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' INDIANA & MICHIGAN ELECTRIC COMPANY

P.O. BOX 16631
COLUMBUS, OHIO 43216

August 28, 1987
AEP:NRG:1034

. Donald C. Cook Nuclear Plant Units 1 and 2
Docket Nos. 50-315 and 50-316
License Nos. DPR-58 and DPR-74
DISPOSAL OF CONTAMINATED WASTE OIL AT
THE DONALD C. COOK NUCLEAR PLANT UNITS 1 AND 2

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Attn: T. E. Murley
Dear Dr. Murley:

As requested by Mr. D. L. Wigginton of your staff, this letter
provides information concerning I&MECo’s past method of disposing of
waste oil contaminated with low levels of radioactivity and requests
approval to use this method in the future. This request resulted from a
July 17, 1987 phone conversation in which we informed Mr. Wigginton of
concerns raised in a recent audit performed at the Cook Plant by AEP’s
Nuclear Safety and Design Review Committee (NSDRC). These concerns are
associaged with the practice of disposing of contaminated waste oil by
mixing it with uncontaminated fuel oil and then burning it in the
auxiliayy boiler system (an unmonitored release pathway). The following
discussfion provides the results of an investigation performed in
responge to the NSDRC audit team concerns and presents a technical
evalugtion of this issue that forms the basis for justification of our
requesSt that NRC approve the use of this method of contaminated waste
oil disposal in the future. ‘

The investigation of the NSDRC audit team concern showed that
contaminated waste oil was transferred to the (uncontaminated) auxiliary
boiler fuel oil tanks on eleven occasions during the period January 1980
to June 1985. This practice has now been prohibited pending resolution
of the NSDRC audit team’s concerns. This mixture of contaminated waste
oil and uncontaminated fuel oil was then burned when the auxiliary
boiler was operated. The principal source of contaminated oil is the
oil used for primary system pump motor bearing lubrication. We also
have some contaminated oil from a variety of sources in the auxiliary
building. All contaminated oil is generated during normal maintenance-
related activities performed on motors, pumps, and other mechanical

devices.
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’ Dr. T. E. Murley . . -2- . AEP:NRC:1034

Although the o0il is contaminated with radioactive material, levels
of such contamination are very low, and when the waste oil/fuel oil
mixture is burned, the resulting releases are well within limits
specified by current regulations.

In reviewing the potential regulatory concerns specifically
associated with this method of contaminated waste oil disposal, we
considered that the following regulations were applicable at the Cook
Plant:

w .

1. 10 CFR 20.106(a):
20.106 Radioactivity in effluents to unrestricted areas.

(a) A licensee shall not possess, use, or transfer licensed
material so as to release to an unrestricted area
radioactive material in concentrations which exceed the
limits specified in Appendix B, Table II of this part,
except as authorized pursuant to Part 20.302 or paragraph
(b) of this section. For purposes of this section
concentrations may be averaged over a period not greater
than one year.

A copy of 10 CFR 20 Appendix B (cited above) is included as
Attachment 1 to this submittal. Part 20.302 is cited in Item
2 below '

2. 10 CFR 20.302(a):

20.302 Method for obtaining approval of proposed disposal

procedures.

(a) Any licensee or applicant for a license may apply to the
Commission for approval of proposed procedures to dispose
of licensed material in a manner not otherwise authorized
in the regulations in this chapter. Each application
should include a description of the licensed material and
any other radioactive material involved, including the
quantities and kinds of such material and the levels of
radioactivity involved, and the proposed manner and
conditions of disposal. The application should also
include an analysis and evaluation of pertinent
information as to the nature of the environment,
including topographical, geological, meteorological and
hydrological characteristics; usage of ground and surface
waters’ in the general area; the nature and location of
other potentially affected facilities; and.procedures to
be observed to minimize the risk of unexpected or
hazardous exposures.
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3. 10 CFR 20.305:
20.305 Treatment or disposal by incineration.

No licensee shall treat or dispose of licensed material by
incineration except' for materials listed under Part 20,306 or
as specifically approved by the Commission pursuant to Parts
20.106(b) and 20.302.

We believe that the requirements of 10 CFR 50 Appendix 1 associated
with doses to individuals .in unrestricted areas also apply. A copy of
this appendix is included in Attachment 2 to this submittal. In
addition to these regulations, our investigation identified two NRC IE
Information Notices relevant to disposal of contaminated waste oil by
burning. These Information Notices (IE Information Notice 83-05,
"Obtaining Approval for Disposing of Very Low-Level Radioactive Waste -
10 CFR Section 20.302" and IE Information Notice 83-33,
"Nonrepresentative Sampling of Contaminated 0il") are included as
Attachments 3 and 4 to this submittal. Evaluation of the regulatory
requirements identified above disclosed that radioactivity releases
‘resulting from burning of the contaminated waste oil were accounted for
in our Semi-Annual Radioactive Effluent Release Reports, always below
the 10 CFR 20, Appendix B limits for radioactivity releases in air to
unrestricted areas, and in conformance with the requirements of 10 CFR
50, Appendix I for annual doses to individuals in unrestricted areas.
However, no formal documentation was found to indicate that the NRC had
approved the practice of disposing of this waste oil by incineration.
We believe such approval is required by 10 CFR 20.302 and 10 CFR 20.305.

Due to an administrative oversight, we believe that a request for"
approval to dispose of contaminated waste oil by burning was not
requested as suggested by Information Notice 83-05. In the case of
Information Notice 83-33, a review for Cook Plant applicability was
performed and as a result of the review our sampling procedure was
revised to provide additional assurance that representative samples are
taken. Our sampling procedure requires taking a sample from the bottom
of the contaminated waste oil storage tank in order to obtain a sample
which we believe is a conservative (i.e., worst-case) representation of
the tank contents.

In response to the requirements of 10 CFR 20.302, the information
presented below provides an analysis and evaluation of the impact on
public health and safety of the burning of the contaminated oil and a
description of the procedures we will use prior to such burning. Based
on the information presented below, we have concluded that burning oil
in the manner indicated will not result in releases that exceed the
requirements of 10 CFR 20 for releases in air to unrestricted areas, and
hence we considered this method of disposal acceptable. Further, these
releases are included in the total radioactivity inventory reported at
the Cook Plant in our semiannual reports, and hence, by the information
contained in that report, we also consider the requirements of 10 CFR
50, Appendix I to have been met.
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The information concerning the nature of the environment suggested
by 10 CFR 20.302 is included in our Updated Final Safety Analysis Report
(Chapters 1 and 2). Minor modifications to this information are
addressed in the semiannual effluent release reports, which are updated
on a regular basis in accordance with the requirements of 10 CFR
50.36a(a)2. Both of these documents have been transmitted to the NRGC.

A list of transmittals associated with these activities is included in
Attachment 5 to this letter.

Contaminated waste oil is initially collected in 55 gallon drums,
sampled, then transferred to a waste oil storage tank. Our sampling
procedure requires the waste oil’ storage tank to be sampled for isotopic
analysis every seven days or as requested by the plant Environmental
Section after waste oil is added, or prior to transfer of the waste oil
to the auxiliary boiler fuel oil tanks. Details of the volume of
contaminated waste oil placed in the auxiliary boiler fuel oil tanks
since 1980, as well.as the.details of isotopic analysis performed on the
contaminated waste oil, are provided in Tables 1 and 2 respectively. As
shown in Table 1, the volume of contaminated waste oil placed in the
(uncontaminated) auxiliary boiler fuel oil tanks ranged from 300 to 1500
gallons. The contaminated waste oil was added to an uncontaminated fuel
oil volume of between 39,920 and 100,000 gallons, depending on the date
the transfer was made., -

We have performed an analysis using the data presented in Tables 1
and 2 to quantify the radioactivity concentration in the releases
resulting from burning of contaminated waste oil. As was pointed out
above, the total radioactivity release has been accounted for in our .
semiannual effluent release reports; however, since the auxiliary boiler
stack exhaust is'not monitored for radioactivity, an assessment was
performed, as part of our technical evaluation, to ensure that the
concentration limits of-10 CFR 20, Appendix B would not be exceeded and
hence that no adverse effects to the public health and safety wduld
result from this method of disposal. ‘

In general, the radioactivity concentration in the contaminated
waste oil is reduced by dilution upon transfer to the uncontaminated
fuel oil tanks. Further dilution is provided when the waste o0il/fuel
oil mix is burned and the combustion by-products are released through
the auxiliary boiler stack. Our method of analysis, therefore, was to
calculate the dilution factors for the mixing of the contaminated waste
oil with uncontaminated fuel oil (giving the radioactivity concentration
in the liquid waste oil/fuel oil mixture) then calculating the airborne
fadioactivity in the stack exhaust considering the volume of air
necessary to burn a given volume of the waste oil/fuel oil mix. Since
fuel oil tank volume information was not available for the June 1985
transfer and therefore the dilution provided by the volume of fuel oil
in the fuel oil tanks at the time of transfer could not be established,
we believed that an analysis of the amount of radioactivity released by
burning this batch of waste oil, assuming no dilution in the
uncontaminated fuel oil, would represent a conservative assessment of
the upper limit'for the radioactivity concentration released from the
auxiliary boiler stack on any occasion. Our analysis showed that the
stack exhaust air would provide a dilution factor of approximately 7500
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for complete combustion of the waste o0il/fuel oil mixture. This
dilution factor is actually the calculated value of the volume of air
required to achieve complete combustion of a unit volume of the waste
oil/fuel oil mixture, based on the chemi¢al reaction describing the
complete combustion of hydrocarbons. We also assumed that 100% of the
radioactivity in this mixture would be released in the auxiliary boiler
stack exhaust. We believe that applying the dilution factor calculated
for complete combustion of the waste oil/fuel oil mixture is
conservative, since in practice approximately 20% excess air (which
provides additional dilution) is used in operating the auxiliary boilerx.
In our calculation of release concentration we have not taken credit for
this excess air,

For the mix of radionuclides present in the contaminated waste oil
that was transferred to the (uncontaminated) fuel oil tanks in June 1985
(see Table 2), assuming no dilution of the contaminated waste oil in the
uncontaminated fuel oil, the airborne radioactivity concentration in the
auxiliary boiler stack exhaust was calculated to be approximately 50% of
the 10 CFR 20, Appendix B maximum permissible concentration (MPC) in air
released to unrestricted areas. '

We believe, as sta&ed‘previously, that this represents the limiting
case for release of radioactivity, since no credit has been taken for
dilution of the contaminated -waste oil in the volume of uncontaminated
fuel oil contained in the auxiliary boiler fuel oil tanks at the time of
transfer. We therefore believe that concentrations of radicactivity
released from burning the other waste oil batches identified in Tables 1
and 2 were substantially lower than the release concentration from the
burning of the June 1985 waste oil volume calculated on the assumptions
stated above. We expect that radioactivity concentrations in future
volumes of waste oil to be burned in the auxiliary boiler will be
typical of those shown in Table 2 for batches previously added to the
auxiliary boiler fuel oil tanks. Future releases from this pathway will
continue to be accounted for, as in the past, in our semiannual reports,
including an evaluation of the effects on public health and safety. On
this basis, since previous release concentrations have been well within
the 10 CFR 20; Appendix B MPCs for air and this effluent pathway has
been included in our Semi-Annual Radioactive Effluent Release Reports
with no identified adverse effect on the health and safety of the
public, we believe that continuing this practice in the future will
similarly not result in adverse effects to the public. We therefore
believe this evaluation provides adequate justification for our request
for NRC approval to use this method of contaminated waste oil disposal
in the future.

It should be noted that no waste oil has been transferred to the
auxiliary boiler fuel oil tanks since June 1985. We also do not intend
to dispose of additional contaminated waste oil in this manner until-:we
receive NRC approval to do so. However, we anticipate that the waste
oil storage tank will be filled to capacity in the near future, at which
point we will need to take some action to dispose of the tank contents.
Therefore, as suggested by IE Information Notice 83-05, we request NRGC
approval to dispose of contaminated waste oil by incineration in the
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Dr. T. E. Murley -6~ AEP:NRC:1034

auxiliary boiler system. We will need this approval by November 1, 1987
in order to allow us to dispose of accumulated waste oil in an orderly
manner.

Pursuant to 10 CFR 170.12(c) we have enclosed a check for $150.00
for the requested review.

This document has been prepared following Corporate procedures
which incorporate a reasonable set of controls to insure its accuracy
and completeness prior to signature by the undersigned.

Very truly yours,

Vice President

cm
Attachments N
ce: John E. Dolan
W. G. Smith, Jr. - Bridgman ‘
R. C. Callen
G. Bruchmann
G. Charnoff
NRC Resident Inspector - Bridgman i
A. B. Davis - Region III |
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DATE

01,/10/80
01/15/80
07,/05/80
08,/12/80
10/25/80
05/27/81
10/23/81
07/22/82
03/16/83
12/13/83
06,/04/85

TABLE 1

CONTAMINATED WASTE OIL PLACED IN THE
AUXILIARY BOILER FUEL OIL TANKS

WASTE OIL

VOLUME (GAL)

1500
1500

300

800
1500
1250
1500
1100

700
1300
1300

WASTE OIL STORAGE
TANK SAMPLE ' FUEL OIL

ANALYSIS ID VOLUME (GAL)

61861 ‘ 59,730
61938 39,920
66230 ‘ 45,240
95608H 96,480
98878H 82,330 ,
71842 ’ : 85,200
9262R 87,350
20185R 93,220
29052R 94,960
38607R 100,000
61031R Unavailable



DATE

01,/10/80
01/15/80

07,/05/80

08/12/80

10/25/80

05/27/81

10/23/81

07/22/82

WASTE OIL STORAGE TANK SAMPLE ISOTOPIC
ANALYSIS RESULTS PRIOR TO TRANSFER TO AUXILIARY

TABLE 2

BOILER FUEL OIL TANKS

LAB ANALYSIS 1D.

61861
61938

66230
95608H

98878H

71842

9262R

20185R

ISOTOPE

Cs-134
Cs-137

Cs-134
Cs-137

Cs-134
Cs-137
Co-60

Cs-134
Cs-137
Co-60

Xe-133
Cs-134
Cs-137
Mn-54
.Co-60

Cs-134
Cs-137
Co-58
Mn-54
Co-60

Cs-134
Cs-137
Co-58
Mn-54
Co-60

Xe-133
Cs-134
Ag-110m
Cs-137
2r-97
Nb-95
Co-58
Cs-136
Co-60

.

(uci/ml)
2.09 E-6
3.55 E-6
1.94 E-6
3.39 E-6
8.72 E-6
1.64 E-5
4.83 E-7
2.49 E-6
5.76 E-6
7.89 E-7
6.96 E-6
1.16 E-6
2.81 E-6
1.38 E-6
2.29 E-5
2.10 E-5
5.67 E-5
4.90 E-6
4.93 E-6
1.19 E-4
1.46 E-5
4.25 E-5
1.54 E-6
2.25 E-6
4.72 E-5
6.16 E-7
1.07 E-6
3.16 E-6
2.14 E-6
2.91 E-7
6.92 E-7
3.27 E-6
2 E-7
3 E-6

.39
.65

CONCENTRATION



DATE | LAB ANALYSIS ID.
03/16/83 29052R
12/13/83 38607R
06,/04/85 61031R

ISOTOPE

Ag-110m
Co-58
Co-60
Cs-134
Nb-95
Nb-97
Sr-92

Co-60
Cs-134
Cs-137

Co-60
Cs-134
Cs-137

CONCENTRATION

(uci/ml)

3
8
1
4
S
1
1

O N

RN S )Y

.45
.26
.73
.93
.19
.29
.71

.03
.73
.33

A
.64
.29
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10 CFR 20 Appendix B
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Oyspresivm (64) Oy 183 s 3 10" 1101 9 «10°* 4%10°¢
[ 2410 ¢ V10t 7e¢100 4 %10
. Oy 168 s 210" 1¢10? s 10 4 10}
i [ 210" 1 <107 7 vi0°* 4x10°8
Hasrelnium (99) 1 € 283 $ 8 «10°’? 7«10 ¢ 3o 2«10 ?
H ] 6410 210 ¢ 210" 2 <10°?
[ Es 254m $ $«10° $.10 ¢ 24102  2.109
- ] 410 $¢10 ¢ 2:10 " 2 <107t
j o234 $ 2101 410 ¢ 810" + 2107
‘: [] 1 «10="? 4010 * 4 30N 1«10}
y Es 298 H $«107 $.10 210V 3108
i ! 44107 g.10 110" 310
trdivm (80) , € 169 s 610 ° 3110 2410 9«0 ?
, ] 410’ J30? 1 elg ! 9«10
k171 $ 7107 3410 2100 110 ¢
1 6410 * Jelrot 2vi10 0 1 «10°
oropium (43) . I!uts: s ‘' 4x10° 2710 1«30 6 x10?
Y (T/2 w920 1 . 30 2vi0 ) 1vio ¢ 410}
w12 $ 1 c10° 2x10? 410" geto
(/221340 2 «10°¢ 2107 bc10 sel0!
. v s s 4<lo* &v10 ¢ 1 vi0 ¥ 2710
) vl 7 a0 6410 ¢ . 2,10 2x10!
, tv1ss H 9vio! 4«10} Ivio ' 210 ¢
: ] 7 <o ! 6 <10} Ix10? 21x10"
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S Aep-B PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION
APPENDIX 8
‘ Canconmaiionsia Alr and Water Abeve Naturel Backgrovnd—Contlaved
' "See notes at end of 4poenon}
Tebia ! Table I
»
tlomaens (atemic Aumber) lsetepe’ Column 1 } Celumn 2 Column 1’ Column 2
v H
Air Weater ! Ale Water
+ (pCi/ml)(uCi/ml)(uCi/ml) (yCi/el)
[ ’ .

Feemivm (100) Fm 254 s 4 <10° 4 <107 2 x<10°° 1,107
! 7 «10°* 4 <107? 2%10”* ,  1xi0"¢
Fm 288 $ 2410°0 7 1 10°! 4 x107* 3 x107f
“1 P 1«10 1 %107 4 x)0"* 3 x107Y
Pm 256 H 3410 ' 34107 " 1x10”'* I * x10°7
[ 2410% 3107 é<to”" ' ex10°’
lnuum (9 P s H $ «10° 2107 2x10°7 " B x10%
! 1 310 1 «107! 9 <1070 5 x10°
+ Ceadolinium (64) Gd 153 $ 2.10°’ 6x107 " ¢ x10” 2 x10°¢
| 9«10 6 vi0"! 3 x10”* ! 2x10°¢
Od 139 H $ «10*? 2x10") ' 2x10°" $x10™!
1 4107 2«10} 14107 8 x10°1
- Qaltivm (31) Ge 22 ] 1107 1 <107 $<10” ! 4x107
1 Y2107 t <10} 6 x10™ 1 4«10
< Gormanivm (32) Qe 71 H 1 cto”! $ <10°? 4xt0”?  2x107
3 ) 6 «10" S «10°% 1xto"? 2 x107
. = Geld i79) Av 196 H 1«10 ¢ $ <107 4 <10 2 x10°¢
& 1 &4 .10"? 4107} 2 x10°* 1 <10
o Av 198 $ 310" 2 <10 1 %30 3 «10°?
[>] ] 210 1 vig? 8 <10~ *  $x10™
Av 199 H 1 <107 s <10 4 <107 . 2x10%
t t«10°’ 4<0? 3 <10t 2x10°¢
Hafnlum (72) Hf 181 $ ' 410 24108 1410° ! 7 x10°3
1 7 «10° 210! 3410 74107
Helmivm (87} He 166 H 2.0’ 10" 7 <10~ 3 <107t
! 2.10° 410 6 <10~ 3 <10°!
Hydrogen (1) H3 s $ 10 * 1107 2 «10%’ Ix107?
1 5 toe 110" 2107 v 3 xt0™

Sub 2«10 4 10!
Indlum (49) " 113m s 810 4.10" 3«10’ 1 %107
1 7 <10 ¢ 10! 241077 1 14107
h tn 1tam s 110 ° $ 610 ¢ 4410 2«10
] 2.10° 3 .10° 2 10" 2 107!
in118Sm s 2.10°* Valo? $410 ¢ 4«10
1 210" 1710 6410 4 410°
' nns H 2.10° 3107 910" 9 .10
] 30t 3107 1010° 910"}
tedine (33} t 128 s S0 410} $ <10 241077
J .10 610! 610" 2010
1126 s 10° S <10} 910 310"
! 3 <10°’ 3 <107 [T I 910
1120 s 2400 1610 2 10" 610
1 7 10" 6«10} 2«10 °* 2 «10°¢
(M) $ 910" 6«10 o t.10°" 3 at0°’
1 3410 ° 210! 110 . §.10°
1132 $ 2-10 ° 210} I«10° 1 g.10"
] 910"’ $«10? 3«10 2107
1133 $ 3.10° 2410 410 1 110"
a ! 2410 1¢10°? 7410 4010
1134 $ s «10°° 490" 6 «10°* 2107
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-, App. B '
- PART 20 ¢ STANDARDS FOR PROTECTION AGAINST RADIATION _
APPENDIX B
Cencenmations In Ale and Weter Abeve Neturel Bachgrovad — Continved
'See ~cles at ona Of sppencx)
n [ "
Teble | i Teble N
! ¥ M .
Tiement (stomic number) s lsotepe b s« Column 1| Column 2 l Celuma 1 Columa 2
! Ale Woter Al Weter ‘
t (uCi/ml)(uCi/m1)(,C1/ml) (uCi/ml)
Tedine (33),, ....... .. 1134 | 3x10° 2x10™? I 1 x10°7 4 %107
1138 s 1 <1077 7 x107¢ 1x107 4%10™
‘ ] 4 x1077 2x10™ 1 x10°0 7 X107
idivm (77), ‘ ¥ 190 s ; 1x107 ¢ x107 4 x107 2%10°¢
1 axi07 3 x10°? 1x107 2 x10°
v 193 s 1 x10°7 1 x10°3 4%10°° 4 107!
’ 1 3x10™ 11072 oxto-w !l 4x107
e 194 s | 2xw0°? 1 x10% 8 x10* 3 x10°!
. 1 2xt0”? ?x107¢ 3 %107 3x10%!
ren (2¢). fe 83 $ 1 ex107? 2x10°! 3x10™ 8 x10°¢
1 { 1 x10"¢ 7 x107? 3 %10 2x10°?
fo SO s, V<10 i 2x10°? 3 x10* & x107!
] $x10° 1 2x107 2x10°° $x10°!
Krypton {34) Kr 8Sm Sub 4 x107¢ | . 1 x10° ;
2 Xr 83 Sub » T xloTF Y Ix1077 4 . “na
8 Kr 87 Sub 1 xNOT¢ o | . 1 2x107 .
. = Ke 88 Sub | dwdot L 2xiot ! ..
wienthenum (87) La 140 $ 2x10°7 F 7x10°¢ ' $x10°? 2x10°4
0 b orxt0r I rxen axto | 207t
Need (32) ’» 203 $ 3 x10%¢ 1 x107? ?x10°% * 4 x10'¢
1 ;o 2x%10° 110"t 8 x10°¢ ; 4 %10
’ 210 $ b 1x10° | ax10%t ¢ 4x107, 1x10°
t 1 ax10°| sx107 5 g xi0°" j 2xlow
e 212 $ 2%10° 4 x10° exto |l 2x107
by 2xgott ¢ osxiome  7xiow | 2x10%
Wvtetium (71), 17z s | 6 x10"? 3 %107} ! 2107 | 1x10™
1D osaerl 3xaer boaxioe | 1x10
Maenganese (23) Ma 32 $ ] 2x10°’ ¢+ 1x107 I 7 «10°? | Ixio™!
1 1x10°’ ?x10"" 3x10% | 3x10%!
Mn 34 3 ' &x10° 4x107' | tel0® 1x10°
1 4x10°% § 3x10°? i 1107 ¢ ) x107¢
Mn 56 H 1 410°7 4 4x107? 3 «<10°t 1x10 ¢
1 . 841077 7 3x10% i 2x10™ ' 1x10T¢
Mercury (10) . Hg19Tm s 7x1077 " &x107 1 3x107 | 2vi0m
! b} saor swiom b 3xiem ¢ 2xiem
Mg 197 $ ' 1e10% ; ex10mt | oaxrott 1 3xien
1 30 ] ixiottl exio { $xi0m
Hg 203 H 7 <107 i $x10°¢ , 2x10™ | 2x10°¢
1 1xi07 3x10 . axi0 ' 1xi07
Melybdenum (42) . Me99 H 721077} sx107 ' 3¢107 | 2x10%
' 21077 1 1v10m ' 7xi0™ ! axi0m
Needymivm (40) v Nd 144 $ Sl 2107 | 3x10'M | 7 x10%8
1 Ixi0* ! 2x107 1<ro-'ty gxi07
Nd 147 $ 0 4v10”T ¢ 2x16™ 1310°% ¢ 8 x107!
1o a0t b oaxiem ] exio= U g xt0m
N¢ 149 $ Y 2xi10 | sxi107 6 x10° »  3x107¢
t 1x10° g xt0™? $x10™ | 3 xiome

. Doeor‘nb« 30, 1982(reset)
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App. B PART 20 ¢ STANDARDS FOR PROTECTION AGAINST RADIATION

APPENDIX 8
Conconmanens in Aw and Weter Abeve Neturel Sackground—Continved.

{See ~otes a1 ong of spOeNGST)

Teble | 1 Table 1
\
Llemaent (stemic numser) lserepe * Columa ; Columa2 * Columat * Column 2
» LY
, Ale Weter Al ) Water
+ (WCi/ml)(:CL/al)(yCi/ml) (uCi/ml)
¥ 1 I
Neptunium (93) Np 237 $ | 4«0 <10} 110" 3 x10°
‘ ' v telg e ? <10 4x10°'7 " 3x1073
Ns 239 $ ., 84107, 4ad109 3 x10°! 1 x107
- 1.k 70t 4 <107 2x10°! 1x10°¢
Nickel (28) Ni 39 H S <10’ 610" 2<10°' ! 2xi0¢
1 v <10’ 6 10" 3x10°* ' 2x10°
. Ni 63 $ 6«10 8 <10 2 <107 3Ix10
} 3107 210! 1410 ¢ 7 x10°
Ni ss s 910"’ 4410 340 | 1%t
1 $«10 "’ 3410 2x10°¢ 1 x10°¢
Nieblvm N 93m s 1410 1 «10? 4x10°* 4710 ¢
(Columbium) [41) 1 2«10’ 1«07 $x10°* ' 4 x10°
Nb 98 $ S0’ 3410 2x10°" * 1 x10"
] 1107 3 <107 3 ¢10°* 1 <10
z Ne ¢7 $ 6410 3107 2 x10° ? «<10°¢
8 1 5410 3.100  2<10°7  9xi0 ¢
~ Osmium (76) Os 183 $ $.10 2400 2.10°0 7 104
- ) $¢10 0 2410 210" 7 x10°!
o Ot 191m $ 2410 % 7 a0 ? 6«10’ 3 xto%?
¢ ! .10 7 .10 3 <10’ 2 <10"
01 19) s 110 ¢ $ .10 4 «10°0 2«10 ¢
1 410" $.10 110 2¢10 ¢
O 193 $ 4.0 ° 210 Vctot 6«10
] 3.0 2.101 9 «10°* S <101
Palladivm (4¢) P4 103 s 110 1.0 ¢ $ «10° 3I<10 ¢
! ' 70T 4430 30040 310
| Pd 109 s 6¢10° | 3.10? 2 <107 ? 10"
I 1 4d10°’ 2% 110 7 x10°
Phospherus (13) ? 32 $ 710t $+10 * 210" 2«10 8
] 8430 ¢ 710 ¢ 3410 210
Platinum (78) Pt 19% $ 810 ° 410 300 110 ¢
[ 6.10 " 3«10 2410 ¢ V<o
P4 193m s 7100 310! 210 ¢ 1 a10m
1 el ® 34101 21077 1410
x iy 3 vt g0t « 10 .10
] ' ) 10 s 10! 15101 2 .10
Pr19Tm s 610 J«to ! 2«10 110
w ' 5410 300 2430’ 9«10 ¢
P 197 $ 8.0’ ¢4 .10 J.i00 1«10 ¢
] i .10 "' 310 210 1.10 ¢
Plutenium (94) *v 228 s 2.10 1 1410 ¢ 710 $¢10 ¢
, [ I«to M .10 ¢ VoM Y0
fu 239 $ 2101 1410 ¢ 86 «JO ' $<10 ¢
1 40 $.10 ¢ 110" 3.10
Py 240 [ 2.10 % 110 ¢ 610 s $¢)0 ¢
i 4.0 .10 ) .0 .10
v 241 $ 9.10 1 7.0 J.on 210 ¢
| 4100 4,10 1.00° 1.101
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+See ~otes 8t eng of sooenc)

Cenconmatrions in Al ond Water Abeve Neaturel Seckground —Continved

App. B
PART 20 ¢ STANDARDS FOR PROTECTION AGAINST RADIATION

Teble § Table il
Glement (stomic Aumeer) HYIT ™Y Cel 1 Catl 2 Cel 1 Column 2
o Al L Wew Al Wate
+ (uCi/ml)(uCi/ml}(;,C1/ml) (uCi/ml)
. ] . 1
Plerenlvm (94) Pu 242 $ . 2xi10°v , Ixiov 6 x10°% 310,
) 4xI0™" ;9 x10° 110" 3 x10%
Pv 243 S F 2107 : Ix10° + 6107 | 3Ix10°
I8 2x10% ¢ Ix10°t | gx10" | 3x10~
Pu 244 $ ;241071 1x10% = ¢ x107H l 4x10%
1 I 3xt0°n 3 %107 1 xto*¥ 1 x1078
Pelenium (84) Pe 210 $ 0 Sx10TT. IxI0M p 2x107V . Tx107
) ! 1X16°9 1 gx10% 1 7x107M | 3x10% ‘
Potessivm (19) K 42 H 2x10°¢ § 9x10°? | 7 x107 { 3Ixt0
] l ) <10™ 4x107 I 4 x10™ ! 2%10"3
Preseedymivm (39) Pr 142 H 2<lo”’ I ?x10%¢ } 7 x10~* 3%10°3
1 T 2x10”’ #x10%* ¥ $x10° 3x10°!
Pr 143 H i Ix1O™? ¢ 1 x10%? ] 1 x10°¢ 3 %10
] 201077 § 1x107 ! ex10™ | Sxiot
J Premathium (o) Pm 147 s 6 «30° ¢ &x10) [ 2x10°* 2 x10°¢
= ] 1<10”7 % 4sx10 v 3x10™ ; 2x10°¢
S Pm 140 $ 3 <10” 1x10°t | 1x10 | 4x10”?
« { y  3xioY i 1xlo? exior b axio™!
& Protoactinium (91) P9 210 H 2 <10°* 7 w10 4 x10™" ] 2Ix10°
? 1 8 <10™1 7 «10%) - 3IxiOM | 2x10°¢
Pe 231 $ 110" 3x10? 4x1071 1 9 x10°7
1 1x10°®  axio ¢ 4x10°',  2x10°?
fe 233 H 6 x10° 4 <10 2x10°" © 1x)0 ¢
1 2 <10°? Ixion 8 210" 1410 ¢
Redium (38) Re 223 H 2410 ; 2x10? exioM ., 7«10’
v 1" 2e10% ) g w10 8 x10™; 4 x10°¢
Re 224 $ $¢10° 1 7 xl10% 2x10°M 2x10°¢
h 7010 2x10m  2x107t) sxio*
Re 226 H 3107 1 4x107 3 <10’ 3xl0*
1 $ <10°" ?x10°° 2107 3Ix10%
Ra 228 s 7 10" 8 <107’ 2x10° ¢ 3 %07
] 410" 7 x10° Ix10°M§  3x10°?
Reden (84) Rn 220 H 31077 1 <t |
J vee see 4 -
'n 222 3 x 19 310"
Rhenlvm (73) Re 183 s 3 <107 2 x10°? *rig" 6 x10°¢
] To2x10™’ 2 <107 $ <10~ 3 <10°
Re 188 $ . ex1077 ., 3xi07 2 c10%! 9-10!
! 210”7 1 x107 s 210" S <10°!
Re 187 3 ® <107 7 x107 1107 1 3 x10?
] $ <10°7 4x10°? 2.<107 21107
Re 108 ] 4%10% ; 2x10% 1<10% * 6 <l10?
1 7107 1 9x10"* 610" | 3v10%
Rhedlym (43) Rh 103m s 8 <10°} l 4x10°" 3<10° v 11072 .
] 8 10"t 3 ¢t0°! 2410% +  1x107?
RN 10S H 8210°7 ~ 4x10" 3107 i 1 x10%¢
1 3 <10*7 3 x107 2x10°¢ 1%10 ¢
Rubidivm (37) zh 86 S , 3x1077 %1 2x107 1«10 1 7«10?
1 7 x10%Y ¢« T x10°* 2,107 ' 2x10!?
Ry 87 s $x10°7 ' 3Ix10%? 2107 3 1w10°¢
] 7x107" 1 8 x107! 2x10°* } 2Ix10°¢
.
[ 3
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APPENDIX 8
Cencantrations 1n Aw and Water Abeve Netwal Bathiground —Continved
ISee rotes 1 900 Of WoDNG)

a

Teble } Tabio 1l

Clament (atomic number) fretepe ! Column ) Column 3 Calumn 1 Celumn 2

*

Al Weter ., Ak f Weter
¢ (uCi/ol)(uCi/ml}(uCi/ml] (uCi/al)

Ruthenivm (44) 297 H 2230 , 1x1077 | $x10°¢ 4x10°¢

] 2x10°¢ 11071 1. 4 %107 3 X107

tv 103 $ $ x10*’! 2x107) I 2 x10° 8x10°1

: 1 . 8§90 %107 3x10°* 8 x10°8

Ry 108 H 7 <107’ Ix10"? 2x10°¢ 1 xX10"¢

’ t 1 s« 3100 | . 2x107 1 x10"¢

T 104 [ Y RS 3 4%10™ Ix10** ) 1x1074

' e<10 | 3x10me | 2x10¢f 1x107

Samearium (42) Sm 147 $ 710" ¥ 2x107 § 2x10°M 4 x10°3

L 3<1070 . 2x10% 4 9x10° ] - 7107

Sm 151 $ 7 e<07 | 1x107 2x10°* 4 x10"

) 1<%’ | ax107 | sxi0°° 4x10"

Sm 183 S, 3x1077 ] 2x107 ;  1x10 $x10°1

1 1 407 [ 2x10% | 1x107 8 x10™

T Scandivm (21) ¢ 44 $ 2 <10°! | 1x107! ] 8x107 4 %104

2 ) 2+10% 1107 s x10™"? 4 %107
= S¢ 47 H 8¥10°2 ,  3x10%! § 2x107 y 9xI0% .

& ! $ <1077 3x107 110"~ ¥xi0°t

@ Sc 48 s 1 «10%’ $ 710" 4x10 © 3xio!

3] . [ 1v10°’ 910" $ ¥10°* 3x10*

Selenivm (34) Se 78 $ 130 ¥xi10? 4<187 ¥ Ix10 e

1 1 «10° axt10!? 4<10°" . 3 x10°

Silicen (14) sin ¢ s 6 <1074 I x1071 21x1077 | #x10

1 1 v10%¢ & xto” 1107 ¢+ 2xl0¢

<[ Sitver (47) Ag 108 s s <10™’ 3 <107 2<10%* |, 1x107

] 8 <10t 3 «to™ 3107 1% 10"

Ag 110m $ 2 <10’ ® 10 7 <10t i 3 %107

1 1<10™ . 9x10™ 3 <107} 3107

Ag I H 3 <)o’ 1 %10"} 1¢10% 1 4 xi07

} I 2%1077 1 1 <107 g (10~ 4 %107

Sedium (11) Ne 22 s . 2x10” 1107 | sxto~ ! 4xi0%

] ? 410 7 ¢ xlO" 3<10° . 3x10°?

Ne 24 s 1x10° ¢ 4 107t 4¢10°" | 24107

: ] 1 107! $<10° ;  $<10° ° 3 x107?

Swontivm (30) Ss $3m ] 4107 2«10 1 <107t . 7 <107

] 3107 71107 (1 «10°* 7 <107

s 88 H 2v10"" 3 <10%? 8<10° 1 x10"¢

1 y 1el0’ $ <107 4¢10% ;2107

S 89 s 3«10 3 2¢10% | 3«10 3 kl0%

{ ' 410 ' ggee 1 107 3 <107

. 5 9Q s 1¢10™ , 1x10™ © 3 .10°" 3 10"

t , $s10" 1«l0®? b 210 4x10°?

s H 4 c10”’ 2%10% 24107 i 7 x10°Y

1 2,107 1 <10 <10~ ' sc10

s 9 s 4 <10 2 <10 2x107 | 7 x107

[ 3 <10’ 2«10 1107 | 4 <10

SuMwe (16) $ 38 H 3 <18’ 2 x10°? i ® <10 6 <1071

1 34107 . $x107 ;910 3 10"

Tentelum (73) Te 102 s 410" 1109 l 1 <107 4 x10”?

1 2 <10™ 1«10 7 <10 4 x107
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PART 20 ¢ STANDARDS FOR PROTECTION AGAINST RADIATION
.
APPENDIX 8
Concontrerions In Ale and Weter Above Netwel Sechgrovad —Continved
2See notes 4t end Of a00enax)
Table | Teble It
. ‘ \ .
Ftament (stemic Avmber) Isetepe ¥ Columad ' Column 2 ¢ Column ) Column 2 .
. ' Al I Water Al Water
‘ ¢ (uCH/mL)(uCi/mL)(uC1/alf (uCL/aL)
Tochnorum (43). .. Tc 94m $ Ix10° L 4x10 ) 3xi0r | pxtod
' 3107 . 3xt0tt b y1xy0te 1 xion?
Tc 96 s ex10°7 4 3x10t | 2xi0tt ! 1xr0
i 0 2x1077, Ixto! | sx10" sxlo !
Tc 7m $ o« Ix10%* ¢ 1xl0? | gx10°! 4x10°¢
: 11 2xter | osxtom | sxievr ] axi0e
Te 97 $ ! Ix10% ;  3x107? I 4 x10°’ 2 x%107?
' 31x10 7 2 x10°? 1x10"* 8 x10°*
. Tc 99m s 4x10°3 210" ! 1 x107 6 x10°!
. ' 1x10 % «* gx107t $x10°7 3 x107?
' Tcre s 21x10° 1 vi07? l 7 xt0t 3x10°¢
: 1 6x10° * s<107t | 2vr10 2x10°*
Tollurivm (52) . Te 125m b3 4x10"? $+10° 31«10 2x10°¢
| ' 1 «10°’ 3x1070 b axr0-* 1 x10°
- Te 127m $ . t«0? 2¢10% 3 3 <1070 & %107 .
z ) 4v10° 2107 1107 1 sx107
=] Te 127 s 2<10%  sx107 4 <10 ' 3Ix10"
< 1 %107 §  $x107 3 x107t 2x10°¢
.- To 129m ] $x107 1 1x10™t 1x10°* 3 <107}
9 ' 3x10° & 610" txto~ 2 <104
Te 129 s $x10% | 2 <107 2141077 1 8 <10°¢
| t" a0 | 2viet . 1xi07r b g
i Te 131m s 410"’ | ? x10”} 1¢107¢ §  &xlio"¢
: [ 2x10% ;1 %10 4 %107 1 4 x107t
Te 132 $ P 20077 F 9107 710 1 3xi0
1 19107 ¥ 8 <107 ; 4x10~ 2 <1071
Terkium (43).. ... ™ 160 $ % 110 1%10%F  3x10™ | 4 %107
| - g 1 PoIx10% 1 xI0%) | x10"! { 410"
Thelllum (81). ... ..... T 200 $ ¢ Ixi0v 161077V 9xi0% 4 <107
| ] 110" 7 410" 4 107 2410 ¢
i 11 201 ) 210" 90t 70t 3 10
{ ' 44107 s.107 Y107t 2.10%
' n 2012 s sv10 "’ 44107 3107 1410 ¢
i 1 2 10°7 2107 810" 7 «10% )
T 204 s 6 «10°° 3 0™ 1410 1430 ¢
° ] 330" | 210! LA T ) 4 «10"?
. Theetum (90), o TA 227 H 3«10 ' sxi0™ 1x10°'t  2x10°f
¥ 1 2¢10°'*" gxi0° €10 2x10°!
! Th 228 3 9x10 'Y 2¢10’*  3x10°''  7x30°*
: 1 $x10 '} 4x10* 2x10°'?  ixi0°f
Th 230 s 2x10"'?  sx10°* 8x10"'*  2x10°*
t 1x10 ! %190 3x10°'?  3xt10°!
o Th 23 [3 1x10°t r¢10”? sx10°" 2x10°*
s 110" 1010 | axi107t - 2x10°¢
Th 232 s 3IX10°' . sx10°'’ axi10°'¥ 2x10°¢
] 3xi10°t! X107 g1x10°'?  4xi10°!
s Thnstursy S 410" sx10 % 2x10°*? 3xy0°*

I oex10™'" 4x10°* 2x10™? 2x107¢
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.

APPENDIX B
Concontrations 1n Aw and Water Abeve Neture! Backgrovnd —Continved

- 150e notes at end of aopenar)

£ - - aame 4 o —

Table | Table !l

b — . . — v ——— — ——

Clemene {

or) iset ! Celumn | Column 2 Colvmn 1 Column 2
Ak Water A Were
t (uCi/ml)(uCi/ml)(uCi/ml) (uCi/ml)

Thenum (90)

Thullum (69)

-—r————

* Tin (30)

4
! Tunguren (Welvam) (741 w 131

Urenlum (92)

25 FR 10914 -~

Yanedivm (23)

Xenen (34)

Yiersium (70)

1
! Yielum (39)

Decamber 30, 1982(reset)

™ 234 S ' 6x10% 1 sxi0 ¢ 2x10°* ! 2x107Y
I 310 | sx100 1x10° | 2x101
tm 170 $ 1 4cr0% i 1xw00 1x10°* $x10 4
1§ 3100 1x10? 1 %10 $x10?
Tm 171 $ i vqov ix10t | a<ro~ $ x10°¢
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. APPENRDIX 8
* Concontrations 1n Ale and Weater Abeve Netvrel Background —Continved
Teble ! i Teble i1
+ 14 .
tement (stemic Aumber) isetepe ! Column 1 Column 2 : Column | Column 2
Ale Weter . Air I Water
(uCi/ml).(uCi./ml)(uCi/mﬂ' (pCi/al)
f ' ] |
’ $ ' 1x10% . 3x10°t : 4x10” 1 %107
Zine (39) Ines 10 exto i s . 2xi10t | 2xt0v
' 2n 6¥m s 4x10%7 « 2x10°  1x107* | 7x10°3
: bo¢ 331077 5 2xtom | 1xi107t i éx107
' Iney s ' 2x10  sx107t ] axio°? ¢ 2x107
' 10% ¢ $x101  3x10°7 ! 2x107"
Zirconlum (40) t7X}) H 1x10°? 2x1077 ' 4 x10™* i 8 x10™
L 1 3 <1077, 2xi0" 1 x10°% | ¥x10°
i; L 98 $ 1 <1077 2 x10°? i 4x10°* | & x10°?
= ! 3Ix10°0 ° 2x107 1x10° | &x10%!
« iy s 1<10°7 > $x10 b ax10 | 2x10%
w ' 1 evi0t $x10 ¢ 7 3x10° | 2x107
L Any single redionveiide = Sub b 1ot 1x10°*
net listed abeve with . . 5 |
decay meode other then ' M
alpha emission or
spontence !
end with '
hal-lile less than 2, . ]
» hoves. . .
Any single redienvclide 3 <10 ?x10°? 1 x10°' l Ix10°¢
. net listed sheve with . 1
decay mede other than W
sipha emission or i1
spentenceus fisien .
end wilh radleective * .
hattslife grester then 2 .
v hevrs.
Any single redlenvciide erign 4x10 "’ 2x10 M 3Ixlo°!
aetlitred abeve, whith
decays by alpha-emise
slen or spontencevs
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" Sohutie (S). Insontie (N
2R Mmests At vARES Qven 1@ 100 3U0MEr.0N 1N 3
SOMISONINCal nfive cloud of Srdome Mmatenal,

1 Theee radon concentrat{ons are approprie
ste for protection from radou-233 combined
with its short-lived daughters. Alternatively,
the value o Tadle I may be replaced by one~

3 third (%) “working level.” (A “worxing

2 level" Ls defined as any combination of shorte

© lired radon-222 daughters, polonium-218,

¥ {ead-214, blsmuth-21¢ and poloaium-314, In

& one liter of alr, without regard to the degree
of equilidrium, that will result in the ultte
mate emisston of 1.3 2 10 MaV of alpha
particle energy.) The Table II value may de
replaced by one-thirtieth (Wa) of & ““working
level.” The limit on radon <323 conocentrations
in restricted areas may be based oa an ane
nual sverage.

4. Por soluble mixtures of U-238, U-234
sad U-235 (n alr chemical toxicity may be the
limiting factor, If the percont by weight (en-
ricbment) of U-235 18 less than &, the con-
centration value for a 40-hour workweek,
‘Table I. 18 0.2 muligrams uranium per cublo

‘ metar of alr aversge. For any enrichmaent,
o the product of the average concentration snd
2 itme of exposure during & ¢0-hour workweek
= shall not exceed 8x10-* BA ,Cl-hz/ml, where
N 8A 18 the specific activity of the uranjum ine
& haled, The concentration value for Table IT
% 0.007 milligrams uranium per cublc meter of
Z atr. The spectific activity for natural uranium
1 38 6.TTX 10" curtes per gram U. The specific

activity for other mixtures of U-238, U-338

{ and U-234, £ not Xrawn, shall be:

8A=34x1U'" curles/gram U Udipletad

' SAZ(0.4+038 E+0M03¢ B) 10+ E2073

)} where E {3 the pecocentage by weight of U-238.
txpnued a8 percent.
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* Amended 37 FR 23319,
**Amended 39 FR 23990: footnote re.
designated 40 FR 50704,
e amended 40 FR $0704.
rAmended 8 FR 29314, *
$Amended J9 FR 2546): redenignated
40 ¥R 50704,
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NOTFE TO avPFNOIX 8

NOTE: 10 any case where tDere 13 a 2RSS 10 Gir OF
Water o1 @ore thal one radionuciide. the UL Mslues
m b\g:m o101 ApDendis shousd Te lstermined a8

ows®

1 If the ideatity and conarntrating *f sach radionu.
chide (n the inture ste <nown, ine ILiAL Values
IROUld De dersved ag Ol LelesDING S0 28CN 180
Adlosuclide 1 the mizture, the Falis Dor a aeny LRe qUANTILY

resent L4 the DMture nd tRe LMl SRt A AN
{sBed W1 ADDendss B for the 104148 12 2130 LAY
not In & minture. The sum 3 e3sh “stics

for il the

nd&?nudldﬂ N the mttture BaY 20t etdeed YU i e g
seunity”

Y’
Etawrts: {f redionuclides &, 9, ant ¢ sre Dresent
3 conCestrItiols T, Co. 433 T~ 8721 e spplicable
MPC's, are MPC(, ang MPCo 14l MPC roepiens
tively, then the 20ncentsstane engyl hv Lmited i that
the 010N INZ (v B USRI PrIvty’

C. ~y )
TP HPC AP S!
U edher 2o 1nrrr o aspagrec o= = any
PANDAS K ae 0 e w e esven, ibe arnting
Toae T, e N jema s %e
a. Por purpcsess of Tabdle I. Col. 1 =8 x 10*%
b, Por purpotes of Tabje I, Col, 24 x 107
¢. For purpcses ¢f Tadle II, CSl, 1=1 < 1044
4. Por purpcses of Tabie 12, Col. 2=3 x 10+

. N

PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION

3. If any of the conditlons specified below
Are met, the corresponding values specified
delow may be used n Ueu of thoss specified
10 paragraph 2 adove,

8. If the !dentity of each rsdionuclide in
the mixture {8 known but the concentration
of one or more of the radionuclides in the
O mixture is not xnown, the concentration
Slmit for the mixture ts the Umit spectfied
=1in Appendix “B™ for the radionuclide in the
X mixture having the lowest cooncentration
umit; or
Qb I the identity of esch radionuciide in
the mizxture is not xnown, but it is known
that certain radionuclides specified in Ape
peadix “B” are not present in the mixture,
the concentration Umit for the mixture is
the lowest concentration Umit & ta
Appendix "B” for any radionuclide which i
::t k2own t0 be absent from the mixture;

1

o)
rat, C.a 348, Cooid
ity cnawa Siat §
wde bl oy, P2 2t
Pa 31, Ta-mue, Ca i,

4
ot

Dresette e cesnasr,y oo

it axncwathat St 5D
ouy!, PO 20 Re X3. R
NOL PIesent vuenrvas: » O, o

It xnowat=at {129, tadie 1l only:, Ra 2%, and Ra
338 are Aok Sreseat,, - e

U IR xnswa it soetae=itteey and Se 00 1109,
19, .\=‘m. Re =, P e Py 241, 383 D¢ 249 are ot
PO, sosnovinnisnen 3 e

I{1t 3 xaown (Bat LDNsermitien snd P
R 53, 40d Pu 20 are 7ot 21008 nevocnenacnvasconssy

I3t 3 ¥nown 1328 UD2semitiers and Ae 27 we not
DreSeNl s asnsncane prsy S . € wue 4 _wee

Uit known At Ae 220 TR DX, P30, Pu 28, Pu
9. Pa i Pul, Puln, O 8 Clvng CL sl
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6———| I—J‘J FR 23990

¢ If & cuixture of radionuclides consists of
ursajuwm and 12 daughters ln ore dqust prior
%0 ¢hemical separstion of the uraalum from
the ore, the ralues specified below may be
used for uranium and its daughters through
radiume-326, {astead of Lh0se {rOm paragrapls
1.3, 0r $ aborve,

& PO purposes of Tabdble I, Col. 1110\
»Cl. ml groes alpha activity; ar 8 X 10°U ACY1/
ml satural uranium: Of 75 mICTOGTAIS DT
cubdle meter of alr natural uranjum,

b, For purpases of Tadle II. Col. 13 X 10-¥
aCl'ml! grosas slpha sctivity; or 3% 10-v 201/
ml natural uradium: of 8 micrograms pee
cubic metor of alr natural uranjum,

S. For purposes of this €ote, a radioe
nuclide may D¢ constdered a4 not present in
& mizture if (&) the ratio of the concentTa«
tion of that radionuclide in the mixture
{(Ca) % the concantration lUmit for tbat

& eadionuclide specified (o Table T of Ap-
S pendix B (MPC4) doos DOt axceed Mo
z Cs 1
u —
© {1.e. m—.sto) and (b) the sum of such
S ratios for sll the radionuclides conaidered as
20t present in the mixture does not ezceed
Ca C»
e, “FFCT pr .+ EEEEE-4 3
-
20.26
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*PART 50 @ DOMESTIC LICENSING OF PRODUCTION AND UTILIZATION FACILITIES

4. There must be substantisl advantages 1o
be gained, such “l reduced p‘o:crd'out‘:,ges or
reduced personnal exposure to radiation. as s
direct result of pot requiring surveillance
capsules in all resctors in the set.

1I1. Report of Test Results

3> A Euch capsuie withdruwal und the test
resulis must be 1he subject of a summary
teshnical ceport 10 be submitted. as spec:fied
in § 50.4. within one year after capsuie
withdrawal unless an extension s grunted by
the Director, Office of Nuclear Reactor

L Regulation.

A8 R 2400

40 FRY884)

B. The report must include the data
required by ASTM E 1885, as specified in
paragraph [1.B.1 of this Appendix, and the
results of all fracture toughness tests
coaducted on the beltling materials in the
frradiated and untrradiated conditions.

C. If a change in the Technical
Specifications is required. either in the
pressure-temperature limits or in the
operating procedures required to meet the
Hmits, the expected date for submittal of the
revised Technica] Specifications must be
provided with the report.

APPENDIX I—NUMERICAL GUIDES FOR
DESIGN OBJECTIVES AND LIMITING
CONDITIONS FOR OPERATION TO MEET
THE CRITERION "ASs Low AS IS REASON-
ABLY ACHIEVABLE" FOR RADIOACTIVE
MATERIAL IN LIGHT-WATER-COOLED
NUCLEAR POWER REACTOR EFFLUENTS

SectioN 1. Introduction, Section §0.34a
provides that an application for a permit to
construct a nuclear power reactor shall in-
clude a description of the preliminary
design of equipment to be installed to main-
tain contro! over radioactive mater:als in
gaseous and liquid effluents produced
during normal reactor operations, tncluding
expected operational occurrences. In the
case of an application {fled on or after Janu.
ary 2, 1971, the application must also {denti.
{y the design objectlves, and the means to
be employed, for keeping levels of radioac.
tive material in effluents to unrestricted
areas as low as practicable,

Section 50.36a contains provisions de-
signed to assure that releases of radioactive
material from nuclear power reactors to un-
restricted areas during normal reactor oper-
attons, including expected operational oc.
currences, are Kept as low as practicable.

This appendix provides numerical guides
for design objectives and limiting conditions
for operation to assist applicants for. and
holders of. licenses for light.water.cooled
nuclear power reactors {n meeting the re.
Quirements of §§50.34a and 50.36a that ra.
dloactive material in effluents released {rom
these facilities to unrestricted areas be kept
as low as is reasonably achievable, Design
objectives and limiting conditions {or oper.
ation conforming to the guidelines of this
appendix shall be deemed a conclusive
showing of compliance with the “as low 23 .5
reasonably achievable” requirements o?f &
CFR 50.34a and 50.36a. Design objectives
and limiting conditions for operation diffs:-
Ing from the guidelines may also be usec.
subject to a case-by-case showing of a sulf.
clent basls for the findings of "as low as s
reasonably  achievable™ required bv
§5 50.34a and 50.36a. The guides presentsd
fn this appendix are appropniate only for

40 FIR 19439

40 FRS8847

10 L1943y

light-water-cooled nuclear power reactors
and not for other types of nuclear facilities.

put

Sec. 1. Guides on design objectives for
lightwcater-cooled nuclear power reactors li.
censed under 10 CFR Part 50. The guides on
design objectives set forth in this section
may be used by an applicant for a permit to
construc: a light-water.cooled nuclear power
reactor as guidance in meeting the require-
ments of §50.34aca). The applicant shall
nrovide reasonable assurance that the fol-
lowing design objectives will be met.

A. The calculated annual total quantity of
all raaioactive material above background?®
10 be released from each light.water-cooled
nuclear power reactor to unrestricted areas
w1l not result {n an estimated annual dose
or dose commitment from !lquid effluents
for any individual {n an unrestricted area
from all pathways of exposure in excess of 3
millirems to the total body or 10 millirems
to any organ.

B.1. The calculated annual total quantity
of all radioactive matenal above background
to te released from each hight.water.cooled
nuclear power reactor to the atmosphere
w1l not result {n an estimated annual air
dose from gaseous effluents at any location
near ground level which could be occupied
by Incividuals Iin unrestricted areas in
excess of 10 millirads for gamma radiation

r 20 milltrads for beta radiation.

2. Notwithstanding the guidance of para-
graph B.12

<aJ The Commission may specify, as guid-
ance on design objectives. a lower quantity
of radioactive material above background to
be released to the atmosphere If it appears
that the use of the design objectives .n para.
graph B.1 Is likely to result tn an estimated
annual external dose from gaseous ef{luents
to any individual In an unrestricted area in

| excess of 5 millirems to the total body: and

(b) Design objectives based upon a higher
quantity of radioactive material above back-
ground to be released to the atmosphere
than the quantity specified in paragraph
B.1 %1ll be deemed to meet the require.
ments for keeping levels of radivactive ma.
terfal in gaseous effluents as low as is rea-
sonably achievable if the applicant provides
reasonable assurance that the proposed
higher quantity will not result in an esti-
mated annual external dose {rom gaseous
effluents to any individuai in unrestricied
areas In excess of 5 millirems to the total

L_body or 15 millirems to the skin.

C. The calculated annual total quantity of
all radloactive fodine and radicactive mate-.
rial in particulate form above background to
be released {rom each light.water.cooled nu-
clear power reactor in o{fluents to the at-
mosphere will not result 1n an estimated
annual dose or dose commitment from such
radioactive 10dine and radfoactive material
In particulate form for any individual In an
unrestricted area from all pathways of ex.
posure in excess of 1§ millirems to any
organ,

D In addition to the provisions of para.
&raphs A, B. and C above, the applicant
sriall include in the radwaste system all
1tems of reaso. -bly demonstrated technol-

Here and elscxhers in this appendix
sackaround means radicactive materials in
e environment and in the effluents (rom
sntavater.cooled power reactors not gener-
Ated 1n, ar atirsbutable to, the reactors of
2 hich specific account s required in deter-
TURDRG design objectives.

5049

40 FR 19439 =~

40 FR 40816

"

0gy that, when added to the system sequen-
tially and (n order of diminishing cost-bene-
{it return, can for a favorable cost-benefit
ratio effect reductfons in dose to the populs-
tion reasonably expected to be within 50
miles of the reactor. As an interim measure
and untll establishment and adoption of
better values (or other appropriate criteria),
the values $1000 per total body man-rem
and $1000 per man-thyroid-rem (or such
lesser values as may be demonstrated to be
suitable in a particular case) shall be used in
this cost-benefit analysis.

The requirements
of this paragraph D need not be complied
with by persons who have filed applications
for construction permits which were docket-
ed on or after January 2, 1971, and prior to
June 4, 1976, {f the radwaste systems and
equipment described (n the preliminary or
{inal safety analysis report and amendments
thereto satls{y the Guides on Design Objec-
tives for Light-Water-Cooled Nuclear Power
Reactors proposed in the Concluding State.
ment of Position of the Regulatory Staff in
Docket-RM-50-2 dated February 20, 1974,
pp. 25-30, reproduced In the Annex to this
Appendix I.

Skc. 111, Implementation. A.l1. Conformity
with the guides on design objectives of Sec-
tion .II shall be demonstrated by calcula.
tlonal procedures based upon models and
data such that the actual exposure of an in.
dividual through appropriate pathways is
unlikely to be substantially underestimated,
all uncertainties being considered together.
Account shall be taken of the cumulative
effect of all sources and pathways within
the plant contributing to the particular
type of effluent being considered. For deter-
minatfon of design objectives in accordance
with the guides of Section II, the estima.
tions of exposure shall be made with respect
to such potential land and water usage and
food pathways as could'actually exist during
the term of plant operation: Provided. That.
if the requirements of paragraph B of Sec-
tion III are fulfilled. the applicant shall be
deemed to have complied with the require.
ments of paragraph C of Section II with re.
spect to radloactive iodine if estimations of
exposure are made on the basis of such food
pathways and individual receptors as actual.
ly exist at the time the plant is licensed.

2. The characteristics attributed to a hy-
pothetical receptor for the purpose of esti-
mating internal dose commitment shall take
{nto account reasonable deviatfons of indi:
vidual habits from the average. The appll-
cant may take account of any real phenom-
enon or factors actually affecting the esti.
mate of radiation exposure, including the
characteristics of the plant, modes of dis.
charge of radioactive materials, physical
processes tending to attenuate the quantity
of radloactive material to which an individu.
al would be exposed, and the effects of aver-
aging exposures over times during which de«
termining {actors may fluctuate,

B. If the applicant determines design ob-
Jectlves with respect to radioactive {odine on
the basis of existing conditions and if poten-
tial changes in land and water usage and
food pathways could result in exposures In
excess of the guldeline values of paragraph
C of Section II, the applicant shall provide
reasonable assurance that a monitoring and
surveillance program will be performed to
determine: :

1. The quantfties of radioactive iodine ac-
tually released to the atmosphere and de-
posited relative to those estimated in the de-
termination of design objectives:

November 30, 1986
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2. Whether changes i{n land and water
usage and food pathways which would
result In individual exposures greater than
originally estimated have occurred; and

3. The content of radioactive iodine and
foods involved {n the changes, if and when

they occur.

40 FR19439—

r Stc. 1V, Guides on technical specifica-
tions for limiling conditions for operation
Jor light-water-cooled nuclear power reac-
tors licensed under 10 CFR Part §0. The
guides on limiting conditions for operation
for lMght.water-cooled nuclear power reac-
tors set forth below may be used by an ap-
plicant for a license to operate a light.water.
cooled nuclear power reactor as guidance in
developing technical specifications under
§ 50.36a(a) to keep levels of radioactive ma.
terials in effluents to unrestricted areas as
low as is reasonably achievable.

Section 50.36a(b) provides that licensees
shall be guided by certain considerations in
establishing and implementing operating
procedures specified In technical specifica.
tions that take into account the need for op-
erating flexibility and at the same time
assure that the licensee will exert his best
elfort to keep levels of radioactive material
in effluents as low as is reasonably achiev-
able, The guidance set forth below provides
additional and more specific guidance to li-
censees In this respect.

Through the use of the guides set forth in
this Section It s expected that the annual
releases of radioactive material in effluents
{rom light-water-cooled nuclear power reac-
tors can generally be maintained within the
levels set forth as numerica! guides for
design objectives In Section II.

At the same time, the licensee {s permit.
ted the flexibility of operation. compatible
with considerations of health and safety, to
assure that the public is provided a depend.
able source of power even under unusual op-
erating conditions xhich may temporanly
result 1n releases higher than such numer:.
cal guides for design objectives dbut sull

within levels that assure that the average
population exposure is equivalent to small
fractions of doses from natural background
radiation. It Is expected that In using this
operational flexibility under unusual! oper.
ating conditions. the licensee will exert his
best efforts to keep levels of radioactive ma.
terial in effluents within the numerical
guides for design objectives.

40 FRS58847

l_ A. If the quantity of radioactive materal
actually released in effluents to unrestricted
areas from a light-water-cooled nuclear
power reactor during any calendar quarter
fs such that the resulting radiation expo-
sure. calculated on the same basis as the re.
spective design objective exposure. would
exceed one-half the design objective annual
exposure derived pursuant to Sections (I
and III, the licensee shall: ¢ .

42 FR20138

1Section 50.36ata)2) requires the lcensee
to submit certain reports to the Commission
with regard to the quantities of the princi-
pal radionuclides released to unrestricted
areas. It also provides that, on the basis of
such reports and any additional information
the Commission may obtain from the licens-
ee and others. the Commission may from
tIme to time requlire the license to take such
afuon as the Commission deems appropri.
ate.

November 30, 1986
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1. Make an investigation to identify the
causes for such release rates:

2, Define and initiate a program of correc-
tive action: and

.
Report these actions as specifiedn

4. within 30 dayvs from the end of the
rter during whach the release occurred,

s
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B. The licensee shall establish an appro-

priate surveillance and ménitoring program
to:
.1, Provide data on quantities of radioac-
tive matena! released in liquid and gaseous
effluents to assure that the provisions of
paragraph A of this section are met:

2. Provide data on measurable levels of ra-
diation and radioactive materials in the en.
vironment (0 evaluate the relationship be.
tween quantities of radioactive material re.
leased in effluents and resultant radiation
doses to individuals from principal path.
ways of exposure: and

3. Identify changes In the use of unres-
tricted areas (e.g.. for agricultural purposes)
to permit moditications in monitoring pro-
grams [or evaluating doses to individuals
{rom principal pathways of exposure,

C. If the data developed in the surveil-
lance and monitoring program described In
paragraph B of this sectfon and in para.

graph B of Section III or from other moni- -

toring programs show that the relationship
between the quantitfes of radloactive mate-
rial released In liquid and gaseous effluents
and the dose to individuals In unrestricted
areas (s signtficantly different from that as.
sumed In the calculations used to determine
design objectives pursuant to Sections II
and [Il. the Commission may modify the
quantities in the technical specifications de-

In a license authorizing operation of a light-
water-cooled nuclear power reactor.

Sec. V, Effective dates. A, The guides for
limiting conditions for operation set forth in
this appendix shall be applicabdle in any case
irwhich an application was filed on or after
January 2. 1971, for a permit to construct a
ll_gh:-water-cooled nuclear power reactor.

B. For each light.water.cooled nuclear
power reactor constructed pursuant to a
permit for which application was filed prior
to January 2, 1971, the holder of the permit
or a license, authorizing operation of the re.
actor shall, within a pertod of twelve
months from June 4, 1975. flle with the
Commission:

1. Such information as Is necessary to
evaluate the means employed for keeping
levels of radioactivity in effluents to unres-
tricted areas as low as Is reasonably achiev-
able. including al! such information as is re-
quired by §50.34a (b) and (c) not already
contained in his application; and

2. Plans and proposec technical specifica-
ons Jeveloped for the nurpose of keeping
releases of radioactive ruaterials to unres.
Wnicted areas during normal reactor oper-
ations. including expected operational oc-
cui'rences. as low as 1s reasonably achiev.
able,
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App. (V)

CONCLUDING STATEMENT OF POSITION OF THE

REGULATORY STArT (DOCKET-RM-50-2)
GUIDES ON DESIGN OBJECTIVES FOR LICHT-
WATIR-COOLED NUCLEAR POWER REACTORS

A. For radioactive material above back-
ground ¢ In liquid effluents to be released to
unrestricted areas:

1. The calculated annual total quantity of
all radioactive material from all light-water.
cooled nuclear power reactors at a site
should not result in an annual dose or dose
commitment to the total body or to any
organ of an individual in an unrestricted
area from all pathways of exposure In

40 FR40816

excess of § millirems; and

2, The calculated annual total quantity of
radioactive material, except tritium and dis-
solved gases, should not exceed 5 curfes for
each light-water-cooled reactor at a site.

3. Notwithstanding the guidance in para.
graph A.2, for a particular site, iIf an appli-
cant for a permit to construct a light.water-
cooled nuclear power reactor has proposed
baseline {n.plant control measures® to
reduce the possible sources of radioactive
material in liquid effluent releases.and the
calculated quantity exceeds the quantity set
forth In paragraph A.2. the requirements
for design objectives for radioactive materi.
al In liquid effluents may be deemed to have

-~
=}
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lebeen met provided:

—>a. The applican: submits. as specified in

§ 50.4, an evaluution of the potential for
effects from long-term buildup on the
environment in the vicinity of the site of
radioactive material, with a radioactive half-

2. life greater than one year, to be released; and

b. The provisfons of paragraph A.l are
met.

B. Por radloactive material above back-
ground In gaseous effluents the annual total
quantity of radioactive material to be re-
leased to the atmosphere by all light-water-
cooled nuclear power reactors at a site:

1. The calculated annual air dose due to
gamma radiation at any location near
ground level which could be occupied by in.

L dividuals at or beyond the b?undary of the
i e, = site should not exceed 10 millirads; and

fining the limiting conditions for operation ,3 2. The calculated ual air dose due to
- beta radiation at any location near ground

= level which could be occupied by individuals
2 at or beyond the boundary of the site

should not exceed 20 millirads.

3. Notwithstanding the guidance in para-
graphs B.1 and B.2, for a particular site:

a. The Commission may specify, as guid.
ance on design objectives, a lower quantity
of radioactive material above background in
gaseous effluents to be released to the at.
mosphetre if {t appears that the use of the
design objectives described In paragraphs
B.1 and B.2 is llkely to result {n an annual
dose to an individual in an unrestricted area
{n excess of 5 millirems to the total body or
15 millirems to the skin: or :

i“Background.” means the quantity of ra.
dloactive material in the effluent {rom
light-water-cooled nuclear power reactors at
a site that did not originate in the reactors.

*Such measures may include treatment of
clear liquid waste streams (normally tritiat-
ed. nonaerated, low conductivity equipment
drains and pump seal leakoff), dirty liquid
waste streams (normally nontritiated, aer-
ated. high conductivity building sumps.
floor and sample station drains). steam gen-
erator blowdown streams, chemical waste
streams. low purity and high purity liquid
streams (resin regenerate and laboratory
wastes), as appropriate for the type of reac-
tor.
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b. Design objectives based on a higher
quantity of radiosctive material above back-
ground in gaseous effluents to be released to
the atmosphere than the quantity specified
In paragraphs B.l and B.2 may be deemea
to meet the requirements for keeping levels
of radioactive material in gaseous effluents
as low as is reasonably achievable il the
appllcant provides reasonable assurance
that the proposed higher quantity will
not result in annual doses to an individual
in an unrestricted area in excess of §
millirems to the total body or 1§
millirems to the skin.

40 FRS58347

[~ C. For radioactive jodine and radioactive
material in particulate form above DaCk:
ground released to the atmosphere;

1. The calculated annual total quanuty of
all radioactive jodine and radioactive mates
rial In particulate form from all light-water:
cooled nuclear power reactors at a site
should not result In an annual dose or dose
commitment to any organ of an individual
in an unrestricted area from all pathways of
exposure in excess of 15 millirems, In cever.
mining the dose or dose commitment the
portion thereof due to intake of radioacite
materfal via the food pathways may be eva.s
uated at the locations where the fooa path-
ways actually exist: and :

2. The calculated annual total quaniitv of
fodine-131 In gaseous effluents should no}
exceed 1 curie for each light-water-c00.20
nuclear power reactor at a site,

3. Notwithstanding the guidance tn para-
graphs C.1 and C.2 [or a particular sié. if
an applicant for a permit to consitict 1
light.water-cooled nuclear power reacior
has proposed baseline in-plant control meas.
Jres ? to reduce the possible sources of ra-
dioactive lodine releases. and the calculatzg
annual quantities taking into account such
control measures exceed the design objec:
tive quantities set forth in paragraphs C.1
and C.2. the requirements for design objec:
tives for radioactive iodine and radioactive
material 1n particulate form in gaseous ef-
fluents may be deemed to have been met
provided the calculated annual total quanti.
ty of all radioactive fodine and radioactive
material {n particulate form that may be re-
leased in gaseous effluents does not exceed
four times the quantity calculated pursuant
Lt_o paragraph C.1.

40 FRA0316

1Such in-plant control measures mav in-
clude treatment of steam generator blia:
down tank exhaust, clean steam supplies lo”
turbine gland seals. condenser vactum 3%,
tems, containment purging exhaust
ventilation exhaust systems and 3peCidc
design features to reduce contaminai-¢
steam and liquid leakage from valves an
other sources such as sumps and 2anks, =
appropriate for the type of reactor.
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ArpLNoIX J

PRIMARY REACTOR CONTAINMENT LEAKAGE TTST
ING FOR WATEZR-COOLED POWIR REACTORS

L. Introduction.

1I. Explanatton of terms.

1I1. Leakage test requirements.

A, Tvpe A test.

B. Type B test.

C. Type C test.

D. Periodic retest schedule,

1V. Spec:al test requirements.

A. Contsinment modifications.

B, Multiple leakage-darrier contalnments.
Y Iuspection and reporting of tests.
A, Centainment tnspection,

B. Report of test results.

1. INTRODUCTION

One of the conditions of all operating
licenses for water-cooled power reactors &s
specified in § 50.54(0) s that primary ree
actor containments shall meet the contatne
ment leakage test requirements set forth
in this appendix. These test requirements
provide for preoperational and periodic veris
Acation by tests of the leak-tight integrity
of the primary reactor containment, and sys-
tems and components which penetrate cone
talnment of water-cooled power reactors,
and establish the acceptance criteria for
such tests. The purposes of the ests are to
assuze that (a) leakage through the pri-
mAry reacior containment and systems and
components penetrating primary contsine
men: shall not exceed allowable leakage zate
values as specified in the technical speci-
Asations or assoclated bases and (b) perilodic
survenllance of reactor contalnment penee
srations and isolation valves s performed
so that proper malntenance and repalrs are
13 the service iife of the containe
ment, and systems and componenis penes

38 FI8 1386

wrating primary containment. These test
requirements may also be used for guidance
in establishing appropriate contalnment
leakage test requirements In technical speci-
Acations or associated bases for other types
0f nuclear power reactors,

11, EXPLANATION OF TEARMS

A. "Primary reactor contatnment’ means
the strucsure or vessel that encloses the come
ponents of the reactor coolant pressure
boundary, as defined in § 50.2(v), and serves
as an essentially leak-tight harrier agatnst the
uncontrolled release of radloactivity to the
environment,

B. “Containment lisolation valve” means
any valve which is relled upon 0 perform a
containment isolatfon function.

C. "Reactor contatnment leakage test pro-
gram” tncludes the performance of Type A,
Type B, and Type C tests, descrided tn ILF,
I1.G, and ILH, respectively.

D. “Leakage rate™ {or test purpises ts that
leakage which occurs in a UnIt of time, stated
as a percentage of weight of the origina. con-
tens of containment atd at the leakage sale
tes: pressure that escapes to the outside
atmosphere during a 24-hour test perlod,

E. “Overali Inzegrated leaksage rate’ means
that leakage rate which obtalns from & sum-
mazton of leakage through all potential leak«
age paths including containment welds,
valves, Atiings, and components which pene-
irate contalnment.

F. "Type A Test3' means tests intended o
messura the primary reacior containment
Gyerall Integrated leakage rate (1) after the
sontalnment has been completed and is ready
f.3 operation, and (2) at periodic intervals
nereafter.

G, "Type B Tects'” means tesis {ntended to
detest lccal leans AnA to measule leakage
A3205s 2ach presire-conialning or ieakage-
umaiing boundary for the following primary
realicr conlainment penetrations:

1, Containmens: peretrations whose design
1n70rp0zates sesilient seals, gaskets, or sealans
somponds, p:ping penetsattons feted with exe
aatsion betlows, and elecirical penetrations
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fitted with flexible metal seal assemblles.

2, Alr lock door seals, including door operat-
ing mechanlsm penetrations which are part
0f the contatnmens? pressure boundary.

3. Doors with restllent seals or gaskets ex-
cept for seal-welded doors,

4. Components other than those lsted in
11.0.1, 11.G.2, or I1.0.3 which must meet the
acceptance criterta in III,B.3,

H. “Type C Tests" means tests intended to
measure containment isolation valve leakage
rates. The containment isolation valves in-
cluded are those that:

1, Provide a direct connection between the
inside and outside atmospheres of the pri-
mary reactor containment under normal op-
eratton, such as purge and ventilation,
vacuum relief, and instrument valves:

2. Are required to close automatically upon
Teceipt of a contalnment isolation stgnal in
response to controls Intended to edect con-
tainment {solation;

3. Are required to operate intermittently
under postaccident conditions; and

4. Are In main steam and feedwater piping
and other systems which penetrats contain-
ment of direct-cycle boiling water power
reactors.

I. Pa (ps.lg) means the calculated peak
containment internal pressure related to the
design basis acctdent and specified either in
the technical specification or associated bases,

J. Pt (psi.g) means the contalnment
vessel reduced test pressure selected to mease
ure the integrated leakage rate during pee
tledic Type A tests,

K. La (percent/24 hours) means the maxi«
mum allowable leakage rate at pressure Pa
as specified for preoperational tests in the
technlical specifications or assoclated bases,
and as specified for periodlc tests in the op-
erating ticense,

3 L. Ld (percent,;2¢ hours) means the de.
P sign leakage rate at pressure, Pa, as specified
~ In the technical specifications or associated
& bases.

3 M. Lt (percent. 24 hours) means the maxie

mum sallowable leakage rate at pressure Pt
derived from the preoperational test data
as specified (n ITLA.4.(8) (11).

N. Lam, Ltm (percent.,24 hours) means
the total meastred contalnment leakage rates
at pressure Pa and Pt, respectively, obtained
trom testing the contalnment with compo-
neunts and systems in the state as close as
practical to that which would exist under
westzn basis accident conditions (e.g. vented,
dratned, flooded or pressurized),

O, “Acceptance criteria’™ meaus the stand-
ard against which test results are to be
compared for estabilshing the functionsal ac.
ceptabuiily of e contalnment as a leakage
tmating boundary.

11, LEAKAGE TESTING RIQUIREMINTS

A program conststing of a schedtile for cone
ducting Type A. B, and C tests shall be de-
veloped for leak testing the primary reactor
contalnmens and related systems and compo«
nents penetrating primary contamnment prese
sure boundary.

Upon completion of construction of the
primary reactor contatnment, including ine-
statlation of all porttons of mechanical, fluld,
electrical. and instrumentation systems pene~
trating the primary reactor contalnment
pressure boundary, and prior to any reactor
cperanng perfod. preoperational and pertodic
leakage rate tesis. as applicable. shall be
conducted in accordance with the following:

A. Type A test—l, Pretest requirements.
(a) Contamment inspection tn accordarnce
with V.A, shall be performed as a prerequisite
to the performance of Type A tests. During
the period between the tnitlation of the con=
sainment inspectlon and the performance of
the Type A test, no repairs or adjustments
shall be made so that the containment can
be zested In as clcse 20 the “as {3 condition

as practical. During the period between the

May 31, 1983 (reset)
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Donald C. Cook Nuciear ?
Docketr Mos. 30-315 and 30
License Nos. DPR-38 and IFR-
DISPOSAL OF CONTAMINATED ST
THE DONALD C. COOK NUCLIAR LAl

-
"

-
-
B4

Tt

] e
AR

S
& OIL AT
T UNITS L AND 2

U.S. Nuclear Regulazory Zommission
Actn: Document Concrol Jesx
Wwashingcon, D.C. 12£35

Ut 1=~ <]

Acen: T, E. Murley
Dear Dr. Murley:

As requestaed bv lr. D. L. Wigginton of vour staff, this letcer

covides information go"ce“nLng I&MECo’'s pastc xmachod of disposing of
waste oil contaminacad with row levels of radivsactivity and requests
approval to use this mechod in the future. This request resulted from a
July 17, 1987 phone conversation in which we informed Mr. Wiggincon of
concerns raised in a recent audic performed at the Cook Plant by AEP’s
Nuclear Safecy and Design Review Committee (NSDRC). These concerns are
associaced with the prac:zice of disposing of contaminated waste oil by
mixing Lt wich uncontaminated fuel oil and then burning it in the
auxiliary boiler system (an unmonitored release pathway). The following
discussion provides che results of an investigation performed in
response to che NSDRC auditc team concerns and presents a technical
evaluacion of this issue that forms the basis for justification of our
request that NRC approwve the use of this method of contaminated waste
oil disposal in the fucure, )

The investigation oI the NSDRC audit team concern showed that
contaminated waste oil was transferred to the (uncontaminated) auxiliary
boiler fuel oil tanks on s=leven occasions during the period January 1980
to June 1985. This practice has now been prohibited pending resolution
of the NSDRC audit z:zam’s concerns. This mixture of contaminated waste
oil and uncontaminatsd fuwel oil was then burned when the auxiliary
boiler was operated. 7The principal source of contaminated oil is the
oil used for priuarv 3wsTsn pump motor bearing lubricacion. We also
have some contaminac {1l from a variety of sources in the auxiliary
building. All contam :&:éd oill is generated during normal maintenance-
related activities gzri mzed an motovs, pumps, and other mechanical
devices.
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Although the oil is contaminated wich radioactive material, levels
of such contamination are very low, and when the waste oil/fuel oil
mixture is burned, the resulcing releases are well wicthin limits
specified By current reguiacions.

In reviewing the pocencial regulatory concerns specifically
associated with zhis method of contaminaced wasce oil disposal, we
considered that the following regulations were applicable at che Cook

Plant:
1. 10 CFR 290.:%5(a):
20.106 Racdiocaczivity in effluents to unrestricged areas.

(a) A licensee shall not possess, use, or transfer licensed
mazerial so as to release to an unrestricted area
radioaccive material in concentrations which exceed the
limics specified in Appendix B, Table II of this part,
except as authorized pursuant to Part 20.302 or paragraph
(b) of chis section. For purposes of this section
concantrations may be averaged over a period not greater
cthan one vear.

A copy of 13 CFR 20 Appendix B (cited above) is included as
Attachment . to cthis submiccal. Parct 20.302 is cited in Item
2 below,

2. 10 CFR 20.322(ay:

20.302 Mechod for obcaining approval of proposed disposal
procedures, :

(a) Any licensee or applicant for a license may apply to the
Commission for approval of proposed procedures to dispose
of licensed material in a manner not otherwise authorized
in the regulations in this chapter. Each application
should include a description of the licensed material and
any other radiocactive material inveolved, including the
quantities and kinds of such material and the levels of
radiocactivity involved, and the proposed manner and
conditions of disposal. The application should also
include an analysis and evaluation of pertinent
information as to the nature of the environment,
including copographical, geological, meteorological, and
hydrological characteristics; usage of ground and surface
waters In cthe general area; the nature and location of
ocher potentially affected facilities; and.procedures to
be obsz2rved to minimize the risk of unexpected or
hazarcdous exposures.

»
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3. 10 CFR 20.305:

- g

. 20.305 Treatment or disposal by incineration.
No licensese shall zreat or dispose of licensed material by
incineracion excep:c for materials listed under Part 20.306 or
as specificaily approved by cthe Commission pursuant to Parts

20.106(b) and 20.202.

e believe that the requirements of 10 CFR 50 Appendix I associated
with doses to indiwvwiduals in unrestriccted areas also apply. A copy of
this appendix is included in Attachment 2 to this submittal. In
addition to these vegulacions. our investigation identified two NRC IE
Informacion Notices relevant o disposal of contaminated waste oil by
burning. These Information Notices (IE Informacion Notice 83-05,
"Obtaining Approval for Disgosing of Very Low-Level Radioactive Waste -
10 CFR Section 20.302" and :E Information Notice 83-33,
"Nonrepresentative Sampling of Contaminated Oil") are included as
Attachments 3 and 4 to this submittal. Evaluation of the regulatory ,
requirements identified abowve disclosed that radioactivity releases
resulting from burning of the contaminated waste oil were accounced for
in our Semi-Annual Radiocactiwve Effluent Release Reports, always below
the 10 CFR 20, Appendix B limits for radicactivity releases in air to
unrestricted areas, and in conformance with the requirements of 10 CFR
50, Appendix I for annual doses to individuals in unrestricted areas.
However, no formal documenzation was found to indicate that the NRC had
approved the practice of disposing of this wasze oil by incineration.
we believe such approval is required bv 10 CF2 20.302 and 10 CFR 20.305.

Due to an administrative oversight, we believe that a request for
approval to dispose of contaminated waste oil by burning was not
requestad as suggested by Information Notice 83-05. In the case of
Information Notice 83-33, a review for Cook Plant applicability was
performed and as a result of the review our sampling procedure was
revised to provide additional assurance that representative samples are
taken. Cur sampling procedure requires taking a sample from the bottom
of the contaminated waste oil storage tank in order to obtain a sample
which we believe is a conservative (l.e., worst-case) representation of
the- tank contents. ’

In response to the requirements of 10 CrR 20.302, the information
presented below provides an analysis and evaluation of the impact on
public health and safscy of the burning of the contaminated oil and a
description of the procadures we will use prior to such burning. Based
on the informacion presented below, we have concluded that burning oil
in the manner indicazad will not resulc in releases that exceed the
requirements of 10 CFR . Zer veleases in air to unrestricted areas, and
tence we considered :ihis macthod of disposal acceptable. Furcher, these
releases are included in the total radloactivity inventory reporcted at -
the Cook Plant in our semiannual reporcs. and hence, by the information
containad in that rapor:. we also ¢ ssider che requirements of 10 CFR
50, Appendix I to have been me:. ~
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The information concerning the nature of the environment suggested
by 10 CFR 20.302 is included in our Updated Final Safety énalysis Repore
(Chdpters 1 and 2). Minor modificactions to cthis information are
addressed "in the semiannual effluent release reports, which are updated
on a regular basis in accordance with the requirements of 10 CFR
50.36a(a)2. Both of chese documents have been cransmxcc?d Fo the NR?.

A list of transmiczals associaced with these activities is included in

Atctachment 5 to this laczter.

Contaminated wasze oil i3 initially collected in 55 gallon drums,
sampled, then transferrad o a waste oil scorage tank. Our sampling
procedure requires the waste oil sctorage tank to be sampled for isotopic
analysis every seven days or as requested by the plant Environmencal
Section after waste oil is added, or prior to transfer of the waste oil
to the auxiliary boiler fuel »il tanks. Details of the volume of
contaminated waste oil piaced in the auxiliary boiler fuel oil tanks
since 1980, as well as the details of isotopic analysis performed on the
contaminated waste oil. are provided in Tables 1 and 2 respectively. As
shown in Table 1, the wvolume of contaminated waste oil placed in the
(uncontaminated) auxiliarv boiler fuel oil tanks ranged from 300 to 1500
gallons. The contaminated waste oil was added to an uncontaminated fuel
0il volume of between 39,920 and 100,000 gallons, depending on the date
the transfer was made.

we have performed an analvsis using cthe data presented in Tables 1
iy =t

and 2 to quantify the radioactivity concentration in the releases
resulcing from burning of contaminated waste :il. As was pointed out
above, the tocal radicactivity release has besn accounted for in our
semiannual effluentc reizase reports; however, since the auxiliary boiler
stack exhaust is not monitored for radioactivi:y, an assessment was

ni

performed, as parc of ocur cechnical evaluation. to ens.ire that the
concentracion Limizs of 10 CFR 20, Appendix B would not be excseded and
hence cthat no adverse effects to the public health and safecy would
resulc from this method of disposal.

In general, the radioactivity concentration in the contaminated
waste oil is reduced by diluction upon transfer to the uncontaminated
fuel oil tanks. Furcher dilution is provided when the waste oil/fuel
oil mix is burned and the combustion bv-products are released through
the auxiliary boiler stack. Our method of aralysis, therefore, was to
calculate the dilution factors for the mixing of the contaminated wasce
oil with uncontaminated fuel oil (giving the radioactivity concentration
in the liquid waste oii/fuel oil mixture) then calculating the airborne
radioactivity in the stack exhaust considering the volume of air
necessary to burn a given wolume of the waste oil/fuel oil mix. Since
fuel oil tank volume inisrmation was not available for the June 1985
transfer and therelors the dilution provided by the volume of fuel oil
in che fuel oil tanks it the time of transfer could not be established,

1

burning this batch of wisze oil, assuming no diluzion in the
uncontaminated fuei oll would rep:>senc a conservative assessment of
the upper limic for =iy radiocac:zivity concentration released from the
auxiliary boiler stidk on anv occasion. Our analysis showed that the
stack exhaust air would rwovide a dilucion factor of approximately 7500

ar
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for complete combustion of the waste oil/fuel oil mixture. This
dilution factor is accuaily che calculated value of the volume of air
required to achieve compiete combustion of a unit volume oF the waste
0il/fuel il mixcture. based on the chemical reaction describing the
complete combusction of hwdrocarbons. We also assumed that 100% of che
radiocactivity in this mixcure would be released in the auxiliary boiler

stack exhaust. we bzliewve that applying the dilution factor calculaced
for complete combus: ==a waste oil/fuel oil mixture is

conservative, since

provides additional -
In our calculaction of =
this excess air.

0 ree g
re

¢

For the mix cf radionuclides present in the contaminated waste oil

that was transferred zo :the (uncontaminated) fuel oill tanks in June 1985.

(see Table 2), assuming no dilution of che éontaminated waste oil in the
uncontaminated fuel oii. the airborne radiocactivity concentration in the
auxiliary boiler stack exhaust was calculated to be approximately 50% of
the 10 CFR 20, Appendix 3 maximum permissible concentration (MPC) in air
released to unrestrictad arsas.

We believe, as szatad previously, that chis represents the limiting
case for release of raidiocaczivity, since no credit has been taken for
-diluzion of -the conzaminatsd waste oil in the volume of uncontaminated
fuel oil containred in the auxiliary boiler fuel oil tanks at the time of

cransfer. We ctherelove Seliewve that concencrations of radiocactivicy

released from burning the other wascte oil bactches identified in Tables 1

and 2 were subszantiailv lower than cthe releases concentration from the

burning of the June 1735 waste oil wolume caiculated on the assumptions
o

stated above. 'we expec: that radioaccivity concentrations in future
volumes of waste oil zo be burned in the auxiiiary boiler will be
typical of those shown in Table 2 for batches previously added to the
auxiliary boiler fuel oil tanks. Future releases from this pathway will
continue to be accounted for, as in the past, in our semiannual reports,
including an evaluation of the effects on public health and safety. On
this basis, since previous release concentrations have been well within
the 10 CrR 20, appendix B MPCs for air and this effluent pathway has
bean included in our Semi-Annual Radicactive Effluent Release Reports
with no identified adverse effect on the health and safecy of the
public, we believe that confinuing chis practice in the future will
similarly not result in adverse effects to the public. We therefore
believe this evaluation provides adequate justification for our request
for NRC approval to use this method of contaminated waste oil disposal
in the future.

It should be noz:Z zhat no waste oil has been transferred to the
auxiliary boiler fuel oil tanks since June 1985. We also do not intend
to dispose of addici contaminated waste oil in this manner uncil we
receive NRC approva. 40 so. However, we anticipate that the waste

filied to capacity in the near future, at which

(W N |
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point we will need 5 z.x: some ac. on to dispose of the tank contents.
Therefore, as suggsstc! v IZ Information Notice 83-05, we request NRC
approval to dispose 37 :ontaminaczed waste oil by incineratzion in che
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auxiliary boiler system. %e will need this approval by November 1, 1987
. in order to allow us to dispose of accumulated waste oil in an orderly
manner. .
Pursuant to 10 CFR 170.12(c) we have enclosed a check for $150.00
for the requested revieaw.

This document has been prapared following Corporate procedures
which incorporate a rzasonabiz set of controls to insure its accuracy
and completeness prior to siznacure by che undersigned.

Very truly yours,
. - e
* . ;., R ~ N, o ’
'//'“. 'T_[“."?I(‘:'-{";;J
M. P. Alexich
Vice President

cm
Attachments
cc: John E. Dolan
W. G. Smith, Jr. - 3ridgman
R. C. Callen
G. Bruchmann
G. Charnoff
NRC Resident Insg
A. B, Davis - Regi
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TABLE 1

CONTAMINATED WASTE OIL PLACED IN THE
AUXILIARY BOILER FUEL OIL TANKS

WASTE OIL STORAGE

WASTE OIL TANK SAMPLE FUEL OIL

DATE VOLUME (GAL) ANALYSIS ID VOLUME (GAL)
01,/10,/80 - 1500 61861 59,730
01/15/80 1500 61938 39,920
07,/05/80 300 66230 45,240
08,/12/80 800 95608H . 96,480
10,/25/80 1500 98878H 82,330
05/27/81 1250 71842 85,200
10/23/81 1500 9262R 87,350
07/22/82 1100 20185R 93,220
03/16/83 700 29052R 94,960
12/13/83 1300 38607R 100,000

06/04/85 1300 61031R Unavailable
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TABLE 2

WASTE OIL STORAGE TANK SAMPLE ISOTOPIC
ANALYSIS RESULTS PRIOR TO TRANSFER TO AUXILIARY
- BOILER FUEL OIL TANKS

CONCENTRATION

DATE LAB ANALYSIS ID. ISOTOPE (uci/ml)
01/10/80 61861 Cs-134 2.09 E-6
Cs-137 3.55 E-6
01/15/80 61938 Cs-134 1.94 E-6
) Cs-137 3.39 E-6
07,/05/80 66230 Cs-134 8.72 E-6
Cs-137 1.64 E-5
Co-60 4.83 E-7
08/12/80 95608H ° Cs-134 2.49 E-6
Cs-137 5.76 E-6
Co-60 7.89 E-7
10/25/80 98878H Xe-133 6.96 E-6
" Cs-134 1.16 E-6
Cs-137 2.81 E-6
Mn-54 1.38 E-6
Co-60 2.29 E-5
05/27/81 71842 Cs-134 2.10 E-5
Cs-137 5.67 E-5
Co-58 4.90 E-6
Mn-54 4.93 E-6
Co-60 1.19 E-4
10/23/81 9262R Cs-134 1.46 E-5
Cs-137 4.25 E-5
Co-58 1.54 E-6
Mn-54 2.25 E-6

Co-60 4.72 E-5 .
07/22/82 20185R Xe-133 6.16 E-7
Cs-134 1.07 E-6
Ag-110m 3.16 E-6
Cs-137 2.14 E-6
Zr-97 2.91 E-7
Nb-95 6.92 E-7
Co-58 3.27 E-6
Cs-136 2.39 E-7
Co-60 3.65 E-6




> CONCENTRATION

DATE LAB ANALYSIS ID. ISOTOPE (uci/ml)
03/16/83 i 29052R Ag-110m 3.45 E-6
Co-58 8.26 E-7

Co-60 1.73 E-6

Cs-134 4,93 E-7

Nb-95 5.19 E-7

Nb-97 1.29 E-5

Sr-92 1.71 E-6

12/13/83 38607R Co-60 2.03 E-7
. Cs-134 8.73 E-7

Cs-137 2.33 E-6

06,04 /85 61031R Co-60 6.46 E-7
Cs-134 1.64 E-6

Cs-137 4.29 E-6
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App. B

r APPENDIX 8
Concentrations In Ale and Water Abeve Netwrel Beckground

1See “21e3 1 #na &° J00ENSx)

- .-

»
! : Tesle | i Teble it
t
P et et |
Dement (atemic Aumber) leotope * + Column ) Celumn 2 | Coelumn | ! Celumn 2
: ! 1
t Ae | Water | Ak | Weter
‘ < t (uCi/ml)‘(uCi/ml)(uC:l./ml)'(uCi/ml)
] H ‘ .
Actinlum (89)....0,0eo. | Ac 227 s 2 <10°" 6 430" 8x10°" 2107
' 310 ?x10% 9x10 ™ 3 %0
Ac 228 $ 8 x10°* 3 %107 3x10"* 9 xt0°?
1 2 %10 1x10"? 6x10" " ? x10"?
Amerclum (93). ..o | Am 241 s & xion 1 x10"¢ 2 <10 4%10°¢
xl 1 xi10™ 8107 4xi0°1 %103
Am 242m s 4 x10°1 1.<107¢ 2x10°" 4x10°¢
I 310 | 3x10% ?x10°1 9 x107!
Am 242 3 4 c10% 4107 1 x107 1x10°¢
) 310 4107 2x10°* 1%10°¢
i Am 243 s 8 (1071 110°¢ 2<10"" 4 x10°¢
) 1 (10" 8 <10~ axio 3 %10
| Am 244 s a<107 | 10t | oaxier | sxiem
i I 2 <107 1 %10 %107 $x107) :
e Antimeny (51)., ., $h 122 s 2 <107’ 8§ x10" 4 x10°* 3 %10
! [ I WP T 1 8 x10"¢ $«10°* 3 %104
3 sh 124 s Vo2 zxi0ve | sxierr | 2x10%
« 1 ; 1ev07 7N10%¢ 7 <107 2x10°4
. w s 123 s 1 5«10 3x107) 2v10°! 1%10°¢
0 1 3«10 3x10%? 9 %10 1 %1074
Argen (18) | N A Subl? 6«10 . . 1 10"
A 4) Sub 210" “ 4%10"
Arsenle(33). ., . > Ai73 s { ? 10" 11077 7 <10 5x10™
i 11 41077 v axl0%? 1x10°* 5 %107
. 1 As 74 $ 5 3«0~ 2x10%? 1 <30 5 x10°4
1 1 <10°7 1107 4x10° 5 x10™?
' As7e s 1 107 8x10°¢ 4x10™ 2x1074
i 1<10%? 6 <107 3%10"* 2 %1074
: P A7 [} $ «10%7 2x107? 24107 8 x10~4
i ] 4 107 210! 1 <10° 8 x10"!
Astatine (83) . ... ...] At 2N} s 7 10~ 3 %1073 %107 2x107¢
I Ix10"* 2%10? 1x10™ 7 x10~?
Barium (368). . ..... .. | Ba 131 s 1.<10°* $ x107? 4 x107* 2%1074
1 4<10°? $x107 1x10™! 2x107¢
Be 140 s 1vi0"? 8 107 4 <107 3 xi0™!
! | 4 10" 7 %10° 1 <10 2 %107}
Beckollum ($7) ..., . ..y Bk 249 s 9 ¢10°1* 2107 3%10°" 6 %1074
] 1£10° 2%107? 410~ 6 x10™
8k 250 s 110~ 8 <107? $ 10 2%10"¢
' 1107 6 %107 410" 2x10"¢
Boryllium (4).cccvence..| Bo 7 s 6 4107 s 107! 2%10”’ 2 %107}
i 1x10°¢ s x107? 4 <107 2x107?
Slamvth (83) .. ........| 81 206 s 2x10™’ 1 x10°? 6 %10 4x107%
1 1 <10~? 1 %107 $x10™ 4x10°
8i 207 H 2 <107 2%1071 6x107° 6 x107?
1 1%107* 2107 $ <10™" 6x10~*
8 210 s 4 %107 1x107) 2x10°" 4%107?
1 8x10™ 1xt10 21x10°" 4%107
8i 212 s 1x10°? 1x107? 3%10™ 4 %107
1 2107 1 x1071 7 x10™ 4x107¢

2015 December 30, 1982(resat)
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APPENDIX 8

Conconnations in Alr end Water Absve Neturel Backgrovnd —Continved

JSee ~ctes at end of sppendix)

' Table | Teble Il
[,
4 :
Elemant {etemic numb«)! Isetepe ! Col 1 Cel ? | ] Cel 2
' ] Al Water Al Weater
; + (uCi/ml)(uCi/ml)(uCi/ml)(yCi/ml)
Bremine (35) ,Ie: 2 s | ixie sxior ] oaxior axion
1 t 1 2v107 1x107? 6x10°* 4¥10?
Cedmium (48) { Cd 109 s . s<07 $ 10 2x10°* 2%10 ¢
: 1 7 v10°" 3$x10! Ix10°* %10 ¢
Cd 113m $ 410" <« 7 0™ 110" * 3x10*
i 1 4<10! 7 <10 1x10°" 3x10'!
, Cd s $ 24107 1%107 8 ¢10°? 3x10°}
H ] 210"’ t x10°? 6 x10*! 4xt0ts
Celcivm (20) Ce 43 s I1x10°¢ 3x10 ¢ 1 x10°° 9 x10°4
1 1«10 7 S %107 4x10°? 2 X107
} Ca a7 s 2v10° 1<10 ? 6 v10°? $ %10}
I ] 2v10 7 1x10) 6 <10°* 3x10 !
Celiferniven (98) . Cf 249 s 210" 1x10° s <10°" 4 x10°¢
! ' 15100 7x10 | 3x10"  2x10°
Cf 230 $ LRI 410" 2 <10 1 x10"1
. 1 1 107" 7 <107 3%10°" 3x10'?
, Crasy H 2x10™" 1x10°¢ 6x10°1 410"
| [ 1 <to='® $ %10 * 3x10°1 3 x10*9
, G252 xs 6410’1 2x10% 2 x10™" 7410
: ¥ I~totn 2vj0°* 1xio™" 7 x10 ¢
Cras3 H 8«10 45107 3 «l0°" 1 x10 ¢
' 1 $.10 " 4x10? 310! 1 %107
) C12s4 ] s~ " 4x10° 2 x10°% 1 x10°’
. ] s <109 4x10" 2x10°" 1%10*/
Cerben (8) Ci4 s ! 40 2x10°? 1 107’ 8 x10°¢
(COp Sub t 5 2107? 1x107¢
Cerlum (39) Co 14} H I( 4 vi10°? 3 x10% 210" ? %10}
1 T 2x107’ Ix107? $x10™ 9 x10°}
Ceo 143 H 3 %1077 1 x10? ?x10°" « 4 %107}
t 2x10"7 1 x10°? 7 x10°* 4 x107}
Co 144 s 1 x10°¢ 3 <10°¢ 3 %1070 1x107
I 6 x10°* 3 x10°¢ 2 v10-" 1 %1078
Coslum (33) Coln H 1 x10°! 7 x10*? 4x10°7 2 <107
[ 3«10 3%107? I ¥10°7 9 10"
Cs 134m s 4x107! 2%10°! t >x10°¢ 8 x10°)
' 6 <107 3 x10°? 2x10" 1 x107?
Ce 134 H 4107 « 3.0 1107 ° 9x10°¢
| 1 x10°" © ) x107? 41010 4x10°!
Cs 138 s $ x10°7 3 %107 2 <107! 1 x107¢
[ 9 107 7 x10°3 3x10™ 2%10°%
Cs 136 ¢ H 4x10°7 " 2x107? 1x10% . #x107
[ 2x10°’ 2x10°3 6x10°* | &x10°*
Ce 137 H 8 x10° 4 x10°¢ 2%10°! 2x10°}
) ] 1 x10%¢ 1x10°? 3 <10"" 4 %10}
Chlerine (17) cl1 38 s 4 10"’ 2 x10°) I1%10°" , 8 x107¢
1 2«10~ 2x107? 8 X107 6 %107}
cl3s s Ix107 . 1x10°? 9 x10°¢ 4%x10"
1 2x10° U 1 x107? 7 x10° 4 x107¢
Cheomlum (24) Cr St H 1 x107) $ x10°? 4 %107 2x107
] 2 x10°¢ $x10°? s %107 2 x107!
2016
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APPENDIX B

Conconmetriens in Ale and Weter Above Neturel Backgreund —Continved

Tadle § i Table 1l
Tlement (atomic number) Isetepe * Column ) Celumn 2 Coelumn 1 . Column 2
. Alr ' Water Al Weter
3+ (uCi./ml)‘(uCL/ml)'(uCi./ml)' (uCi/nl)
. . | i
Cobelt (27) Co 57 s 3xi0v 2<107? 1x10°7 | $x10°¢
1y 2x1077  1xio? i 6x107 | 4x10°
Co S8m s, x10s 1 oaxto? ) oex10°7 1 3Ix107
] i #x10% ¢ 6x10°? § 3xl077 ¢ 2x107
Co 59 $ 3 8x10%7 . 4x107F i 3x10% ) x107
1 s %10t Ix10°2 1 2x10% | 9x107
Ce 60 H 3 x10*? ’ 1 x10%? 1 x10°* s x10™4
1 9x10= | 1x10m | 3xi0w | 3xi0
Coppeor (29) Cu 64 5| 2x107 ioaxiem 7 %10~ 3 x10°¢
tf 1x107% 1 8x10% I 4x10° ; 2x10°*
Curlum (94) Cm 242 s 1x30719 1 7 x10% . x10°1 2x10°4
%! 2x10" 5 7x107 | 4x10°" 2 x10°*
Cm 243 s 6x10°7 1 1x10%¢ ' 2x10°M | S x10%¢
] 1x10°% ) 7xiove | 3xi0°M 2x10"!
Cm 244 s 107§ 2x10°¢ | 3x10°V: 7 x107
§ 1 1x1070 " gx100 , 3x10° | 3x107t
= Cm 243 H $x10°p  1x10% , 2x10°" ) 4 x10°
&g 1 1X10°% «  8x10°* + 4x10°7 ) 3 x10°!
Cm 246 $ 1 Sx107 e 1x1dT i 2x10°M 4 x10°¢
3 I, ixilomw 8x107¢ | 410" 3x10°}
Cm 247 $ 4 Sx10°1!  1x107* i 2x10°M 4 x10°
1| 1x10°. 46x10° , 4x10°" | 2x10°3
Cm 243 S, 8x10°" ) ax10 ! 2x10°10 ) 4xi077
[ IS IV [ 2al] 410" 410" Ix107¢
Cm 249 $ 1 1x10°8 &xt10"! . 4 x10°’ 2x107?
[} 1%10°? 6x10°7 |  4x10°’ , 2x10?
Dyspresivm (84) Oy 143 s 3x10°¢ 1<10°t ! 9107 1 4xio0°e
0 2x10°% 107! 7X10Y 1 4x10%¢
Dy 186 s 2x10%’ 1<10°% 8410 | 4xi0%}
1 ¢ 2¢10°? 1107 ' 7x10™* ' 4 x107!
Einstelnlum (99) € 233 s , 8xiow 7 x10°¢ Ix10°M Y 2x10°8
| 610 7 %10 ¢ 2x10°M 210"
s 254m S 1 S5x10°' sxi0°* 210 2 <10°1
1 1 &exi10° $x10 ¢ 2x10 " 2 410"
£ 254 s - 2xioM 4x10¢ . 6x10M, §wx10°?
[} Poix10T ! 4x10 0 ) 4x10*?, 1 x10°8
£ 238 s $x10 . #10' . 2x10M, 3,108
' aviow | gyi00 1510 M 3x10*
Erblum (68) £ 169 s 6x10°7 , 1x10? 2x10 ¢ 9 <10 ¢
i 4x107 ' 31107 ALK 9 x10°4
[R}4] $ . 7x107 | 3x10) 2%10 ¢ 1xi0 ¢
1 Po6x10°T 3 3Ix10% ¢ 2xi0 ¢ 1 x10%
Ewroplum (83) fv 152 s | axior i 24100 1%10°0 6 <10}
(1/2 292 hes) | ‘ Ix107 ' 2Ix10? - yxi0t 6 <10}
Ev 152 s | 1x107 2X10°? T 4x10"‘ g¥io?
(1/2 =13 yrs) ¢ Lo2x107Y ! 2x10%) 6x%10" 310}
t 134 s b oaxtoe 8 x10°¢ 1x10'  2x10 ¢
! 1 7x10°* ! s.<10¢ | 2x10m 2x10°
tv 153 S ! 9xi0% ' &x10% . 3Ixi0° 2x10 ¢
t b orxio0 T exior 1 3107t . 2x10%

2017
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APPENDIX 8
Concentrations In Alr and Water Above Netwel Backgreund —Continved
+5ee notes at end of aooenox}
. 4 §
H Tabled R Table It
] ] !
Element (atomic number), leotope ! Column | Column 2 i Column 1§ Column 2
L)
( Air watee ! a1 Waeter
+ (uCx/ml)'(uCi/ml)(uCi/ml)(uCi./nl)
(] 1]
Fomium (100) ... . Fm 234 s ’ 6x10° 4x10% 2x10°* 1 1 4107
' I Y 1 S P N R N R R I )
Fm 233 .S b o2xiee Y orxiett 1 axiom| 3 xi07!
o] rxiom  axiem foaxi0w g 3 x107
" Fm 236 s | 3x107 ! 3«10 1xi107 I 9 x10°?
' 1 2x10™ 3x10°% ' §x107M *%10°7
Irlwm ) . o F 18 $ 1 Sxlo 2x10°1 i 2x10°7 | #x10°
| 1Y 3x¢10° 1x10° ! 910 ©  3x10™
OGedelinlum (64) . 0d 153 $ & 2<107 7 4x107 | $x10°* ; 2x107¢
] l 9x10°% ¥ 4x10°1 ! 3 x10"* | %107
ad 159 $ | 31077 2x107 ' 2x10% ,  4x10%
I 1 41077 1 210" ¢ 1x107 0 $x107
Geltium (31) . ! 0e72 $ 1 2107t gxi09 $x10™* | 4xi07*
1 o2vier 1x10°) 4x107 | 4axi07t,
< Germenivm (32) - TR4 $ ¢ 1x10% 5 x107? 4x10°7 1 2x107
2 - H 1« 6x10°  5x107 ' 2x1077 2x107
QeI . ..., Aul%e S 1xio' $x10°% | 4x10% ' 2x10%¢
c 1 eciov 4x10%7 | 2x10°* ! ) x107
@ Av 198 s 1 3xi0v 2x10° * 1107 ! 3 x10°¢
o~ : t ., 2<1077 1x10°8 %10 { $x107
Av 199 s 7 1x107 $x10°? 4%10™ | 2x10°
1o swi0 axion 3 x10°¢ l 2 x10°¢
Hetnium (72) + HE18) s 4 ¢10% 2x10°7 ' ) xlo°* 7 %10
I, 70! 2x10  3x10™ | 7xi07
Helmium (67) He 164 S 1xi07 9 <10°* 7 <10 3 1074
Ll © [} H 2 <107 9 x<10°¢ 6 x10%* £ I xi10-*
Hydregen (1) HI S ' 507 110" 2x10°7 {3 x10™!
I L I 1 <107 2x10°7 | 3x107
Sub 2 <10 4x107% v .
Indlum (49) la 113m H B B4 [ 3 4 x10°? 3 xt0~’ 1t x10*?
I 7 <10°4 4.¢10" 2x107 ! 1 x107?
CIn 114m $ 1 <10°7 $vi0°e 4x10 2410
. 1 2x10"! 3 «10°¢ 7 <107 ¢ 24107
Lin11sm s 2x10 ¢ 1<10? 8 <100 4 x10°¢
' ! 2 <10° 1 <10 6.€10% 4 .q10%¢
JIn s $ 2 <10’ I<10°? , 9%10"* | ¢ .10
] 3 <10°" 3 <107 100 | 9 c10%
tedine (33) 1128 S, s.10°  acio? #1071 4 2 (10~
. I 2.10%7 ;8 <107 6 ¢10°* 2410
<, 1128 s g0 $€10°F . ex10°M, 3x10°
: U 34107, 3v107 " Jxr0°t * <10
1129 S § 240" 1<00 2x10°M ! 4 (109
i | 7 0t 6 <107 2410° } 2xl0%e
1] S, 94107 | 6x10% 110", 3«10
' 1, 3407 2410 ! 1100 | 4«10
1132 s 210" 21109 3x10°* | g x10°
] 9107 s <107 Ix100 | 210
1133 $ 3410 24107 ¢ dxiQ W 1 <10
1 210’ 1102 1 7x10° 4 x10°3
X REY) s 5107 4,10 §x107 ¢ 2107
20418 ]
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APPENDIX 8

Cencentratians in Alr and Weter Absve Netwrel Background —~Continved
{See ~otes at ond of appendac]

App.B

\ } Table § Teble It
i .
tlement (stemic number) | teetope ! Cel 1 Cel 2 | cel 1 | Column2
Ak Weter Al Weter
. + (pCi/ml)(uCi/ml)(yCL/ml) (nCi/ml)
ledine (33)..cnvvnnnnn.af 1 134 1 3 x10%¢ 2x10°? 1 x10°7 %107
1138 s 1x10°7 7 X107 1x10™ 4 %107
! 4 %1077 2x10™? 1x10° 7 10~
Widlvm (77).v 4ineca o) W 190 s 1 x107 6 X107 4 %107 210~
1 4x10°? 3 %107 1 X107 2 X107
192 s 1x10°7 1 %1077 4x10°° 4 x107?
1 3Ix10°* 1x107? ext0-v | 4xi0om
Ir 194 s 2x10°7 1 x10°? 8 x10~ 3I X107
I 2x10~ ?x10™ $ x10~ 3 x104
fron (26). ... . . Fe 33 s 9 x10°7 2x10°? 3 %107 8 x107*
I 1 X107 7 x107? 3 x107* 2x107)
. Fo 39 $ 1 x10°? 2%10°? $ x10°? & %107
t 1 3 x10°¢ 2 x10°! 2x10™ 5 x10°?
Keypton (38) . . , Kr8Sm Sub axto™ | .., 1X1077 | .. .
p ) Kr 93 Sub 1x107 |, ... 3 %10°7 N
S v Ke 87 Sub Ix10™ L. L L 2 x107¢ v
p Ke 08 Svb LS I o ax107* |, ..
Wlenthenum (87). . . . | Lla 140 $ 2x%:0°7 7 %1074 $Xx10°* 1 2x10°
w ' ] 1x1077 { 7xi0= | axtorr ! 2x107
Newd(92). .. , Pp203 $ 3x10°¢ 1%10°? )} 9x10°* 4 Xx10°¢
. ] 2x10¢ 1x10°? & x10°* 4 X107
‘ Ph 210 H 1x10"% 4 %107 4x10°1 1 1077
: I 2x10°% $ %107 8 x10°1 2 x10™
T e 212 s 2x107 & %10°¢ 6 x10°¥ 2x10"?
' 2%10°¢ $ %10™¢ 7 %10 2x10"*
Lutetivm (71), Ltz s 6 %1077 3 xi0™? 210" 1x10°¢
1 5 x10°7 I %107 2x10°¢ 1x107¢
Manganese (23) Mn 32 s 2x10°7 1x1072 7 x10°* 3 x10™!
3 ' 1 x10? %107 s x10™* 310!
" Mn 34 » S 4%x10°’ 4x107? 1210 ¢ 1x107¢
1+ 4x10% 3x10°? 1 %107 1 x107¢
Mn 36 H 8 x10°7 4x10™ 3 x10°* 1x10°¢
. I $x10°7 3 x10™ 2x10°Y 1 x107¢
Mercury (380) . . . . Hg 197m s 7 X107 6 %107 3x10%t 2x107¢
. . I 8 x10~7 $ x10°) 3 x10"" 2%10™¢
Hg 197 s 1 %1074 ?x10™? 4x107 3x10"¢
: I 3 x10°¢ 1x107? 9%10°Y $ %107
Hg 203 s 7 x10°¢ $x10°4 %10~ 2 x10°¢ .
{ ] 1 x10°? 3 x107? 4x10°? 1%10%¢
Melybdenum (42),., .. ! Me 99 s 7 x10°? $ x107? 3%10™ 2 %107
‘ 1 2x10°? 1x10° | 7x10™ 4 x10°¢
Nesdymlum (60) vedd N 144 s $ x10°" 2%107? 3xi10°M 7 X107}
,! 1 Ix107 | 2x10°) t x10-" %1074
" Nd 147 $ 4%10~7 2 %107 1x10° | &x107)
. | 2%10°? 2 x107? sx10™ | sxi0°% ~
Nd 149 $ 2x10°¢ 8 %10 6 %107 ¢ 3 x10°¢
. 1 1 x10" 8 x107? $x107 | 3xto™
20419 . December 30, 1982(reset)




N ® ®
L . B App- B
N APP- PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION
- \
s
APPENDIX 8
Concentratiens in Air and Water Abeve Noturel Background = Centlaved
(See notes at end of appenax)
i Table | i Teble it
1] L]
Element (atemic numbw)* leotepe ¢ : Column ) i Celumn2 | Column ) ;. Celuman 2
1
: Ale Water Ale ,  Wete
+ (uCi/m.l)'(uCi./ml)(;,Ci/ml) (uCi/ml)
\ '
. ; )
Neptunium (93) Np 237 s | axiovm, exior, axi0m!  3x107
Eoo o vx10m0 ., ex10te i ax10m ! 3x107
Np 239 s $10°7 | 44107, 3Ix10°* ) x10%
| 7 x10%7 v 4 «107) 2x10°" . 1x10°
Nickel (28) Ni 59 H $x107 " 64107 @ 2x10° 2x10°¢
1§ 8<1077  sx10t | 3xi0 1 2x10m
Ni 63 $ 1 6%10% ¢+ Ex10™ * 24107 [ 3IxI0}
' 34107, 2407 1400 . 7x10%
tNies $ ! 9aqa0r avio? 3107 . 1x107
: 1ol osxwe  3a0, 2xi00 f 1xi0e
Niobivm Nb 9Im $ 5 1x1I0%7 % 1«01 4x10°* | 4107
(Celumbivm) (41), ' 2x10"7 1%10° 5107 ! 4x107¢
Nb 95 $ 1 $x1007 3107 2x10° I 1 x10%
1§ 1xio”’ Ix107? , 3 x10°° 1 x10°
3 Ne 97 $ 6Xx10° . 3Ix10°? . 2x1077 9 x10°¢
3 17 sx10°% © 3x107 " 2x10°7 9 xi0"
< Owmium (76) Os 135 H $x10"7 | 2x107 2100 7 <10"
w ! S<10°0 . 2«10 2%10°* 7 x10°4 )
o Os 191m s 2x10 3 7v10? 6xt0? 3x%10°?
o ' exi0¢ ' 70 3 x107? 2x107
Os 191 H 1«10 ¢ s <10 4107 . 210 ¢
' 410’ $ <107 1x10°t 2%10 ¢
Os 192 s 4-107, 2.10° 1 410" 6 <10
' Ix10’ 2 <104 9%10°* ¢ 5 .10°!
Potladivm (48) rd 103 s ) <107 14102 $ x10" 3Ix10 ¢ -
' 7 <0’ 8 <107 3 %10t 3 %10°¢
rd 109 s 610"’ 3~10° 2 <107 * x10°
t . 4x10? 2 <'07? 1 <107 7 x10°4
Phosphorus (13) 32 $ 7«10 ¢ S <10 ¢ 2«10 2x10 3
1 s <10 7 <10 ¢ 3«10 24101
Platinum (78) #1191 s s <10’ 4<10? 3410 110 ¢
[} a0 7 3«10? 2«10 1 4£10°¢
Pt 193m H 7v10 ¢ 3 <107} 21107 1 <10
. [ - X 3.10? 2 <10%7 14107
* P 193 $ Velo o 3.0 4 10 9510 ¢ :
! 3.0 " s 10? 1101 2 .10
P 197m H 6410 ¢ 31010 210’ 1x10?
! S .10 ¢ 3102 2x10°? 9 <104
P 19? $ s 10 2.10 1.0 1<10 ¢
| 6410’ 3107 2v10% - 1410 ¢
Plutenium (94) Py 238 S 200 1410 ¢ 7<oMn $ <10 ¢
' 30N $.10 ¢ 10" 34104
Py 239 H 24100 1410 6 <10 ™ $10¢
1, acqaon 8«10 ¢ 1v10 " 30
Py 240 S ' 2.10% 1-10 ¢ 6.10 3 <10
1 4710 810 ¢ 1xl0¥% 3«10
Pu 241 $ 910N 7 %0 .10 M 2410
1 410 4,107 1:10° 1,10
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“ APPENDIX 8
Concenmetions In Alr and Waeter Above Naturel Background —Continved
{See notes at end of 200eN0x)
; -
' Table ! Table il
Sloment {stemic number) | lsetepe ! . Celumn 1 * Celumn2 ' Celvmn ) : Cotumn 2
] H b . f
5 ) - Alr T Water Ale 1 Water
. + _(uCi/ml)'(uCi/ml)(uCi/ml) (uCi/ml)
[ i [
Pluteniym (#4) | Pu 242 ] X107 1 1x107 1 ex107M ! S%10%,
: ' ax10°M ] 9x107 i 1xi07?}] 3x10%
1 pv 243 s 2x10" 1X107 8 x10™* 3x10°
i ] 2 %107 1x107? | gx10* 3 x10™¢
1Py 244 $ 1 2x107M!' ax107t | exi0°M I 4 10"
1 ! 3x10°ttt  3x10™ | 1x10°M 1 X107
Pelenlum (84)  Pe 210 s $X107 | 2x10% l 2x10°% 7 x10°?
1 ] 2x18:° ) @x10™ 7x107 | 3x107)
Potessivm (19) X4 s 2x107¢ 9xt0 | 7 x107 3x10°
H ' 1x107? 6x10™¢ 1 4 x10™ 2x10°?
Presesdymivm (39) 1 pr 142 s 2 x10°? 9 x10%¢ 7 x10™* 3x10°*
| 1 2x10°7 9 x10"¢ $x10°* 3x10%
Pr 143 $ 3x10°? 1 x10°? | 1 x10°¢ 3 x10"
' 2x1077 1x107 | 6x10% 3 x10°?
4 Premethivm (61) omrar s 6 x107! 4x107) | 2x10°* 2x10°¢
= ! ' 1x10°7 1 6x10'? 3x10°* 2x107
3 « Pm 149 H 3x1077 1 x10%? I 1x10°" 4107
< ; [ 2x10%? 1xlod , sxio” axl10°} .
W Preteactiniym (91) . Pe 230 s 2x10™ ¢! 7xt0% 6x10°" | 2x10 ¢
w . ) $x107F  7x107F ¢ 3IXI0°M ; 2x10°¢
G , Pe 231 s 1X10"1} 3x100 1 4x10™ 1 #x107! ‘
t, 1x107'} 8x10* 4x10°17 ]  2x10°?
e 233 3 6 %107’ 4x10°? 2%10"¢ 1x10°¢
t 2x1077 ¢ 3x107 & x10"* 1x10°¢
Redium (18) . Re 223 $ 2x10™* 2x10°% ¢ ax10°M|  Zx10'/
1 2x10°% ] 1x10°¢ ¢ $x107" | 4 x10°
" Re 224 s I sxiov 7 x10% 2x10%" 1 2x107
l I, 710" 2x10° 2x10°M ] sx10°¢
Ra 226 $ 1 3x10°M 4x10°7 , 3x10°M ) 3xi0°*
, 1 $x10°" " 9 x10% 2x10°17%  3x1073
Re 228 s 7x10°M ' gx10* ; 2x107| 3x107
! ' 4x10°M ¢ 7 x10™ 1x10°7 ] 3x107¢
Reden (88) tRn220 8 3xt0- | Y xto
Inuz’ 'y x10d '3x10%0 8
Rhenlum (78) Re 183 $ 3x107 | 2%10°T § 9x107 | 6x107
! 1| oaxior i axiom | sxie 3o
" re 116 $ ] 6x10°7j 3Ix107 * 2x10% 9 10"
i I 1 +2x10°7 | 1x10° ) 8x107 , 3xi07!
. Re 187 $ ¢ 9x10% 7 7x10°7 ] 3Ix10°7} 3Ix10?
! ! 3 <10~ 4x10°7 ' 2x107 | 2x107
E X1 s ax107 | 2x10m ) 1x10% | 8x10
| 2 x10°? 9 x10°¢ 6 x10°* 3rt10°4
Rhodlum (43} Zh 103m s I 8x10°? 4%10° | 3x10™* 1107
1 L oexio 3IX10% -+ 2x107* 1x10°?
| Rh 108 $ . 8x107 4x10° ;  3x107 1x10°¢
i | 1 sxi0”’ I X107 2x10%! 1x10°*
Rebidlvm (37) T 1) s i 3 x1077 2x107? 1 %30 7 x10°%
! 1) 7xies | ozxioe |o2xi0m ] 2x10 8
iRy 87 s $ %107 3Ix10° = 2x10° 110
{ 1 ! 7 X107 $x1070 | 2x10™* 2x10"
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APPENDIX 8
Concentretions in Ale and Water Abeve Netuwral Bockgrovnd —=Continved
(See notes st end of sppencix)

|
‘ .
l . Teble | : Table Ul

| Element (stemic number) feotope ! Column 1 ! Celumn 2 Cotumn t | Column 2 N
N R Al I Water . Al Waeter
| ' + l(uCi/ml)'(uCi/ml)'(uC:L/ml (uCi/al)
Ruthanium (44) ‘ru97 H 2x10°* 1x10°? 8 x10°¢ 4 x107¢
i 1 2x107 1 x10°? 6 x10°" 3x10"¢
, kv 103 $ . sSxio%? 2x10"? 2x10°* 8 x10°? .
. ! 8 %10 2x10%? 3 x10™* 8 x10°3
Ry 103 H 7 x10°? 3 xt0o™ 2x10°¢ t X107
1 $ x10~? I x107 2x10°¢ 1 X10%
. ' Ry 106 s 8 x10° 4 %1074 Ixto-* 1 x10°
1 t . exl0 3 x107* 2x10°% 1x107?
Sameriem (62) ! $m 147 $ 1 7xwom 2x107 2x10°" | 61073
1 IX10°* | 2x10% *x107 | .7 %10}
Sm 151 3 6%10°" 1%10°? 2x%10"* 4x10°¢
1 1 x10°7 1x10°? $x10°* 4 x10°¢ )
Sm 153 s $ x107 2x10%? 210 %1074
1 4 %1077 2x107? 1%10°° 8 x10"}
X Scandlvm (21) Sc 46 s 2%10°7 | 1 x10%? 8 x10™ 410" -
2 1, 2x107 * ) x10% $x107* 4 %107
< f Sc 47 S i exto”? 3 x107? l 2x10°" | 9x107!
& 1} sx107 3x1073 b 2x10°t . 9x10°4
o Sc 48 $ ' 2x107 b sxior ' ex107 | 3Ix10%s
Y . 1 1xiev? 8$x10°% ' $x10°* . 3Ix10°?
Selentum (34) Se 78 $ 1 1x100 *xt0? ! axi100 | 3xi0¢
1 1x1077 b gx10°? + 4x10™* i 3x10%¢
Silicen (14) un $ 1 exto ! 3xi10v 2x1077 ;| 9 x10°¢
1] e [ axi0 3Ix10°* | 2x10" .
$Sliver (47) Ag 103 $ . 6x107 " 3x107 ¢ 2x107 i 1xlo .
| 1 8x107 -~ 3Ix107? , 3Ix10°* | !x107¢
| Ag 110m s . 2axlo-’ l *x10%¢ 7 x10™t 3 x107?
! 1, 1xi07 ?x10% | J\(lo"’! 3 x10™!
I Ag 111 s | 3xr077 Ix107 1 1x10% | 4xi0™
| 1 ' 2x107? t x10%? 8 x<10** ' 4 %101
Sedium (11) i Ne 22 s ; 2x10°’ tx107 | gxt0™ 4x107)
‘ I rx10 1 9x10% | 3x107%} 3xi107
{ Ne 24 $ . 1x10% | 6xiov i axiont | 2xio™
| 1 11077 | 8 x10°¢ I $xi10™* | 3xlo?
Swentivm (39) S Wm s, 4xio7t 2x107 1 %10 7 x10%
P ' 2 x10"! 2 x10° | 1 X107 7 x10%
‘%8s s ! axi0v 3%10%? s x10" 1x10°¢
! | I 1x10 7 $ x10°? | 4 %10 2 x10°*
1) s 1 3xi0v 3x10% I 31073 3107
I [ o 4xto™ 8 x10°* 1%10°* & 310!
. { S 90 $ . 1x107 | axto | axiom:  3xi0°7
\ ' ‘ $x10™ 1x10% | 2x10""| 4xi07t
jsen s 4x1077 1 2x10% b g0 | 710
: 1 3107 1 x10°} 9 %10~ $x10°$
Vs 92 ] 4x10°7 2x10%? 2 %10~ 7 x1074
o, 3x1077 % 2100 1¢10% | 6x107
Sulwe (14) 1838 $ + 3xi0”’ 2 x107? Px10° & 6x107
N 1] axwe? 8 x10°? 9%10° I 3 x107¢
Tentalum (73) Y te 182 $ 3 4xtoc 1 x10% 1x107 ! 4 x10%
1« 2x107 1x107? 7X107' b 4 x10"!

Docember 30, 1982{reset) 20.22
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APPENDIX B

Concontrutions In Ale end Weter Abeve Neturel Backgrovnd —=Continved
[See notes at end of sppenax]

] 1
) Teble } i Table 81
. - i N "
Tlement (stomic Aumber) 7 leatepe Column ) ! Cel 2 I Celvmn 1, Col 2
' ¥
1 Al I Water . Al ' Water
+ I(uCi/ml):(uCi/ml)(uCi/mlf (uCi/al)
] R, pe— N
Techaetiom (43). ... Te 96m s 1 sxiem ) axton | 3xi0 1x10°
t 7 3x10% 3xt0°! 1x10°¢ 1 x10°?
i Te 90 s & x10°7 3x10? 2x%10° 1x10°¢
1 2x10°7 1x10'? 8 x10°° $x10*
Te 97m s 2x10°¢ 1x1073 $x10° 4x10°¢
] 2x10°7 $ %107 3 x10°* 2x10°¢
Tc 97 s 1 x10* $ x10°? 4 x10°/ 2x10°?
. ' 3x10°7 2x107? 1 x10°¢ 8 x10°4
Te 99m s 4x10°3 2x10° 1x107 6x10°?
! 1 1x107 | #x107? ] sx107 | 3x107
Te 9o s 2x107* 1x107 7 x10°* 3Ix10'¢
‘ ! 6x%107" $ %10 2x10™ 2x107¢
Tellvdem (32)....... « -, Te 125m ] 4x10°7 $ x10™ 1x10°¢ 2x10°*
I 1 1xrov 3 x107? 4x10°° 1 %107
. Te 127m s 1x10°7 2x107? 3 x10°* 6x107? .
2 1 4x107 2 x10"? 1 x10°? 3 X107}
=] ! te127 H 2x107¢ 8 x10°! 6 x10" 3xlo"*
< ! 9 x10°7 $ x10 3 %107 2x10°¢
w Te 12¢m s $x107 1 X107 31%10°° 3 x10°9
- ! 3 x10° 6 %107 1x107 2 %108
Te 129 s $ %107 2x10°? 2x10"7 8 X107
] 410 2x107? 1x10°7 $ %107
Te 131m s 4x1077 2x107? 1x10° 6 x10°!
] 2x10°7 1 %107} 6x10™* 4%10"8
Te 132 s 21077 9 %107¢ 7 x10"* 3 x10°)
. 1 1 %107 4 x10" 4x10™ 2%107!
Torblum (63)........ . .| T8 160 s 1 %1077 1x107 I1x10™ 4%1073
1 21x107 l 1x107 1107 4x10°4
Thelllum (83),..........; T1200 s Ix107* 1x10? 9x10° 4x10°*
1 o xi0%e 7<10°? ' 4x107 ] 2xi10¢
201 s 2%107¢ <10 U oror ! 3¢i0m
| ? <10’ $ <107 Ix10° . 2.10"¢
1 202 s $x10°7 1 44107 I 3xiem 1x10 ¢
1 1 i 2vi0”’ 2%107 4 310 ¢ 7 <10°?
j 11204 s b 8x1077 5 3x107? | 2100t 1410
i ¢ 3x10% 2107 | exioiMi 61078
Theelum (90).. .. THh 227 s { 3xor o sxi0° j 1x10tt 2Xt0°*
: ' V' oaxio?) sx10* ) gxi07'?! 2x10°f
Th 228 s ax10°13l 2xi0 t axost) IX1a7e
' | ex10°13f ax107t | 2x10°2 1x107!
; Th 230 s «o2x10°'3l sx10°f . sxi107'Y 2xX10°*
, 1 I axi07') exa107* ! 3xrot!'h ax10°
.1 Th 231 s 1 1X10°¢ 7X10°% ; sX10°* 2X10°*
! ' I 1X10°¢ 7x10°? 1 axi10t axto°*
grn 232 s 0 oaxiotttyosxi0tt] oaxi07t3| 2x107
H [ . 3IX10 1X10°2, 1xX10°" 4X10
v%) Thnaturasl S i 6X10°1" 6x10°% ) 2x10°'3 2Xx10°*
6x10°'! axto"l 2x10°t'% 2x10°t

3
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I APPENDIX 8
. Cencenmeations In Alr end Weter Abeve Notural Backgrovnd —=Continved
! (See notes at end of appenc) .
1
4 Table | Teble
i  —t he e —— — —
° Bement (stomic Aumber) leotepe * Column 1 Column 2 Column t Column 2
: Ale Weter Al . Weter
| t (uCi/ml)(uCi/ml)(Ci/ml) (yCi/ml)
— e w — * —-h— o
,n...;.,,.. 90 4 . TN 234 S : 6x10* | sx100¢ 1 2x10m | 2xt0°s
H 1 3x10 § sxr0°r ' oix10t | 2x10¢
! hutiom (69} tm 170 3 I 4x10 1x10°7 ; 1xi0? $x10 !
} : ) 3x10 | ixi00 ) ixi0r | sxios
H y Iman s 1%10°? 1x10°t I 4x10° $ x107¢
. H I 2x10°? 1x10%1 8x10™ Ix10=
* Tin (30) Sa 113 [ 4x10°/ 2x10"? 1 x10°¢ ?x10°4
‘ ] 3 x10°? 2x10° 2 xt0"? 8 x10'*
, $n 128 s 1x10°? $x10° . 4xi0”* 2%10°8
H b1 8x10M ¢ S5xX107 | 3x10%* . 2x1078
1+ Tungsten (Welfram) (74) W 181 S ¢ X107 1x10? 8 x10°Y | 4 x10°¢
{ b 1x107 1x107 0 ax10% 5 3x10
H )W O18s H e x10°7 4x107? - 3Ix10° , Ixl0o*¢
] ’ ! 131077 3x107 , 4xi0” 1x10°¢
< ot 1wz s ' axio’ 2x10°2 | 2x107" 7 x10°9
2 i t Poo§ Ix1077 % 2x10% 1 1x10°' ) 6x10%?
= Uranium (92) v 230 $ 3 307 130t 1x10°M | $x10%
& t b axiowt gxa00c ] axiom’ sxiom
- E v 232 s X107 gx107¢ | 3IxIOTM 3 x107?
o~ i f Ix10°' " $x107¢ . #x)0°" . 3x10°
G v 233 ] $x107*  exio~e | 2x10°1 3x10°9
' ' ', 1x10°"  9x10% | 4x10°1* 3107
, el U 234 s 6x10™""  9x10°¢ ' 2x10°" 3 x10°3
. ! 1x10°% . 9x10° 4 x10°" 3 x10°)
! ws|u23s st 3X10°"  8x107 1 2x107"  3x10%
1 110" U g e 4xto™*  3xj107
U 236 s 6107 ¢+ 1x107 2x10°" . ,x107?
', 1x10°% ¢ 1 x1073 4x107" 1 3x10%)
' vel U 238 s 7 x1o~1 1 x10°? 3x10™1 l 4x10°!
; ‘o 1x10°% 1 x107? s$x10°1 ) 4x107
U 240 s 2%10" 1 %1073 $x10™ | 3x10”!
l 1 2x10°’ ) x107? 6 x10™ 3x10"!
! vs| U.naturel s lxlo"’! 1 %107 $x10° 1 3 x10!
. i 1%10° | 1x107 | $x10n } 3x10°!
Vanadium (23) v 48 s 2x1077 I %107 6 x10™ 3 x10”!
! 1 6 x10°* 8 %107 axto= | 3xi00
Xenen (34) Xeo 131m Sub 2x10% axto=r !
. Xe 133 Sub 1x10 ¢! 3x10°7
i Xe 133m Svb 1x10%) ° 3 %10’
' Xe 133 Sub 4xiot 1 x10°?
[ Yreenium (70) Ys 178 s 7x107 7 3x107 2x10°¢ {  1x10°¢
1 1 ex1077 | 3x10m ) axre-e | xjore
U Yiium (39) Y %0 s 1x10°7 1 ex10™ | 4axio | 2xi0=
! 1 x10°’ I 6 %10 3x10™ 2 x10"!
i Y 9m s 2x10 ! 1107 8 x10°’ 3 x10?
! 2x107 1 1x10° 6 x10°? 3 x10°?
Yan ] 4x10°? | 8x107 tx10™* 3 x10°8
1 3x10% | &x10% 1 %10~ 3 x10%?
Y 9 H 4x10°7 2x10°? 1 x10°* éx10”!
| 3 x10%7 2x10° 1x10°¢ 6 x10°!
Y 93 s 2x10% ¥ x10°¢ 4 %10~ 3 x16"!
t 1 x10°’ 8 x10"¢ $x107 ; 3xt0™!
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APPINDIX 8

Concontrations in Ale and Weter Above Naturel Background —=Continved

App.B

slen or spentenseuvs
flsslen,

aetlisted abeve, which
decays by sipha emlis-

)

Table § Table Il
Tlement (stomic numbu)l Isotepe ! Col ] Cel 2 I Cel 1 ] Cel 2
f Ale Water . Alr i Waeter *
: (uC1/mL)(uC1/mL) (uC1/ml) (uCi/nl)
4 ! i
! s | ax10% i 3x107 | 4x107 i 1x10%
Tine (30) I In &3 b1 extov |l s x107 i 2x10% | ;x:g';
L) $ . 4x10°7 s 2x10° 1x10 x10°
Indr s ] ax10 ] axtomr | ixioct i ex107?
' Iner s ' 7xi07 ; sxi07 2x10°7 ! 2x107
' 1 exioe | sxie 3x10~’ 2x10%"
Zhegonlum (40) r 93 1 x1077 ! 2 x10°? 4 %x10°° s x10°¢
i I, - 3x1077} 2x107 1 x10% 8 x10°
Zres, $ « 141077 7 2x107 4 x10°* & x10°*
] 1 3x10° | 2x10? 1 x10°* & %10~
2r 97 H : 1 xt0"’ 7 Sxi10°¢ | 4x10°* \ 2 x10°¢
! 1 9xiott . 3$x10 ¢ ! 3x10°* ' 2x10°?
Any single radienvciide sub | 1x10° toaxio |
net listed ebeve with H ‘ l I
decay mede other than v H H
alphe emission or l ' .
spentansevs fRsslen . 1 '
end with radisective ! ! '
haM.life less then 2 i . ! |
hoves. ] 1 I
Any single redlonvclide Po3x10°* 1 9xt0°? 1 x10°" I X107
net llsted abeve with 1 ’ : i
decay mede other then | . '
elpha emission o H ' {
sponteneevs flasien I i ! ) 1
and with redieactive P ] H |
heif-life groater than 2 I f
hovrs, H
Any single redlenvciide éexio " 4x10 7 2x10 ¥ 3x10°*

'Solubie (S); Insohoie ().
t=Qu0™ mesns that values grven are 1Or sUbMers.On n &
semusonencal infinie ¢ioud of ardome matenal.

¢ These radon concentrations are approprie
ate for protection from radon-332 combined
with its short-lived daughters. Alternatively,
the value in Table I may be replaced by one«
third ( “working level.,” (A “working
2 lovel” is definied 88 any combination of shotte
O llved radon+323 daughters, polonium-318,
¥ 1434314, blsmuth-3214 and polonjum-314, Ia
& one lter of air, without Tegard to the degree
of equilibrium, that will result In the ultie
mate emission of 1.3 x 100 MV of alpha
‘| particle energy.) The Table II value may be
replaced by one-thirtieth (Ve) of & "working
level”” The Iimit on radon-222 concentrations
in restricted areas may be based O0n an ane
DUALl Average,

$4. Por soludble mixtures of U-238, U-234
and U-235 in alr chemical toxticity may be the
limiting fector. If the percont by welght (ene
richment) of U238 is less than 6, the cone
centration value for a 40-hour workweek,
Table I, 1s 0.2 miligrams uranium per cubic
motar, of alr aversge. For any enrichment,
the product of the averages concentration and
Hme of exposurs during a 40-hour workweek

Q
§.un not exoeed 8X10-! BA
O 8A 1s the specific activity

Ci-hr/ml!, where
the uranium ine

*Amended 37 FR 23319,
**Amended 39 FR 23990: footnote re-

decignated 40 KR 50704,

**samended 40 FR $S0704.
tAmended YK FR 29314,
tAmended J9 FR 2546 cedesignated

40 I'R 50704,

@ haled, The concentration value for Table IT ks
Y 0,007 milligrams uranium per cublc meter of
8 atr. The mpecific activity foe natural uranium
! 18 6.TTX 10~ curies per gram U. The specific
activity for other mixtures of U-238, U-238
and U-234, if not xnown, shall be:
BA=3.6X U7 curles/gram U Udlg\;“d
{ BA= (044038 £40.0034 &) 10+ T20
where E is the percentage by weight of U-238.
¢ Lexprcued a8 percent,

20.25
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NOTE TO APPENDIX B

NOTZ! In any case where there 13 & aalzture 1n sir of
water of wore than one radtonuclide. the Urmiting values
l:{bpg.m of thils Appendiz should ¢ determined a¢

L. If the ideality and concentration of esch radionu.
clide In the mitture are xnown, the HmiGIng values
should be derived a3 loliows Deterraine, for sech ra

PART 20 ¢ STANDARDS FOR PROTECTION AGAINST RADIATION

3. I any of the conditions specified below
Are met, the corresponding values specified
below may be used in leu of those specified
in paragraph 2 above.

8. If the Identity of each radionuclide in
the mixture {s Xaown but the concentration
Of 0Be or more Of the radionuclides in the

dloa\.:ﬁlld& lluhlne mltuun.;ge l;llnlh'l‘-'::l.':? qulnmﬁ\'w galnu;u is not known, the concentration
rese! e Ttture and the himit ctheruise estah. mit for mixture
hed 18 ADDendix B for the specific radionuctide nnmé in A‘ppend‘l!;.nnn for m’: r%ogt?:ﬁd:m.f

not in & mixture, The sum of *uch ratios foe sll the
rsdionuelides 1n the misture Tay rot evceed <1 (I e..Eﬁ“g‘u’. baving the lowest concentration

1t; or

)
ETAWPLE: If redionuclides A, B.snd € sre present O b, If the {dentity of esch radicauclide in

(o concentrations Ca, Cs. 858 Cc snd if the applicable
MPC's, are MPCa, snd MPCa, snd MPCa rapwe

the following ceistionsmip etists:

Ca Ca Ce 51
SPC. TSP TSP

l-m'ely. then the concentrations snall be imited <« that

—
S
3
@
w

|

30
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© U either (R Dpresiew w oy Spmrentrat M Al any
A ION1 E by 1 aoe Gt ld® B aa v st KR DIOUGLINE
e e purgees 2 ALjend RNl e

&, Por purposes of Table I, Col. 1 =4 10-¥

b. For purpotes of Tadle I, Col. 2—4 X 10!

¢. For purpcses of Table II, Col, 1=23 X 104

d. For purposes of Table II, Col, 2=3 X 10~

the mixture 13 not xnown, but it {s Xnown
that certain radionuclides specified in Ap-
pendix “B” are not present in the mixture,
the concentration limit for the mixture is
the lowest concentration lUmit specified in
Appendix "B for any radionuclide which s
ot Xnown to be absent from the mixture;

Tadle ! Tadle

¢ Elemeat (stormic sumber) azd isotope

Colamn 1 | Columa? [ Columal Column 3

Alr (Ciml) Watar Ale (uCt/zil) Watar

GCuml) GCiml)
111093 xnown that Se 90, 1 128, 106, 1 109, 1331, (1133,
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Ra 220, Ae 227, Ra 238, TL oJu, Pa 3%, Ta ;35 The

nat, Cio 348, CI2K, and Fin 56 are noL prestilee.neclivinneecnenead  2X10-4 X104
Iit s known tnat Sr 90, 1 123, 1129, [ 2.9, 41 131, 1133,
tabie L only), Pd 219, Po 20 Ra 223, Ra 200, Ra 278,

Pa 231, To-nat, Cm 243, CU 334, and Fuu 258 are not exto4 a0+
1123, 1206, L1x), tadle
38, Coi 248, ara Cf 234 are

wrrasuseoc]ennancnnsasnee X304 ctessssunceans X104
tadle 11 only, and R

223 are not present wevas IX104 1X10-¢

LIt 5 krown LIat aiphsemiitecs and Se 00, 1 120, Pb
210, .\e‘?n. Ra 229, P4 230.Pu X1, 803 Dk 249 are not
PIOIRNL, s asnmsonsernnauunsersurumneversasnatnsrarces

It]t 13 known that aiphaemiiters and Bb 310, Ae 227,

8 033, 3nd Pu 241 78 AOL DPeSeNluuaaraansssnnansans
11t 5 xnown that alphaemitiers and A¢ 227 are not

u?: {3 known that Ae 272, Th 20, Ps 2, Pu 38, Pu
39. Pu 240, Pu 22, Pu 24, Cm 248, Cl 249 and C128)
AT9 8O0 DIOSLOtucenseertnncnnaansnaasennansaseansensens
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4. If & muxture of radionuclides consists of
uranjum and its daughters in ore dust prior
t0 chemtcal separation of the uranjum from
the ore, the values specified delow may be
used for uranium and its deughters through
radium-226, instead of those from paragraphs
1,2,0r 3 above.

Sy

1
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26_FR 1104

s. Por purposes of Table I, Col. 1e1X10-M
aCi/ml groes slpha activity; or 8 X 10~ »Ci/
ml patural uranium; or 78 micrograms per
cuble meter of alr natural uranjum.

b, For purposes of Table I, Col, 1—=3 X 1018
aCl/ml gross slpha activity; or 23X 10~ 401/
ml natural uranjum: of $ micrograms pee
cubic metor of sir natural uranium,

8. Por purposes of this Adte, a radioe
nuclide may de considered as not present in
& mixture If (&) the ratio of the concentrae
tion of that radionuclide in ths mixture
(Ca) to the concentration lmit for that
tadionuclide specified in Table II of Ape
pendix B (MPCs) does not exceed Uy

(1o, HerS75) 454 () the sum of such

Tatios for all the radionuclides considered as
not present ln the mixture does not exceed
%

Cs
(.0, -r%:-*-m;"' ssan e S%).
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4. There must be substantial advantages to
be gained, such as reduced power cutages or
reduced personnal exposure to rsdiation, as s
direct result of not requiring surveillance
capsules [a all reactors in the set.

111. Report of Test Results

A Each capsuie withdruwal and the test
results must be the subject of a summury
techmical report to be submitted. as apec:fied
in § 0.4, within one year after capsule
withdrawal unless an extension 1s grunted by
the Director, Office of Nuclear Reactor
L_Rugulalion.

B. The report must include the data
required by ASTM E 185, as specified in
paragraph 1.B.1 of this Appendix, and the
results of all fracture toughness tests
conducted on the beltline materials in the
trradiated and unirradiated conditions.

C. If a change n the Technical
Specifications is required. sither in the
pressure-temperature limits or in the
operating procedures required to meet the
Hmits, the expected date for submittal of the
revised Technical Specifications must be
provided with the report.

r‘ﬂ FR24008-

5 4030
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[T APPENDIX I[—NUMERICAL GUIDES FOR
DESIGN OBJECTIVES AND LIMITING
CONDITIONS FOR OPERATION TO MEET
THE CRITERION "'AS LOW AS 1S REASON-
ABLY ACHIEVABLE” FOR RADIOACTIVE
MATERIAL IN LIGHT-WATER-COOLED
NUCLEAR POWER REACTOR EFFLUENTS

Secrion 1. Introduction. Section 50.31a
provides that an application for a permit to
construct a nuclear power reactor shall in.
clude a description of the preliminary
design of equipment to be Installed to main-
tain control over radioactive mateérials {n
gaseous and liquid effluents produced
during normal reactor operations, including
expected operational occurrences. In the
case of an application filed on or after Janu.
ary 2. 1971, the application must also identi.
fy the design objectives, and the means to
be employed. for keeping levels of radfoac-
tive material in effluents to unrestricted
areas as low as practicable,

Sectfon 50.36a contains provisions de-
signed to assure that releases of radioactive
materfal from nuclear power reactors to un.
restricted areas during normal reactor oper-
ations. including expected operational oc-
currences, are kept as low as practicable,

This appendix provides numerical guides
for design objectives and limiting conditions
for operation to assist applicants for, and
holders of. licenses for light.water.cooled
nuclear power reactors in meeting the re-
quirements of §§ 50.34a and 50.36a that ra-
dioactive material in effluents released from
these facilities to unrestricted areas be kept
as low as is reasonably achlevable. Design
obfectives and limiting conditions for oper-
atfon conforming to the guidelines of this
appendix shall be deemed a conclusive
showing of compliance with the ““as low as Is
reasonably achievable” requirements of 10
CFR 50.34a and 50.36a. Design objectives
and limiting conditfons for operation differ-
fng from the guldelines may also be used.
subject to a case-by-case showing of a suffi.
clent basls f(or the findings of as low as Is
reasonadbly  achievable™ required by
§§ 50.342 and 50.36a. The guides presented
in this appendix are appropriate only for

40 FR 19439
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light-water-cooled nuclear power reactors
and not for other types of nuclear facilitfes.

Src. 1I. Guides on design objectives for
light-water-cooled nuclear power reactors li-
censed under 10 CFR Part §0. The guides on
design objectives set forth {n this section
may be used by an applicant for a permit to
construce a light-water-cooled nuclear power
reactor as guidance in meeting the require-
ments of §50.34a(a), The applicant shall
provide reasonable assurance that the fol-
low1ng design objectives will be met.

A. The calculated annual total quantity of
all radioactive material above background'
to be released {rom each light.-water-cooled
nuclear power reactor to unrestricted areas
¥l not result {n an estimated annual dose
or dose commitment from liquid effluents
for any Individual in an unrestricted area
from all pathways of exposure in excess of 3
millirems to the total body or 10 millirems
to any organ.

B.1. The calculated annual total quantity
of all radioactive material above background
to be released from each light-water-cooled
nuclear power reactor to the atmosphere
will not result {n an estimated annual air
dose from gaseous effluents at any location
near ground level which could be occupied
by individuals In unrestricted areas in
excess of 10 millirads for gamma radiation
or 20 millirads for beta radiation.

2. Notwithstanding the guidance of para-
graph B.1:

(a) The Commission may specity, as guid-
ance on design objectives, a lower quantity
of radfoactive material above background to
be released to the atmosphere if it appears
that the use of the design objectives .n1 para.
graph B.1 s likely to result {n an estimated
annual external dose {rom gaseous e!fiuents
to any individual in an unrestricted area in
| excess of § millirems to the total body: and

(b) Design objectives based upon a higher
quantity of radloactive material above back-

ground to be released to the atmosphere
than the quantity specifled In paragraph

S
% B.l will be deemed to meet the require-
3]

ments for keeping levels of radioactive ma.
terial In gaseous effluents as low as Is rea.
sonably achievable if the applicant provides
reasonable assurance that the proposed
higher quantity will not result fn an esti-
mated annual externa! dose from gaseous
effluents to any individual in unrestricted
areas in excess of 5 millirems to the total
l.body or 15 millirems to the skin.

C. The calculated annual total quantity of
all radfoactive lodine and radioactive mate-.
rial in particulate form above background to
be released from each light.water.cooled nu.

40 FR 19439

clear power reactor {n effluents to the at.
mosphere will not result in an estimated
annual dose or dose commitment from such
radioactive lodine and radioactive material
in particulate form for any individual in an
unrestricted area from all pathways of ex.
posure in excess of 15 millirems to any
organ,

D, In addition to the provisions of para.
graphs A, B, and C above, the applicant
shall include In the radwaste system all
items of reasonably demonstrated technol.

‘Here and elsewhere In this appendix
background means radioactive materials in
the environment and In the effluents {rom
light-water.cooled power reactors not gener:
ated in, or attributable to, the reactors of
which specific account Is required in deter.
mining design obfectives.

-
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ogy that, when added to the system sequen-
tially and in order of diminishing cost-bene-
{it return, can for & favorable cost.-benefit
ratio effect reductions in dose to the popula-
tion reasonably expected to be within 50
miles of the reactor. As an intertm measure
and until establishment and adoption of
better values (or other appropriate criteria),
the values $1000 per total body man.rem
and $1000 per man-thyroid-rem (or such
lesser values as may be demonstrated to be
suitable In a particular case) shall be used in
this cost-benefit analysis.

The requirements

of this paragraph D need not be complied
with by persons who have filed applications

for construction permits which were docket.
ed on or after January 2, 1971, and prior to
June 4, 1976, {f the radwaste systems and
equipment described in the preliminary or

thereto satisfy the Guides on Design Objec-
tives for Light-Water.-Cooled Nuclear Power
Reactors proposed In the Concluding State.
ment of Position of the Regulatory Staff in
Docket-RM-50-2 dated February 20, 1974.
pp. 25-30, reproduced {n the Annex to this
Appendix 1.

L.
®
L~-3
-
& final safety analysis report and amendments
(-3
-

Skc. 111 Implementation. A.l. Conformity
with the guldes on deslgn objectives of Sec.
tion II shall be demonstrated by calcula.
tional procedures based upon models and
data such that the actual exposure of an in.
dividual through appropriate pathways Is
unlikely to be substantially underestimated,
all uncertainties being considered together.
Account shall be taken of the cumulative
effect of all sources and pathways .within
the plant contributing to the particular
type of effluent being considered. For deter.
mination of design objectives in accordance
with the guides of Section II. the estima.
tions of exposure shall be made with respect
to such potential land and water usage and
food pathways as could actually exist during
the term of plant operation: Provided, That,
if the requirements of paragraph B of Sec.
tion III are fulfilled. the applicant shall be
deemed to have complied with the require-.

]

ments of paragraph C of Section II with re.
» Spect to radioactive lodine {f estimations of
exposure are made on the basis of such food
pathways and individual receptors as actual-

2. The characteristics attributed to a hy-
¢ pothetical receptor for the purpose of esti-
mating internal dose commitment shall take
Into account reasonable deviations of {ndi.
vidual habits {rom the average. The appli.
cant may take account of any real phenom-
enon or factors actually affecting the esti.
mate of radiation exposure. including the
characteristics of the plant. modes of dis.
charge of radioactive materials. physical
processes tending to attenuate the quantity
of radioactive material to which an individu-
al would be exposed. and the effects of aver-
aging exposures over times during which de-
termining factors may fluctuate,

B. If the applicant determines design ob-
jectives with respect to radioactive lodine on
the basis of existing conditions and if poten-
tial changes In land and water usage and
food pathways could result {n exposures in
excess of the guideline values of paragraph
C of Section 1I, the applicant shall’ provide
reasonable assurance that a monitoring and
surveillance program will be performed to
determine:

1. The quantities of radfoactive lodine ac-
tually released to the atmosphere and de.

~M
-
<
E ly exist at the time the plant is licensed.
o

posited relative to those estimated in the de.
termination of design objectives:

November 30, 1986
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| 2. Whether changes in land and water
& usage and food pathways which would
~« result in individual exposures greater than
2 originally estimated have occurred: and
3. The content of radioactive lodine and
foods Involved In the changes, {f and when

o
cur,
Lthey oc!

Skc. 1V. Guides on lechnical specifica-
tions for limiting conditions for operalion
Jor light-water-cooled nuclear power reac-
tors licensed under 10 CFR Part 50. The
guides on limiting conditions for operation
for light.water-cooled nuclear power reac-
tors set forth below may be used by an ap-
plicant for a license to operate a light-water-
cooled nuclear power reactor as guidance in
developing technical specifications under
§ 50.36a(a) to keep levels of radioactive ma-
terials In effluents to unrestricted areas as
low as is reasonably achievable. .

Section 50.36a(b) provides that licensees
shall be guided by certain considerations In
establishing and implementing operating
procedures specified in technlcal specifica-
tions that take into account the need for op-
erating flexibility and at the same time
assure that the licensee will exert his best
effort to keep levels of radioactive material
in effluents as low as {s reasonably achlev-
able. The guidance set forth below provides
additfonal and more specific guidance to li-
censees in this respect,

Through the use of the guides set forth in
this Section it Is expected that the annual
releases of radioactive material {n effluents
from light-water-cooled nuclear power reac-
tors can generally be maintained within the
levels set forth as numerical guides for
design objectives In Sectlon II.

At the same time, the licensee Is permit.
ted the flexibility of operation. compatible
with considerations of health and safety, to
assure that the public is provided a depend.
able source of power even under unusual op-
erating conditions which may temporarily
result in releases higher than such numen-
cal guides for design objectives dbut still

within levels that assure that the average
population exposure.is equivalent to small

40 FRS8847

radiation. It is expected that In using this
operational flexibility under unusual oper-
ating conditions, the licensee will exert his
best efforts to keep levels of radioactive ma.
terfal in effluents within the numerical
guldes for design objectives.

A. If the quantity of radioactive matertal
actually released in effluents to unrestricted
areas from a llght.water.cooled nuclear
power reactor during any calendar quarter
Is such that the resulting radlation expo-
sure, calculated on the same basis as the re-
spective design objective exposure, would
exceed one-half the design objective annual
exposure derived pursuant to Sections II
and III, the licensee shall; ? .

42 FR201238

tSection 50.36a(aX2) requires the licensee
to submit certain reports to the Commission
with regard to the quantities of the princi-
pal radlonuclides released to unrestricted
areas. It also provides that, on the basis of
such reports and any additional Informatfon
the Commission may obtain from the licens.
ee and others, the Commission may from
time to time require the license to take such
action as the Commission deems appropri-
ate.

November 30, 1986
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fractions of doses from natural background»*

1. Make an investigation-to identify the

causes for such release rates:
2, Define and (nitiate a program of correc.

tive action: and

o

D1t R A0 50

2>3 Report these actone as specifiedin
§ S0.4. within 30 day s from the end of the
quarter dJuning which the releuse occurred.

N

40 FI19439

B. The licensee shall establish an appro-
priate surveillance and monitoring program
to:

1. Provide data on quantities of radioac-
tive material released in liquid and gaseous
effluents to assure that the provisions of
paragraph A of this section are met;

2. Provide data on measurable levels of ra-
dlation and radioactive materials In the en.
vironment to evaluate the relationship be.
tween quantities of radioactive material re-
leased in effluents and resultant radiation
doses to individuals from principal path.
ways of exposure: and

3. Identify changes in the use of unres-
tricted areas (e.g.. for agricultural purposes)
to permit modifications in monitoring pro-
grams for evaluating doses to Individuals
from principal pathways of ‘exposure.

C. If the data developed in the surveil-
lance and monitoring program described in
paragraph B of this section and in para-
graph B of Section III or from other moni-
toring programs show that the relationship
between the quantities of radioactive mate.
rial released in liquid and gaseous effluents
and the dose to individuals {n unrestricted
areas is significantly different from that as.
sumed In the calculations used to determine
design objectlves pursuant to Sections Il
and [II, the Commlission may modify the

- quantities in the technical specifications de-
{ining the limiting conditions for operation
in a license authorizing operation of a light.
water-cooled nuclear power reactor.

Sec. V. Effective dates. A. The guldes for
limiting conditions for operation set forth in
this appendix shall be applicable {n any case
{n-which an application was filed on or after
January 2. 1971, for a permit to construct a
light-water-cooled nuclear power reactor.

B. For each light.water-cooled nuclear
power reactor constructed pursuant to a
permit for which application was flled prior
to January 2, 1971, the holder of the permit
or.a license, authorizing operation of the re.
actor shall, within a period of twelve
months from June 4. 1975, (ile with the
Commission:

1. Such information as s necessary to
evaluate the means employed for keeping
levels of radioactivity in effluents to unres.
tricted areas as low as {s reasonably achiev.
able, including all such information as is re-
quired by §50.34a (b) and (c) not already
contained in his application: and

2. Plans and proposed technical specifica-
tions developed for the purpose of keeping
releases of radioactive materials to. unres.

ations, including expected operational oc-
currences. as low as is reasonably achiev.
able.

P~
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'-trlcted areas during normal reactor oper-
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CONCLUDING STATEMENT Of POSITION OF THE
REIGULATORY STAFF (DOCKET-RM-50-2)

CUIDLS ON DESIGN OBJECTIVES FOR LIGHT-

WATZR-COOLED NUCLEAR POWER REACTORS

A. For radioactive material above back.
ground ' in liquid effluents to be released to
unrestricted areas:

1. The calculated annual total quantity of
all radioactive material from all light.water-
cooled nuclear power reactors at a site
should not result in an annual dose or dose
commitment to the total body or to any
organ of an individual in an unrestricted
area from all pathways of exposure In
excess of 5 millirems: and

2. The calculated annual total quantity of
radioactive material, except tritium and dis.
solved gases, should not exceed 5 curies for
each light-water-cooled reactor at a site,

3. Notwithstanding the guidance in para-
graph A.2, for a particular site, {f an appli.
cant for a permit to construct a light-water.
.cooled nuclear power reactor has proposed
baseline in-plant control measures? to
reduce the possible sources of radfoactive
material [n liquid effluent releases.and the
calculated quantity exceeds the quantity set
forth in paragraph A.2, the requirements
for design objectives for radioactive materi.
al in liquid effluents may be deemed to have
lbeen met provided:

a. The applicant submits, as specified in
S 7§ 50.4. an evaluation of the potential for
S effecis from long-term buildup on the
« environment in the vicinity of the site of
radioactive material, with a radioactive half.
2. life greater than one year, to be released: and

[~ b. The provisions of paragraph A.l are
met. :

B. For radloactive material above back-
ground In gaseous effluents the annual total
quantity of radioactive material to be re-
leased to the atmosphere by all light-water-
cooled nuclear power reactors at a site:

1. The calculated annual air dose due to
gamma radfation at any location near
ground level which could be occupled by in-
dividuals at or beyond the boundary of the
site should not exceed 10 millirads: and

2. The calculated annual air dose due to
beta radiation at any location near ground
level which could be occupied by Individuals
o at or beyond the boundary of the site
T should not exceed 20 millirads.

3. Notwithstanding the guidance {n para.
graphs B.1 and B.2, for a particular site:

a. The Commission may specify, as guid-
ance on design objectives, a lower quantity
of radioactive material above background in
gaseous effluents to be released to the at.
mosphere if It appears that the use of the
design objectives described in paragraphs
B.1 and B.2 is likely to result in an annual
dose to an individual in an unrestricted area
{n excess of § millirems to the total body or

15 millirems to the skin; or

1»Background,” means the quantity of ra.
dioactive material In the effluent from
light-water-.cooled nuclear power reactors at
a site that did not originate In the reactors.

40 FR 40816
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1Such measures may include treatment of
clear liquid waste streams (normally tritiat.
ed. nonaerated, low conductivity equipment
drains and pump seal leakoff), dirty liquid
waste streams (normally nontritiated. aer-
ated, high conductivity building sumps,
floor and sample station drains), steam gen-
erator blowdown streams., chemical waste
streams, low purity and high purity liquid
streams (resin regenerate and laboratory
wastes), as appropriate for the type of reac-
tor.
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b. Design objectives based on a higher
quantity of radioactive maserial above back-
ground In gaseous effluents to be released to
the atmosphere than the quantity specified
In paragraphs B.l and B.2 may be deemed
to meet the requirements for keeping levels
of radioactive material In gaseous effluents
as low as is reasonably achievable if the
applicant provides reasonable agsurance
that the proposed higher quantity will
not result in annual doses to an individual
in an unrestricted area in excess of §
millirems to the total body or LS
miltirems to the skin.

~ C. For radioactive lodine and radioactive

material {n particulate form above back-
ground released to the atmosphere:

1. The calculated annual total quantity of
all radioactive jodine and radloactive mate-
rial {n particulate form f{rom all light-water-
cooled nuclear power reactors at a stte
should not result 1n an annual dose or dose
commitment to any organ of an Individual
{n an unrestricted area from all pathways of
exposure in excess of 15 millirems. In deter-
mining the dose or dose commitment the
portion thereof due to intake of radicactive
material via the food pathways may be eval-
uated at the locations where the {ood path.
ways actually exist; and

2. The calculated annual total quantity of
fodine-131 in gaseous effluents should not
exceed 1 curle for each light-water-cooled
nuclear power reactor at a site,

3. Notwithstanding the guidance in para.
graphs C.1 and C.2 for a particular site. tf

an applicant for a permit to construct aw
light-water-cooled nuclear power reactor e
has proposed baselfne in-plant control meas.

PRIMARY ALACTOR CONTAINMENT LEAKAGE TEST-
ING FOR WATIR-COOLED POWIR REZACTORS

I. Introduction.

II. Explanation of terms.

III. Leakage test requirements.

A. Type A lest.

B. Type B test.

C. Type C test.

D. Pertodic retest schedule.

1V, Special test requirements.

A. Contalnment modifications.

8. Multiple leakage-barrier contalnments.
Vv Inspection and reporting of tests,
A. Contamnment Inspection,

B. Report of test results,

I. INTRODUCTION

One of the conditions of all operating
licenses for water-cooled power reactors as
specified tn §50.34(0) is that primary ree
actor contatnments shall meet the contaln-
ment leakage test requirements set forth
in this appendix. These test requirements
provide for preoperational and periodic veri-
Acation by tests of the leak-tight integrity
of the primary reactor containment, and syse
tems and components which penetrate con=
tainment of water-cooled power Teactors,
and establish the acceptance criteria for
such tests. The purposes of the tests are to
assure that (a) leakage through the pri-
mary reactor contalnment and systems and
components penetrating primary containe
ment shall not exceed allowable leakage rate
values as specified fn the technical spect-
Acatlons or associated bases and (b) periodic
survelllance of reactor contalnment pene-
trations and isolation valves is performed
so that proper malntenance and repalrs are
made during the service life of the contalns
ment, and systems and components p2iee
twrating primary containment., These ivit
requirements may also be used for gulda:ce
tn  establishing appropriate contalnment

App. JUII)
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fitted with flexible metal seal assemblies,

2. Alr lock door seals, including door operate
ing mechanism penetrations which are part )
of the containment pressure boundary.

3. Doors with restllent seals or gaskets exe
cept for seal-welded doors.

4. Components other than those listed in
11.G.1. I1.G.2, or I1.G.3 which must meet the
acceptance criteria in I11.B3.

H. "“Type C Tests” means tests intended to
measure containment isolation valve leakage
rates. The contalnment isolation valves ine.
cluded are those that:

1. Provide a direct connection between the
inside and outside atmospheres of the prie
mary reactor containment under normal op-
eration, such as purge and venttlation,
vacuum rellel, and instrument valves:

2. Are required to close automatically upon
receipt of a contalnment isolation stgnal in
response to controls intended to effect cone
tainment tsolation;

3. Are required to operats intermittently
under postaccident conditions; and

4. Are In matin steam and feedwater plping
and other systems which penetrate contain-
ment of direct.cycle bolling water power
reactors.

I. Pa (ps.l.g) means the calculated peak
contalnment internal pressure related to the
design basis accident and speclfied either in
the technlcal specification or associated bases,

J. Pt (psig) means the contalnment
vessel reduced test pressure selected t0 mease
ure. the Integrated leakage rate during pee
riodic Type A tests.

K. La (percent/24 hours) means the maxt.
mum allowable leakage rate at pressure Pa
as specified for preoperational tests in the
technical specificattons or assoclated bases,
and as spectfied for perfodic tests In the op-
erating license.

L. Ld (percent/24 -hours) means the de-
sign leakage rate at pressure, Pa, as specified
in the technical specifications or associated

bases.
M. Lt (percent,/24 hours) means the maxi.

Jres * to reduce the possible sources of ra- gz

leakage test requirements In technical specl-
dioactive lodine releases, and the calculated 4

Acations or assoclated bases for other iypes

38 FR 4385

annual quantities taking into account such €

control measures exceed the design objecs
tive quantities set forth in paragraphs C.1
and C.2. the requirements for design objec-
tives for radioactive iodine and radioactive
material in particulate form In gaseous el.
fluents may be deemed to have been met
provided the calculated annual total quanti-
ty of all radicactive lodine and radioactive
material In particulate form that may be re-
leased in gaseous effluents does not exceed

to paragraph C.l.

Liour times the quantity calculated pursuant

3Such in-plant control measures may in-
clude treatment of steam generator blow.
down tank exhaust, clean steam supplies for
turbine gland seals, condenser vacuum $¥s-
tems, containment purging exhaust and
ventilation exhaust systems and special
design features to reduce contaminated
steam and liquid leakage from valves and

other sources such as sumps and tanks, as
appropriate for the type of reactor.

of nuclear power reactors.
11, EXPLANATION OF TIRMS

A. "Primary reactor coniainment” means
the strucsure or vesse: that encloses the coms
ponents of the reactor coolant pressure
boundary, as defined In § S02(v), and serves
as an essentially teak-tight barTier against the
uncontrolled release of radloactivity to the
environment.

B. "Contalnment !solation valve” means
any valve 'which is relied upon to perform a
contalnment isolatton function.

C. "Reactor contalniment leakage test pro-
gram" includes the performance of Type 4,
Type B. and Type C tests, descrided {n IIF,
11.G. and ILH, respectively.

D. “Leakage rate” for test purpcses is that
leakage which occurs tn a unit of time, stated
as a percentage of weight of the original con-
tent of containment alr at the leakage rate
test pressure that escapes to the outstde
atmosphere during a 24-hour test period.

E. "Overall integrated leakage rate’ means
that leakage rate which obtains {rom a sume-
mazion of leakage through all potential leak-
age paths fncluding containment welds,
valves, fttings, and components which pene-
trate contalnment. »

F. "Type A Tests" means tests Intended’to
measure the primary reactor contalnment
overall Integrated leakage rate (1) after the
contalnment has been completed and is ready
‘tor operation, and (2) at periodic intervals
theceafter.

G. "Type B Tests” means tests intended to
detect local leaks and to measure leakage
across each pressure-containing or leakage.
1tmising boundary for the following primary
reactor containment penetrations:

1. Contatnment penetrations whose design
Inicorporates resilient seals, gaskets, or sealant
componds, piping penetrations fitted with ex-
pansion bellows, and electrical penetrations
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mum allowable leakage rate at pressure Pt
derived from the preoperational test data
as specified In ITLA4.(a) (it1).

N. Lam, Ltm (percent;24 hours) means
the total measured containment leakago rates
at pressure Pa and Pt, respectively, obtalned
froms testing the comtainment with compo-
neuts and systems in the state as close as
practical to that which would exist under
design basis accident conditions (e.g., vented,
dralned, flooded or pressurized),

0. “Acceptance criteria™ means the stand-
ard against which test results are 0 be
compared for establishing the {unctional ac.
ceptabulity of tiie contalnment as a leakage
timling boundary.

III. LraKacE TESTING RIQUIREMEINTS

A program conslisting of a schedule for cone
ducting Type A, B. and C tests shall be de-
veloped for leak testing the primary reactor
containment and related systems and compoe
nents penetrating primary containment pres-
sure boundary.

CTpon completion of construction of the
primary reactor containment, including in-
stallation of all portions of mechanical, fluld,
electrical, and instrumentation systems penes
trating the primary reactor containment
pressure boundary, and prior to any reactor
aperating period, preoperational and pertodic
leakage rate tests, as applicable, shall be
conducted in accordance with the following:

A. Type A test—=l. Prctest requirements.
(a) Contalnment inspectton (n accordance
with V.A. shall be performed as a prerequisite
to the performance of Type A tests, During
the period between the Initiation of the cone
talnment Inspection and the performance of
the Type A test, no repalrs or adjustments
shall be made so that the contalnment can
be tested tn as close t0 the “as 15" conditicn
as practical. During the period between the
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