV. 7.78
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can. 4 floor smear survey revealed 20C dpm/100 cmz present in an area
immediately adjacent to the incident. Nasal swipes were taken which
showed 2 maximum of il dpma. A smell finger cut also occurred during

the incident. 4 wound smear revealed ~4C dpm, alpha and was successfully
decontaminated to C. Tne five personnel invoived were requested o submit

173
: . ¥4
bioassay specimens.‘’’

D.  BUILDING 001 - ATR FLUORCSCOPE ROOM

On November 3, 1976, an inadvertent exposure occurred to <ihe operator
of a Tluoroscope machine while performing routine operations on an ATR fuel
plate. Apparentiy, the machine had been still operating during the time &
plate was being removed, with the window-door open. With the machine shut
down, a mock repeat of the incident was carried out. Tne time was noted as
i2 seconds. Radiation readings were then taken with the machine on at the
same settings with the window-door open. By duplicating the operator's

. . . . . (8}
motions as close as possible, tne foliowinc doses were est1mated:‘8’

Conservative estimated head dose - Z.4 R
Conservative estimated eye dose - 1R

Probable head dose C.2 R
Probabie eye dose 0.3 R

The automatic interiock switch that faiied to Tunction, causing the
beam <o stay on, was examined and found to have a faulty spring in the
open pesition inside the switch. This was repaired, and tw0 new micro
shutoff switches and spare parts ordered. As an additional safety device,
a racdiatior rate meiter with loudspeaker volume control was instalied with
the probe positioned at the operator's head jevel. This wiii cive the
operafor a scund alarm in the event he does not see the light.

E. BUILDING 004

(None}

FoRV 716.0 pEY T-78
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BUILDING J2C

{None}

G. BUILDING 055

{None}

FORY 719-°2 REV. 7-T8
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¥i. SUMMARY/TRINDS - EXPCSURES, EFFLUENTS

Al11 personnel and environmental exposures, and effiuent releases *o
uncortrelled areas for 1976, were below the allowable limits. The 1975
report(3) established baseline data for identification of %frends in
succeedinc years. Comparing the 1976 measurements to these of 1875, the
Toliowing is noted:

—

Total Man-Rem {whole body): 26.700 (1975); 47.575 (1976}

Comment: An inspection of the source for the majority of
this increase leads to the conciusion that it
arose largely with an increased level of D&D
activities.

2} Bioassay
Total Assessmenis (all types) 1483 {1975) 1442 {1976}
Total Positive Results 57 64
Tctal Individuals with Positive Resulzs 47 58

Comment: There would not appear to be a significant increase
in the number of positive tests, although there were
a few more such tests and individuals with positive

results.
3} Building Discharge Air
Radioactivity in building discharge air remained well below
estabiished Yimits. The largest change was from Building 020,
where the total 5, & activity discharged decreased from
6.7 x 107> Ci in 1975 to 5.8 x 1078 £i in 1976.
4}  Environmental Monitoring

A generai comparison of the site envirommental monitoring
results for the current and previous years (soil, vegetation,
process waier, Bell Creek mud and water, and SSFL pond water)

FORW 71672 QEy. 7.7
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reveals ng significant differences. Also, ambient air radio-
activity did not vary significantly between the two years.
The general backaround radiation (13 stations, see Table 12;
was 0.0G1Z mRem/h {1976) and 0.011 mRem/h (1975}.

The overall conclusion is that no increase in radiolocical impact
of the environs occurred¢ in 1976. Personnel exposures did increase
somewnat, primarily due to D&D activities, although they stili remained
well within the prescribed Timits.
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VII. ANVICIPATED ACTIVITIES DURING NEXT
REPORTING PERIOD (1977)
A. BUILDING 001 (FUEL FABRICATION FACILITY)}
Continued fabrication of ATR fuel elements.
B. BUILDING 004 (RQT ANALYTICAL CHIMISTRY)
Continued routine analytical chemicai processes and analytical
chemistry of 93% U-235 enriched ATR fuel elements.
C. BUILDING 020 (HDT LABORATORY)
fontinued preparation for decladding of irradiated fuel
alemerits from HNPF. Clontinued decladcéing of SRE Core II fuel.
D. BUILDING 055 {NMDF)
it is currentiy planned to remcve all plutoniux Trom the facility
early in the year and ther ic proceed with decontamination of the giove
boxes.
FoR% 716.F BEEv. 7-78
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APPENDIX
PERSONNZL MONITORING PROGRAM

Film badges are furnished by a vendor service, the Radiation Detection
company. Kodak type-H personnel sonitoring film is used. The film badge
hoider is equipped with plastic, aluminum, cadmium, and Tead shieids, as
well as an "open window" behind which the film is unshielded. Evaluation
of radiation dose on the basis of film density requires an interpretation
cf the type and energy ¢ the radiation involved. This interpretation is
made by evaluating the differences in the film densities behind these
various shields.

Two separate calibration energies are used to determine X-ray and
gammz doses on the basis of film densities: (1) 5050 gamma rays, and
12) 35 ke¥ X-rays obtained from 80 kVp X-rays {iltered with 2 mm Al.
The effective energy of X-ray or gamme radiation is determined on the
basis of the ratios of open window film density to film densitiies under
the c¢ifferent filters as indicated in Table A-1. If the effective energy
of the radiation is determined as <70 ke¥, the 35 keV¥ X-ray caiibration
data are used. In this case, the fiim density of the opern window area
is converted z¢ deose by means of the 35 keV calibration curve. A
correction factor is then applied as determined from Table A-2. For
example, if the effective energy is 30-50 kV, the correction factor is
1.0, If the effective energy is 60 keV, the correction factor is 1.1,
etc. If the effective energy of the radiation is above 70 keV, the Co60
date are used and the density of the film behind the Pb filter is converted

60

t0 dose by means of the Lo~ calibration curve.

Beta dose calculations are made by subtracting the density of the
i1m located behind the plastic shield from the density of the film
behind the open window, multiplying the remainder by a beta factor, and

FCPRA 7192 REV. 7-76
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TABLE A-1

FILTER RATIOS AS A FUNCTION OF EFFECTIVE
X~RARY ENERGY FOR R-D PLASTIC BADGE

Open Kindow Ooen windoﬁab10503en Window Open Window
keV to Al to Plastic to {d ic Po
11 i5 i.8 - -
i€ 2.5 1.2 -~ -
2! 2.2 1.1 -- --
23 1.9 1.05 - -
25 1.6 1.05 40 -
30 1.5 1.05 31 -
35 1.25 1.0 8.0 --
£a 1.19 1.C 7.0 23
72 1.05 1.C 3.3 10
a3 1.0 1.0 2.1 5.5
115 1.0 1.0 z.0 5.4

Note: Filter ratios apply only t¢ linear portion of characteristic
curve which is up tc about a net density of 1.0. 1If higher
densities are encountered, then the ratio of apparent doses
as determined from the characteristic curve must be used.

e |
W
[
1
4]
.
™)
~J
[T

FORMN 776-F REV.7-78



“' Rockwell international

Energy Systems Group

TABLE A-2
FilM CORRECTION FACTORS
keV Energy
ke¥ Factor Range Factor
il 6.0 30 - 50 1.0
i 4.4 60 1.1
21 2.75 70 1.2
26 1.06 80 1.3
30 1.0
a4 0.95
72 1.2
93 1.6
— 115 2.2
—
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60 calibration curve. Each beta

ccnverting to dose by means of the Co
factor is specific to0 a single, known radionuclide. If the racdionuclide

is unknown, a facter of 1.3 is appiied.

tastman type KTA nuclear track plate film is used for fast neutron
monitoring. The Tilrm is calibrated with & polonium-beryllium neutron
scurce. HKigh energy neuiron exposures are interpreted by counting the
number of proton recoil tracks in 25 fields of view under nRigh-power
microscopy and assigning a dose on the basis of the total number of
tracks observed.

Tnermal neutron exposure is determined to be present when the film
density under the cadmium filter is 1.25 times the film density under
the lead filter. When such is the case, bcth density readings are

60 calibratior curve and the dose from the

converted to dose Trom the Co
lead filter density is then subtracted Tror the dose obtained from the
cadmium: filter densizy. Half of the remazinder is converted direciiy to

dose in rem.

A1l personnel film badges are processed routinely by the Al film
badge vendor (Radiation Deteciion (ompany; according the the methods
described above.

Certain operations, such as hot celi entries, which pose a high
exposure pciential, require the use of special badges, which are badges
worn for a single operation in place of personal badges. When special
badges are required, two badges are worn by each individual. Special
badges are evaluated according to the method previousiy described;
however, the average reading of the itwo badges is recorded as the dose.
A1l special badges are processed at Al by the Radiaztion and Nuclear
Safety Group.

FORM 770F REV. 7-78
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In the event of an accidental criticality incident, the ¥ilr badge
nolder also contains additional components for the measuring of the high
level gamma and neutron exposures generally associated with this type
of incident. Excessive film blackening {from gamma radiation) may
prevent the microscopic enumeration of proton recoil tracks. Therefore,
neutron exposures above 1C rad are determined by means of actﬁgfion
analysis cf sulfur peliets, gold and indium foils, and a copper washer
which are incorporatad intc the film holder.

HIGK LzVEL NEUTRON DETECTORS

Max fmum "

Material Oimansions cnergy Detected Sensitivity=-n/cm
Indium ¢.70 in. x Thermal to 2.0 ev Approximately 104
0.70 in. x
J.005 1in.
Sulsur {Four pills of 2.9 MeV and above 5x 107

9/32-in. diam-
eter) C.25 gm

+totai
Copper Circular Washer 2.0 eV to 1.0 MeV
Gold 0.25 in. x 1.0 MeV to 2.6 Mev 2 x 10°
{bare) 0.25 in, x

0.005 1in.

The very high thermal neutron sensitivity of indium makes it
extremely useful as an exposure indicator., In the event of an acci-
dental criticality the high energy neutrons will be moderated and
reflected by the bocy, thereby producing thermai and intermediate energy
neutrons that wil] activate the indium. By using & G.M. survey instru-
ment, those exposed can be detected for~5 hr fellowing an incident.

FoRN 7162 REV. 7-TE
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Maximur gamma sensitivity of the film is about 900 R. Since the
gamme dose in a criticality incident could be much creater, a LiF TLD
{Thermoluminescent Dosimeter) in capsule alsc is incorncrated into the
holder. T.LD material canr measure up to 105 R.

in tne Film Badge Dosimeiry Report, X-ray, gamme, and neutron doses
are listed as penetrating radiation, and beta exposure is listed as non-
penetrating radiation.

Type of Reporting Energy
Radiation Range {MeV)
X=Ray 3.5 mR to 90C R 0.026 tc 0.250
Gamma i0 mR to 900 R 0.25C to 3.0
— Beta 45 mRad tc 900 Rad Above 1.0
Fast Neutrons 10 mRem to 50 Rem 0.300 to 14.0
Tnermal Neutrons 10 mRem to 50 Rem Therma?

The Film Badge Dosimetry Report also contains the following
information or monitorec personnel:

1) Social Security Number

2) Hame

3}  Date of Birth

L} Badge Number

5) lurrent Dose X + Gamma, Neutron, Beta

6; Calendar Quarter Dose Penetrating. Nonpenetrating

7% Calendar Year Dose Penetrating, Nonpenetrating

8} ‘Lifetime Dose Penetrating, Nonpenetrating

r,-.\

FOGRY 770-° REV. 7.78
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At the end of the year, Radiation CDetection alsoc sends an individual
ERD& Form-5 on each person on the film badge roster with a supmary of the
above information.

ARALYTICAL PROCEDURE SUMMARY FOR BICASSAY BY URINALYSIS

The foilowing summary of analytical procedures is limited to the
most frequenziy performed urinaiyses for radioactive material.

Uranium-raciometric and Fiuorometric (UR, UF)

Uranium is extracted from an acidic solution of ashed urine using
alurinus nitrate, tetrapropyl ammonium hydroxide, and methyl isoburyl
ketone. The uranium is recovered by back extracting into water by
evaporatinc tc ketone. The water solution is planchetted for alpha
counting for the JUR analysis. Fluoromeiric analysis requires that an
appropriate aiiquot of the water solution be removed prior to
plancneiting for pelletizing with NaF-LiF. The peliet is then analyzed
for uranium with a fiuorometer.

Mixec¢ Fission Products (FP1)

Mixed Tission products wiil precipitate from a basic oxalate media.
By adjustment of ph anc oxalate concentrations, those elements which are
amphoteric or which form oxalate complexes irn the form of excess oxalate,

will also precipitate. Alkali metals such as Cs”’7 will not precipizate.

1 .
Also, volatile fission products such as 213‘ wiil be lost.

The precipitate is washed with-NaOH and water and planchet:ed for
counting.

FORY 796.% REV. 7-78
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Mixec Fissior Products {F®2}

-

Same extraction procedure as rFP1, however, the soluble oxalate

precipitates are gamma counted for C5137

and other gamma emitters. The
resilts from its FPl analysis and the FP2 analysis are summed and
y

reported as a single value.

Mixed Fission Products (FP3)

Same as FPZ except that the oxalate insoluble results will be
reported separately as FP3a2 and the oxalate soluble results will be
reportec separately as FP3b.

Plutonium (PUA, PUB)

iAfter reduction to plutonium {IZI) and (IV} with hydroxylamine
hydérocchioride, plutonium is precipitated with lanthanum fluoride. This
isolates the piutonium from most elements, including uranium, except
thorium, the rare earths, and actinides.

After oxidation of plutonium with sodiur nitrate in acid media,
extraction of plutonium is carried out with G.5 K thenoyltrifluoro
acetone in xylene., Following extraction, the aqueous solution containing
clutonium is neutralized and concentrated by heating. After oxidation
of the plutonium ir a basic media, it is eiectrodeposited on a stainless
steel disc. The piutonium activity is determined by autoradiography (PUA}
for greater sensitivity, or counted Tor alpha raciatior with a propcrtional
counter {PUB).

~

Gross Beta, High Level {GSH)

The gross sample is evaporated to dryness, followed by organic
digestion by hydrogen peroxide and nitric acid. The natural radicactive

FORM 776-P REv. 7-78
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isotope of potassium (K40} correction is determined by diluting the

ashed salts 2 a known volume, and removing an aliquot for fiame spectro-
photometry. The remaining solution is evaporated to near dryness,
planchetted, and counted for beta radiation with a proportional counter.
The radicactivity in the urine sample due to K40 is subtracted from the

gross count.

Gross Alpna (GAla)

Specifié for uranium and/or piutonium which is exiracted from ashed
urine salts using aluminum nitrate, tetrapropylammonium hydroxide, and
methyl isobutyl! ketone. Transuranics do not extract to any appreciable
extent. Uranium and/or plutonium are recoveref by back extracting into
water by evaporating the ketone. The uraniur and/or plutonium are
electrodeposited on a stainless steel disc and autoradiographed.

Sross Alpha (GAlb)

Same as GAla except the extraction spiution is pianchetted anc
counte¢ for aipha radiation with a2 proportional counter.

aross Alona (GA2)

Specific for all alpha emitters. Metabolized actinides are convertec
tc states suitable for coprecipitation with alkaline earth phosphates by
digesting the gross urine sample irn 10% nitric acid. The actinides are
coprecipitated with calciur phosphate by neutralizing the acid solution
with ammonia. The precipitate is washed, planchetted, and counted for
alpha radiation with a proportional counter.

A surmary of the bioassay services provided by the United States
Testing Company, Inc. is shown in Table A-3.
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SUMMARY OF BIOASSAY SERVICES AVAILANLE FROM UNITED STATES TESTING COMPANY, INC.

Accuracy at  Minlinum

Analysis Sensitivity/ Minimum Volume
Analysis lype Listing Code Specific For 1500 ml Sensitivily Required Remarks
Fluorometric Uranium UF Normal or Depleted 0.3up t 50% ' 10 mt
Uranium '
Radiometric Uranium Un Enriched Uranium 7.5 dpm T 50% 100 mti
Fission Products (1) FP 1 ?“50".‘!-"1‘:’ uxalla-tes 30 dpm t 50% 200 il Volatile fission products
including alkaline
‘ it lost,
carths, transition
elements, lanthanides,
antimony, phosphates,
Excludes soluble
oxalates i.e. Cs 137
Fission Products {2) FP 2 Same aa FP 1 plus 60 dpm t 50% 300 mt Results combinad into
gamrma scan on single value for report.
soluble uxalates, Volatile fission products
‘ lost.
Fission Products (3} FpP3 Same as I'I? 2 with 30 dpm FB3a +50% © 300 ml Volatile fission products
insoluble and soluble - lost.
oxalate results 60 dpm FB3b
reported separately ‘
ayg FP 3a and FP 3b
respectively.
Tritium i3 Tritiumn 2.25 x 106 1 50% 10 ml
dpm
Flutonium (A) PUA Plutonium 0.0495 dpm } 50% 1000 ml Greater accuracy than
PU B analysis,
o 5
w &
M =
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SUMMARY OF BIOASSAY SERVICES AVAILABLE FROM UNITED STATES TESTING COMPANY, INC,

Analysis Type

Pl'ut.oniurn {B)

Plutonium (B) {(Optional) PU B

Strontium-90
Thorium

Gross Beta-lligh
Level

(iross Alpha (1a)

(iross Alpha (1b)

Listing Code

Analysis
Specific For

PUB

S5R90

TH

GBI

GALA

GALB

Ptutonium

Plutonium

Strontium-90
Thorium

All beta

emitters except
halogens

Uranium and

Plutonium

Uranium and
Plutonium

Accuracy at
Minimum
Sensitivity

Sensitivity/
1500 inl

Minitnum

Volume

Required

Remarks

0.0495 dpm 1 759,

0.75 dpm +100%
alpha counting
30 dpm + 50%
0.99pe 1 50%
750 dpm t 159,
1.5 dpm Fs0%
T 50%

9 dpm

1004

1000

200

1000

50

100

100

mi

ml

ml

ml

ml

il

inl

Double precipitations,
washes and extrictions
are eliminated for tuster
analysis at reducaod
accuracy.

Sample proportional
counted for Alpha-
radiation for immediate
result, Sample may be
later autoradiographed.

K‘m corrected

Sample electrodeposited
on 55 disc and

autoradiographed,

Sample planchetted ancd
proportional counted
for aipha.

25 9brg
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SUMMARY OF BIOASSAY SERVICES AVAILADBLE FROM UNITED STATES TESTING (IO'MPANY, INC,

Accuracy at  Miniinun

Analysis Sensitivity/  Minimum Volume

Analysis Type Listing Code Specific 1"'_25 1500 mi ignsitivity Required _1_'(0:1'1:11'!:5

CGiross Alpha (2) GA2 All olher alpha I5 dpin + 50% 100 ml Sample planchetted and
| enittery including proportional counted
! Th, Pa, U, Np, for alpha
| Pu, Am, Cm, Po,
{‘ and Ra
" lodine-131 1131 lodine-~1 31 300 dpm + 50% 250 mi Decay corrected Lo

sampling date,

gg abeg
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