PACIFIC GAS AND FLECTRIC COMPANY NUMBER CAP A-8

REVISION 5
DEPARTMENT OF MUCLEAR POWER GENERATION PAGE 1 OF 85
DIABLO CANYON POWER PLANT UNITS
DCPP
CHEMICAL AKALYSIS PROCEDURE FOR AND
TITLE: .

OFF-SITE DOSE CALCULATIONSl

APPROVED: . ﬁ 7 ’ 7’ 7

SCOPE
This procedure describes the methodology for the following:
Effluent 1.5, Technical Specification ImpTements
Type Surveillance Reguirement
Liquids 4.3.3.9.1 Determination of alarm/trip set- 10 CFRZ20, App.E,
points for RE-18, RE-23, RE-3 Table II, Col. 2
and RE-16
Gases 4.3.3.10 Determination of alarm/trip 10CFRZ20, App.B,
setpoints for RE-22, RE-14A, 14B Table II, Col. 1
and RE-27
Liquids 4. TT.T.T.T Pre-release anaiyses of effivents 1 , App. B,
Table II, Col. 2
4.11.1.1.2 Post-release analysis of efflyents
Liquids 4.11.7. ose calculations ) 4 ADD.
Liguids 4.T1.T.3.T Dose projections OCFR50, App 1.
ases 4. T1.2.T.T Dose rate caiculations, WobTe . App. B,
Gases, Total Body ard Skin Table 11, Col.l
Gases 4. IT1.27T°7 Dose rate calculations, Togi 3, 10CTR20, App. B,
Particulates an. ®s44ziucifdes Table 11, Col. 2
other than Noble Gases,
er orqan er aqQe roup A
Gases 4 11.2.7 Eob1e Eas Igr Dose 8n1cu1ations o
Gases 4.11.2.3 TodTnes, Particuy ates, and Radio- 10CFR50, pr.
nuclides other than Noble Gases
Organ Dose Calculations per age
rou
_ Gases 4. IT.2°3T Noble Gases Todines, TOCFR50, App. 1
Particulates, and Radionuclides
Other than Noble Gases, Dose
Projection
Liquids 4.11.4.1 CumuTative Dose from: Liquids, 40CFRIS0
and and Noble Gases lodines;
Gases 6.9.1.6 Particulates; and
Radionuclides other than Noble
Gases per age group, per organ
Direct 4.11.4.2  Direct Radiation Dose Rate and 40CFRIS0
Radiation Dose Calculations to unrestricted
areas due to plant and high
radwaste storage sky-shime. R LR o D R
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The calculational methodology for doses are based on models and data that make
ft unlikely to substantially underestimate the actual exposure of an individua)
through any of the appropriate pathways. Tables containing the values for the
varfous parameters used in these expressions are also included. This procedure,
and any changes thereto, requires PSRC review.
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‘ Specifications that deals with routine radicactive 1iquid and gaseous releases

: to the unrestricted area. Limits are based on the dose commitmert to a member
of the general public related to the release of radioruclides through either
direct or indirect exposure (e.g. submersion in & cloud of radicactive Noble
Gases, radionuclides deposited 9n the ground, direct radiation from
radionuclides stored on site, inhalation of radionuclides or ingestion of
radionuclides via a food pathway such as milk, meat, vegetable or fish, etc.).

PROCEDURE

¥ 1.  Ligquid Effluents

8. Dose calculation (7.S. 3.11.1.2). L

The dose contributions to the tota) body and each individual organ
(bone, 1iver, thyroid, kidney, lung and GI-LLI) of the maximum
exposed individual (adult) for, say, m radioactive liquid releases
shall be calcuiated for all radionuclides

fdentified 1n those m 11quid effluents released to urrestricted
areas using the following expression:

» ; # _V.L n(J) ()

This procedure 1s used in support of the portion of the Appendix A Technica)
X006923a.08 31
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where ™0, = The cumulative dose to the total body or an organ
T from the 1iquid effluents for the tota! time
covering thosr m releases.

Ajx = Composite dose parameter for the total body or
an organ T of an adult for nuclide 1, for salt
water site, in mrem/hr per uCi/ml (refer to
Table 1).

Vj = The volume of the jth release in gal. In the case
of a batch release it is simply the volume in-the .
batch tank released. For othe: releases this is *
the flowrate used times the actua) release time.

Cij = The average concentration of radionuciide 1 in th
liquid effluent passing thru RE-18, RE-3, RE-16 o
RE-23 (or from any ligquid stream entering the
circulating water digcharge) as sampled and
analyzed for in the ;" release source, in
uCi/mi,

~= = Product of the near field average dilution and

300 mixing factor with 1/60 (hr/min). The applicable
factor for this mixing and near field dilution
during any liquid release at OCPP's site specific
discharge structure to any marine organism or dose
point was selected as 1/5.°!

The tota) dilution water flowrate during the time

F(3)
of “§th* release, in gpm.

- n(y) = # nuclides 1 in “Jt"“ release

b. Maximum Permissible Concentration (MPC) calculation |
(7.5, 3.11.1.1.) t

1)- The WPC for the identified mixture of radionuclides in the
§*"" batch of 1iguids 1s calculated as follows:
n

I Cij
we, o 21
3 n Cyj

z
ja1 PPCy;

"Refer to the FSAR, Section 11.2.8, “Dilution Factors"®.
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where:

MPCs = The unrestricted area total undiluted MPC for the
3" particular mixture of identified
radionuclides, in uCi/ml.

MPCAJ = The MPC in unrestricted area water for
radionuclide i, in general, in uCi/ml (from
10CFR20, Appendix B, Table II, Column 2.),

2) The overall MPC for a combination of discharges (e.g.,
simultaneous discharge of a batch of liquid radwaste,
discharge of steam generator blowdown, discharge of oily
water separator via the turbine building sump, and
discharge of condensate demineralizer regenerate waste
also via the turbine building sump) 1s calculated by p
reupplication of the above equation using the total
concentration for the pathway and its associated MPC:

n
by Oj CJ

=]
MPCoveratt * A ¢ CJ

R B

J=1 MPC

where:

MPCoveral] = The unrestricted area MPC for the current
radionuclide mixture for concurrent j
discharges, in uCi/mi1, -

CJ = The tota) activity concentration for the
*Jth" individual stream in uCi/ml.

HPCJ The tota)l MPC for the *jth* individua)
4 individua) mixture or stream determined as
seen previously, in uCi/ml,

X006923a.08 51
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®; = The ratio of an individual discharge “Jt""
pathway flow rate to the sum total of al)
individual undiluted pathway flow rates.

High Alarm Set Point (HASP) Determinations (for Rad Monitors).

High Alarm Set Points are determined from the expressions in this
section. These expressions enable determination of the
appropriate maximum alarm setpoint for each liquid effluent
pathway (1.e., 1igquid radwaste system, steam generator blowdown
and turbine building sump effluents) conservatively taking into
account not only existing and concurrent discharges, but also the o
improbable discharge of an imaginary batch resembling the RCS.
The High Alarm Set Points are designed such that the combined
tetal C/MPC at the point of entry into the environment (ocean in l:='
this case) will never exceed unity. *
Each of the indeperdent 1iquid effluent pathways to the common
entry point to the environment (namely at “outfall®), are treated
basically the same. There are four separate entities considered
in the HASP determinations all of which introduce realistic
conservatism. First, there is the effect of concurrent releases
from the other possible independent liquid effluent sources. This
is manifested by the so-called "dilution flowrate reduction term",
AF, and is addressed for each separate monitor/release pathway in
Appendix 1. Second using this along with the actual release per
pre-release analysie. (alrFady in progress or scheduled) there s
ylelded the term, ! which is assembled so

M § -4 j

as to reduce the “1* (unity) of the max. allowed ﬁ%f at the
outfall (ocean). Third, this rema inder, namely,

C F
b # ﬂgtj F-AFJ +» 1s then allotted to an imaginary release

from the most conservative of possible sources, namely one that is
scaled in the same {sotopic mix proportions as a recent RCS
sampling which has been decayed 24 hours (with exception that H3
fs not scaled). Also, since all liguid effluent yadiation
monitors are only gross gamma sensitive, then all
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non-gamma conce trations must be scaled according to their gamma
counterparts i~ the same mix. Lastly, and very important, is the
fact that an « ncertainty factor (called "I&C uncertainty factor")
from the mon’ or's manufacturer specifications is conservatively
applied to the final calculated HASP value.

Below are the final expressions resulting from the deviations.
First, some useful symbols and definitions that were used and are .
needed are as follows: ’

Fc = Main or Auxiliary seawater flow rate (in gpm).

e

F= Fo+ IFj, the total dilution water flow rate (in gpm).

In reality, F. is always >> FJ and any concurrent sum of FJ‘s. sol!:'

for a1l practical engineering purposes (1.e., HASPS, pre-release
calculations, dose projections, etc.) one can approximate F = F.
henceforth.

Fj = Liquid effluent flowrate of "Jt"" source prior to
dilution with F. (in gpm).

CJ = Total radionuclide concentration in the liquid effluent
of "jth" source proposed for release or actually in

progress. Here CJ e g JC1 where subscript "i{'
i
identifies the "ith" isotope per pre-release analysis

(all CJ’s. jC d |

jare in uCi/m)
MPCJ = Unrestricted area tota) MPC for water in the “j“th
effluent source (in uCi/ml).

L Jc1
i
Here, MPCJ S 3C
=
1 WPC;
OR

ey [ _"F4 s L I,
{ “WPC, L Fed kB

8Fy = The effective “dilution flowrate reduction term" due to
other 1iquid discharges potentially occurring at the same
time (see Appendix 1?

X006923a2.08 71
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Subscript “j" refers to the “jth" release source and takes on
values b, 1, 2, 3, 4, 5 whence,

b, denotes any one of the following batch tanks EDR(2),
FOR(2), CDT(2), WECT(2), SRRT(2), LHST(2).

denotes Unit 1's steam generator blowdown tank
denotes Unit 2's steam generator blowdown tank
denotes the Oily Water Separator Reservoir ;
portion of the turbine building sump .’
4, denotes Unit 1's Cond. Demin. Regen. Sys. Waste
Transfer Discharge
5, denotes Unit 2's Cond. Demin. Regen. Sys. Waste
Transfer Discharge

1
2
3

1) Liquid Radwaste (LPW) system batch releases and the .D
radiation monitor RE-18 (subscript “b" applies here).
RCS
[(F-Ar,> Pl & Cu3
Kig Fp MPCp MPCh3
HASP)B(CQ]C) - BKGD]& + 4. (2)
RCSc
1 L th . 1
RCS,. B # H3 MPCq o e
C MPC
Y  §
1P A T
where = R(CS : ™'
RCSc -Ai(1 day)
RCS.' | i® , (1 = gammas only)
y i RCSC”
Y
RCS -xi(]1 day) (see footnote * below)
RCS¢' = I Cije
Y 1 #H3
i¢8

* The RCS sample used for the set RCSC1 in this analysis is the one (from
either Unit 1 or 2 that 1s selected and tagged for this purpose by C&RP
Engincer. The choice 1s based on 1t being most representative of the current
trene on RCS samples (fsctopically) and being replete with the most isotopes
seen wel] above L.L.D. The values generated from this sample will prevail in
all HASP calculations every 3 months unless otherwise dictated by the CLRP
Engineer.
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B(subscript) indicates the 1sotopes, Sr 90/Y90, S1 89
and any other non-gamma emitter (except H3).

18 RCS
ykig = L kj Yf1' (kij's are supplied from CAP D-19)
i

Lastly, from HASP,s (calc) a usable high alarm set point is
needed for the aciuaI setting or comparing with what is already
physically on the instrument (rad monitor) itself. This is .
called projected HASP,g and takes into account (as said earlier)
the 18C uncertainty factor correction. It 1s given as:

(109, HASPg(calc) - 0.3)
proj. HASP;g < 10 and must be entered on
the release permit as called for in CAP A-5, "/

A1l of the above is performed automatically by the computer
software per each pre-release analysis. The software also
calculates a projerted reading of the

b 18
radiation monitor vis-a-'vis the C; and  kj.

Generally if the proj. HASP g 1s greater than the existing

setting (from previous releases) then no action i1s taken. That
s, Operations and I&C do not have to change the HASP,g on the
monitor unless the projected reading calculation shows that,
although less than proj. HASP g, 1t 1s yet larger than the
existing HASP s, In this case the HASP,g should be changed

upward to the proj. HASP;g so the release can be legally
discharged. On the other hand should the proj. HASP,c be less
than the existing HASP,g, then the release cannot be discharged
until the HASP,s 1s changed to the proj. HASPg. ®

2)  Steam generator blowdowr tank liquid discharges and the radiation
monitor RE-23 for both units (subscripts *1" and “2* apply here).

1 [(F'Arx L - . SCH3 ]
: : ykasl\ " WPC, MPTh3
HASP,;(calc) = 'BKGD,; + e (3)

c
1 L g 1
K, 04100 . RCSwpc
Y Y
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AND (for Unit 2)

RCS
2 'AF2 A cz p CH3
k23l\F2 MPC, MPTh3
2 2 Y
HASp23(CG1C) x BKGDZJ * RCS (4)
C
1 I 8 » 1 .
RCSc, 8 43 WPy~ WS y
| Y

As in 1) a usable high elarm setpoint must be prepared

from this final calculated value. Again this consists

of applying the I&C instrument uncertainty factor. b
This- instrument correction factor for RE-23, as
supplied by the manufacturer, is simply the following
product:

proj. '{2)uasp,y = 0,74 (2)yasp,,(calc)

This, of course, is entered on the release permit as
called for in CAP A-5. Also as in 1), these
calculations are performed by the computer software per
each pre-release analysis alo~g with a projected rad

monitor reading (from the '(2)¢; 's and 2%k, 's). Ang

here as well, the same discipline as in 1) is followed,

namely reset the HASP if the projected is lower than

the existing, otherwise do nothing unless the existing ’
is below what the actua) release may cause the rad

monitor~to read, in which case reset it to the

projected.

3) 01ly water separator discharge and the radiation
monitor RE-3 (subscript “3% applies here).

F-AF3 C3 : RCSC”3
v\ F WPL; WPCH3
C
1  » g 1
REST B #HIPT; RCSupc.
Y Y

X006923a.08 101




e

DIABLO CANYON PLWER PLANT NUMBER CAP A-B

REVISION 5
PAGE 11 OF B85
TITLE: OFF-SITE DOSE CALCULATIONS
T UNITS 1 AND 2

Here, as in 1), a projected HASP, is formed as:

(log)p HASP; - 0.3)
prOj. HASP] = 10

This is the 1&C uncertainty factor correction. This projected
HASP, 1s then entered as called for in CAP A-5 on relesase
permits. Also, the same discipline for resetting, as seen in 1)
and 2) above, applies here for RE-3.

4) Condensate demineralizer regenerant system waste transfer o
discharges for Unit 1 and 2 and radiation monitors RE-16 for both
units (subscripts “4" and “5" apply here).

RCS

F-8F N C, CH3 p
v 16[< ) WPC, WPCh3 14
JHASP,(calc) = 'BKGD,. + (6)
16 16 RCSC
1 % +
"ESCY ot iEEsnPc
AND
F-AF, RCSCH3
716[( mt th3
2HASP ¢(calc) = 2BKGD,g + §)
RCS
RES 8 " H3 ﬁic MPC

Here, as above, one performs the I&C uncertainty factor
correction to yield a projected HASP and then enters this on the
release form per CAP A-5 along with the same discipline on
resetting as for RE-18, 3, and 23.

X006923a.08 111
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d. Dose Projection (7.S. 4.11.1.3.1 and T.S. 4.11.1.3.3)

Dose projections for the categories of calculated total body exposure

and organ exposure are recorded at least once per 31 days. The period
over which projections are made is 31 days. The calculations are also
made prior to each release to satisfy T7.S. 4.11.1.3.3

The purpose of this is to determine if appropriate treatment of liquid
radioactive materiais in relation to maintaining releases “as low as 'y
reasonably achicrvable", is necessary.

e

Projections will in any case be recorded on the last working day of
each month with attention to the Technical Specification frequency
requirement contained in Section 4.11.1.3.1. p

The projected dose is calculated by application of equation (8) below.
The following guidance of default flowrates is provided, where
appropriate when using equation (8).

1)  Maximum Rated Flowrates (for default use)

2) Chemical Drain Tanks (26 gpm).
b) Laundry Waste Tanks (13 gpm).
c) Floor Drain Receiver Tanks (35 gpm).

d) Waste Concentrator Condensate Tanks (60 gpm).

b |

e) Equipment Drain Receiver Tanks (36 9pm).

f) Steam Generator Blowdown, both-units, (150 gpm).

g) Spent Regenerant Receiver Tanks (70 gpm).

h) 0ily Water Separator (Turbine Building Sump) (100 gpm).

1) Condensate Demin. Regen., Sys. Waste Transfer Discharge Line,
Unit 1, (Max 240 gpm).

J)  Condensate Demin. Regen. Sys. Waste Transfer Discharge Line,
Unit 2, (Max 240 gpm).

X006923a.08 121
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Using the form of equation (1), define

J ]
(0.1.2)%

Dose to organ “x " by proposed 4" release from efther
both units in common *(0)", unit *(1)* or unit “(2)" using
pre-release sample analysis for Ciss along with rated
flowrate for pump in stream of *stn* release (namely F:), and
maximum time, Ats (max) envisioned for release per1odj(u1tn
Vj - Fj At (naxf) or V; = maximum capacity of tank for

*jth* reélease. That 1s, .

& . n(J)
d o) v R At
(0,1,2) ® : w1y
bl | =

Here the F(J) depends on the circ. water flowrate to be used
Fe(d) at the time of the 5*"° discharge
With o.."p',nor defined as the total dose to organ T covering all the "m"
(posts reqeases occuring in the previous month of “T" days and 0,1,2)d%
defined as the total dose delivered to organt by all releases SCCUrring for
the “t" days of the present month, one has the definition of the 31 day
dose projection as:
pm y
31 day 0.1,20% * (01,292 *+ (0.1.2)9%
(0.1,20¢ = 31 (8)
o B

s Gaseous Effluents

In view of the more instantaneous impact of gaseous releases, a variety of
calculationa) disciplines 1s necessitsted. Each calculationa) method
(herein described 1n detail) 1s dedicated wholly to a specific Technica)
Specification or purpose and consequently must be totally comprehensive
toward that goal even though some of the equations and their constituents
appear repeated or very similar,

a. Nob1e'g|ses (exists as a unigue pathway dose and applies equally to
&1) age groups when tissue doses are calculated).

1) Release rate 1imit of Noble Gases (Tech. Spec. 3.11.2.1.). This
discipline 1s primarily used in determining gaseous effluent rad
monitor high alarm setpoints and pre-batch release decision
criteria. The release rate 1imit for the noble gases 1s
determined in accordance with the following expressions:

X006923a.08 131
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n .
I (Ky) (X7Q4) (Q4) < 500 mrem/yr (9)

n .
I (Ly+ 1.145) (X7Q) (Qf) <3000 mrem/yr (10)

Ki = The total body dose factor due to gamma emissions for
each taentified noble gas radionuciide, in mrem/yr per
uCi/m®> (from Table 2). p

M e The skin dose factor due to beta emissions for each
fdentified noble gas radionuclide, in mrem/yr per
wCi/m* (from Table 2).

My = The air dose factor due to gamma emissions for each
identified noble gas radionuclide, in mrad/yr per
uCi/m* (from Table 2). Unit conversions constant of
1.1 mrem/mrad converts air dose to skin dose.

(X/Q)= The “controning"1 historical five year
running average meteorological diffusion dispersing
factor, in sec/m®. This is almost always the highest
amongst the past five year running averages of hourly
X/Q's for the candidate dose recipient locations in any
land sector area at or beyond the unrestricted area
boundary (See Table 6). It is based on the five years ®
of data just previous to the current year but always
updated each calendar year (by dropping the fifth year
back and adding the current year's data - See Table
5A). X/Q's used here are from the Gaussian plume moge)

2 (Reg. Guide 1.111), 1n sec

1 See the explanation on controlling in section 2.c.

X006923a.08
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B = The release rate v .. fonuclide 1, in gaseous
effluents from all re - ase points at the site, in
uCi/sec. This 1s generated from radiochemica) analyses
and effluent rad monitor scaling data plus flow rates

(plant vent, etc.). See discussion following Q4 below.

2) Air dose in unrestricted areas due to noble gases (T7.S. 3.11.2.2
and T.5. 3.11.2.4).

The air dose in unrestricted areas due to noble gases released 1n'
= gaseous effluents shall be calculated in accordance-with the
following expressions:

| 5

n -
Day = 3.17:-311:1 Mi [(X/Q)Q4) (11) v

n -~
Dag = 3.175-8121 Ny 1(X/Q)Q4] (12)

where:

Day = The set of air doses due to gamma emissions for
all identified noble gas radionucliides, in
mrad, caiculated for each of the site boundary
center-of -sector locations (land sector) or any

“other candidate hypothetical individual.dose
recipient in the unrestricted area during time
At. d

Dag = The set of air doses due to beta emissions for
211 identified noble gas radionuclides, in
mrad, calculated for each of the site boundary
center-of -sector locations (land sector), or
any other cundidate hypothetical individual
dose recipient in the unrestricted area during
time At.

3.17€-8 = The reciprocal of the number of seconds in a
year,
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(X/Q) = The “set" of real time hourly average X/Q's for

each of the site boundary center-of-sector

(1and) locations or any other candidate

hypothetical individua) dose recipient location

in the unrestricted area (See Table 6). The

first contingency level values to use in the

event of Met Tower Data collection failure are

the set of X/Q's generated for 2.a.1) above

preferably from Table SA. X/Q's used here are .
from the Gaussian plume modei (Reg. Guide '
1.111), n sec

Ni = The air dose factor due to beta emission for
each identified noble gas radionuclide, in l!:'
mrad/yr per uCi/m® (from Table 2). w

At this junction its well to point out, that aside from

satisfying the Tech. Spec. 3.11.2.2, the gamma air dose of 2.a.2)

will always provide for all noble gases a suitably conservative

(approximately + 5%) surrogate to the whole body external tissue

dose to individuals. Furthermore, with the exception of the

extremely short half-lived noble gases of Kr-88 and Xe-135M,

(which in al) probability will never dominate the isotopic

constituency of any release), indirectly, the beta air dose of

23.2) with 1ts Tech. Spec. 4.11.2.2 never exceeded, will also

(vis-a-vis Tech. Spec. 4.11.2.1.1), ensure a safe surrogate for

the skin dose to individuals. At all candidate dose recipient

locations which are not recognized by the annua) land use census
es being locations for real individuals (residences, farms, etc.)
but ‘where individuals could hypothetically exist (e.g., site
boundary), then the gamma and beta air dose calculations can ’

Serve as surrogates to the external whole body and skin tissue

doses.

External tissue dose to real individuals in unrestricted areas
due to noble gases (Tech. Spec. 4.11.4.1 and 6.9.1.6). The whole
body and skin doses to real individuals in unrestricted areas due
to noble gases released in gaseous effluents shall be calculated
in accordance with the following expressions:

16!
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(x/Q) =
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n I
3.17¢6-8 :l Ky (X700 (11a)
i=

n »
3.176-8 zl (Ly + 1.04) "(\/Q)Q;) (12a)
i=

The set of external whole body tissue doses

from 11 1dentificd noble gas radfonuclides in mrem,
calculated ror each of the candidate real individual
dose recipients in tha unrestri;ted areas during period

At. D

Tre set of ciiernal skin doses from a)) -5
gentified noble gas radioiuclides, in mrem, calculated
“or each of the candidate rea’ individual dose
tecipients in the unrestricted area during period At.

The set of rea) time hourly avirage X/Q's tor

each of the candidate real inc widual dose recipient
locations in the unrcstricted ares (e.g., residences,
farms, etc., based ¢ ke annual land use census). (See
Table 6.) The first cortirguncy level values to use in
the evert of Wt Tower Data collection failure are the
set of X/Q's generated for 2.2.1) above, preferably
from Table SA. X/Q's used here are from the Gaussian

9 lume -model (Reg. Guide 1.111). It s noteworthy here

0 also mention that the X/Q's calculated here are for
real individuuls as opposed=to those iypothetical »
individuals of 2.8.2) and include al’ o*f-center-line
(from pluer or wind direction) contributions using

y £ 20y as the consideration cut-off criteria,in sec
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Qg = The average release of noble gas radionuciides in uCi
over time period At. This entity 1s a product of a
release rate Oy and a release time, at. Normally
At = ] hour (or less) so as to be compatible with the
computer's hour-by-hour “real time" dose calculation
which depends on a matching hourly average X/Q from the
Met Data., Q« comes from the product of a release
vent's concentration, Cq, and flowrate F (plant vent
and/or steam generator blowdown tank vent) information
during At. (4 results from a detailed grab sample :
isotopic analysis as scaled by ratios of the attendant ®
effluent rad monitor's gross readings for the periods
4t that occur out of sequence or in between the grab
sampling times.

Should the plant vent grab samples indicate less than I!='
LLD or the rad monitors fail to register detection wher
& known batch relesse is in progress (e.g., containment
purge or G.D.T. release), howeyer short At, then if a
more measurable #nd reifable Cy (directly sampled from
the batch source) can be made and scaled by
batch-to-vent flowrate ratios to give the appropriate
Ci, then 1t should be pursued. Should the release's At
be less than 1 hour and within the hourly ciock time
that X/Q represents, then the X/Q for that hour wil)l
prevail for At's period. Any At greater than 1 hour or
with any other span (< 1 hr.) that overlaps the regular
hourly clock time that X/Q represents (wherein X/Q
changes but Cq is constant), then separate fractioning
of the At should occur to yield the correspondingly

different 51 that coincides with the X/Q changes.

b. Radiciodines, radioactive materials in particulate form and
radionuclides other than noble gases.

X006923a.08 18I
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In contrast to the calculational methodology just seen in 2.a. for the

external doses (and dose rates) from noble gases, the methods uti)ized

here are quite different and more complex with the exception of the

“ground plane" deposition pathway dose, which 15 also an external dose

and similar to the noble gases (but considers only the whole body and

not the skin). Doses (and dose rates) other than “ground plane”,

delivered here are strictly internal and are segregated according to

intake pathway as well as age group. Furthermore, while noble gases

(and “ground plane” fodines, particulates, and tritium - [.P.T.)

essentially dose only the two organs, namely whole body and skin, here |
seven major radiation sensitive organs of the body are considered, ™ |
namelyT bone, liver, total body, thyroid, kidney, lung and GI-LLI

tract. The internal intake pathways are four (aside from the external

ground plane mentioned) in number, with one being inhalation, which is

X/Q (aiffusion dispersing factor) dependent and the other three bein

food ingestion pathways, which are D/Q (deposition dispersing fnctor?lt:'
dependent (as is ground plane). The three food ingestion pathways in*

this case are, namely:

foliage-to-cow-to-milk-to-human;
foliage-to-animal-to-meat-to-human;
and vegetable-to-human,

Finally, the four age groups considered here are respectively:
infant, child, teen and adult (see Reg. Guide 1.109 and NUREG 0133).
The infant 1s subjected to only the inhalation, cow-milk and ground
plane pathways by the assumption of not heing old enough to consume
meats and vegetables.

For each of the radionuclides, intake pathways, age groups, and organs
affected, their dose (and dose rate) factors are given in Tables 3A
through 3P, and are to be used in the equations which follow below.

¥
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To add to the complexity and in deference to the hour-by-hour “real
time" pace set by the noble gas chronology of dose archiving, the real
time matcnhing X/Q's and D/Q's used here must be recalled, in
“flash-back" fashion, from temporary storage by the computer. This is
necessary since at the present time, and unti)l an upgrading on the
gaseous effluent fodine and particulate rad monitoring system occurs,
the existing effluent rad monitors, are not being used to scale with
their ratio of readings the in between hour-by-hour periods for
knowledge on isotopic concentrations in the release quantities (as is
provided from the noble gas grab sampling and analysis). Tritium 6
analysis plus gamma fsotopic analyses pn 1odine an® particulates are
normaily conducted on & week-to-week basis and deily (at best) from

- spot grab sampling or composite sampling. Consequently, the Ci's
which generate the 81'5 and'U1's used 1n the expressions below, must
be fractionated or pro-rated according to the At's when F (vent
flowrate), or X/Q, (or D/Q) change. Certainly the Strontium's (Sr-90l=='
and 5r-89) mandate this with their quarterly composite sampling and
analysis period. Additionally, this facilitates dose projection
requirements and their calculations. Since a “previous” period's
pre-release analysis for some specific Qi's can be substituted with
the current X/Q's (or D/Q's) and later purged with the aic of the
stored knowledge on these X/Q's (or D/Q's) until the post-release
analysis data becomes available.

1) Release rate limit (T7.S. 3.11.2.1).

This discipline 1s primarily used in determining rad monitor high
alarm setpoints and batch pre-relesse decision criteria. The
release rate limit for a1l radioiodines and radioactive materials
in particuiate form and radionuclides other than noble gases is
determined in accordance with the following expressiun:

n(p)(o) _ .
1!\(.)P1 (W Q¢] <1500 mrem/yr (13)

X006923a.08 201
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where:
(e) (o)
. » The dose factor for gaseous

i
(a) radionuclides (trailing subscript “1")
other than noble gases. The dose factors are
based on organ (trailing superscript "(o)", age
group (leading subscript “(a)") and pathway
(leading superscript “(p)"). For the innalation

inh  (0) - -
pathway, Py i the units are
(e)

in {mrem/yr per uCi/m®|. For the ground b

S
plane pathway, Py; the cow-milk

cm (o)
pathway, Py i the meat-anima)

(a)

ma (o)
pathway , Py + and vegetable pathway
(a)

v (o)
Py i the units are in [m?-mrem/yr
(a)

per uCi/m®]. Refer to Tables 3A through 3N ang
Table 3P,

x|
*

The “controlling"' historical five year running
average meteorclogical dispersion factor for the
candidate dose recipient locations in any land
Sector at or beyond the unrestricted area
boundary.

V=X 'iﬁglfor the inhalation pathway.
(refer to Table 5A.)

' See the explanation on controlling in 2.c. which follows.
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W=D/0 (m 2} for any food and grovnd
plane pathway (refer to
Table 5B.) (See also
definition in 2.b.2)
below)

The same logic for obtaining this average (both
X7Q and B78§ s that 1s explained in 2.2.1)'s
definition on_the X/Q for noble gases there.
Remember the X/§ values used here, in 2a.1), and
seen in Table 5A come from the five year running
average of hour-by-hour X/Q's archived for each of
the candigate dose recipient locations (See Table
6). For 211 X/Q's generating the average X/0 at
real individua) dose recipient location (e.g.,
residence, farm, etc.), included are the
off-center-iine contributicns mentioned in 2.8.3).

61 . See definition under 2.a.1).

2) Doses in the unrestricted are due to radioiodines, radicactive
materials in particulate form and radicactive materials other
than noble gases (7.S. 3.11.2.3, T1.S. 3.11.2.4, 7.5. 4.11.4.1,
and T.5. 6.9.1.6).

The dose to an individual from radiofodines, radioactive
materials in particulate form and radicactive materials other
than noble gases shall be calculated.in accordance with the
following expression:

(p) (o) n (p) (0) .
o LIRS ﬂ‘ WoQ (14)
(a) f=1 (a)

|
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where:

(o) (0)
(n)R‘

X006923a.08 23]

The dose factor for each identified gaseous
radfonuclides (tratling subscript “i")
other than noble gases. The dose factors
here are identical to the "Py" dose

factors given in the definition 2.b.1).
That 1s, (p) (o) (p) (0)

@' @

except for the “ground plane" pathway,
where

SPp; ¢ 9PRy . Refer to Tables 3A through
3N and Table 30. The units here are

[mrem/yr per uCi/m®] or
(m? mrem/yr per wuCi/sec)

The “"set"” of “real time" hourly average
dispersion factors for all of the candidate
dose recipient locations in the
unrestricted area.

W = X/Q [sec/m®| diffusion dispersion
factor for the inhalation pathway
(Refer to definition in 2.2.2) and
2.2.3), also see 2.b.1) above).

W = D/Q [m~?] deposition dispersion
factor for any food and ground plane
pathway.

>
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The D/Q values are extracted from Fig. 6, Reg. Guide 1.111
for each candidate dose recipient location's downwind
distance from the plant. The only other variables for
dependency in this are wind direction and location's arc
length normal to the plant's direction. For site boundary
&nd other hypothetical or virtual individual locations this
latter is simply the sector's (224°) arc length at its
particular distance. For real individual locations (e.g.,
residences and farms) the arc length fis, arbitrarily chosen
&s, 1§ times the max property width normal to the plant's
direction. This arc also determines the cut off for the ®
frequency distribution of wind directions to that particular
real-individual dose recipient location.

Ny » The average release of radionuclides, radioactive airborne |:=' *
particulates, and gaseous radionuclides other than noble =
gases in the gaseous effluents [in uCi] over time period At.
This entity is structured similarly to the definition in
2.2.2) and 2.8.3). The principle exception being, as
explained above in 2.b., 1s that, unlike for the noble
gases, these radionuclide releases do not use the attendant
rad monitor ratio of readings (i.e. real time to sample
time) to scale the Cy values for periods of At in between
sampling and analysis. As explained above at 2.b., this
makes for a preferred lengthy prorating or fractionation on
the Ci's, which are assumed constant over the much shorter
hour-by-hour At's or the At's when F (vent flowrate) or W
(dispersion factor) 1s subject to a change. The
week-to-week, or month-to-month, or quarter-to-quarter (in
case of the strontiums) composite analyses mandate this.

(p) (o)

(,)D = The set of internal doses (plus the lone external dose from ’
the “ground plane" pathway) per pathway, per age group, per

principal organ (of that age group) from all identified

non-noble gas airborne radionuclides, in mrem, calculated

for each of the candidate individua)l (real, hypothetical, or

virtual - See 2.c. below) dose recipients in the

unrestricted area during period At.
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€. Gaseous effluents' candidate dose recipients (and locations).

Much reference in 2.a. and 2.b. above, was made to the so called
“candidate dose recipient” locations. These are particular site
specific geographical locations in land areas of the unrestricted area
between (or at) the site boundary and a § mile circular perimeter
around the plant site. Particular to these locations are positions
where a maximum exposed individual might 1n al) probability exist
without benefit of licensee control. These are ladeled candidate dose
recipients simply because of the higher probability and the fact that ‘
the random wind with 1ts meteorological dispersion makes the final -
decision on who, when, and how much gets dosed. For obvious reasons,
the site boundary provides part of this set of locations. However,

the Annual Land Use Census dictates the ultimate locations. Here an
extensive survey, locates the residences, farms and other 1nst1tution':'
where real individuals may exist along with information on their
occupation factors, property dimensions, and potential pathways for
doses.

Conveniently the areas for these locations are divided into the 224°
land sectors between site boundary and the 5 mile outer limit.
Finally, reasonableness or common sense probability with implicit
guiding by NUREG 0543 tempers the final selection of “candidates".

For example, the individual that wanders to the site boundary daily
from a nearby town only to inhale and be externally exposed is
unlikely to also drink the milk from the imaginary cows at § miles.
Similarly the child 1iving at 4} miles in the N sector while inhaling
end simultaneously ingesting cattle meat on his property probably does
not eat vegetables grown on the farm in the ESE sector, and so on.

from the land use census, only the closest-to-the-plant residence per
sector was selected. Since information as to the ages of the p
residents (or their visiting rela:ives) was not garnered, then
conservatively all age groups must be assumed to live year-round at

the residences.

Furthermore, specific to the site the following 1s assumed to exist:
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1) Meat cattle for marketing are assumed to be able to graze right
up to site boundary in al) land sectors. This generates the
newly defined “degraded" hierarchy of dose re.ipients called the
“virtual” indivigual. Degraded in the serse that the only, but
most probable, dose recefved 1s via the meat ingestion pathway
(for 211 age groups except infants).

2) The vegetable farm in the ESE sector while possessing virtual
individuals of the type defined in 2.c..\, above, (but for
vegetables in place of meat), do indeed have rea) individuals,

These are migrant farm workers who in al) probability spend 12

hours per work day there with their entire family and more than
likely take home vegetables grown there and cattle meat from

there. For this reason, this s treated conservatively as a real
individual residence for all age groups possessing meat animals l-/
and a vegetable garden. -

3) While each residence 1s assumed to have its meat animals or
vegetable gardens confined within their property boundary the one
€xception is the residence in the NNW sector at 14 miles where
fts meat animals can graze right up to the site boundary in both
the N and NNW sectors,

4) At the site boundary another form of "degraded" hierarcny of dose
recipients is now defined, namely the “hypothetical" individual.
Degraded here in the sense that the land use census does not
recognize this individual as a bonafide real individual residing
there with property to enclose meat animals, vegetable gardens,
and such. Reasonableness assumes however that this type of
individual could wander dafly to the site boundary and receive
the external doses from the nobles along with ground plane
external doses from the non-nobles and only the inhalation
interna) dose from the non-nobles (applies to all age groups). P
Here the gamma air and beta air doses serve &S & surrogate to the
noble external doses.
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5) Thus far the land use census indicates no milk cows within the 5
mile perimeter. However, the utility has conservatively assumed
imaginary milk cows can exist at or beyond 5 miles in all land
sectors for which the milk can be marketed for consumption. This
then generates the third virtual fndividual as in 2.c.1) or
2.c.2), above, but constrained this time to only the cow-milk
ingestion pathway for all age groups (generally the infant
predominates).

6) Finally for all categories of individual dose recipients
described above in 2.c.1) through 2.¢.5), for their respective v,
locations, an occupational factor of one “1* {s assumed with
exception of the real individuals (al) age groups) at the
vegetable farm in the ESE sector, namely in 2.c.2), and only in
the case of the noble gas, ground plane and inhalation pathways
(non-noble) there. In that exception, for the external noble gab
(whole body and skin) dose along with the non-noble ground plane ®
and internal non-noble inhalation pathway doses there, a cne half
(0.5) occupancy factor 1s assumed.

In usage of the equations of 2.a. and more notably 2.b., when
computing an individual's dose (or dose rate), it only makes sense to
ultimately sum up over the individual's (any age group) dose pathways,
where permitted, at each of the candidate dose recipient locations.

It 1s this summing for a max over these different pathways of doses
(i.e., for each age group's organs, etc.) at each location, whether
during only a &t, daily, weekly, quarterly or annually, that
eventually determines the so called controlling candidate (with max
dose) and hence “controlling" location in that time period (e.g., site
boundary nobles in NW sector; or nobles plus non-nobles for the rea)
child at residence in E sector because of bone dose; or
virtual-cow-milk-infant at 5 miles in NNW sector because of thyroid
gose; etc.). For reason that the meteorological conditions may changé#
over or in between &ny At, but most certainly between any week, month
or quarter, then these summations of dose (or dose rate) entities
dictate that any of the candidate dose recipient locations can at
sometime, (certainly, some month or some gquarter) be the “controlling"
(max dosed) location. Table 8 indicates the existing
land-use-census-based selection of candidate dose recipient locations
and s subject te change anytime but 1s usually determined annually.

ey
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d. Gaseous effluents contingency levels for “reai-time" calculation of
doses (and dose rates).

Norma1ly the dose (and dose rate) information for a)) candidate dose
recipients shall be calculated hour-by-hour, twenty-four hours per

day, 365 days per year using the equations of 2.a. and 2.b. on the

oata gatherec from the radiochemical analyses, rad monitors and met
tower's computer and all performed on the HP 1000. In the event of
temporary unavaflability of certain systems feeding this "“train",
certain “default” plans of calculation operation must be pursued.

Most important of these concerns the met tower and HP-1000. ®

1) Met tower data (“real-time" hourly averages) - Unavailability.

Here the computer software is instructed to use the historical
average met data from Tables 5. b

2) HP-1000 - Unavailability

Here the HP 9845 computer 1s instructed to take over with the use
of the data from Tables 4A and 4B. Since the factors for use in
the equations of 2.a. (Table 2) are never the complexity of those
used in 2.b., Tables 4A and 4B represent the conservative
degeneration of the dose factors of Tables 3A to 3P into the
single columns of a “super” age group - *critical® organ factor
per pathway per nuclide. These were selected out of Tables 34 to
3P as being the maximum factor out of the age groups and in turn
amongst the organs for each pathway and nuclide.

3) Met Tower data and HP-1000 - Unavailability

Here contirgency level 2.d.1) and 2.d.2) are jointly pursued.
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4) HP 1000 and HP 9845 - unavailability

\

Calculations by hand where possible, will be conducted on the
most significant nuclides reported from radiochemical analyses
along with the use of met data from Tables 5A and 5B, and dose
factors from Table2 and Tables 4A and 4B. Use of forms 69-10387
and 69-10388 from CAP A-6 will be used in such situations (See
CAP A-6).

e. Gaseous effluents, alarm setpoint determinations .

1) Plant vent noble gas monitor, RE-14A and RE-14B

which corresponds to the maxisum permissible dose rate at the
“controlling" locations, usually the boundary of the restricted *
area (site boundary), which is 500 mrem/yr (250 mrem/yr-2 plant
operator) for total body exposure and 3000 mrem/yr (1500

mrem/yr-2 plant operator) for skin exposure. Each unit
constitutes a release source, and each is therefore a).otted
one-half' the 1imiting condition for annual dose.

\
|
The channel high alarm is to be set no higher than a count rate b
1
|

To calculate the high alarm setpoint, it {s necessary to
establish the release rate i1imit, and then working “backwards",
calculate the corresponding max concentration in the plant vent.
Once this concentration is known, the corresponding count rate
can be calculated using the channel sensitivity value or k
values relating count rate to isotopic activity concentr¢t1on.

e Firste the release rate 1imit is determined using equations (9)
and (10), the more restrictive release rate (of the two) being
used for establishing the alarm point. Then calculate the "
concentrations corresponding to the 1imiting release rate using
the expression

Maxé1

- il ¢
pv

"llc1 p”

! The fraction one-half is selected for convenience. Each unit's
release may be proportioned differently as long as the site dose max
limitations are met.
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where:
"“C1 - the max allowable concentration of

radionucliide 1, tn uCi/ml
Fov =  the flow rate in the plant vent in ft®/min.
472 = & conversion constant, ml/sec per ft?/min.
For normal operation, the value used for F%V can be as high as

220,000 ft?/min (two suxiifary building exhaust fans and two fuely
hand1ing building exhaust fans in operation) or one half that

v2lue,
The unadjusted high alarm set point 1s then determined as | o5
follows: -

™
High Alarm Set Point (HASP in cpm) < kpfla ach + Bkg cpm (16)
where:

kRE14 = the pressuri-drop-corrected* gross channe)
sensitivity to typical mixtures, in cpm per
wCi/ml (I kg C4/Cy)
i

Max
Cr = the total max allowable concentration of

Max
noble gas activity, in uCi/m) (Z Cy)
i

per equation (9) or (10).

* Due to the friction pressure head loss in the long sampling tube
plus the drop across the filter paper of the plant vent particulate
monitor, (RE-28) in tandem with RE-14, there exists a density
reduction in RE-14's measuring chamber. This reduced radicactivity
concentration as sampled from the plant vent must necessarily impose
& correction to RE-14's reading so as to yield an accurate
measure (by RE-14) of what's being released by the plant vent. This
pressure drop (between RE-14's chamber and the outside atmosphere {s
gauged at the chamber and 1s called AP. The corrected k value for

Patm - &P
RE-14 1s then kpp1gq = ——
P

krg14 (uncorrected).
atm
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This entity 1s expounded upon again in Appendix 2.

Now this final calculated value must have applied to 1t the
so-called I&C uncertainty factor adjustment to compensate for the
statistical bounce and drift of the actual radiation monitor.
This 1s called the projected HASP,, and 1s given as

1010910 HASPy4 - 0.3) a5 per mfg. specs. This then is what is
actually set on the monitor.

2) Gas decay tank monitor, RE-22 ®

The high alarm setpoint for RE-22 1s determined in similar
fashion as for RE-14A and RE-14B except for the pressure
correction. The desired condftion is to have RE-22 alarm (and
thereby trip the release isolatfon valve (RCV-17) at a release ®
rate which s no higher than that required to cause alarm of
RE-14A and B gfven the added concentration of radioactivity from
the gas decay tank to that already in the plant vent.

First, determine the release rate 1imit on the basis of the
“fy's", resulting from the projected release of gas decay tanks,
being added to the normal plant vent noble gas activity
concentration, using equations (9) and (10). This net result
must now be converted to the corresponding concentration in the
undiluted pathway by muitiplying by the ratioc of the plant vent
flow rate to the gas decay tank release flow rate (normally,
epproximately 31 scfm). This represents the 1imiting
concentration passing through RE-22, and the high alam setpoint
15 determined as similarly prescribed above for RE-14. This
entity 1s also expounded upon again in Appendix 2.

rn

There 1s no pressure correction here (as with RE-14) since the ’
sampling 1ine {s short and there 1s no filter in between, however
“he same ILC uncertainty factor correction is applied as with

& RE-14. This then 1s what's set on the monitor.
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3)

Steam generator blowdown tank vent monitor, RE-27

The site boundary dose contribution for releases from this
independent pathway during normal operation are expected to be a
very small fraction of the dose contribution resulting from
releases via the plant vent., For purposes of establishing the
high alarm setpoint on RI-27, use as a basis release rates such
that the dose contribution from this pathway will not exceed one
percent of the maximum 1imits on dose rates due to noble gases,
that 1s, 5 mrem/year to the total body and 30 mrem/year to the
skin. For two-unit operation, one-half of these values should be
allotted to each unit. L

First, determine the release rate limit for typical mixtures,

using equations (9) and (10), but with the reduced doses

described above. Next, calculate the corresponding activity b
concentration which flows through RE-27, Note that a -
concentrating effect of gaseous activity occurs in the blowdown

tank vent because virtually all of the gaseous activity is

carried out by only about one-third of the water mass which had
entered the blowdown tank. Use the following expression to
determine the activity concentration flowing through RE-27:

kg » RO (17)

Cg » the total activity concentration in RE-27, n
uCi/gram

Qt = the activity release rate, in uCi/sec ’

Wy = the total steam generator blowdown flow rate
# from a1l steam generators, in grams/sec

3 “ the fraction of the blowdown which flashes tc
(R = 0.32, for most of the time, assuming that the
fnlet temperature 1s - 490°F).
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The high alarm setpoint 1s established using a similar
relatfonship as described above for RE-14 and RE-2Z2. As with
RE-22 there 1s no pressure correction, however, there is the I&C
uncertainty and it 1s given a 1ittle differently as:

proj. HASP,, = 0.7 HASP, (calcz. This then 1s what 15 set on the
monitor. {ne value used for should not exceed 0.015 uCi/gram,
considered as dose equivalent }-131. because this is the implied
concentration in the blowdown tank vent when the secondary

coolant is at its technical specification Yimit of 0.10 w/Ci/gram
dose equivalent 1-131. @

- f. Gaseous effluents dose projections (T.S. 3.11.2.4)

Dose projections for the categories of calculated air dose due to
noble gases to the controlling location and calculated dose to the l!:—
controlling individual due to rediofodines, radioactive materials in *
particulate form and radionuciices other than noble gases are made at
least once per 31 days. Projections will normally be made on the last
working day of each month, with attention to the technical

( specification frequency requirement contained in section 4.11.2.4.1.

The projected doses are calculated by application of equation (11),
(11a), (12), (l2a), or (14), as appropriate, using estimated releases
from expected releases from Gas Decay Tanks, Containment Purges, and
building ventilation exhaust.

The projected doses, whether from GDT, containment venting (or

purging), and plant vent continuous releases, could contain interim
4 portions of the calculations (performed by the computer's “real time"
software package) based on pre-batch release data or a previous
perfods composite analyses' data. And, in almost every instance, &
scaling 1s involved by the ratio of 31 days to the number of days in ?
the current quarter added to the previous quarter all multiplied by
the sum of last quarter's max dose to the max doses accrued and
calculated to date thus far this quarter. At any rate, this always
ends up stored in the instantaneous running archive of doses (by
computer). These “interim" dose calculations after use for projection
purposes must eventually be purqed and replaced with “correct” dose
portions based on actual days involved 1.e. update or post-release
analysis data on batches, and concurrent data from the composites.

r
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3. Direct Radiation (7.S. 4.11.4.2)

Oirect radiation from the plant site to the unrestricted area is composed
of two principal components, namely 1ine-of-site (or primary) radiation and
sky-snine (or secondary scattered) radiation. For significant distances
the latter component becomes quite dominant.

At Diablo Canyon Power Plant, being a P.W.R., turbine building shine (in
contract t2 BUWLR.'s) 1s all but non-existent. Likewise the containment
structures being so thickly shielded, never become the major sources for
direct radiation. The most likely candidates for any measurable source of'§
direct radiation to the unrestricted area are the cask liners and drums
holding the radioactively hot spent resins; filter beds; evaporator

sludges; etc., which are slurried with concrete and compacted for high
radwaste storage. The high radwaste storage bunkers themselves, although ]::,
heavily shielded, for storing these casks, drums, etc., do represent the =
only continucus low level source of direct radiation. The most probable
time for concern in calculating doses or dose rates due to direct radiation
fs during the preparation and transportation (to the bunkers from the
Auxiliary building) of the casks, drums, beds, etc. of radwaste.

Two basic assumptions are made in the following expressions used for
calculating dose rates and the doses. One, 1s that, since the nearest
unrestricted area (i.e. closest site boundary) location is 800 meters (or
greater) away, and the bunker rooms, cask liners, and drums are < 10' or
15" in dimension, then a)) sources will be assumed point sources. This
allows at least two significant figure confidence on dose and dose rate
calculations. Secondly the “sky-shine" or scattered radiation is assumed
spherical rather than hemispherical about the source. That is the ground 1is
conservatively assumed to be a perfect mirror to the radiation. [n that
which follows the so-called "build-up" factor, B, accounts for the
Sky-shine contribution whereas the

e “"/r? term accounts for the 1ine-of -sight contribution.
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¢. Dose rate calculations (air dose rate only).

1) When isotopic concentrations of unshielded directly exposed
sources are known.

‘

. “U_r
D (R/hr) = 156 Eogy EU[H ‘o, Bige
r i

J (18) :
.

- where:

" r - distance from source (i.e. open cask, open drum or
exposed source) on site to point of interest for
calculating dose rates in unrestricted area, in metersb

A number of curies of isotope "{1* in source.
Eyj = gamma energy, in Mev, of j gamma decay scheme in the
ith isotope
Y4 N pure number of gamma decays in Jththdecay
dj scheme per disintegration of the 1*" {sotope
156 = units compatibility constant
“6 = existing total gamma attenuation coefficient
i for air, in meters “' - a function of Eqy
-
- u; . existing total gamma absorption coefficient
J - for air, in meters ~' (Note: uy = o0, pair .
with

%a * Ophoto elect * %compt. abs * Opair prod)
- & function of Eij

uu
Byy = 1+ rus'j L+ %35) (Ref7) (19)

M
*
<

®j = existing compton scatteringcoefficient for

air in meters "' -a function of E5
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R S W (20)
' (&ny subscript) = u (any subscript) Ff - (21)
0

P - existing press. (atm, mmHg, etc.)
T = existing temp. (°R, °K)
PosTo® S.T.P. (i.e. 760 mm, 273°K etc.)

From the curves in Ref. 7 and Ref. B, the following expressions
were empiricaldy-curve fitted (any subscript).

ug(™"') = 0.00le [1.34-0.105(2n(10€)-1.57) %) (22)
us(m') = 0.001e |3-10-0.089(2n(10E)+1.89)%] (23) | >4

NOTE: (22) and (23) are accurate within 2 10% for
0. IMev<E<2.5 Mev.

2) When isotopic concentratiuns are not known but, Cy, the total
concentration, 1s known along with an effective £ (gamma)
(external to the source) per disintegration also known, equation

(18) becomes: =
D(R/hr) = —%393 Cr (curies) E(Mev) w(F) B(E)e © )7 (24
ri(m
: ¥
where: B = | + rus(f) 1« -—Ei—s—l- (25) .
Va(E)

Here equatfons (20), (21), (22) and (23) are repeated for E here.
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3) When no 1sotopic or total concentrations are known, but rather T
(gamma external) 1s known plus a up-close survey meter reading
(at some close distance ry), f.e., O(ry) 1n R/hr, 1 known. Such
is the case for an

enclosed source (already in cask, drum, or storage

bunker) behind shielding with an effective E (known) in Mev.
(Note: r>>rg), then:

2 N
D(R/hr) '< . ) O(rg) B(E)es'ofE)r (26)’
r
(MOTE: The bufldup factor, B(ry) times the l::'

attenuation, e'“"o. for ro(<10 meter) ~ 1)

where: equations (20), (21), (22), (23) and (25) are
used here also.

4) Examples:

Example 1.

i = (Cs-137 T = 289° K (16°C or 66°F)
jel P=1 atm

£y = 0.662 Mev r = BOO meters
[ZJ] = 0.9 Cy = 2 curies

g4

B calculates to = 13.45
whereas:

e 5" calculates to 0.000522  Then: 0 = 7.36-9 R/hr
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Example 2.
E = 0.662 (Mev) T = 289°
P=1 atm r = B00 meters
ro = 1 meter

D (rg) = 2.0 R/hr

B calculates to = 13,45 and again

-u'(E)r s
® e “o( ) calculates td 0.D00522 Thus: D = 2.19-8 R/hr
- b. Dose Calculation (afr dose only). Here we simply calculate the
dose rate by equations (18), (24), or (26) and multiply by the l::'
recorded time, At.
D(R) = D (R/hr) At(hr) (27)
1) Continuous
At = ] yr = 365 days = B760 hrs
2) When processing and moving radwaste for storage in the high
radwaste siorage area, the radwaste foreman's records for
this processing and moving time 1s used for
At. Equation (27) 1s applied and the dose archived and
summed to previcus such doses.
' 4 =TT3) Example: 2 curies of Cs-137 are lying on ground directly
- expdsed for continuously direct radiation to site boundary

800 meters away neglecting decay. .
D = 6.4(-5 Rads = 0.064 mrads 0.064 mrems annually
4. Uranfum Fuel Cycle Cumulative Dose (T.S. 3.11.4)
The cumulative dose off-site to any member of the public due to
radioactive releases 1s determined by summing the calculated doses
from the following as appropriate.

8. Liquids, using equation (1). Wsually this 1s not added to b, ¢,
or d below,

b. Noble gases, using equations (11) and (12) or (lla) and (122).
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o lodines and particulates, and radionuclides other than noble
gases, using equation (14).

d. Direct radiation from 3. using equation (27).

On-site dose calculations to any member of the public due to (their)
ectivity inside the site boundary (7.S. 6.9.1.6).

Although the main body of this procedure 1s dedicated primarily to

of f-site dose calculations, with the demarcation between off-site and
on-site being the site boundary, 1n some instances the methodology :
used for off-site can be used for on-site calculations. However,
there are Timitations to the expressions used and these will be
delincated in that which follows.

Particular to this site are situations where on occasions some nember:'
of the public are allowed within the site boundary but only in the =
owner controlled area up to the protected area boundary. Although
this area 1s considered under license control, because of situations
usually so transient, fiim badging, TLDs, dosimeters and such are not
felt necessary. Nonetheless, dose calculations will be made according
te this section to satisfy this 1icensee control. The most prevalent
or frequent members of the public are: tour participants to the
simulator (training building) or bio-lab, policemen to the shoot ing
range (most frequent); ranch hands driving cattle through from
adjacent properties; and American Indians visiting ancient onsite
burial grounds (closest to plant). Doses due to liquid releases are
too improbable, hence not calcu':ted for here. However, doses due to
gaseous releases and direct radfation are considered. Of course, of
prime concern gre the time and distances involved. There are
Timitations on these distances used, however. For gaseous releases
the doses are calculated using equations (1la), (12a) and (14) witn
the Ri's 1n (14) confined to the inhalation and ground plane pathways,,
and furthermore excluding the infant age group. The major distance
Timitation here 1s where the X/Q and D/Q dispersion factors breakdown
mathematically. These values are obtained by extrapolating linearly
backwards the logarithms of the most proximate site boundary (S.8.)
values (dispersion factor versus distance) and some cther known
location (loc.) to the appropriate distance onsite. That is:

log [X/Q (or D/Qlongites
log [X/Q (or D/Q)s p.-1og [X/Q(0rD/Q)1ec.

Tog (dist.S.B.) - log (dist.loc.)

[log (dist.onsite)-log (dist.S.B.]
+109 [X/Q(orD/Q)] s.8.
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Consigering Reg. Guide 1.111's figure bounds and DCPP's site specific
“building wake" correction factors, the distance Yiuitations for which
the mathematical expressions can be expected to be reasonably reliable

are for distances greater than (>) 200 meters.

Likewise for direct radiation, the doses are calculated using
equations (18) through (27).
assumed a point source although finite source dimensions of
approximately 15' to 20' do certainly exist.
calculations less than (<) 100 meters away, an error would start

showing up 1n those equations.

e-—=~ Consequently 200 meters away-from the plant's (both units) centroid

Here the storage of solid radwastes is

For field point dose

and the storage bunkers 1s arbitrarily selected as the closest

perimeter for which onsite doses will be calculated with reasonable

reliability using the ODCP equations.

Fortunately, the types of the members-of -the-public onsite described
above, at worst, barely approach that 200 meter limit. Below 15 a
table describing the type uf onsite member-of-the-public expected at
OCPP, the sectors and closest distances in which they may visit and
finally their average expected visitation times (based on Security

Dept. information).

SECTOR CLOSEST POINT  AVERAGE EXPECTED
ONSITE MEMBER OF OF APPRC “H VISITATION
OF THE PUEBLIC VISITATION TO PLAN TIME PER YEAR
(1) Police at SE 700m 208 hours
shooting range
(2) Tour Participants
(a) Simulator Bldg S (SE) 310m 4 hours
(b) Bio Lad SSE (SE) 460m 6 hours
(c) Overlook £ 210m 1 hours
(3) American Indians L 200m 96 hours
at burial grounds NNW 200m 96 hours
(4) Ranch hands driving N 250m 1 hour
cattle around site NNW 350m 1 hour
» 320m 1 hour
NNE 450m 1 hour
NE 1 hour
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TABLE 1
COMPOSITE DOSE FACTOR, Ay, FOR ADULTS, SALTWATER SITE
(mrem/hour per uCi/ml)
NUCLIDE T, BODY  THYROID  KIDNEY LlﬁG Gl-LLI BONE LIVER

H o3 2.82£-01 2.82£-01 2.82f-01 2.B2E-01 2.B8ZE-01 WNO DATA  2.82E-01

Be 7 6.52E+01 MO DATA  NO DATA  NO DATA  2.61E+02 2.61E+01 NO DATA

C 14 2.90E 03 2.90f 03 2.90F 03 2.90f 03 2.90f 03 1945 04 2.90F 03

Na 24 4.87¢-01 4.57-01_ 4.57€-01_ 4.57€-01_ 4.576-01 4.576-01_ 4.576-01

P "3? .45t 05~ NO DATA ~ NO DATA ~ WO DATA ~ T.BSF 06~ T.87F O7 [.B4aF 06
w Cr 51 5.58f 00 3.34E 00 1.23E 00 7.40E 00 1.40FE 03 NO DATA NO DATA
: Mn S4 _ _ 1.35 03_ NO_DATA _ 2.10F D3_ NO DATA _ 2.16F 04 ND_DATA _ 7.06f 03_
Wn"86 = = 3.15F 61" WoTOATA ~ 2.36F 8z~ Wo GATA ~ 5.87F 03~ Wo"DATK ~ T.J6F 02~ B
Fe 55 €.¢3E 03 NO DATA  NO DATA  1.97E 04 2.03f 04 5.11FE 04 3.53F 04 *
Fe 59 7.27€ 04 NO DATA  NO DATA  §.30F 04 6.326 05 B.06E 04 1.90F 05
Co §7 _ _ 2.36E 02_ NO_DATA _ NO_DATA _ NO_DATA _ 3.59f 03 NO_DATA _ |.42F 02_
Co 58 T1.35F 037 Mo"DATA ~ NOTDATA ~ NO"DATA ~ T.32F Ba~ Wo DATR ~ ¢.03F 02
Co 60 3.82E 03 NO DATA  NO DATA  NO DATA  3.25F oa NO DATA  1.73f 03
Ni_€3 _ _ 1.67E 03_ NO_DATA _ NO_DATA _ NO DATA _ 7.1BE 02 4.96F 04 3.44F 03_
NiTEE T.20F B)™ Nn"DATE ~ NODATA ~ NODATA ~ B.ZsE 62 2.02F 02 2.82F ©)
Cu 64 1.01f 02 NO DATA  5.40f 02 NO DATA 1.B3f 04 WO DATA  2.14f 02

i
x
>
o
o

In 5 _ _ 2.32f 05_ NO_DATA _ 3.43FE 05 NO DATA  3.23F 05 1.61F 05_ 5.13f 05_
In 63 4.%6f 01 NOTDATA T 4.%6F 02~ WO ODATA §.85F 01 3.43F 02~ 6.%6F 02
As 76 3.94E 03 NO DATA  7.B6E 03 NO DATA  7.86F 06 NO DATA 4.71f 03
Br 82 4.076 00 NO DATA  NO DATA  NO DATA  4.66E D0 NO DATA 0 DATA
Br 83 #.25£-02 MO DATA  NO DATA MO DATA  1,04E-01 NO DATA  NO DATA
Br 84 _ _ 9.40E-02_ NO_DATA _ NO_DATA _ NO_DATA _ 7.38E-07 NO_DATA _ NO DATA

i Brgt 3.B6E-037 NOTDATA ~ WOTDATA ~ Wo~DATA ~ Y.BoF.Te™ WO DATE — NOTDATR ™

' Rb 86 .91 G2 NO DATA . NO DATA  NO DATA  1.23E 02 NO DATA  6.24F 02
Ro B _ _ 9.49E-01 NO_DATA _ NO_DATA _ NO_DATA _ 2.47f-11 NO_DATA _ .79 00_
Ro8% B.34F-017 NO"UATA ~ WO"DATA ~ WO DATA ~ §.B9E.Te™ WOTDATA ~ T.Tof 00” »
Sr 89 1.43E 02 NO DATA MO DATA  NO DATA ©.00f 02 4.99F 03 NO DATA
Sr 90 _ _ 3.01E 04_ NO_DATA _ NO_DATA _ NO DATA  3.55¢ 03 1.23F 05 NO_DATA
Sk7eT 3.71F Bo™ No"DATA ~ No"DATA ~ NO"OATA ~ 4.37F 02~ §.18F B1~ WO DATK ~
Sr 92 1.51E 00 NO DATA  NO DATA NG DATA  6.90f 02 3.48F 01 NO DATA

1.

_____ 25E-01  NO_DATA _ NO_DATA _ NO_DATA _ 6.42E 04 6.06F 00_ NO_DATA _
Y T9IM T 2.22F-03" NoOATA ~ WO DATK NOTDATA = T.Bef-01° B.¥3F-B2 WO DATE

Y 91 2.37E 00 NO DATA  NO DATA NO DATA  4.89f 04 B.B8E (1 NO DATA

Y 92 _ _ 1.56E-02 NO_DATA _ NO_DATA _ MO _DATA _ 9.32f 03_ 5.326-01_ NO_DATA _
Y 793 4.86E-027 NOTDATA ~ NODATA ~ WO DATA ~ B.3sF Ba~ T.29F Bo NOTDATR
Ir 95 3.46E 00 NO DATA  B.02E 00 WO DATA 1,62 04 1.59F O1 5.11F 00
Ir 97 _ _B.13E-02_ NO_DATA _ 2.68E-D1_ NO DATA _ 5.SIf 04_ 8.81{-01 1.78E-0!
T H 1.34F 027 Wo"0RTA ~ Z.46F 82~ WoDATA ~ T.21F B6~ 3. 47 02” 3.39F 02”
Mo 99 2,43t 01 NO DATA  2.B9E 02 WO DATA  2.96f 02 no DATA  1.28f 02
Te 99M_ _ 4.66£-01_ NO_DATA _ §.56£-01 1.79£-02 2.17€ O1 1.30£-02_ 3.66-02
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NUCLIDE  T. BODY THYROID KIDNEY  LUNG GI-LL]  BONE LIVER
Tc101 1.88£-01 NO DATA  3.46£-01 9.B1E-03 5.776-14 1.33(-02 1.92E-C2
Ru103 4.60E 01 NO DATA 4,076 02 WO DATA 1.25E 04 1.07f 02 NO DATA
Ru105 3.51F 00_ NO_DATA _ 1.15F 02_ NO DATA _ §.44F 03 B.B9E 00 NO DATA
R.T0E = ~ 2.01F 02~ NODATA ~ 3.06F 03~ N0 DATA ~ Y.B3F 05~ T.89F 03~ WO DATE
AgllOM  B.45E 02 NO DATA 2.80i 03 NO DATA §.BOE 05 1.54F 03 1.42f 03
Snll3 4.28f 03 1.B2E 03 NO DATA NO DATA 3.10F 05 7.66f 04 2.B3f 03
@115 6.126 02 NO DATA 1.13E 04 NO DATA 9.39E 06 NO DATA |.56f 04 °
Snl117M  2.02E 04 NO DATA  NO DATA - NO DATA . 2.26f 05 NO DATA NO DATA
Sb122 5.98¢F oo 2.70E-01 NO DATA 1,07E O1 6.72E 03 1.07¢ 01 6.37€-01
$bl24 _ _ 1.09¢ 6.70E-01_ NO_DATA _ 2.1S5E 02_ 7.B4f 03_ 2.76 02_ 5.22f 00_
$128 - - 4.30f 81 1.79F.81" NoOATA T.36F 02" 1.94F 03~ 1.77F 62~ 1.57F o0~ =
Tel25M  2.91€ 01 6.52€ O1 8.82E 02 NO DATA 8.66f 02 2.17€ 02 7.86f 01 =
Tel27M_ _ 6.68E 01 1.40F 02_ 2.23FE 03_ NO DATA  1.B4F 03 5.48f 02 1.96f 02
Tel27 1.93F 00™ 6.80F 00~ 3.83F 01 WO DATA ~ 7.03F 02 B.50F 00~ 3.20F 0o~
Tel29 1,476 02 3.20f 02 3.85t 03 WO DATA 4.69¢ 03 9.31F 02 3.47F 02
Tel29 _ _ 6.19€-01_ 1.95 00_ 1.07E 01 NO DATA 1.92F 00 2.54f 00 9.55£-01
TeIsTw™ = 5.71F 01™ 1.08F 02~ €.54F 02~ No DATA ~ &.B0F 03~ 1.40F B2~ &.BSE 01~
Tel3l 5.036-01 1.31E 00 6 99E 00 NO DATA 2.26E-01 1.59F 00 6.66E-01
Tel32 _ _ 1.24E 02_ 1.46F 02_ 1.27€ 03_ NO DATA 6.24f 03 2.04f 02 1.32f 02
T 7130 4.81F 017 §.51F 03™ 1.B2F 02~ WO DATA ~ 1.01F 02~ 5.96f 01 1.17F B2~
1131 1.79€ 02 1.02E 05 6.35¢ 02 NO DATA B.23FE O1 2.18f 02 3.12f 02
1 132 _ _ 9.96F 00_ 9.96F 02 4.54F 01 NO DATA 5.35( 00 1.06f 01 2.85f 01
T133 3.95E 017 1.90F B4~ 2.26F B2~ WoDATA ~ T.T6f 02~ 7.4sf 01 1.30F 62°
1134 5.40E 00 2.62F 02 2.40FE O1 MO DATA 1.326-02 §.56f 00 1.51f O!
1 135 _ _ 2.24F 01_ 4.01F 03_ 9.75f 01 NO DATA 6.B7E 01 f .32E 01 6.08f 01
s133 ", 33F B4 NOTDATA T B.27F 03" Y.7E 03~ Z.BsE 02 &.B4F 03~ [.83F Ba
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DIABLO CANYON POWER PLANT

TITLE: OFF-SITE "DOSE CALCULATION

B B S P

TABLE 30

NUMEER

REVISION

PAGE
UNITS

DOSE PARAMETERS', Ry FOR RADIOIODINES, RADIOACTIVE
PARTICULATES, AND ANY RADIONUCLIDE OTHER THAN
NOBLE GAS, G*"EOUS EFFLUENTS,

ANY AGE GROUP, GROUND PLANE PATHWAY

(m? mrem/yr per uCi/sec)

RADIONUCL IDE

WD N B WM
N TR R ps s

H-3
C-14
CR-51
MN-54
FE-59
C0-58
C0-60
IN-65
RB-86

. SR-89

. SR-90/Y80
. Y-91]

. IR-95

. NB-S5

. RU-103
. RU-106
. AG-110M
. CD-115/115M
. SB-124
. SB-125
. TE-129M
. 1-131

. 1-133

. £S-134
. CS5-136
. CS-137
. BA-140
. CE-14]
. CE-144
. ND-147

R_(GROUND)

0.000E+00
0.000E+00
4.668E+06
1.342E+08
2.756E+08
3.795E+08
2.149€+10
7.501€E+08
9.005E+06
2.230E+04
4,482E+05
1.183E+06
2.493t+08
1.366E+08
1.087E+08
4,200E+08
3.4B2E+09
4.500E+06
5.945£+08
2.286E+09
2.001€E+07
1.722E+07
2.474E+06
6.8B33E+08
1.491E+08
1.030E+09
2.054E+07
1.360E+07
6.958E+07
8.4B1E+06

CAP A-B
5
S8 OF B85

1 mD 2

! Values for the dose parameters for al) pathways are calcuiated by

the PGandf “Tech. Spec." Code and based on Reg. Guide 1.109 or

NUREG 0133,

X0069232.08 58!




DIABLO CANYON POWER PLANT

TITLE: OFF-SITE DOSE CALCULATION

TABLE 3P

MUME £ R

REVISION

PAGE
UNKITS

DOSE PARAMETERS', Py FOR RADIOIODINES, RADIOACTIVE
PARTICULATFS, AND ANY RADIONUCLIDE OTHER THAN

NObLE GAS, GASEQUS EFFLUENTS,

ANY AGE GROUP, GROUND PLANE PATHWAY

(m? mrem/yr per uCi/sec)

RADIONUCLIDE

WO LU DN e
s e et

— .

e et e
W0 SOhr o w N

NN MO RSN RN
O B WM — O

27

29
30

~N
@

NUREG 0133,

X006923a.08 591

H-3
C-14
CR-51
MN-54
FE-59
C0-58
C0-60
IN-65
RB-86

. SR-89

. SR-90/Y90
. ¥-81

. IR-95

. NB-95

. RU-103

. RU-106

. AG-110

. CD-115/115M
. SB-124

. 5B-125

. TE-129M

. 1-131

. 1-133

. C5-134

. £5-136

(5-137
BA-140 .

. CE-141

CE-144
ND-147

' values for the dose parameters for all
the PGandE “Tech. Spec.” Cod> and based

P_(GROUND)

0.000E+00
0.000E+00
6.667E+06
1.098£+09
3.922£+08
§.272E+08
4.400E+09
6.894E+08
1.2B6£+07
3.160E+04
6.403E+03
1.669E+06
3.4B7E+08
1.956E+08
1.551€+08
2.992E+08
3.143E+08
6.300E+06
B.374E+08
7.552E+08
2.B56E+07
2.460E+07
3.502E+06
2.813E+09
2.129E+08
1.147€+09
2.934E+07
1.942€+07
5.855E+07
1.212€+07

CAP A-8
5
$9 OF 85

1 AD 2

-“

pathways are calculated by
on Reg. Guide 1.109 or
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DIABLO CANYON POWER PLANT NUMBER CAP A-8
REVISION §
PAGE 60 NF 85

TITLE: OFF-SIT "DOSE CALCULATION
UNITS 1 ap 2

m

TABLE 4A

DOSE PARAMETERS', Ky OR Py,
FOR RADIOIODINES, RADIOACTIVE mm’.umz. AND
ANY NON-NOBLE GASES

SUPER AGE GROUP, CRITICAL ORGAN
INHALATTON, COW-MILK-TNGESTION, PATHMAYS
INHALATION MILK

RADIONUCLIDE (MREM/YR PER uCiM?) (M?, MREM/YR PER uC1/SEC)
N 1.36+03 (teen tota) body) 2.4E+03% (inf. tota) body)

C 142 3.6E+04 (child bone) 3.26406% (inf. bone) ;
Cr 51 2.1E+04 (teen lung) 7.5E+06 (teen GI-LLI) .b
Mn 54 2.0E+06 ( * . 3.1€+07 (inf. liver)

Fe 59 1.56+06 ( * » 3 3.4E+08 ( ¥ '3

Co 58 1.36+06 ( * "3 9.1€+07 (teen GI-LLI)

Co 60 B.76+06 ( * ol 2.9€+08 ( * A

In 65 1.26+06 ( * o 1.7€+10 (inf. liver)

Rb 86 2.0E+05 (child Yiver) 2.1E+10 ( "l

Sr B9 2.4E+06 (teen lung) 1.1E+10 (inf. bone)

Sr 90/Y90 1.1E+08 (teen bone) 1.08+3) ( * "3

YOIM/YS] 2.9E+06 (teen lung) 5.56+06 (teen GI-LLI)

Ir 95 2.76+06 ( * . 1.06+06 ( * M

Nb 95M/95 7.5E+05 ( * .3 2.96+08 ( * ol

Ru 103 7.BE+05 ( * "3 1.36+05 ( * AR

Ru 106/Rn106M 1.6E+07 ( * ) 1.56+06 ( * ARG

Ag 110M 6.8E+06 ( * ‘3 2.1€+10 ( * e »

! values for the dose parameters for all pathways are calculated by the PGandt
*Tech. Spec." Code based on Reg. Guide 1.109 or NUREG 0133.

! fFor tt1t1um and carbon-14, the units of the dose parameters are mrem/yr per
uCi/m™ for al) pathways, and they must be multiplied by X/Q.

X0069232.08 601
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s e——————— e — e

TABLE 4A (cont'd)
DOSE PARAMETERS', Ty OR Py,

FOR RADIOIODINES, RADIOACTIVE PARTICULATE, AND
ANY NON-NOBLE GASES

SUPER AGE GROUP, CRITICAL ORGAN
INHALATTON, CGH-MYLK-!NCESTIGN, PATHWAYS

INHALATION

MILK

RADIONUCLIDE (MREM/YR PER uCi/mM?) (M?, MREM/YR PER uCi/SEC)
Cd 115/Ca 115M/
In 115m 2.BE+06 (teen lung/GI-LLI) €.9E+07 (teen GI-LLI)
Sb 124 3.96+06 (teen lung) 18808 * + ) | >
Sb 125 & 78«08 { * "3 2.2(+08 ( SR it
Te 129M 2.0E+06 ( * i 1.36+09 (inf. kidney)
Cs 134 1.16+06 (teen 1iver) 5.4E+10 (inf. liver)
Cs 136 1.9E+05 ( . S.5E+09 ( g
Cs 137 9.1E+05 (chid bone) 4.9E+10 ( * il
Ba 140 2.0E+06 (teen lung) 2.3E+08 (1inf. bone)
Ce 141 6.1€+05 ( * "3 1.5E+07 (teen GI-LLI)
Ce 144 1.3E+07 ( ™ ol 1.36+08 ( * A
Nd 147 3.76+05 ( ™ -3 €.96+05 ( S
Unident if fec 1.1€+08 1.0E+11
1131 1.6E+07 (child thyroid) 5.2E+11 (1nf. thyroid)
I 133 3.8BE+06 ( " A 4.8E+09 ( i

! Values for the dose parameters 7or all pathways are calculated by the PGandf
“Tech. Spec.* Code based on Reg. Guide 1.109 or NUREG 0133.

! For tritium and carbon-14, the units of the dose parameters are mrem/yr per
uCi/m? for a Pathways, and they must be multiplied by X/Q.

X006823a.08 611
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TABLE 4A (cont'd)
DOSE PARAMETERS', Wy OR Py,

NUMEER

REVISION

PAGE
UNITS

FOR RADIOIODINES, RADIOACTIVE PARTICULATE, AND

ANY NON-NOBLE GASES

FARM-ANIMAL-MEAT-TNGESTION, VEGETABLE-TNGESTION PATHWAYS

U A
AT-1N N

SUPER AGE GROUP, TR

CAP A-8

5

62 0OF

85

1 MDD 2

U ITICAL ORGAN

RADIONUCLIDE

" 3

t 14

Cr 51

Mn 54

Fe 59

Co 58

Co 60

In 63

Rb 86

Sr 89

Sr 90/v90
YOIM/YS]
lr 95

Nb 95M/85
Ru 103

Ru 106/Rn106M
Ag 110M

ANIMAL (MEAT)
(M?, MREM/YR PER uC1/SEC)

3.26+02% (adult total body)

5.36+405% (child bone)

L2E+07 (
.BE+09 (
1E+08 (
JAE+09 (

B6E+05 (
.BE+09 (
1E+10 (
SE+11 (
J1E+09 (

B o= st O) = UN = D N b e L e B

! values for the dose parameters for all pathways are calculated by the PGandf

L0E+08 (adult 1iver)
.4E+C8 (child liver)
.2E+08 (child bone)
.0E+10 (adult bone)
.3E+08 (adult GI-LLI)

.6E+06 (adult GI-LLI)

)
)
)
)

)
)
)
)
)

VEG
(M2, MREM/YR PER wuCi/SEC)

4.06+03% (child tot bedy),
3.56+06* (chila bone)

B e DWW BN WO W e

“Tech. Spec.” Code based on Reg. Guide 1.109 or NUREG 0133.

! For tritium and carton-14, the units of the dose

uCi/m® for all pathways, and

X006923a.08 62!

they must be multiplied by X/Q.

)

)

)

)
)

.2E+07 (adult GI-LLI)
AE+08 (
.BE+0B (teen GI-L.I)
.16+08 (adult G'-LLI)
2E+09 (teen F(-LLI)
.JE+09 (chiid 1iver)
.6E+08 (
.6E+10 (child bone)
JAE+12 (
.2E+09 (teen GI-LLI)
2E+08 ( ¥
.JE+08 (adult GI-LLI)
.7E+08 (teen GI-LLI)
SE+10 ( *
4E+09 (¥

)

parameters are mrem/yr pe.
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TABLE 4A (cont'd)

DOSE PARAMETERS', H; OR F7,
FOR RADIOIODINES, RADIOACTIVE PARTICULATE, AND
ANY NON-NOBLE GASE3

SUPER AGE GRUUP, CRITICAL ORGAN
FARM-ANIMA! MEAT-TNGESTION, VEGETABLE-INGESTION PATHWAYS

ANIMAL (MEAT) VEG

RADIONUCLIDE (M?, MREM/YR PER uC1/SEC) (M?, MREM/YR PER LuC1/SEC) »
Cd 115/Cd 115M/

In 115M 5.4E+07 (adult GI-LLI) 2.56+09 (teen GI-LLI)
Sb 124 4.7E+08 ( * R 3.0E+09 ( * ’ 3
Sb 125 1.7€+08 ( * .3 1.6E+09 ( * ’.3
Te 129M S.4E+09 ( * * .3 2.9E+09 (child kidney)
Cs 134 1.26+09 (adult Vver) 2.6E+10 (child 1iver)
Cs 136 4.5€+07 ( * .3 2.2t+08 ( " wiis
Cs 137 1.1E+09 (child bone) 2.5E+10 (child bone)

Ba 140 5.7E+07 (adult GI-LLI) 2.8E+08 ( * iy

Ce 14] 3.26¢07 { * .o $.3E+08 (teen GI-LLI)
Ce 144 3.9€+08 ( * - 1.3E+10 ( .3
Nd 147 3.96+07 ( * il 1.9€+08 (adult GI-LLI)
Unidentif ied 1.5€+11 1.4E+)2

1 131 2.7€+09 (child thyroid) 2.4E+10 (child thyroid)
1133 6.7E+01 ( * SR 4.1E+08 ( * >

" Values for the dose parameters
"Tech. Spec.* Code based on Reg. Guide 1.109 or NUREG 0133,

! For tritium and carbon-14, the units of the
uCi/m*83 for all pathways, and they must be multiplied by X/Q.

X0069232.08 631
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TITLE: OFF-SITE ‘DOSE CALCULATION 3

UNITS 1 AND™ 2

TABLE 4B
DOSE PARAMETERS', Ry AND Py,

FOR RADIOIODINES, RADIOACTIVE PARTICULATE, AND
ANY PADTOACTIVE NON-NOBL U LUEN U GROUP,
TCAL ORGAN GROUND PLANE PATHWAY

H |
- N3 0 0
> C 14 0
Cr 51 4.766 6.7€6 | o5
Mn 54 1,369 1,169 -
Fe 59 2.8E8 3.968
Co 58 3.8E8 5.368
Co 60 2.1£10 4.4£9
In 65 7.568 6.9E8
Rb 86 9.0E6 1,367
Sr 89 2.2€4 3.264
Sr 90/Y90 455 6.4€5
Y 91 1,266 1.766
Ir §5 2.568 3.568
Nb 95 1.4€8 2.0€8
RU 103 1.1€8 1.6£8
RU 106/Rh106M a.2(8 3.0£8
Ag 110M 3.569 3.169
" Cd 115/115M 4.566 6.366
’ S 124 6.0£8 8.4€8
Sb 125 2.369 7.668
Te 129M 2.0E7 2.9€7 »
Cs 134 6.8£9 2.8ES
Cs 136 1.5E8 2.168
6 i30 1.0£9 1.169
Ba 140 2.1€7 2.9€7
Ce 141 1.4E7 1.967
Ce 144 7.067 5.9£7
NG 147 8.5E6 1.267
1 131 1.767 2.567
1133 2.566 3.5€6

" Values for the dose parameters for all pathwa;s are calculated by
the PGandt *Tech. Spec." Code based on Reg. Guide 1.109 or
NUREG 0133.

X006923a.08 641
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TABLE 6
LOCATIONS FOR CANDIDATE DOSE (Ry) AND DOSE RATE (Py) RECIPIENTS

TITLE: OFF-SITE DOSE CALCULATION
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sordary'  bewmtery'  bevemery' et ry
0 Ghei( OMm) . - = 81 sy '
e ! S
8.7 (1.2 . - . ” y h'.:ry‘ . y ,
1.8t (] ) i i ¥ i site
- . . bonsiry!  baungary! 1
1 1% (] %) - " " > = = 3 2 - $ite b
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g UNITS 1 mp 2 i

|

e —————————————————

APPENDIX 1 1

Here the constituents, AF, to the Liquid Effluent ~vdiation monitor high alarm
set point expressions as displayed in l.c. are expounded upon in more detai).

From these, 1t 1s relatively effortless to see how equations (2) through (7)
were derived,

5 RE-18 (Subscript “b*)

The AFp term 1s assembled from the other sources, as,

B Ta¥F
8y . .
» 1w

i |

The CLRP Engineer will specify the AF made up of choices on
CJ and FJ. The choices are as follows:

i
\
Mﬁuj ;
a. If there 1s & discharge already in progress from any (or all) of
the other potentfal sources (j¢b), then use the actua) values of
C, and FJ- |
J |
Liti
b. If there 15 a planned discharge from any of the other potential

sources (j#b) which might occur during batch *p discharge and
wherein pre-release analysis data also provides a ( + then use
this value and the maximum :

WF tJ
dgfcu1t value of FJ.

X0065232.08 711
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APPINDIX 1 (Continued)
c. In thz absence of any pre-release data, yet there 1s possibility

of a discharge from these other sources (J¢b) occurring during
batch “"b's" discharge, then select a max conservative value of the

( CJ~ from a recent history of
"’CJ;
such values also the #maximum default vilue of FJ.

d. With the assurance that no "jth" discharge will occur during the
batch “h's" discharge, then selec C’ = 0 for that

; =
othe "jth" potential sour-e.
2 RE-23 (Subscript “1" for Unit 1 - Subscript "2 for Unit 2)
As in 1. (above), assemble the £F, ., term as:
AF = I ¢y Fy
J=b,3,4,5,2(1) (MP J)

@)

kgain as in 1., the CLRP Engineer will specify the Ar,m makeup of the

following choices or( CJ) and Fy:
J

8. If there 1s a discharge from any (or al1) of the other potential
sources already in progress, tmn use the actual values of” € ¢
and FJ in these discharges ¢ 6. For the y )

i

-
( b )contr1but1on. the CLRP Engineer car select from a

recent history (within 2 weeks) of such values the maximum (hence
most conservative) along with FJ » max default valye.

X006%232.08 721
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l

o

UNITS 1 map 2

APPENDIX 1 (Continued)

b. If there 15 a proposed *jth" discharge (Jj¢b) which may coincide or
overlap with this d1echnr9e and for which a pre-release analysis
gives the values of » then use
these values along v1tthhe max default Fy. For the Cy

b
and Fp contributions, use the same as instructed in 2.a. above.

Ee 4 If there are no discharges from the *Jth" sources (Jrb) and no
pre-release data on j¥b, then enter *0" for these
contributions to the &F,; . For the Cb  anc Fy _t'
L tb
contributions, use the same as instructed in 2.a. and/or
2.b. above.

RE-3 (Subscript *3)
As 1n 2. above, the AF; 1s generated by exactly the same instructions with

the exception of merely permuting the subscript ®3* with the subscripts
“1" (or "2"), nemely:

CyF

J'b.l.?.l.s(létj
i3 / .

RE-16 (Subscript.*4* for Umit 1 - Subscript *5* for Unit 2)

As in 2. above, the AF.{zz are generated by exactly the same instructions ,

as in 2. with the exception of merely permuting the subscripts *4(5)* with
the subscripyis *1(2)*, namely:

F

L AF =« I ﬂ h|

“«s) J-b.i.z.l.s.(l)C J)
Jfus)

Allowable flowrates and/or Batch Volumes as a Liguid Radwaste Release
Limiting Criteria

a. M.P.C. or Maximum Allowable Flowrate (MAF) Limiting - T.S.
3/4.11.1.1(10CFR20)

X0069232.08 731!
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Appendix 1 (Continued)

F - AF
"AFFJ - () -8 (from 1., 2., 3. or 4. above)
CJ/MPCJ

NOTE: because F contains F. and Fy, one can efther use Fq = Fy ,
the rated flowrate for the pump in stream of '"" release
or simply F = Fe(J) since Feo >> Fjo in any case. This
also applies to b. and c. below.

b. H.A.S.P. Limiting Flowrate (1.e., "turning® the procedure's m.in
body equation (2) through (7) “inside out") !

.

HASP JHASPCnc(eHang) “ JBkgd k. RCSC . 1 R RCSC P
FJ v (F-AFJ)‘ . g ’t W3 g pCY W#? ﬁ?b
y Ky Cy

)

\ . .
ub, 3 (1og pActua) HASP +0.3) §=1,2 Actual HASP
Note: HASP (existing) = 10 and HASP (exis.ing) = -E-!%~7--
calc calc .

Alsc the bracketed *| ]" term as wel) as RCSCH3/HPCH3 is a2 slowly varying
constant and at most calculated quarterly.

Here, as seer in 1.c. of the procedure's main body, one has

RCS RCS g RCSer o RCSc @ e o)
J » f. £ ' ]
wPC, 2 (I y1 /MPCq , Where 07y © " (fey s only) ,
ks RCSC; . t "¢, e M(1day) , (B usually = Sr B9 and Sr 90/Y90)
4 ¢ H3
i¢v B
¢. *"31-Day-Dose Projection Limiting Volume - T.S. 3./4.11.1.3.
300y Vg | |o.2erem,( ¢ w.b.
MAX J e | e or Tei) - P = d.|(from 1.d. of procedure
(0.1,2)% [31  |0.06mrem,( = w.b. (o.x.;:D’ 0.1,2)F . e

Note: v} B F} At,(aax) , where Fa is the rated flowrate of .Jth" release pump and
AtJ(M&l) = miximum time proposed for release, or alternately

v} £ maximum capacity of tank for proposed 'jth' release
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APPERJIX 2
i NOBLE GASES

Two important entities are generated for triggering the effluents engineer
and the attendant rad monitor's valving automatics to allow or disallow a
redioactive gaseous batch release. Concerned here are the only two

gaseous batch release sources, the Gas Decay Tanks and the Containment
Purge ( or venting), which efflux through the plant vent. The expressions
controlling these decision entities are found in the main br.'y of this
procedure through equatfons (9)-and (10). Equation (9) 1s p-eferentially
selected over equation (10) since, almost without exception, the whole '
body dose rate calculation dlways seems to predominate over the skin dose
rate calculation (1.e., with regard to the most conservative dose rate
limitation). Although the Technical specification assigns a 500 mrem/yr
(wnole body dose rate) overall limitation to both units, the calculaticn ‘t:-
here will conservatively assign a 250 mrem/yr 1imit per Unit in this od
procedure's equation (9).

These key entities are the percent release rate 1imit (P.R.R.L.) and
sttendant rad monitor high alarm set point (H.A.S.P). Although the loca)
attendant rad monitors for noble gas releases from the ges decay tanks ang
ontainment are respectively RE-22 and RE-12 the fina) attendant effluent
rad monitor 15 RE-14A and RE-14B. Consequently for sach batch release
from either contaimnment or 9as decay tank whether a .. ojected HASF for
RE-12 or RE-22 1s calculated, a projected HASP for RE-14A and RE-14B must
8150 always be calculated. Lastly, since the preocedure partitions 99% of
811 gaseous rileases to the plant vent and 1% to the steam generator
blowdown tank vent (at least with regard to dose ratec) then eguation
I21's usage will have o 0.99 muitiplication factor.

Now the analytics implementing all of this is as follows.
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8. X% Release Rate Limit (P.R.R.L.) and High Alarm Set Point (H.A.S.P.)

Def’ the batch flow rate F*, which adds to the existing plant vent flow
rate (F,,). This can be from either the containment (FesF_, ,usually
55000cfm) or from the gas decay tanks (F*sF.,,, usually 31 cfm). This
means that during & batch release (whether Qrom containment or gas decay
tank) the new plant vent flow rate will be F, + F*,

Now looking at some other definitions needed, one has the set C; (NG) and
their total C;(NG) where, C/(NG) 1s the concentration of noble gas isotope
1" (in wCi/cc) 4An the plant vent just prior to discharge of the batch,
(containment or gas decay tank), with C;(NG) = I Ci(NG) The C; s come .
from the last known samole analysis as scaled by RE-14 ratios.
Additionally there 1s the set C,(NG) and 1ts tota), Cy(NG) = ; C,(NG),
which define isotopic noble gas concentrations (&nd totn\; in'the Ratch
about to be released (i.e., containment or gas decay te~k). The (;'s com
from the batch's pre-release sample analysis. Companion to these are the
relative 1sotopic fractions, namely:

fieCi/Cr and fy = C: /CY (1)

Now during the discharge the rew plant vent concentration, C4(NG), wil) be
the following sum, with the batch addition dilution scaled (cy flowrate
ratios) 1.e.:

F Fe
pv ' "
€y o{—————] €4 <+ ] C{ (uCi/cc) (2)
va + F* va + F¢

= Similarly from this set (equation2) the new plant vent total concentration
of noble gases is Cy(NG) = ICy, and the relative isotopic fractions:

Fov C; Y F'C:
F(NG) = C4/07 = ey :
Fov C1 + F*(y

This 1s easily seen, since

1 ' W
CT B e ——— F Cr +« F* C
(va . F') (pv T 7)
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At thic point one calls equation (9) from the main body of this procedure
and rearranges 1t in view of the earlier (above) constraints and equation

(3) o

along with the fact that, Qi (uCi/sec) = 472 F (cfm) Cqy(uli/cc),
name ly:

"A*CT (NG) = 0.99 X 250 mrem/yr

472 (Fpy *+ F)(X)esy max Aa il e

where: Kqy 1s the noble gas "1" whole body dose factor and , |
.
(i?U)c, max 15 ine Taximum historical “five year" running average
- “controhing location's" (usually-sector-center-line-at-site
boundary) meteorological diffusion dispersion factor - See Tables b
2 and 5A of this procedure. -

MOTE: One can see that since "AXc (nG) « YA¥c_(G) £4(NG)

( and the fact that Fp. and F* as well as (X/Q) are independent of
f, then they can be factcered out from under the *I* sign,
i

Obviously from equation (4), WCT("G) sets the 1imit on what can be
released for w11 the relative ‘sotopic mixes involved with this particular
batch release. From this 1t 1s an easy matter to express simple nercent
;Or what 1s actually released (assuming all the fy's, fi's and fi's hold
ixed).

For this, using a know'edge of C;'. Ci. Ct and equation (4), one has:

; CT(NG) CT(NG)
PRRAS & i 8§00 ® x 100 < 100% ()
Wc;(uc) MAXC 1 (KG)
or finally. -
P.RAR.L* = 191(Fp, Cr + F* C7) (X)L max L Ky fq (NG) (6)
i
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A note of clarification 1s in order. By examination of equation (6), the
P.R.R.L.* 1s the percent that Cy (NG) represents out of a potential |

|
limit Ctr (NG), which this discharge can impose as it 1s added to an |
already existing and radiologically restrained effluent stream. To see |
that those are, indeed, release rates being compared, one only hes to
wultiply both numerator and denominator of the R.H.5. of (5) by

. MAX -
a72F" toget Qr /  Qr .

Now for the H.A.S.P. one simply has

MAX «
H.A.S.P.RE22 (or REL2) ® BKSREZZ (or KEI2) * KREZ2 (or RELZ)  CTONG) .

where:
y kRe22 (or RE12) ® L f4 (NG) ky (RE22 or RE12),

MAX MAX "
and CT(NG) = CT(NG) C7(NG)/CT(NG) in addition

to using equation (1) and CAP D-19 values for k; (RE22 or REL2)

Likewise:

MAX
HASPRe14 = Bkgppla + kpela  C(NG)
Using equatton (3) and again CAP D-19 values for ky(RE14)
3 kpr1a = L 4 (NG) kg (RELQ)
i

Finally from these calculater ‘alves of the HASP (RE2', REL12, or REl4), a
usable high alarm set point is needed for the actual setting or comparing
with what 41s already physically on the instrument (rad monitor) itself.
Th's 1s called projected HASP and take into account the I&C uncertainty
fe tor correction. It is given as:

peoj. HASP < 10(‘°9xo HASP (calc) -0.3)

and must be entered on the release permit as called for in this procedure.
This applies to RE22, RE12, RE14A and 14B.
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A1l of the above 1s performed sutomatically by the computer software per
each pre-release analysis. The software also calculates a projected
reading of the radiation monitor

vis-a-'vis the Cy (or Cy) and ? ky (or '?ky, or '*ky).

Generally 1f the proj. HASP {s yreater than the existing setting (from
previous releases) then no action 1s taken. That is, Operations and I1&C
do not have to change the HASP on the monitor unless the projected reading
calculation shows that, although less than proj. HASP, 1t 1s yet larger
than the existing HASP. In this case the HASP should be changed upward to
the proj. HASP so the release can be legally discharged. On the other

o “hand should the proj. HASP be less than the existing HASP, then the

release cannot be discharged unti] the HASP s changed to the proj. HASP,

2. 10DINES, PARTICULATES AND TRITIUM | o8

As with noble gases in section 1. of Appendix 2 we are concerned with a

similar entity, in the so called P.R.R.L. except 1t is being applied only
( to containment. It is assumed that the only significant nuclides for the
§as decay tank are the noble gases. Also only the P.R.R.L. will pe
developed but no H.A.S.P., this is because there 1s no fodine rad monitor
on containment nor does the plant vent fodine monitor possess any
automatics to 1solate containment. Equation (13) from the main body of
this procedure 1s the controlling expression here, which comes directly
under T.S5. (1.€.0.) 3.11.2.1.b. Although the Technical Specifications
essigns a 1500 m=em/yr dose to any crgan limitation to be applied to the
site's both units, the calculation here will conservatively assign 750
mrem/yr 1imit per unit. Also to simplify the calculatior and at the same
time maintain conservatism, the formulae will use the so-cailed super-age
group/critical-organ dose rate factors Py, found in table 4 of this

procedure. This 1n effect selects the highest dose rate factor across the
seven (7) major organs amongst the four (4) principle age groups, all for °*
each radionuc)ide ?I.P.T.).
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Similarly, as with noble gases in 1. above, one defines F.y as the
containment purge (or vent) flow rate (usually 55000 cfm), and Fp, as the
plant vent flow rate prior to contaimment purge.

Also C4(1.P.T.) s the concentration of the radioparticulate isotope, or
radiofodine or tritium (in uCi/cc) found in the plant vent jJust prior to
containment purge. The Cy's come from the last plant vent sample
analysis. Similarly Cy (I.P.T.) s that same [.P.T. 1sotope found in
contairment Lefore the purge and comes from the pre-release analysis for
I.P.T.'s in containment

As described above: :
. 1]
- Cy(IPT : , . Cy(1PT )
£1(IPT) = ————* with CT(IPT) = L C{(IPT) and f{(IPT) = —p—2 with CT(IPT) = £ [teT)
Cr(1pT) { Cr(1PT) R
va ' Fet )
A150 Cy(IPT) @ { ot ) ¢ ¢ ) Cy with CY(IPT) = £ C4(IPT)
Fov + Fet Fov + Fet !
and  f{(IPT) = C4(IPT)/CT(1PT)
From this one also sees that
Cr(IPT) = HRERL [rpvc}(m) + Fey C7 (wn]
(va + Fct)
" CT(IPT) CT(IPT)
- and (va v FC‘t) T W
Cr(1PT) FpovCr (IPT)  Feg Cy (IPT)

At this point, one recalls equation (13) from the main body of this procedure
and rearrcnges 1t in view of the above constraints and the definition of F{(IPT}
along with the fact that 01(uc1/sec) » 472 F(cfm)Cq(uCi/cc):
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From the 3 leading candidates for "controlling location" above, choose

MX mx
smallest  Cy(IPT) and call 1t (myn)Cr(1PT)

MAX " “
Then  Cy(IPT) = Cp(IPTY X Cr(IPT)
e )

CT(1PT)

and  (PLR.R.LL)1PT * ~gror—— X100%
TREXCT(1PT)
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| o . %5, $¥elp o M. o P, « § P,
H3 1.3E3 2.4€3 0 4.32t3
Cr 51 2.1E4 7.5E6 6.766 1.70€7
Mn 54 2.0E6 3.387 1.1€9 1.51€9
Fe 59 1,566 3.4E8 3,968 2.9869
Co 58 1.366 9.1€7 5,368 1.19€9
Co 60 B.7E6 2.9¢8 4.4£9 6.50E9
In 65 1,26 1.7E10 6.9E8 4.05E9
Rb 86 2.0E5 2.1E10 1.3€7 1.00E9
Sr 89 2.4£6 1.1610  3.264 3.64£10
SR 90/Y 90 1.1€8 1.0E11 6.4E3 1.41E12
Y91m/¥91 2.9€6 5.566 1.7€6 3.73E9
2r 95 2.7€6 1.0€6 3,568 2.98E9
Nb 95M/ND 95  7.5E5 2.9E8 2.0E8 7.37¢9
Ru 103 7.8E5 1.3€5 1.656 1.16E10
Ry 106/Rh 106m 1.6E7 1.5€6 3.0E8 1.65E11
Ag 110m 6.8Et6 2.1Ei0 3.169 B.05E9
Cd 115m/Cd1.5/

Inllbm 2.8E6 6.9¢£7 6.3t6 3.56E9
S$b 124 3.9E6 7.8E8 B8.4£8 3.B9E9
S$b 125 2.7C6 2.2t8 7.6E8 2.15E9
Te 129 2.0E6 1.369 2.9€7 8.32E9
Cs 134 1.1€6 5.0E10  2.8E9 2.86£10
Cs 136 1.9E5 5.5€9 2.1E8 3.70¢8
Cs 137 9.1€5 4.9(10  1.169 2.67€10
Ba 140 2.0£6 2.£38 2.9€7 3.5268
Ce 141 6.1E5 1,567 1.9€7 §.72E8
Ce 144 1.387 1.3E8 5.9€7 1.35€10
Nd 147 3.7€5 6.9E5 1.2€7 2.3568
Unld 1.1€8 1.0E1]  3.1£9 1.58€12
1-131 1.6E7 5.2E11 2.5E7 2.67E10
1-133 3.8t6 4.8E9 3.5t6 4.12E8
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Equation (7), (B) and (9) in view of 'the values for ;1‘5 and current met gata from tables SA ang 58
simplify to the following:

1

e . inn 9P .
S8 T(IPT) (Fpy * Fer)10.0031Fy3 » 38.4f 137 « 9.06f133 ¢ I (2.396-6 'p + 0.9256-8 9P;)fp) (10)
L
L]
or
.lc - 1 = e &
vF T(1et;  (Fpy * Fer)0.00282fy3 » 97.4F 131 = 2.51F 133 * I (2.84£-7 Pp + 3.48E-9 *+Y 95 )fp| =rT11)
P
or
rx . 1
sMID T(1¢7)  (Fpy * Fer) (0.000462f43 + 181F 131 # 1.40f 333 + 2 "-10 I™Fp fp) (12)
°

In view of the foregoing expressions ang equations (10), (11) ang (12) one
finally nas,

S8p.rrL.),, 1001F g CT(1PT)of (4 CT(1PT) 110,031 Fyy * u.u”,m.oeqm-f(z.m-s""‘lpoo.ozs:-amp>vp| (13)

or
V'(v.a.a.L.)m-mw,,c}(n;nornc?(m)l(moozszv,,;-or.u,moz.sumyf(z.m.r"‘"b.o 3.480-9% Y98, )] (14)

or

*ID(P.I.I.L.)HT - 100!‘9,2%(197)0&1(;(!97)ll0.000162f“3 . 15"”3101.00';;33‘2.9!!-10}“” fpl
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