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1. FINITI

DEFINED TERMS

1.1 The DEFINED TERMS of this section appear in capitalized type and
are applicable throughout these Technical Specifications.

THERMA

1.2 THERMAL POWER shal) be the tota) reactor core heat transfer rate to
the reactor coolant.

RATED THERMAL POWER

1.3 RATED THERMAL POWER shall be a total reactor core heat transfer
rate to the reactor coolant of 2700 MWt,

CPERATICNAL MODE

1.4 An OPERATIONAL MODE shal) correspond to any one inclusive combination
of core reactivity condition, power level and average reactor coclant
temperature specified in Table 1.1, 1

A;rlgg
1.8 ACTION shall be

Statenents—to- e 16h-prineiple spacification and onail be partof the —
speeibieations remedia| measures ntu'rcd under Jua"n-hd conditions,

that part of a Specification which prescribes
Eien e adei E1ORA) Fagy s rementy Lo il ied 4 cOEOLiary.

OPERABLE - CPERABILITY

1.6 A system, subsystem, train, component or device shall be OPERABLE
or have OPERABILITY when it {s capable of performing its specified
function(s). Implicit in this definition shall be the assumption that
a1l necessary attendant instrumentation, controls, normal and emergency
electrical power sources, cooling or seal water, lubrication or other
required auxi'tary equipment that are required ‘or the system, Sub-
system, train, component or device to perform its function(s) are also
capable of performing thefr related support function(s).

CALVERT CLIFFS-UNIT | 141 Amandmant No. ZX
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1.29 A GASEOUS RADWASTE TREATMENT SYSTEM is any system designed and
to reduce radioactive gaseous effluents by collecting primary coolant system
offgases from the primnary system and providing for delay or holdup for the purpose of
reducing the total radioactivity prior to release to the environment,

MEMBER(S) OF THE PUBLIC

1,30 MEMBER(S) OF THE PUBLIC shall include all persons who are not occupationally
associated with the plant. This category does not incluse employees of the utility, its
contractors or vendors. Also ex. from this category are persons who enter the site
to service equipment or to make deliveries.

OFFSITE DOSE CALCULATION MANUAL (ODCM)

131 The OFFSITE DOSE CALCULATION MANUAL shall contain the current

and parameters used in the calculation of offsite doses due to radioactive
gaseous and liquid effluents, in the calculation of gaseous and liquid effluent monitoring
alarm/trip setpoints, and in the conduct of the environmental radiological monitoring

program,

PROCESS CONTROL PROGRAM (PCP)

1,32 The PROCESS CONTROL PROGRAM shall contain the current formula, sampling,
analyses, tests, and determinations to be made to ensure that the processing and

of solid radiocactive wastes based on demonstrated processing of actual or
simulated wet solid wastes will be accomplished in such a way as to assure compliance
with 10 CFF. Part 20, 10 CFR Part 71 and Federal and State and local regulations
governing the disposal of the radioactive waste,

PURGE - PURGING

1,33 PURGE or PURGING is the controlled process of discharging alr or gas from a
confinement to maintain temperature, humidity, concentration or other operating
Mtu;mﬁonh such a manner that replacement air or gas is required to purify the
con t.

CALVERT CLIFFS UNIT | =7 Amendment No,
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1.3 The SITC BOUNDARY shall be that line beyond which the land is neither owned,
nor leased, nor otherwise controlled by the licensee.

SOLIDIFICATION

1,35 SOL'DIFICATION shall be the conversion of wet wastes into a form that meets
shipping and burial ground requirements.

SQURCE CHECK

1.36 A SOURCE CHECK shall be the qualitative assessment of channel response when
the channel sensor is exposed to a scurce of increased radioactivity,

UNRESTRICTED AREA

1.37  An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY
access to which is not controlled by the licensee for purposes of protection of individuals
from to radiation and radioactive materials, or any area within the SITE
BOUNDARY used for residential quarters or for industrial, commercial, institutional,
and/ur recreational purposes.

VENTILATION EXHAUST TREATMENT SYSTEM

1.38 A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed and
installed to reduce gaseous radioiodine or radioactive material in particulate form in
effluents by passing ventilation or vent exhaust s through charcoal adsorbers and/or
HEPA filters for the purpose of removing | s or particulates from the gaseous
exhaust stream prior to the release to the environment, Such a system is not considered
to have any effect on noble gas effluents. Engineered Safety Feature (ESF) atmospheric

systems are not considered to be VENTILATION EXHAUST TREATMENT

cleanup
SYSTEM components.

YENTING

1.39  VENTING is the controlled process of discharging air or gas from a confinement to
maintain temperature, pressure, humidity, concentration or other >nerating condition, in
such a manner that replacement air or gas is not provided or required during VENTING.
Vent, used in system names, does not imply a VENTING process.

CALVERT CLIFFS UNIT | 1-8 Amendment No.
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TABLE 1.2
FREQUENCY NOTATION
NOTATION FREQUENCY
S At least once per 12 hours.
D At least once per 24 hours.
w At least once per 7 days.
M At least once per 31 days.
Q At least once per 92 days.
SA At least once per 6 months.
R At least once per |8 months.
S/U Prior to each reactor rtartup.
P Completed prior to each release.
N.A. Not applicable.
CALVERT CLIFFS UNIT 1 110 Amendment No,
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HE SI NDARY A FFLUENT RELE T

5.1t A map of the Calvert Cliffs Nuclear Power Plant site identifying the major plant
structures as well as defining the radioactive effluent release points, and the SITE
BOUNDARY is shown in Figure 5,1-1.

LOW POPULATION ZONE
5.1.2  The low population zone shall be as shown in Figure 5,1-2,

3.2 CONTAINMENT
CONFIGURATION

5.2.1 The reactor containment building is a steel lined, reinforced concrete building of
cylindrical shape, with a dome roof and having the following design features:

a. Nominal inside diameter = |30 feet,
Nominal inside height = 181 2/3 feet,
Minimum thickness of concrete walls = 3 3/4¢ feet,

Minimum thickness of concrete roof = 3 1/4 feet,

F + 0 ¥

Minimum thickness of concrete floor pad = 10 feet,
f. Nominal thickness of steel liner = /4 inches,
8 Net tree volume = 2 x 10° cubic feet.

CALVERT CLIFF. UNIT | 5-1 Amendment No,
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3/4.12 RADIOLOGICAL ENVIRONMENTAL MONITORING

3/4.12.1 MONITORING PROGRAM

LIMITING CONDITION FOR OPERATION

3.12.1

The radiological environmental monitoring program shall be conducted as

specified in Table 3.12-1.

APPLICABILITY: At all times

ACTION

With the radiological environmental monitoring program not being
conducted as specified in Table 3.12-1, prepare and submit to the
Commission, in the Annual Radiological Environmental Operating Report
required by Specification 6.9.1.7, a description of the reasons for not
conducting the program as required and the plans for preventing a
recurrence.

With the level of radioactivity as the result of plant effluents in an
environmental sample at a specified location exceeding the reporting
levels of Table 3,12-2, prepare and submit to the Commission within 30
days after receiving the samp!e analysis, pursuant to Specification 6.9.2, a
Special Report that identifies tne cause(s) for exceeding the limit(s) and
defines the corractive actions to be taken to reduce radioactive effluents
so that the potential annual dose* to a MEMBER OF THE PUBLIC is less
than the calendar year limits of Specifications 3.11.1.2, 3.11.2.2, and
3.11.2.3. When more than one of the radionuclides in Table 3,12-2 are
detected in the sample this report shall be submitted :f:

<cencentration (1) + concentration (2) + .. 1.0
reporting level (1) reporting level (2) r e

When radionuclides other than these in Table 3.12-2 are detected and are the
result of plant effluets, this report shall be submitted if the potent..s annual
dose* to a MEMBER OF THE PUBLIC is equal to or greater than the calendar
year limits of Specifications 3.11.1.2, 3.11.2.2 and 3.11.2.3. This report is not
required if the measure! level of radioactivity was not the result of plant
effluents; however, in such an event, the condition shall be reported and
described in the Annual Radiological Environmental Operating Report.

CALVERT CLIFFS UNIT | Amendment No.
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3/4.12 RADIOLOGICAL ENVIRONMEN TAL MONITORING

ACTION (Continued)

C. With fresh leafy vegetable samples unavailable from one or more of the
sample locations required by Table 3.12-1, identify locations for obtaining
replacement samples and add them to the radiological environmental
monitoring program within 30 days. The specific locations from which
samples were unavailable may then be deleted from the monitoring
program. Pursuant to Specification 6.9.1.7, identify the cause of the
unavailability of samples and identify the new location(s) for obtaining the
replacement samples in the next Annual Radiological Environmental
Operating Report.

d. The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.12.5 The radiological environmental monitoring samples shall be collected pursuant
to Table 3.12-1 from the specific locations given in the table and figure(s) in the ODCM,
and shall be analvzed pursuant to the requirements of Table 3.12-1 and the detection
capabilities required by table 4.12-1.

*The methodology and parameters used to estimate the potential annual dose to a
MEMBER OF THE PUBLIC shall be indicated in this report.

CALVERT CLIFFS UNIT 1 3/4 12-2 Amendment No.
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TABLE 3.12-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Number of
Representative ,
Exposure Pathway Samples and Sampling and Type and Frequency
and/or Sample Sample Locations® Collection Frequency of Analysis
l. DIRECT RADIATION® 23 routine monitoring stations At least Quarterly Gamma dose at least
(DR 1-DR23) either with two or quarterly.

more dosimeters or with one
instrument for measuring and
recording dose rate continuously,
placed as follows:

an inner ring of stations, one in

each meteorological sector in the
eneral area of the SITE BOUNDARY
DRI1-DR9);

an outer ring of stations, one in
each meteorclogical sector in

the 6- to 8-km range from the site
(DR10-DR18);

the balance of the stations (DR19-DR23)
to be placed in special interest

areas such as population centers,

nearby residences, schools, and in |

arez to serve as a control station.

2. AIRBORNE

Radioiodine and Samples from 5 locations (Al- Continuous sampler Radiciodine Cannister
Particulates AS5): operation with I-131 analysis weekly.
sample collection
3 samples (A1-A3) from close weekly, or more
to the 3 SITE BOUNDARY frequently if required

by dust loading.
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Exposure ~athway
_and/or Sample

L WATERBORNE

a. Surface

b. Sediment from
shorelire
4, INGESTION

Fish and Inverte-
brates

TABLE 3.12-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Number of
Representative
Samples and »
Sample Locations®

locations, in different sectors
of the highest calculated annual
average ground-level D/Q.

| sample (A4) from the vicinity

of a community having the highest
calculated annual average ground-
level D/Q.

L sample (A5) from a control
location, as for example 15-30 km
distant and in the least prevalent
wind direction,

| sample at intake area (Wal)
| sample at discharge area
(Wa2)

| sample from downstream area
with existing or potential
recreational value (Wbl).

3 samples of commercially and/or
recreationally important

species (2 fish species and

| invertebrate specie) in

vicinity of plant discharge

area. (lal - Ia3).

Sampling and
Collection Frequency

Composite sample
()
over l-month period™

Semiannually

Sample in season, or
semiannually if they
are not seasonal.

Type and Frequency

Particulate Sampler:
Gross beta radioac-
tivity analysis follow-
ing filter change;®
(‘.amrnd&sotopir
analysis™ of compo-
site (by location)
quarterly.

Gamma [sotopic
analysis™ monthly.
Composite for tritium
analysis quarterly,
Gamma isotopn‘
analysis“ semi-annu-

ally.

Gamma jsotopic
analysis™ on edible
portions.
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TABLE 3.12-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway
and/or Sample

¢ LINQ S44TT0 IHIATYD
T LINN S44TT0 IMIATVO

Food Products

G=2T h/t

*ON JUSUIpUSLY
"ON JuSUIpUSY

Number of
Representative
Samples and
Sample Locations®

3 samples of same species in
areas not influenced by plant
discharge (Ia4 - 1a6).

Samples of 3 different kinds

of broad leaf vegetation grown
near the site boundary at 2
different locations of highest
predicted annual average ground-
level D/Q (Ib1-1b6).

1 sample of each of the similar
broad leaf vegetation grown 15-
30 km distant in the least preva-
lent wind direction (Ib7-1b9).

Sampling and
Collection Frequency

Monthly during grow-
ing season

Monthly during grow-
ing season

Type and Frequency
of Analysis

Gamma isotopicd and
I-131 analysis.

Gamma isotopicd and
I-131 analysis.

Attachment |



TABLE 3.12-1 (Continued)

TABLE NOTATION

The code in parenthesis, e.g. DRI, Al, defines generic sample locations in this specification that can be used to identify
the specific locations in the map(s) and table in the ODCM. Specific parameters of distance and direction sector from
the central point between the two containment buildings and additional description where pertinent, is provided for each
sample location in Table 3.12-1, and in a table and figure(s) in the ODCM. Refer to NUREG-0133, "Preparation of
Radiological Effluent Technical Specifications for Nuclear Power Plants, October 1978", and to Radiological Assessment
Branch Technical Position, Revision 1, November 1979. Deviations are permitted from the required sampling schedule if
specimens are unobtainable due to circumstances such as hazardous conditions, seasonal unavailability, and malfunction
of automatic sampling equipment. If specimens are unobtainable due to sampling equipment malfunction, effort shall be
made to complete corrective action prior to the end of the next sampling period. All deviations from the sampling
schedule shall be documented in the Annual Radiological Environmental Operating Report pursuant to Specification
6.9.1.7. It is recognized that, at times, it may not be possible or practicable to continue to obtain samples of the media
of choice at the most desired location or time. In these instances suitable alternative media and locations m:.y be
chosen for the particular pathway in question and appropriate substitutions made within 30 days in the radiological
environmental monitoring program. Pursuant to Specification 6.9.1.7, identify the cause of the unavailability of samples
for that pathway and identify the new location(s) for obtaining samples in the next Annual Radiological Environmental
Operating Report and also include in the report a revised figure(s) and table for the ODCM reflecting the new
location(s).

One or more instruments, such as a pressurized ion chamber, for measuring and recording dose rate continuously may be
used in place of, or in addition to, integrating dosimeters. For the purposes of this table, a thermoluminescent dosimeter
(TLD) is considered to be one phosphor; two or more phosphors in a packet are considered as two or more dosimeters.
Film badges shall not be used as dosimeters for measuring direct radiation. The frequency of analysis or readout for
TLD systems will depend upon the characteristics of the specific system used and should be selected to obtain optimum
dose information with minimal fading. Due to the geographical limitations, 9 sectors are monitored around the Calvert
Ciliffs Nuclear Power Plant.

€ Airborne particulate sample filters shall be analyzed for gross beta radioactivity 24 hours or more after sampling to
allow for radon and thoron daughter decay. If gross beta activity in air particulate samples is greater than ten times the
yearly mean of control samples, gamma isotopic analysis shall be performed on the individual samples.

v
.

JuUuanliDU
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TABLE 3.12-1 (Continued)

TABLE NOTATION

9 Gamma isotopic analysis means the identification and quantification of gamma-emitting radionuclides that may be
attributable to the effluents from the facility.

€ A composite sample is one in which the quantity (aliquot) of liquid sampled is proportional to the quantity of flowing
liquid and in which the method of sampling employed results in a specimen that is representative of the liquid flow. In
this program composite sample aliquots shall be collected at time intervals that are very short (e.g., hourly) relative to
the compositing period (e.g., monthly) in order to assure obtaining a representative sample.

Attachment 1



TABLE 3.12-2

REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS IN ENVIRONMENTAL SAMPLES

REPORTING LEVELS

~ Water  Airborne Par—t'i:'t.ulito ~ Fish & Invertebrates ~ Milk  Food Products
Analysis (pCi/l) or Gases (pCi/m~) (pCi/kg, wet) (pCi/1) (pCi/kg, wet)

H-3 20,000*
1,000 30,000
400 10,000
1,000 30,000
300 10,000

20,000

*For drinking water samples. This is a 40 CFR Part 141 value. If no drinking water pathway exists, a value of 30,000 pCi/l

may be used.




TABLE 4.12-1

DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS®P

LOWER LIMIT OF DETECTION (LLD)®

¢ LINN S44TTO0 IHIATYO
T LIND SA4dTT0 IHIAATVO

: Water —Airborne Particulgte Fish & Invertebrates Milk Food Products Sediment
Analysis (pCi/1) or Gases (pCi/m”~) (pCi/kg, wet) (pCi/D (pCi/kg, wet) (pCi/kg,dry)
Gross Beta 4 0.01
H-3 2000%*
Mn-54 15 130
Fe-59 30 260
:\': Co-58,60 15 130
E Zn-65 30 260
Zr-Nb-95 15
I-131 19 0.07 1 60
Cs-134 15 0.05 130 15 60 150
Cs-137 18 0.06 150 18 80 180
Ba-La-140 15 15

g‘%
58
z"’
oo

*If no drinking water pathway exists, a value of 3000 pCi/l may be used.
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TABLE 4.12-1 (Continued)

TABLE NOTATION

3 This list does not mean that only these nuclides are to be considered. Other peaks
that are identifiable, together with those of the above nuclides, shall also be analyzed
and reported in the Annual Radiological Environmental Operating Report pursuant to
Specification 6.9.1.7.

Required detection capabilities for thermoluminescent dosimeters used for
environmental measurements shall be in accordance with the recommendations of
Regulatory Guide 4,13,

The LLD is defined, for purposes of these specifications, as the smallest concentration
of radioactive material in a sample that will yield a net count, above system
background, that will be detected with 95% probability with only 5% probability of
falsely concluding that a blank observation represents a "real" signal.

For a particular measurement system, which may include radiochemicai separation:

4.66s
LLD= »

E* V * 222 * Y * exp(-)\At
Where:

LLD is the "A priori" lower limit of detection as defined above, as picocuries per
unit mass or volume,

is the standard deviation of the background counting rate or of the counting
rate of a blank sample as appropriate, as counts per minute,

E is the counting efficiency, as counts per disintegration,

V is the sample size in units of mass or volume,

2.22 is the number of disintegrations per minute per picocurie,

Y is the fractional radiochemical yield, when applicable,

) is the radioactive decay constant for the particular radionuclide, and

ot for environmental samples is the elapsed time between sample collection, or
end of the sample collection period, and time of counting

Typical values of E, V, Y and At should be used in the calculation.

CALVERT CLIFFS UNIT | 3/4 12-10 Amendment No.
CALVERT CLIFFS UNIT 2 Amendment No.
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TABLE 4.12-1 (Continued)

TABLE NOTATION

It should be recognized that the LI D is defined as an a priori (before the fact) limit
representing the capability of a measurement system and not as an a pusteriori (after
the fact) limit for a particular measurement, Analyses shall be performed in such a
rmanner that the stated LLDs will be achieved under routine conditions. Occasioally
background fluctuations, unavoidable small sample sizes, the presence of interfering
nuclides, or other uncontrollable circumstances may render these LLDs unachievable,
In such cases, the contributing factors shall be identified and described in the Annual
Radiological Environmental Operating Report pursuant to Specification 6.9.1.11.

LLD for drinking water samples. If no drinking water pathway exists, the LL.D of
gamma isotopic analysis may be used.

CALVERT CLIFFS UNIT | 3/4 12-11 Amendment No.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

LAND USE CENSUS

LIMITING CONDITION FOR OPERATION

3.12.2 A land use census shall be conducted and shall identify within a distance of 8 km (5
miles) the location in each of the 9 meteorological sectors of t'}e nearest milk animal, the
nearest residence and the nearest garden* of greater than 50 m*“ (500 ft“) producing broad
leaf vegetation. (For elevated releases as defined in Regulatory Guide 1.111, Revision I,
July 1977, the land use census shall also identify within a distance of 5 km (3 miles) the
locations in each_of the 9 meteorological sectors of all milk animals and all gardens of
greater than 50 m? producing broad leaf vegetation).

APPLICABILITY: At all times.

ACTION

a. With a land use census identifying a location(s) that yields a calculated dose or dose
commitment greater than the values currently being calculated in Specification 4.11.2.3,
iuentify the new location(s) in the next Annual Radiological Environmental Operating
Report, pursuant to Specification 6.9.1.7.

b. With a land use census identifying a location(s) that yields a calculated dose or dose
commitment (via the same exposure pathway) 20 percent greater than at a location from
which samples are currently being obtained in accordance with Specification 3.12.1, add
the new location(s) to the radiological envionmental monitoring program within 30 days.
The sampling location(s), excluding the control station location, having the lowest
calculated dose or dose commitment(s), via the same exposure pathway, may be deleted
from this monitoring program after (October 31) of the year in which this land use census
was conducted. Pursuant to Specification 6.9.1.7, identify the new location(s) in the next
Annual Radiological Environmental Operating Report and also include in the report a
revised figure(s) and table for the ODCM reflecting the new location(s).

c. The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.12.2 The land census shall be conducted during the growing season at least once per 12
months using that information that will provide the best results, such as by a door-to-door
survey, ae:ial survey, or by consulting local agriculture authorities. The results of the land
use census shall be included in the Annual Radiological Environmental Operating Report
pursuant to Specification 6.9.1.7.

*Broad leaf vegetation sampling of at least three different kinds of vegetation may be
performed at the site boundary in each of two different direction sectors with the highest
predicted D/Qs in lieu of the garden census. Specifications for broad leaf vegetation
sampling in Table 3.12-1.4b shall be followed, including analysis of control samples.

CALVERT CLIFFS UNIT | 3/4 12-12 Amendment No.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

INTERLABORATORY COMPARISON PROGRAM

LIMITING CONDITION FOR OPERATION

3.12.3 Analyses shall be performed on all radioactive materials, supplied as part
of an Interlaboratory Comparison Program that has been approved by the Commission,
that correspond to samples required by Table 3.12-1.

APPLICABILITY: At all times.

ACTION
a. With analyses not being performed as required above, report the
corrective actions taken to prevent a recurrence to the Commission in the
Annual Radiological Environmental Operating Report pursuant to
Specification 6.9.1.7.

b. The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.12.3 The Interlaboratory Comparison Program shall be described in the
ODCM. A summary of the results obtained as part of the above required Interlaboratory
Comparison Program shall be included in the Annual Radiological Environmental
Operating Report pursuant to Specification 6.9.1.7.

CALVERT CLIFFS UNIT 1 3/4 12-13 Amendment No.
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3/4.12 RADIOLOGICAL ENVIRONMENTAL MONITORING

BASES

3/4.12.1 MONITORING PROGRAM

The radiological environmental monitoring program required by this specification
provides representative measurements of radiation and of radioactive materials in those
exposure pathways and for those radionuclides that lead to the highest potential radiation
exposures fo MEMBERS OF THE PUBLIC resulting from the plant operation. This
monitoring progam implements Section IV.B.2 of Appendix I to 10 CFR Part 50 and
thereby supplements the radiological effluent monitoring program by verifying that the
measurable concentrations of radioactive materials and levels of radiation are not higher
than expected on the basis of the effluent measurements and the modeling of the
environmental exposure pathways. Guidance for this monitoring program is provided by
the Radiological Assessment Branch Technical Position on Environmental Monitoring.
The initially sp-cified monitoring program will be effective for at least the first three
years of commercial operation. Following this period, program changes may be initiated
based on operational experience.

The required detection capabilities for environmental sample analyses are tabulated in
terms of the lower limits of detection (LLDs). The LLDs required by Table 4.12-1 are
considered optimum for routine environmental measurements in industrial laboratories.
It should be recognized that the LLD is defined as an a priori (before the fact) limit
representing the capability of a measurement system and not as an a posteriori (after the
fact) limit for a particular measurement.

Detailed discussion of the LLD, and other detection limits, can be found in HASL
Procedures Manual, HASL-300 (revised annually), Currie, L. A., "Limits for Qualitative
Detection and Quantitative Determination - Application to Radiochemistry," anal. Chem.
40, 586-93 (1968), and Hartwell, J. K., "Detection Limits for Radioanalytical Counting
Techniques," Atlantic Richfield Hanford Company Report ARH-SA-215 (June 1975).

CALVERT CLIFFS UNIT 1 8 3/4 12-1 Amendment No.
CALVERT CLIFFS UNIT 2 Amendment No.



Attachment |

3/4.12 RADIOLOGICAL ENVIRONMENTAL MONITORING

BASES

3/4.12.2 LAND USE CENSUS

This specification is provided tc ensure that changes in the use of areas at and beyond
the SITE BOUNDARY are identified and that modifications to the radiological
environmental monitoring program are made if required by the results of this census.
The best information from the door-to-door survey, from aerial survey or from consulting
with local agricultural authorities shall be used. This census satisfies the requirements
of Section IV.B.3 ofz,\ppendix I to 10 CFR Part 50. Restricting the census to gardens of
greater than 50 m“ provides assurance that significant exposure pathways via leafy
vegetables will be identified and monitored since a garden of this size is the minimum
required to produce the quantity (26 kg/year) of leafy vegetables assumed in Regulatory
Guide 1.109 for consumption by a child. To determine this minimum garden size, the
following assumptions were made: 1) 20% of the garden was used for growing broagd leaf
vegetation (i.e., similar to lettuce and cabbage), and 2) a vegetation yield of 2 kg/m*.

3/4.12.3 INTERLABORATORY COMPARISON PROGRAM

The requirement for participation in an approved Interlaboratory Comparison Program is
provided to ensure that independent checks on the precision and accuracy of the
measurements of radioactive material in environmental sample matrices are performed
as part of the quality assurance program for environmental monitoring in order to
demonstrate that the results are valid for the purposes of Section IV.B.2 of Appendix I to
10 CFR Part 50.

CALVERT CLIFFS UNIT | B 3/4 12-2 Amendment No.
CALVERT CLIFFS UNIT 2 Amendment No.




ENVIRONMENTAL TECHNICAL SPECIFICATIONS

ATTACHMENT 2

CALVERT CLIFFS NUCLEAR POWER PLANT

UNIT NOS. 1 AND 2

APPENDIX B
PART I

FACILITY OPERATING LICENSE NOS. DPR-53 AND DPR-69

NOTE

Section 3.0, Environmental Surveillance and
Monitoring, has been deleted. Any other
portion of the Appendix B Part .
Environmental Technical Specifications
dealing with Environmental Monitoring is
hereby superceded by Appendix A Technical
Specification Section 3/4.12.

When the Radiological Effluent Technical
Specifications (RETS) are fully implemented,
Appendix B, Part | will be deleted in its
entirety.

ISSUED BY THE U. S. NUCLEAR REGULATORY COMMISSION

Calvert Cliffs Unit |
Calvert Cliffs Unit 2

Amendment No.
Amendment No.
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A7THACHHENT 2
o2 Radiclogical Environmental Monitoring

. An enXircnrental radiological monitorirg program is conducted to provide datg/on
)

measurable levels of radiation and radiocactive materials in the Calvert CJAffs

order to verify that radlocactive releases and related publ

environs | exposure:

from Calvert

Specificstions
A. Environmental s

iffs Unit 2 are within allowable limits.

les shall be collected and analyzed accgrding to Table
3.2-1. Sazpling stations are shown in Fig. 3.2-1.

B. Analytical techniques\ used shall be such that the dftection capabilities listed iz
Table 3.2-2 are achieve
C. During the season vhen ¢

are on pasture, sgmples of fresh milk will be

obtained monthly from cows at\location indfcated in Fig. 3.2-1 and analyzed

for cheir radiociodine content, culatgd as iodine-131, within 8 days

, (one I-131 half-live) of sampling.

Reporting Requirement

Reports for the radiological eavipdnmental sWrveillance program shall be made ir

sccordance with Section 5.6.1.
Basis
Th= monitoring program ut{lizes 30 sampling locationd wvhich wvere selected by con-
sidering the projected/anticipated releases of radiocef nts, site meteorolegy,
population distribyfion end appropriate pathways having a Yignificant potential
sure to biota and man.

for radiation e

Media vhich ffrst show changes in redicactivity are sampled mos® frequently. Those

vhizh are fess affected by transient chenges but are expected Lo shov long-term
Wition are sampled at longer intervals.
The Apecifications and effluent monitoring requirements in Section 2.4 ' ioactive

flueats” insure that releases of radicnuclides in liquid and gaseocus effl

3.2-1
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ENVIRONMENTAL IADI’JICAL MONITORING
CALVERT CLIFFS NUCLEAR POWER PLANT

o

TYPE OF SAMPLE SAMPLE POINT SAMPLE
SAMPLE POINT DESCRIPTICN FREQUENCY ANALYSIS REMARKS
Fish 1 Commercial pound nets Quarterly Flesh Edible dperies vill be
south of Cove Point (if available) Gamma ¢ pectrum sompied from the catch made
Bone a Commercial Fisherman.
8!‘-89. ‘90
Shellfish 3 Kenwood Beach® Querierly ¥lesh The location of crab samples may
oysters (3, 5) L Rocky Po Gamma spe vary depending upon their availa-
crabs (3, &, P8) 5 Camp Conoy bility. Samples will be collect
Fa Plant site - h of during the blue crab season. A
’ Station (B8) and t reasonable effort will be made t
of Station (7) obtain samples.
Bottom Sediments S Camp Conoy ann 8r-90
6 Long Beach Camma spectrum
T Plant outfall area
8 Plant inteake area
Bay Water 7 Plent outfall area Monthly ; spectrum 8r-89, -90 on cuarterly composit
8 Plant inteake are {titum
Sr-89, -90 ?
.recipitation 18 On site )dcation Monthly Gross beth, H3 H3 in quarterly composite sample
Gamma spect Sr-09, -90 on quarterly composit
Sr-89, -90 All analyses subject to sufficie
sample collection.
Ground Water 2 Chesapeake Country Club® Quarterly Gamma spectrum
10 On' site well Tritium
1 . Long BReach®*
25 White Sands Club®

Table 2. 2. (5/,_/]
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TABLE 3.2-1 b...hut 2)

ENVIRONMENTAL RADIOLOGICAL MONTTORTNG
CALVERT CLIFFS NUCLEAR POWER PLANT.

TYPE OF SAMPLE POINT SAMPLE
SAMPLE POI DESCRIPTION FREQUENCY ANALYSIS : (£
Alr lodine 17, 18 2 site locations Continuous 1-131 ]
20 8% collection- :
23 Taylong Island® cartridze g
change veekly
Soil 11, 12 On aite locatigr Semiannually Gamma spec
13 . 8r-90
gzetetion 1h On site location At harvest spectrum Predominant food crops (cora and
15, 16 nearby farms ime Sr-09, -90 small grains) will be sampled
at harvest time. Corn stalks,
if used as a fodder, will also
be sampled. Pasture and forage
are to be sampled at Sample Point
16 monthly vhen the cows are on
pasture end analyzed for ganme
spectrum, Sr-89, -90. %
K 16 Nearby farm Monthly I-131 Semples will be collected when
30 Local storg-{pasteur- Gamma spedirum milk is svailable from location
fzed mi in town of Sr-89, -90 16. Tvice a yeapi(et the be-
Lusby6r St. Leonard ginning of end midwey through
the pasture season) surveys will
made of the area to determine
i y cows ere being pastured
at 1dsations nearer than Sample
Point 10 If cows are found,
samples ofNg!l¥ will be obtained
for these lodations and analyzed
as required for~Sample Point 16.
Rooted tic 29 Flag Pondes area Semiennually Camma spectrum Samples will be coll¥dgted when
plupls (:PI::C & 5-89, -90 rooted squatic plants ebe evalla
‘ .

AT THCHMENT Z
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ENVIRONMENTAL RADI ICAL MONITORING
CALVERT CLIFFS NUCLEAR POWER PLANT

TYPE OF SAMPLE SAMPLE POINT SAMPLE
SAMPLE ROINT DESCRIPTION FREQUENCY ANALYSIS
r particulates 17, 18 On site locations Continuous Gross beta (after
19 otty Pine collection- a minimum of
20 DYy filter of T2-hour decay
21 LongN\Beach chi nge period).Camma
22 Cove Paipt veckly spectrum, Cr-£9
23 Taylors nd® ~-90 on quartefly t
composites; of
veekly gamples.
‘ation T Plant outfall area Monthly bient rediation
meters 17, 18, 24 On site locations * dose rate
L -rmolumine- 19 Knotty Pine
scent) 20 Lusby
21 Long Beach
22 Cove Point
23 Taylors Island®
25 White Sands Club Sign
26+ St. Leonard E
27 Solomons =
28 Bertha

te: (1) Asterisks(®) denote control stations

, (2) An additiefial TLD is located in Baltimore and may serve as an additional control
‘ for ampient radiation.

T ANIWHIELLY




‘ reqiirements wvill permit an evaluation of the perforgance of the station/in
v

QT TACHMENT 2

’

properly controlled and monitored. The data obtained as a result of ¢ se

terns
of radipnuclides relees 4 to the environment.

The eavirknzental monitoring program requires sufficient sampling Yocations, types

of samples sensitivity of analyses which, with preoperatic and background

data, vill prowlde verification of the effectiveness of stat on rediceffluent

coatrel, aniindication of measuradle change in rediation ghd radiocactivity

levels in the envirohment, and provide reasonable assuyance that the design ob-

Jective rcletscs/dcses\\eocitied in Section 2.3 are Mot exceeded.

3.2-2




DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS

®

TABLE 3,2-2

Lower Limit of Detection (LLD)*

Alrborne Particulate Faah, Mear,

Waier \ ".°‘§, or Pouli.y ‘.c:. ;
Analy s fpCam (pCilm pCi/kg, wet) v
gross beta 5 1w0-2 ]
S 23
M 15 1
59, 30 260
5860c, - Y
65,2, 30 260 .
83g, 10 40 \uo
g, 2 - 2 o 150
Bzen0 10
9y ‘ 1x 1072 04
111,027, s 121072 130 15 150
140g, 5 15 "
#The nominal lower limt 61 detection s defines in HASL 300 (Rev 8/74), pp. O 08-01, 02, 03 st the 95% conlidence level. The LLD levels are decay correcied 10 the of the

bApplico to drinking water only.

e sampling penod The LLD ftor readicnuchides analyzed by garmwns srec vometry will vary sccording to the number of rsdionuchides encountered in anve onmental

L ANIWI b LY
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LIMITING CONDITIONS FOR OPERATION AND SURVEILLANCE REQUIREMENTS
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INSTRUMENTATION

RADIOACTIVE LIQUID . ¢ LUENT MONITORING INSTRUMENTATION

LIMITING CONDITION FOR OPERATION

3.3.3.8 The radioactive liquid effluent monitoring instrumentation channels shown in
Table 3.3-12 shall be OPERABLE with their alarm/trip setpoints set to ensu-e that the
iimits of Specification 3.1i.l.1 are not exceeded. The alarm/trip setpoints of *hese
channels shall be determined and adjusted in accordance with the methodology and
parameters in the OFFSITE DCSE CALCULATION MANUAL (ODCM).

APPLICABILITY: At all times.

ACTION:

With a radioactive liquid effluent monitoring instrumentation channel
alarm/trip setpoint less conservative than required by the above
specification, without delay suspend the release of radioactive lijuid
effluents monitored by the affected channel, or declare the channel
inoperable, or change the setpoint so it is acceptably conservative,

With less than the minimum number of radioactive liquid effluent
monitoring instrumentation channels OPERABLE, take the ACTION
shown in Tadle 3.3-12. Exert best e{forts to return the wmstruments to
OPERABLE status within 30 days and, if unsuccessful, explain in the

next Semiannual Radioactive Effluent Release Report why the
inoperability was not corrected in a timely manner.

The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.3.3.8 Each radioactive liquid effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK,
CHANNEL CALIBRATION and CHANNEL FUNCTIONA. TEST operations at the
frequencies shown in Table 4.3-12.

CALVERT CLIFFS UNIT | L Amendment No.
CALVERT CLIFFS UNIT 2 Amendment No.
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TABLE 3.3-12

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

MINIMUM
CHANNELS
INSTRUMENT OPERABLE ACTION
GROSS RADIOACTIVITY MONITORS PROVIDING ALARM AND
AUTOMATIC TERMINATION OF RELEASE
a. Liquid Radwaste Effluent Line (1 28
b.  Steam Generator Blowdown Effluent Line (1) 29
FLOW RATE MEASUREMENT DEVICES
a. Liquid Radwaste Effluent Line (1 30
b. Steam Generator Blowdown Effluent Line (1) 30

Attachment 3



ACTION 28 -

ACTION 29 -

Attachment 3
TABLE 3.3-12 (Continued)

TABLE NOTATION

With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases may
continue provided that prior to initiating a reiease:

a. At least two independent samples are analyzed in accordance with
Specification 4.11.1.1.1, and

b. At least two technically qualified members of the Facility Staff
independently verify the release rate calculations and two qualified
operators veriiy the discharge valve line up.

With the number of channels OPERABLE less than required by the
Minirmum Channels OPERABLE requirement, effluent releases via this
pathway may continue provided grab samples are analyzed for gross
radioactivity (beta or gamma) at the lower limit of detection defined in
Table 4.11-1:

a. At least once per 12 hours when the specific activity of the
secondary coolant is greater than 0.0l microcurie/gram DOSE
EQUIVALENT I-131.

b. At least once per 48 hours when the specific activity of the
secondary coolant is less than or equal to 0.0l microcurie/gram
DOSE EQUIVALENT I-131.

With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via this
pathway may continue provided the flow rate is estimated at least once
per 4 hours during actual releases. Pump performance curves may be
used to estimate flow.

CALVERT CLIFFS UNIT | 3/4 3-49 Amendment No,
CALVERT CLIFFS UNIT 2 Amendment No.



TABLE 4.3-12

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL SOURCE CHANNEL FUNCTIONAL
INSTRUMENT _CHECK CALIBRATION TEST

GROSS RADIOACTIVITY MONITORS PROVIDING
ALARM AND AUTOMATIC TERMINATION OF RELEASE

a. Liquid Radwaste Effluent Line

b. Steam Generator Blowdown Effluent Line
FLOW RATE MEASUREMENT DEVICES

a. Liquid Radwaste Effluernt Line

b. Steam Generator Blowdown Effluent Line
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TABLE 4.3-12 (Continued)

TABLE NOTATION

The CHANNEL FUNCTIONAL TEST shall also demonstrate that automatic isolation
of this pathway and/or control room alarm annunciation occur if the appropriate
following condition(s) exists:

l. Instrument indicates measured levels above the alarm/trip setpoint.

-~

2. Circuit failure.

3. Instrument indicates a downscale failure.

The initial CHANNEL CALIBRATION shall be performed using one or more of the
reference standards traceable to the National Bureau of Standards or using
standards that have been obtained from suppliers that participate in measurement
assurance activities with NBS. These standards shall permit calibrating the system
within its intended range of energy and measurement range. For subsequent
CHANNEL CALIBRATION, sources that have been related to the initial calibration
can be used.

CHANNEL CHECK shall consist of verifying indication of flow during periods of
release. CHANNEL CHECK shall be made at least once per 24 hours on days on

which effluent releases are made.

CALVERT CLIFFS UNIT | 3, Amendment No.
CALVERT CLIFFS UNIT 2 Amendment No.
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INSTRUMENTATION

LIMITING CONDITION FOR OPERATION

3.3.3.9 The radioactive gaseous effluent inor toring instrumentation channels shown
in Table 3.3-13 shall be OPERABLE with their alarm/trip setpoints set to ensure that the
limits of Specification 3.11.2.1 are not exceeded. The alarm/trip setpoints of these
channels shall be determined and adjusted in accordance with the methodology and
parameters in the ODCM.

APPLICABILITY: As shown in Table 3.3-13

ACTION:

With a radioactive gaseous effluent monitoring instrumentation channel
alarm/trip setpoint less conservative than required by the above
Specification, without delay suspend the release of radioactive gaseous
effluents monitored by the affected channel, or declare the channel
inoperable, or change the setpoint so it is acceptably conservative,

With less than the minimum number of radioactive gaseous effluent
monitoring instrumentation channels OPERABLE, take the ACTION
shown in Table 3.3-13. Exert best efforts to return the instruments to
OPERABLE status within 30 days and, if unsuccessful, explain in the
next Semiannual Radioactive Effluent Release Report why the
inoperability was not corrected in a timely manner.

The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS _

4.3.3.9 Each radioactive gaseous effluent monitoring instrumentation channel shall
be demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE
CHECK, CHANNEL CALIBRATION and CHANNEL FUNCTIONAL TEST operations at
the frequencies shown in Table 4.3-13.

CALVERT CLIFFS UNIT | / Amendment No.
CALVERT CLIFFS UNIT 2 Amendment No.




TABLE 3.3-13

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

MINIMUM CHANNELS
INSTRUMENT __OPERABLE __ APPLICABILITY ACTION
/ASTE GAS HOLDUP SYSTEM
Noble Gas Activity monitor -
Providing Alarm and Automatic

Termination of Release

Effluent System Flow Rate
Measuring Device

MAIN VENT SYSTEM
Noble Gas Activity Monitor
lodine Sampler

Particulate Sampler
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TABLE 3.3-13 (Continued)

TABLE NOTATION
* At all times.

ACTION 35 - With the number of channels OPERABLE less than required by the
Minimum Cnannels OPERABLE requirement, the contents of the
tank(s) may be released to the environment:

a. Using the main vent monitor as a backup and recording RMS
readings every |5 minutes during the release, or

Provided that prior to initiating the release, at ieast two
independent samples of the tank's contents are analyzed, and at
least two technically qualified members of the Facility Staff
independently verify the release rate calculations and two qualified
cperators verify the discharge valve lineup.

Otherwise, suspend release of radioactive effluents via this pathway.

ACTION 36 - With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via this
pathway may continue provided the flow rate is estimated at least once

]

per 4 hours.

ACTION 37 - With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via this
pathway may continue provided either (1) grab samples are taken and
analyzed for gross activit at least once per 24 hours, or (2) an
equivalent monitor is provided.

ACTION 38 - With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via the
affected pathway may continue provided samples are continuously
collected as required in Table 4.11-2 with auxiliary sampling
equipment.

CALVERT CLIFFS UNIT | Amendment No.
=
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TABLE 4.3-13

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL MODES IN WHICH

2 LINN S44T'I0 IMAATVO
T LINO Sd4T70 JHEATVO

CHANNEL SOURCE CHANNEL FUNCTIONAL SURVEILLANCE
INSTRUMENT _ CHECK CHECK CALIBRATION TEST REQUIRED
I. WASTE GAS HOLDUP SYSTEM
a. Noble Gas Activity Monitor -
Providing Alarm and Automatic
Termination of Release P P R(3) SA(1) *

b. Effluent System Flow Rate
Measuring Device D(4) N.A. R N.A. .

2.  MAIN VENT SYSTEM

()

S

= a. Noble Gas Activity Monitor D M R(3) SA(2) *

(¥ 8

i

e b.  lodine Sampler w N.A. N.A. N.A. »
c. Particulate Sampler W N.A. N.A. N.A. *

‘O JUBWIpURUY
*ON AUSWPUSULY
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(1)

(2)

(3)

(4)
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TABLE 4.3-13 (Continued)

TABLE NOTATION

At all times other than when the line is valved out and locked.

The CHANNEL FUNCTIONAL TEST shall also demonstrate the automatic isolation
of this pathway and/or control room alarm annunciation occurs if the appropriate
fol'owing condition(s) exists:

l. Instrument indicates measure levels above the alarm/trip setpoint.
2,  Circuit failurc,
3. Instrument indicates a Jownscale failure.

The CHANNEL FUNCTIONAL TEST shall also demonstrate that control room alarm
annunciation occurs if any of the following conditions exists:

I.  Instrument indicates measured levels above the alarm setpoint.
2,  Circuit failure.
3. Instrument indicates a downscale failure,

The initial CHANNEL CALIBRATION shall be performed using one or more of the
reference standards traceable to the National Bureau of Standards or using
standards that have been obtained from suppliers that participate in measurement
assurance activities with NBS. These standards shall permit calibrating the system
within its intended range of energy and measurement range. For subsequent
CHANNEL CALIBRATION, sources that have been related to the initial calibration
can be used.

The CHANNEL CHECK shall consist of erifying indication of flow during periods
of release and shall be made a: least once per 24 hours on days on which effluent
releases are made.

CALVERT CLIFFS UNIT | 3/4 3-56 Ainendment No.
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RADIOACTIVE EFFLUENTS

LIQUID EFFLUENTS

CONCENTRATION

LIMITING CONDITION FOR OPERATION

3.11.1.1 The concentration of radioactive material released L. liquid effluents to
UNRESTRICTED AREAS shall be limited to the concentrations specified in 10 CFR Part
20, Appendix B, Table II, Column 2 for radionuclides other than dissolved or entrained
noble gases.

APPLICABILITY: At all times.

ACTION:
a. With the concentration of radioactive material released in liquid
effluents to UNRESTRICTED AREAS exceeding the above limits,
without delay restore the concentration to within the above limits.

b. The provisions of Specifications 3.0.3 and 3.0.4 not applicable.

SURVEILLANCE REQUIREMENTS

4.11.1.1.1 Radioactive liquid wastes shall be sampled and analyzed according to
the sampling and analysis program of Table 4.11-1.

4.11.1.1.2 The results of the radioactivity analyses shall be used in accordance
with the methodology and parameters in the ODCM to assure that the concentrations at
the point of release are maintained within the limits of Specification 3.11.1.1.

CALVERT CLIFFS UNIT 1 3/4 11-1 Amendment No,
CALVERT CLIFFS UNIT 2 Amendment No.



TABLE 4.11-1

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

Attachment 3

Lower Limit

Minim.um . of Detection
qu\'lepielelease Fﬁ"e?&% ppealq&ﬁcy Type of Activity (l.l..D)a
A. Batch Waste P P

Releases Each Batch Each Batch Principal Gamma 5x1077
Emitters®
I-131 1x1076
Mo-99, Ce-144 2x1076
P M H-3 1x10™2
Each Batch Composite‘:l
Gross Alpha 1x10~7
Bach Batch Com;?osited Sr-89, Sr-90 5x1078
B. Turbine Building M M Principal Gamma 5x1077
Sump cmitters©
I-131 11076
Mo-99, Ce-144 2x1076
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TABLE 4.11-1 (Continued)

TABLE NOTATION

2 The LLD is defined, for purposes of these specifications, as the smallest concentration

of radioactive material in a sample that will yield a net count, above system
ound, that will be detected with 95% probability with only 5% probability of
falsely concluding that a blank observation represents a "real" signal.

For a particular measurement system, which may include radiochemical separation:

LLD = 0.663b

E* Vv * 222x10°% * Y * exp(-2at)
Where:

LLD is the "a priori" lower limit of detection as defined above, as microcuries per
unit mass or volume,

s? is the standard deviation of the background counting rate or of the counting rate
of a blank sample as appropriate, as counts per minute,

E is the counting efficiency, as counts per ‘isintcgration,

V is the sample size in units of mass or volume,

2.22 x 10° is the number of disintegrations per minute per microcurie,
Y is the fractional radiochemical yield, when applicable,

) is the radioactive decay constant for the particular radionuclide, and

At is the elapsed time between sample collection, or end of the sample collection
period, and time of counting.

Typical values of E, V, Y, and At should be used in the calculation.

It should be recognized that the LLD is defined as an a priori (before the fact) limit
representing the capability of a measurement system not as an a posteriori (after
the fact) limit for a particular measurement.

b prior to sampling Reactor Coolant Waste and Miscellaneous Waste for analyses,
each batch shall be isolated, and then thoroughly mixed to assure representative

sampling.
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TABLE 4.11-1 (Continued)

TABLE NOTATION

€ The principal gamma emitters for which the LLD specification applies exclusively are
the following radionuclides: Mn-54, Fe-59, Co-58, Co-60, Zn-65, Cs-134, Cs-137 and
Ce-141. This list does not mean that only these nuclides are to be considered. Other
gamma peaks that are identifiable, together with those of the above nuclides, shall
also be analyzed and reported in the Semiannual Radioactive Effluent Release Report
pursuant to Specification 6.9.1.8.

A composite sample is one in which the quantity of i quid sampled is proportional to
the quantity of liquid waste discharged in which the nethod of sampling employed
results in a specimen that is representative of the liquic: released.

CALVERT CLIFFS UNIT | 3/4 11-4 Amendment No.
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RADIOACTIVE EFFLUENTS
DOSE

LIMITING CONDITION FOR OPERATION

——
e

311.1.2 The dose or dose commitment to a MEMBER OF THE PUBLIC from
radioactive materials in liquid effluents released to UNRESTRICTED AREAS shall be
limited:

a. During any calendar quarter to less than or equal to 3.0 mrems to the total body
and to less than or equ: to 10 mrems to any organ, and

b.  During any calendar year to less than or equal to 6 mrems to the total body and
to less than or equal to 20 mrems to any organ.

APPLICABILITY: At all times.

ACTION:

a. With the calculated dose from the release of radioactive mat - .als in liquid
effluents exceeding any of the above limits, prepare and submit to the
Commission within 30 days, pursuant to Specification 6.9.2, a Special Report
that identifies the cause(s) for exceeding the limit(s) and defines the corrective
actions that have been taken to reduce the releases and the proposed corrective
actions to be taken to assure that subsequent eleases will be in compliance with
the above limits.

b.  The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.1.2 Monthly cumulative dose contributions from liquid effluents for the current
calendar quarter and the current calendar year shall be determined in accordance with
the methodology and parameters in the ODCM at least once per 60 days.

CALVERT CLIFFS UNIT 1 3/4 11-5 Amendment No.
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RADIOACTIVE EFFLUENTS

LIQUID RADWASTE TREATMENT SYSTEM

LIMITING CONDITION FOR OPERATION

3.11.1.3 The liquid radwaste treatment system shall be used to reduce the
radioactive materials in liquid wastes prior to their discharge when the calculated doses
due to the liquid effluent to UNRESTRICTED AREAS exceeds 0.36 mrem to the total
body or 1.20 mrem to any organ in a 92 day period.

APPLICABILITY: At all times.

ACTION:

a.  With radioactive liquid waste being discharged without treatment and in excess
of the above limits, prepare and submit to the Commission within 30 days
pursuant to Specification 6.9.2 a Special Report that includes the following
information:

l. Explanation of why liquid radwaste was being discharged without
treatment, identification of any inoperable equipment or subsystems, and
the reason for the inoperability,

2.  Action(s) taken to restore the inoperable equipment to OPERABLE status,
and

3. Summary description of action(s) taken to prevent a recurrence.

b.  The provisions of Specifications 3.0.3 and 3,0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4,11.1.3 Monthly doses due to liquid releases to UNRESTRICTED AREAS shall be
calculated at least once per 60 days in accordance with the methodology and parameters
in the ODCM.
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ACTI FFLUENTS

GASEOUS EFFLUENTS
DOSE RATE

glMlTlNG CONDITION FOR OPERATION

ENS VN The dose rate due to radioactive materials released in gaseous effluents
from the site to areas at and beyond the SITE BOUNDARY (see Figure 5.1-1) shall be
limited to the following:

a. For noble gases: Less than or equal to 500 mrems/yr to the total body and less
than or equal to 3000 mrems/yr to the skin, and

b. For iodine-131 and for all radionuclides in particulate form with half lives
greater than 8 days: Less than or equal to 1500 mrems/yr to any organ.

APPLICABILITY: At all times,

ACTION:

a. With the dose rate(s) exceeding the above limits, without delay restore the
release rate to within the above limit(s).

b.  The provisions of Specifications 3,0.3 and 3.0.4 are not applicable,

RV ANCE REQUIREMENTS

- -
——

- -
-

e —————

4. 01.2.1.1 The dose rate due to noble gases in gaseous effluents shall be determined
to be within the above limits in accordance with the methodology and parameters in the
ODCM.

4.11.2.1.2 The dose rate due to iodine-131 and all radionuclides in particulate form
with half lives greater than 8 days in gaseous effluents shall be determined to be within
the above limits in accordance with the methodology and parameters in the ODCM by
obtaining representative samples and performing analyses in accordance with the
sampling and analysis program specified in Table 4.11-2,

CALVERT CLIFFS UNIT | 3/4 11-7 Amendment No,
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TABLE §.11-2

2 S RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM
§ g o Minimum Lower Limit of
Sampling Analysis Type of Detection (LLD)?
5 % Gaseous Release Type Frequency Frequency Activity Analysis (uCi/ml)
TP v
A. Waste Gas storagel8 Each Tank Each Tank Principal Gamma Emitters® 1x107%
= :% Tank Grab Sample (Gaseous Emissions Only)
" B. Containment Purge Each Batch® Each Batch®  Principai Gamma Emitters® 1x10
and Vent Grab Sample (Gaseous Emissions Only)
C. Main Vent M M€ Principal Gamma Emitters® 1x107%
Grab Sample© (Gaseous Emissions Only)
Continuous? M H-3 1x1076
*
F —
o Continuous? w I-131 1x10712
T Charcoal
— Sample®
Coatinuousd w Principal Gamma Emitters® 1xio~11
Particulate (I-131, Others)
Sample®
Continuous? M Gross Alpha 1xio~11
Composite
Particulate
5 g Sample
3 Continuous Q Sr-89, Se-90 Ix10711
5’ g Composite
25 Particulate
Continuousd Noble Gas Noble Gases 1x1076
Monitor Gross Beta or Gamma
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TABLE 4.11-2 (Continued)

TABLE NOTATION

& The LLD is defined, for purposes of these specifications, as the smallest concentration
of radioactive material in a sample that will yield a net count, above system
background, that will be detected with 95% probability with only 5% probability of

falsely concluding that a blank observation represents a "real" signal.

For a particular measurement system, which may include radiochemical separation:

4.66
LLD= *

E* V * 222x10% * Y * exp(-aa)
Where:

LLD is the "a priori" lower limit of detection as defined above, as microcuries
per unit mass or volume,

is the standard deviation of the background counting rate or of the counting
rate of a blank sample as appropriate, as counts per minute,

E is the counting etficiency, as counts per disintegration,

V is the sample size in units of mass or volume,

2.22 x 108 is the number of disintegrations per minute per microcurie,
Y is the fractional radiochemical yield, when applicable,

A s the radioactive decay constant for the particular radionuclide, and

At for plant effluents is the elapsed time between sample collection or end of
the sample collection period, and time of counting.

Typical values of E, V, Y, and At should be used in the calculation.
It should be recognized that the LLD is defined as an a priori (before the fact) limit
not

representing the capability of a measurement system as an a posteriori (after
the fact) limit for a particular measurement.
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TABLE 4.11-2 (Continued)

TABLE NOTATION

The principal gamma emitters for which the LLD specification applies exclusively are
the following radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for

emissions and Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-
141 and Ce-144 for particulate emissions. This list does not mean that only these
nuclides are to be considered. Other gamma peaks that are identifiable, together with
those of the above nuclides, shall also be analyzed and reported in the Seminannual
Radioactive Effluent Release Report pursuant to Specification 6.9.1.8,

Sampling and analysis shall also be performed following shutdown, startup, or a
THERMAL POWER change exceeding 15 percent of RATED THERMAL POWER within
one hour unless (1) analysis shows that the DOSE EQUIVALENT I-131 concentration in
the primary coolant has rot increased more than a factor of 5, and (2) the noble gas
activity monitor shows that effluent activity has not increased by more than a factor
of 5.

The ratio of the sample flow rate to the sampled stream flow rate shall be known for
the time period covered by each dose or dose rate calculation made in accordance
with Specifications 3.11.2.1, 3.11.2.2 and 3,11.2.3.

Samples shall be changed at least once per 7 days and analyses shall be completed
within 48 hours after changing, or after removal from sampler. When sample
collection time is less than seven days, the corresponding LLDs may be increased by a
proportional factor. This requirement does not apply if (1) analysis shows that the
DOSE EQUIVALENT I-131 concentration in the primary coolant has not increased
more than a factor of 5, and (2) the noble gas monitor shows that effluent activity has
not increased more than a factor of 5.

Waste Gas Decay Tank samples shall be collected and analyzed for oxygen once per
week on the in-service tank and following tank isolation. Waste Gas Surge Tank
samples shall be collected and analyzed daily during power escalation from MODE 6
through MODE 3, and once per week at all other times,

Collect sample and analyze daily for total Curie content per Specification 3.11.2.6
wh:/n the Reactor Coolant System specific activity of Xe-133 is greater than 150
uCi/ml.
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3122 The air dose due to noble gases released in gaseous effluents to areas at
and beyond the SITE BOUNDARY (see Figure 5.1-1) shall be limited to the following:

a. During any calendar quarter: Less than or equal to 10 mrads for
gamma radiation and less than or equal to 20 mrads for beta radiation
and,

b. During any calendar year: Less than or equal to 20 mrads for gamma
radiation and less than or equal to 40 mrads for beta radiation,

APPLICABILITY: At all times.
ACTION:

a. With the calculated air dose from radioactive noble gases in gaseous
effluents exceeding any of the above limits, prepare and submit to the
Commission within 30 days, pursuant to Specification 6.9.2, a Special
R that identifies the cause(s) for ex the limit(s) and
defines the corrective actions that have been en to reduce the
releases and the proposed corrective actions to be taken to assure
that subsequent releases will be in compliance with the above limits.

b. The provisions of Specifications 3.0,3 and 3.0.4 are not applicable,

4.11.2.2 Monthly cumulative dose contributions for the current calendar quarter
and currer® calendar year for noble gases shall be determined in accordance with the
methodology and parameters in the ODCM at least once per 60 days.

CALVERT CLIFFS UNIT | 36 11-11 Amendment No,
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ACTI FFLUENTS
DOSE - IODINE-131 AND RADIONUCLIDES IN PARTICULATE FORM

hﬂ!g CONDITION FOR OPERATION
31123 The dose to a MEMBER OF THE PUBLIC from iodine-131 and all

radionuclides in particulate form with half lives greater than 8 days in gaseous effluents
released to areas at and beyond the SITE BOUNDARY (see Figure 5.1-1) shall be limited
to the following:

a. During any calendar quarter: Less than or equal to 15 mrems to any
organ and,

b. During any calendar year: Less than or equal to 30 mrems to any
organ.

c. Less than 10% of the limits of 3.11.2.3(a) and (b) as a result of burning
contaminated oil.

APPLICABILITY: At all times.
TION:

a. With the calculated dose from the release of iodine-131 and
radionuclides in particulate form with half lives greater than 8 days,
in gaseous effluents exceeding iny of the above limits, prepare and
submit to the Commission within 30 days, pursuant to Specification
6.9.2, a Special Report that identifies the cause(s) for exceeding the
limit and defines the corrective actions that have been taken to
reduce the releases and the proposed corrective actions to be taken to
assure that subsequent releases will be in compliance with the above
limits,

b. The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

SURVEILEANCE REQUIREMENTS

4.11.2.3 Monthly cumulative dose contributions for the current calendar quarter
and current calendar year for iodine-131 and radionuclides in particulate form with half
lives greater than 8 days shall be determined in accordance with the methodology and
parameters in the ODCM at least once per 60 days,

H
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RADIOACTIVE EFFLUENTS
GASEOUS RADWASTE TREATMENT SYSTEM

klgmg CONngION FOR OPERATION =

31124 The GASEOUS RADWASTE TREATMENT SYSTEM and the VENTILATION
EXHAUST TREATMENT SYSTEM shall be used to reduce radioactive materials in
gaseous waste prior to their discharge when the gaseous effluent air doses due to gaseous
effluent releases, to areas at and beyond the SITE BOUNDARY (see Figure 5.1-1)
exceeds 1.20 mrad for gamma radiation and 2.4 mrad for beta radiation in a 92 day
period. The VENTILATION EXHAUST TREATMENT SYSTEM shall be used to reduce
radioactive materials in gaseous waste prior to their discharge when the calculated doses
due to gaseous efflueni releases, to areas at and beyond the SITE BOUNDARY (see
Figure 5.1-1) exceeds 1.8 mrem to any organ in a 92 day period.

APPLICABILITY: At all times,

ACTION:
a. With gaseous was.. being discharged without treatment and in excess
of the above limits, prepare and submit to the Commission within 30
days, pursuant to Specification 6.9.2, a Special Report that includes
the following information:
l.  Explanation of why gaseous radwaste was being discharged
without treatment, identification of any inoperable equipment
or subsystems, and the reason for the inoperability,

2. Action(s) taken to restore the inoperable equipment to
OPERABLE status, and

3. Summary description of action(s) taken to prevent a recurrence,

b. The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCF, REQUIREMENTS 2

4.11.2.4.1 Monthly doses due to gaseous releases shall be calculated at least once
per 60 days in accordance with the methodology and parameters in the ODCM,
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R A UENTS
XP VE GAS MIXTURE (Hydrogen rich systems not designed to withstand a

3.1L.2.5 The concentration of oxygen in the waste gas holdup system shall be
limited to less than or equal to 4% by volume.

APPLICABILITY: At all times
ACTION:

a. With the concentration of oxygen in a waste gas decay tank greater
thaa 4% by volume immediately suspend all additions of waste gases
to that tank and reduce the concentration of oxygen to less than or
equal to 4% by volume without delay.

b. The provisions of Specifications 3.0.3 and 3.0.4 are not applicable,

4.11.2.5 The concentrations of oxygen in the waste gas holdup system shall be

determined to be within the above limits by the sampling program described in Table
b.11-2,
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GAS STORAGE TANKS

_———

3.11.2.6 The quantity of radioactivity contained in each gas storage tank shall be
limited to less than or equal to 58,500 curies noble gases (considered as Xe-133),

APPLICABILITY: At all times.
ACTION:

a. With the quantity of radioactive material in any gas storage tank
exceeding the above limit, immediately suspend all additions of
radioactive material to that tank and within 48 hours reduce the tank
contents to within the limit,

b. The provisions of Specifications 3.0.3 and 3.0.4 are not applicable.

RVEIL CE R IREMENTS

4.11.2.6 The quantity of radioactive material contained in the in-service gas
storage tank shall be determined to be within the above limit at least once per 24 hours
when the Reactor Coolant System specific activity of Xe-133 is greater than 150 uCi/ml,
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R A E EFFLUENTS
RADIOACTIVE WASTE

ONDITION FOR OPERATION.

-—

3.11.3 The solid radwaste program shall be used in accordance with a PROCESS
CONTROL PROGRAM to process wet radioactive wastes to meet shipping and burial
ground requirements,

A ITY: At all times.

ACTION:

a. With the provisions of the PROCESS CONTROL PROGRAM not satisfied,

suspend shipments of defectively processed or defectively packaged solid
radioactive wastes from the site,

b.  The provision of Specifications 3.0.3 and 3.0.4 are not applicable.

&RV;ILLAN% REQUIREMENTS

4.11.3 THE PROCESS CONTROL PROGRAM shall be used to verify the
SOLIDIFICATION of at least one representative test specimen from at least every tenth
batch of each type of wet radioactive waste (e.g., filter sludges, spent resins, evaporator
bottoms, boric acid solutions, and sodium sulfate solutions).
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ACTIVE EFFLUENT

TOTAL DOSE
LIMITING CONDITION FOR OPERATION

e e et

3.11.4 The annual (calendar year) dose or dose commitment to any MEMBER OF THE
PUBLIC due to releases of radioactivity and to radiation from uranium fuel cycle sources
shall be limited to less than or equal to 25 mrems to the total body or any organ, except
the thyroid, which shall be limited to less than or equal to 75 mrems.

APPLICABILITY: At all times.
ACTION:

a.  With the calculated doses from the release of radioactive materials in liquid or
effluents exceeding twice the limits of Specification 3.11.1.2.a,
Wl1.1.2:b, 3.11.2,2.a, 3.11.2.2.b, 3.11.2.3.a, or 3.11.2.3.,b, calculations shall be
made including direct radiation contributions from the reactor units and outside
storage tanks to determine whether the above limits of Specification 3,11.4 have
been exceeded. If such is the case, prepare and submit to the Commission within
30 days, pursuant to Specification 6.9.2, a Special Report that defines the
corrective action to be taken to reduce subsequent releases to prevent
recurrence of exceeding the above limits and includes the schedule for achieving
conformance with the above limits. This Special Report, as defined in 10 CFR
Part 20.405c, shall include an analysis that estimates the radiation exposure
(dose) to a MEMBER OF THE PUBLIC from uranium fuel cycle sources, including
all effluent pathways and direct radiation, for the calendar year that includes
the rolun(s.connd by this report. [t shall also describe levels of radiation
and concentrations of radioactive material involved, and the cause of the
exposure levels or concentrations, If the estimated dose(s) exceeds the above
limits, and if the release condition resulting in violation of 40 CFR Part 190 has
not already been corrected, the Special Report shall include a request for a
variance in accordance with the provisions of 40 CFR Part 190, Submittal of the
report is considered a timely request, and a variance is granted until staff action
on the request is complete,

b.  The provisions of Specifications 3.0,3 and 3.0.4 are not applicable,

61140  Cumulative dose contributions from liquid and gaseous effluents shall be
determined in accordance with Specifications 4.11.1.2, 4,11.2,2, and 4.11.2.3, and in
accordance with the methodology and parameters in the ODCM,

4.11.6.2 Cumulative dose contributions from direct radiation from the reactor units and

outside storage tanks shall be determined in accordance with the methodology and
ameters in the ODCM, This requirement is applicable only under conditions set forth
Specification 3.11.4.a,
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0 v FF T MONITORING INSTRUMENTATION

The radioactive liquid effluent instrumentation is provided to monitor and control, as
applicable, the releases of radioactive materials in liquid effluents during actual or
potential releases of liquid effluents. The alarm/trip setpoints for these instruments
shall be calculated and adjusted in accordance with the methodology and parameters in
the ODCM to ensure that the alarm/trip will occur prior to exceeding the limits of 10
CFR Part 20, The OPERABILITY and use of this instrumentation is consistent with the
requirements of General Design Criteria 60, 63 and 64 of Appendix A to 10 CFR Part 50,

Tiv F ITORING INSTRUMENTATION

The radioactive gaseous effluent instrumentation is provided to monitor and control, as
applicable, the releases of radioactive materials in gaseous effluents during actual or
potential releases of gaseous effluents, The alarm/trip setpoints for these instruments
shall be calculated and adjusted in accordance with the methodology and parameters in
the ODCM to ensure that the alarm/trip will occur prior to exceeding the limits of
Specification 3,11.2.1.a based on average annual X/Q, The OPERABILITY and use of this
instrumentation is consistent with the requirements of General Design Criteria 60, 63
and 64 of Appendix A to 10 CFR Part 50,
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3/t.11 RADIOACTIVE EFFLUENTS

BASES

3/6.11.1 LIQUID EFFLUENTS

3/4.11.1.1 CONCENTRATION

This specification is provided to ensure that the concentration of radioactive materials
released in liquid waste effluents to UNRESTRICTED AREAS will be less than the
concentration levels specified in 10 CFR Part 20, Appendix B, Table II, Zelumn 2. This
limitation provides additional assurance that the levels of radioactive materials in bedies
of water in UNRESTRICTED AREAS will result in exposures within (1) the Section II.A
design objectives of Appendix I, 10 CFR Part 50, to a MEMBER OF THE PUBLIC and (2)
the limits of 10 CFR Part 20.106(e) to the population.

The required detection capabilities for radioactive materials in liquid waste samples are
tabulated in terms of the lower limits of detection (LLDs). Detailed discussion of the
LLD, and other detection limits can be {ound in HASL Procedures Manual, HASL-300,
Currie, L. A., "Limits for Qualitative Deteciion and Quantitative Determination -
Application to Radiochemistry," Anal. Chem. %0, 586-93 (1968), and Hartweli, J. ¥.,
"Detection Limits for Radioanalytical Counting Techniques,” Atlantic Richfield Hanford
Company Report ARH-SA-215 (June 1975).

3/4.11.1.2 DOSE

This specification is provided to implement the requirements of Sections IL.A, IILLA and
IV.A of Appendix I, 10 CFR Part 50. The Limiting Condition for Operation implements
the guides set forth in Section ILA of Appendix I. The ACTION statements provide the
required operating flexibility and at the same time implement ihe guides set forth in
section IV.A of Appendix I to assure that the releases of iadwactive material in liquid
effluents to UNRESTRICTED AREAS will be kept "as low as is reasonably achievable.,"
The dose calculation methodology and parameters in the ODCM implement the
requirements in Section lILLA of Appendix [ that confori ance with the guides of Appendix
I be shown by calculational procedures based on models and data, such that the actual
exposure of 1 MEMBER OF THE PUBLIC through appropriate pathways is vnlikely to be
substantial:, underestimated. The equations specified in the ODCM for calculating the
doses due to the actual release rates of radioactive materials in liquid effluents are
consistent with the methodology provided in Regulatory Guide 1.109, "Calcul stion of
Annual Doses to Man from Routine Releases of Reactor Effluents for the Purpose of
Evaluating Compliance with 10 CFR Part 50, Appendix I," Revision 1, October 1977,
Regulatory Guide 1.113, "Estimating Aquatic Dispersion of Effiuents from Accidental
and Routine Reactor Releases for the Purpose of Implementing Appendix 1," April 1977,
and NUREG-0133, "Preparation of Radiological Efffuent Technical Specifications for
Nuclear Power Plants",

CALVERT CLIFFS UNIT 1 Amendment No.
CALVERT CLIFFS UNIT 2 Amendment No.




Attachment 3

- RADIOACTIVE EFFLUENTS

BASES { (o braned

3/4.11.1.3 LIQUID RADWASTE TREATMENT SYSTEM

The requirement that the appropriate portions of this system be used, when specified,
provides assurance that the releases of radioactive materials in liquid effluents will be
kpt "as low as is reasonably achievable". This specification implements the
rejuirements of 10 CFR Part 50.36a, General Design Criterion 60 of Appendix A to 10
CFR Part 50 and the design objective given in Section IL.D of Appendix I to 10 CFR Part
50. The specified limits governing the use of appropriate portions of the liquid radwaste
treatment systemn were specified as a suitable fraction of the dose design objectives set
forth in Section II.A of Appendix I, 10 CFR Part 50, for liquid effluents.

3/4.11.2 GASEOUS EFFLUENTS

3/4.11.2.1 DOSE RATE

This specification is provided to ensure that the dose at ar .ne at and beyond the SITE
BOUNDARY from gaseous effluents from all units on the site will be within the annual
dose limits of 10 CFR Part 20 to UNRESTRICTED AREAS. The annual dose limits are
the doses associated with the concentrations of 10 CFR Part 20, Appendix B, Table II,
Column 1. These limits provide reasonable assurance that radioactive material
discharged in gaseous effluents will not result in the exposure of a MEMBER OF THE
PUBLIC in an UNRESTRICTED AREA, exceeding th. 'imits specified in Appendix B,
Table II of 10 CFR Part 20 (10 CFR Part 20.106(b)). For - ZMBERS OF THE PUBLIC who
may at times be within the SITE BOUNDARY, the occupancy of that MEMBER OF THE
PUBLIC will be sufficiently low to compensate for any increase in the atmospheric
diffusion factor above that for the SITE BOUNDARY.

The required detection capabilities for radioactive materials in gaseous waste samples
are tabulated in terms of the lower limits of detection (LLDs). Detailed discussion of the
LLD, and other detection limits can be found in HASL Procedures Manual, HASL-300,
Currie, L. A., "Limits for Qualitative Detection and Quantitative Determination -
Application to Radiochemistry," Anal. Chem. 40, 586-93 (1968), and Hartwell, J.K.,
"Detection Limits for Radioanalytical Counting Techniques," Atlantic Richfield Hanford
Company Report ARH-SA-215 (June 1975).
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RADIOACTIVE EFFLUENTS

BASES (Continued)

3/4.11.2.2 DCSE - NOBLE GASES

This specification is provided to implement the requirements of Sections IL.B, IIL.LA and
IV.A of Appendix I, 10 CFR Part 50. The Limiting Condition for Operation implements
the guides set forth in Section IL.B of Appendix I. The ACTION statements provide the
require * dperating flexibility and at the same time implement the guides set forth in
Section 1V.A of Appendix I to assure that the releases of radioactive material in gaseous
effluents to UNRESTRICTED AREAS will be kept "as low as reasonably achievable." The
Surveillance Requirements implement the requirements in Section IILA of Appendix I
that conformance with the guides of Appendix I be shown by calculational procedures
based on models and data such that the actual exposure of a MEMBER OF THE PUBLIC
through appropriate pathway- *~ unlikely to be substantially underestimated. The dose
calculation methodology and parameters established in the ODCM for calculating the
doses due to the actual release rates of radioactive noble gases in gaseous effluents are
consistent with the methodology provided in Regulatory Guide 1.109, "Calculation of
Annual Doses to Man from Routine Releases of Reactor Effluents for the vurpose of
Evaluating Compliance with 10 CFR Part 50, Appendix I," Revision 1, October 1977 and
Regulatory Guide 1.111, "Methods for Estimating Atmospheric Transport and Dispersion
of Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors," Revision
1, July 1977, and NUREG-0133 "Preparation of PRadiological Effluent Technical
Specifications for Nuclear Power Plants".

The ODCM equations provided for determining the air doses at and beyond the SITE
BOUNDARY are based upon the historical annual average atmospheric conditions.

CALVERT CLIFFS UNIT 1 B3/411-3 Amendment No.
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3/4.11.2,3 DOSE - IODINE 131 AND RADIONUCLIDES IN PARTICULATE FORM

This specification is provided to implement the requirements of Sections II.C, III.A and
IV.A of Appendix I, 10 CFR Part 50. The Limiting Conditions for Operation are the
guides set forth in Section II.C of Appendix I. The ACTION statements provide the
required operating flexibility and at the same time implement the guides set forth in
Section IV.A of Appendix | to assure that the releases of radioactive materials in gaseous
effluents to UNRESTRICTED AREAS will be kept "as low as is reasonably achievable."
The ODCM calculational methods specified in the Surveillance Requirements implement
the requirements in Section IIILA of Appendix I that conformance with the guides of
Appendix I be shown by calzulational procedures based on models and data, such that the
actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is unlikely
to be substantially underestimated. The ODCM calculational methodology and
parameters for calculating the doses due to the actual release rates of the subject
materials are consistent with the methodology provided in Regulatory Guide 1.109,
"Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for the
Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I," Revision !, October
1977, Regulatory Guide 1.111, "Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors,"
Revision 1, July 1977, and NUREG-0133 , "Preparation of Radiological Effluent
Technical Specifications for Nuclear Power Plants". These equations also provide for
determining the actual doses based upon the historical annual average atmospheric
conditions. The release rate specifications for iodine-131, and radionuclides in
particulate form with half lives greater than 8 days are dependent upon the existing
radionuclide pathways to man, in the areas at and beyond the SITE BOUNDARY. The
pathways that were examined in the development of these calculations were: 1)
individual inhalation of airborne radionuclides, 2) deposition of radionuclides onto green
leafy vegetation with subsequent consumption by man, 3) deposition onto grassy areas
where milk animals and meat producing animals graze with consumption of the milk and
meat by man, and 4) deposition on the ground with subsequent exposure of man.

3/4.11.2.4 GASEOUS RADWASTE TREATMENT SYSTEM

The requirement that the appropriate portions of these systems be used, when specified,
provides reasonable assurance that the releases of radioactive materials in gaseous
effluents will be kept "as low as is reasonably achievable".

This specification implements the requirements of 10 CFR Part 50.36a, General Design
Criterion 60 of Appendix A to 10 CFR Part 50, and the design objectives given in Section
ILD of Appendix I to 10 CFR Part 50. The specified limits governing the use of
appropriate portions of the systems were specified as a suitable fraction of the dose
design objectives set forth in Sections II.B and II.C of Appendix I, 10 CFR Part 50, for
gaseous effluents.

CALVERT CLIFFS UNIT 1 B3/4 11-4 Amendment No.
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3/4.11.2.5 EXPLOSIVE GAS MIXTURE

This specification is provided to ensure that the concentration of potentially explosive
gas mixtures contained in the waste gas holdup system is maintained below the
flammability '..it of oxygen. Maintaining the concentration of oxygen below its
flammability limit provides assurance that the releases of radioactive materials will be
controlled in conformance with the requirements of General Design Criterior 60 of
Appendix A to 10 CFR Part 50,

3/4.11.2.6 GAS STORAGE TANKS

The tanks included in this specification are those tanks for which the quantity of
radioactivity contained is not limited directly or indirectly by another Technical
Specification to a quantity that is less than the quantity that provides assurance that in
the event of an uncontrolled release of the tank's contents, the resulting total body
exposure to a MEMBER OF THE PUBLIC at the nearest SITE BOUNDARY will not
exceed 10 CFR 100 limits.

Restricting the quantity of radioactivity contained in each gas storage tank provides
assurance that in the event of an uncontrolled release of the tank's contents, the
resulting total body exposure to a MEMBER OF THE PUBLIC at the nearest SITE
BOUNDARY will not exceed accident guidelines.

3/4.11.3 SOLID RADIOACTIVE WASTE

This specification implements the requirements of 10 CFR Part 50.36a and General
design Criterion 60 of Appendix A to 10 CFR Part 50. The process parameters are
included in the PROCESS CONTROL PROGRAM.

3/4.11.4 TOTAL DOSE

This specification is provided to meet the dose limitations of 40 CFR Part 190 that have
been incorporated into 10 CFR Part 20 by 46 FR 18525. The specification requires the
preparation anJ submittal of a Special Report whenever the calculated doses from plant
generated radioactive effluents and direct radiation exceed 25 mrems to the total body
or any organ, except the thyroid, which shall bc limited to less than or equal to 75
mrems. The Special Report will describe a course of action that should result in the
limitation of the annual dose to a MEMBER OF THE PUBLIC to within the 40 CFR Part
190 limits. For the purposes of the Special Report, it may be assumed that the dose
commitment to the MEMBER OF THE PUBLIC from other uranium fuel cycle sources is

negligible.
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If the dose to any MEMBER OF THE PUBLIC is estimated to exceed the requirements of
40 CFR Part 190, the Special Report with a request for a variance (provided the release
conditions resulting in violation of 40 CFR Part 190 have not already been corrected), in
accordance with the provisions of 40 CFR Part 190.11 and 10 CFR Parté 20.405c, is
considered to be a timely request and fulfills the requirements of 40 CFR Part 190 until
NRC staff action is completed. The variance only relates to the limits of 40 CFR Part
190, and does not apply in any way to the other requirements for dose limitation of 10
CFR Part 20, as addressed in Specifications 3.11.1.1 and 3.11.2.1. An individual is not
considered a MEMBER OF THE PUBLIC during any period in which he/she is engaged in
carrying out any operation that is part of the nuclear fuel cycle.

CALVERT CLIFFS UNIT 1 B3/411-6 Amendment No.
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MEETING FREQUENCY

6.5.1.4 The POSRC shall meet at least once per calendar month and as
convened by the POSRC Chairman or his designated alternate.

QUORUM

6.5.1.5 A quorum of the POSRC shall consist of the Chairman or his
designated alternate and four members including alternates.

RESPONSIBILITIES

6.5.1.6 The POSRC shall be responsible for:

a. Review of 1) all procedures required by Specification 6.8 and
changes thereto, 2) any other proposed procedures or changes
thereto as determined by the Plant Superintendent to affect
nuclear safety. .

Review of all proposed tests and experiments that affect -
nuclear safety.

Review cf all proposed changes to Appendix "A" Technif&f

Specifications.

Review of all proposed changes or modifications to plant
systems or equipment that affect nuclear safety.

Investigation of all violations of Lhe Technical Specifications
including the preparation and forwarding of reports covering
evaluation and recommendations to prevent recurrence to the
Manager - Nuclear Power Department and to the Chairman of the
Off Site Safety Review Committee.

Review of all REPORTABLE EVENTS.

Review of facility operations to detect potential safety hazards.
y

Performance of special reviews, investigations or analyses and
reports thereon as requested by the Chairman of the Off Site
Safety Review Committee.

Review of the Plant Security Plan and implementing procedures
and shall submit recommended changes to the Off Site Safety
Review Committee.
Peview of the Emergency Plan and implementing procedures and
shall submit recommended changes to the Off Site Safety Review

mmittee. e £yt -
Insert P“"J"‘f’“‘ K.and L. #rom attached sheet

here
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K. Review of any accidental, unplanned or uncontrolled radioactive
release that exceeds 25% of the limits of Specification 3.11.1.2,
3.11.2.2 or 3.11.2.3 including the preparation of reports covering
evaluation, recommendations and aisposition of the corrective
action to prevent recurrence and the forwarding of thcse reports to
r&:lh: Plant Superintendent and the Off-Site Safety Review Com-
dttee.

L Review of changes to the PROCESS CONTROL PROGRAM and the
OFFSITE DOSE CALCULATION MANUAL.

i WO e g
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AUDITS

6.5.2.8.1 Audits of facility activities shall be performed under the zognizance !F
of the OSSRC. These audits shall encompass:

a. The conformance of facility operation to provisicns contained within
the Technical Specifications and applicable license conditions at
least once per 12 months.

b. The performance, training and qualification of the entire facility
staff at least once per 12 months,

€. The results of actions taken to corract deficiencies occurring in
facility equipment, structures, systems or method of operation
that affect nuclear safety at least once per 6 months,

d. The performance of activities required by the Quality Assurance
Program to meet the criteria of Appendix "8", 10 CFR 50, at least
once per 24 months.

e. Jeleted qg

f. The Safeguards Contingency Plan and implenenting procedure§ at least
once per 12 months in accordance with 10 CFR 73.40(d).

g. Any other area of facility operation considered appropriate by
the OSSRC or the Vice President-Supply.

h. The Facility Firé Protection Program and implementing procedures
at least once per 24 months.

i. An incdopendent fire protection and loss prevention program inspection
and audit shall be performed at least cnce per 12 months utilizing
either qualified offsite licensee personnel or an outside fire
protection firm,

. An inspecticn and audit of the fire protection and loss prevention
program shall be performed by @ qualified outside fire consultant

_Qn££—92‘\§F~mﬂﬂLns*,—ﬂf"v——~r——§f'_\f—\f‘-f—_\
INSERT PARAGARAPHS K, |, M andn FRem ATTACHED SHEET HERE
6.5.2:8. Neview of facility activi.ies sha e per?ormea under the cognizance

of the QSSRC. These reviews shall encompass:

a. The Facility Emergency Plan and implementing procedures at least
once per 12 months in accordance with 10 CFR Part 50.54(¢t).

AUTHORITY -

6.5.2.9 The OSSRC shall report to and advise the Vice President-Supply on
2

J
those areas of responsibil .ty specified in Sections 6.5.2.7 and 6.5.2.8.
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The radiological environinental monitoring program and the results
thereof at least once per 12 months,

The OFFSITE DOSE CALCULATION MANUAL and implementing
procedures at least once per 24 months,

The PROCESS CONTROL PROGRAM and implementing procedures
for processing and packaging of radioactive wastes at least once per
24 months.

The performance of activities required by the Quality Assurance
Program to meet the provisions of Regulatory Guide 1.21, Revision
I, June 1974 and Regulatory Guide 4.1, Revision 1, April 1975 at
least once per |2 inonths.
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6.7 SAFETY LIMIT VIOLATION

6.7.1 The following actions shall be taken in the event a Safety Limit is
violated:

a. The facility shall be placed in at least HCT STANDBY within cne
hour.

b. The NRC Operations Center shall be notified by telephone as soon as
poscible and in all cases within one hour. The Manager - Nuclear
Power Department and the QSSRC shall be notified within 24 hours.

¢. A Safety Limit Violation Report shall be prapared. The report shall
be reviewed by the POSRC. This report shall describe (1) applicable
circumstances preceding the violation, (2) effects of the violation
upon facility components, systems or siructures, and (3) corrective

action taken to prevent recurrence.
d. The Safety Limit Violation Repor%t shall be submitted to the

Commission, the OSSRC and the Manager - Muclear Puwer Clepariment
withiin 14 days of the violation.

6.8 PROCEDURES E

6.8.1 Written procedures shall be established; implemented and maintained
covering the activities referenced below:

a. The applicable procedures recommenced in Appendix "A" of
Regulatory Guide 1.33, Revision 2, February 1978.

b. Refueling operations.

¢. Surveillance and test activities of safety related equipnent.
d. Security Plan implementation.

e. Etmergency Plan implementation.

f. Fire Protection Program implementation.

g. The amount of overtime worked by plant staff members performing
safety related functions must be limited in accordance with the

Policy Statement on working hours (Generic Letter No. 82-12).

TINSERT FARAGRAPHS

§.8.2 Cach procedure and aaministrative poiicy or 6.8.1 above and changes
thereto shall be reviewsed by the PCSRC and approved Dy the Plant Superin-
tendent prior to implementation ard reviewed periodically as set forth in
administrative procedures. e
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MONTHLY OPERATING REPORT

6.9.1.6 Routine reports of operating statistics and shutdown experience shall be
submitted on a monthly basis to the Director, Office of Inspection and Enforcement, U.S.
Nuclear Regulatory Commission, Washington, D.C. 20555, ATTN: Document Control
Desk, with a copy to the Regional Administrator and to the NRC Resident Inspector, no
later than the 15th of each month following the calendar month covercd by the report.

ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT*

6.9.1.7 Routine Radiological Environmental Operating Reports covering the
operation of the unit during the previous calendar year shall be submitted prior to May |
of each year.

The Annual Radiological Environmental Operating Reports shall include summaries,
interpretations, and an analysis of trends of the results of the radiological environmental
surveillance activities for the report period, including a comparison with preoperational
studies, with operational controls as appropriate, and with previous environmental
surveillance reports, and an assessment of the observed impacts of the plant operation on
the environment. The reports shall also include the results of land use censuses required
by Specification 3.12.2,

The Annual Radiological Environmental Operating Reports shall include the results of
analysis of all radiological environmental samples and of all environmental radiation
measurements taken during the period pursuant to the locations specified in the Table
and Figures in the ODCM, as well as summarized and tabulated results of these analyses
and measurements in the forrat of the table in the Radiological Assessment Branch
Technical Position, Revision 1, November 1979. In the event that some individual results
are not available for inclusion with the report, the report shall be submitted noting and
explaining the reasons for the missing results. The missing data shall be submitted as
soon as possible in a supplementary report.

The reports shall also include the following: a summary description of the radiological
environmental monitoring program; at least two legible maps** covering all sampling
locations keyed to a table giving distances and directions from the central point between
the two containment buildings; the results of licensee participation in the Interlaboratory
Comparison Program, required by Specification 3.12.3; discussion of all deviations from
the sampling schedule of Table 3.12-1; and discussion of all analyses in which the LLD
required by Table 4,12-1 was not achievable.

CALVERT CLIFFS UNIT | 6-16 Amendment No.
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The Annual Radiological Environmental Operating Report will include the identification
of the cause of unavailability of samples (if any), and will describe the locations used for
the replacement samples. The report will also include any permanent changes in the
sample locations which could appear in the monitoring program. It will include a revised
figure(s) and table for the ODCM reflecting the new location(s).

* A single submittal may be made.
** One map shall cover stations near the site boundary; a second shall include the more
distant stations.

SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT*

6.9.1.8 Routine Radioactive Effluent Release Reports covering the operation of
the unit during the previous 6 months of operation shall be submitted within 60 days after
January | and July | of each.

The Radioactive Effluent Release Reports shall include a summary of the quantities of
radioactive liquid and gaseous effluents and solid waste released from the plant as
outlined in Regulatory Guide 1.21, "Mezasuring, Evaluating, and Reporting Radioactivity
in Solid Wastes and Releases of Radioactive Materials in Liquid and Gaseous Effluents
from Light-Water-Cooled Nuclear Power Plants,"” Revision [, June 1974, with data
summarized on a quarterly basis following the format of Appendix B thereof.

The Radioactive Effluent Release Report to be submitted within 60 days after January |
of each year shall include an annual summary of hourly meteorological data collected
over the previous year., This annual summary may be either in the form of an hour-by-
hour listing on magnetic tape of wind speed, wind direction, atmospheric stability, and
precipitation (if measured), or in the form of j int frequency distributions of wind speed,
wind direction, and atmospheric stability. This same report shall include an
assessment of the radiation doses due to the radioactive liquid and gaseous effiuents
reieased from the unit or station during the previous calendar year. The assessment of
radiation doses shall be performed in accordance with the methodology and parameters in
the OFFSITE DOSE CALCULATION MANUAL (ODCM).

g A single submittal may be made for Calvert Cliffs, since the radwaste systems are
common to both units.

**  In lieu of submission with the Semi-Annual Reports, Sr89, 5¢%0 analyses results may
be submitted in a supplementary report within 120 days after January | and July |
of each year.

**% In lieu of submission with the first half year Radioactive Effluent Release Report,
this summary of required meteorological data may be retained on site in a file that
shall be provided to the NRC upon request.
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SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT (Continued)

The Radioactive Effluent Release Report to k¢ submitted 60 days after January | of
each year shall also include an assessment of radiation doses to the likely most exposed
MEMBER OF THE PUBLIC from reactor releases and other nearby uranium fuel cycle
sources, including doses from primary effluent pathways and direct radiation, for the
previous calendar year to show conformance with 40 CFR Part 190, Environmental
Radiation Protection Standards for Nuclear Power Operation. Acceptable methods for
calculating the dose contribution from liquid and gaseous effluents are given in
Regulatory Guide 1.109, Rev. 1, October 1977, and NUREG-0133, "Preparation of
Radiological Effluent Technical Specifications for Nuclear Power Plants".

The Radioactive Effluent Release Reports shall include the following information for
each class of solid wast< (as defined by 10 CFR Part 61) shipped offsite during the report
period:

Container volume,

b. Total curie quantity (specify whether determined by measurement or
estimate),

Cs Principal radionuclides (specify whether determined by measurement or
estimate),

d. Source of waste and processing employed (e.g., dewatered spent resin,

compacted dry waste, evaporator bottoms),
e. Solidification agent or absorbent (e.g., cement).

The Radioactive Effluent Release Reports shall include a list and description of
unplanned releases from the site to UNRESTRICTED AREAS of radioactive materials in
gaseous and liquid effluents made during the reporting period.

The Radioactive Effluent Release Reports shall include any changes made during the
reporting period to the PROCESS CONTROL PROGRAM (PCP) and to the OFFSITE
DOSE CALCULATION MANUAL (ODCM), as well as a listing of new locations for dose
calculations identified by the annual land use census pursuant to Specification 3.12.2.

SPECIAL REPORTS

6.9.2 Special reports shall be submitted to the Director of the NRC Regional Office
listed in Appendix D, 10 CFR Part 20, with a copy to the Director, Office of Inspection
and Enforcement, U.S. Nuclear Regulatory Commission, Washington, D.C. 20555 within
the time period specified for each report. These reports shali be submitted covering the
activities identified below pursuant to the requirements of the applicable reference
specification:

CALVERT CLIFFS UNIT 1 6-18 Amendment No.
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a. ECCS Actuation, Specifications 3.5.2 and 3.5.3.

b. Inoperable Seismic Monitoring Instrumentation, Specification 3.3.3.3,

C. l3n(3>p3et;‘able Meteorological Monitoring Instrumentation, Specification
Seismic event analysis, Specification 4.3.3.3.2.

Core Barrel Movement, Specification 3.4.11.

f. Fire Detection Instrumentation, Specification 3.3.3.7.

g Fire Suppression Systems, Specifications 3.7.11.1, 3.7.11.2, 3.7.11.3,
3.7.11.4 and 3.7.11.5..

h. Penetration Fire Barriers, Specification 3.7.12.

i Steam Generator Tube Inspection Results, Specification 4.4.5.5.

Jo Specific Activity of Primary Coolant, Specification 3.4.8.

k. Containment Structural Integrity, Specification 4.6.1.6.

L Radioactive Effluents -- Calculated Dose and Total Dose, Specifications
3.11.1.2, 3.11.2.2, 3.11.2.3, and 3.11.4.

m. Radioactive Effluents — Liquid Radwaste, Gaseous Radwaste and
Ventilation Exhaust Treatment Systems Discharges, Specifications
3.11.1.2 and 3.11.2.4.

n.  Radiological Environmental Monitoring Program, Specification 3.12.1.

CALVERT CLIFFS UNIT | 6-19 Amendment No.
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d. Records of radiation exposure for all individuals entering
radiation control areas.

e. Records of gaseous and liquid radioactive material released to
the environs,

f. Records of transient or operational cycles for those facility
components identified in Table 5.7.1.

g. Records of training and qualification for current members of the
plant staff.

h. Records of in-service inspections performed pursuant to these
Technical Specifications.

i. Records of Quality Assurance activities identified in the NRC
approved QA Manual as lifetime records.

j. Records of reviews performed for changes made to procedures or
equipment or reviews of tests and experiments pursuant to
10 CFR 50.59.

k. Records of meetings of the POSRC and the 0QSSRC.

-

1. Records of Environmental Qua]ificatﬁd; which are covered
under the provisions of paragraph 6.13.

m. Records of the service lives of all snubbers listed on Table 3.7-4
including the date at which the service 1ife commences and associated

mal nan orgs
ATTACHED SHEET HERE

6.11

Procedures for personnel radiation protection shall be prepared consistent
with the requirements of 10 CFR Part 20 and shall be approved, maintained
and adhered to for all operations involving personnel radiation exposure.

6.12 HIGH RADIATION AREA

6.12.1 In lieu of the "control device" or ":larm signal" required by
paragraph 20.203(c)(2) of 10 CFR Part 20:

a. A high radiation area in which the intensity of radiation is
greater than 100 mrem/hr but less than 1000 mrem/hr shall be
barricaded and conspicuously posted as a High Radiation Area and
entrance thereto shall be controlled by issuance of a Special or
Radiation Work Permit and any individual or group of individuals
permitted to enter such areas shall be provided with a radiatidn
monitoring device which continuously indicates the radiation
dose rate in the area.
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6.16 PROCESS CONTROL PROGRAM (PCP)

6.16.1  The PCP shall be approved by the Commission prior to implementation.
6.16.2 Licensee initiated changes to the PCP:

l. Shall be submitted to the Commission in the Semiannual Radioactive
Effluent Release Report for the period in which the change(s) was made.
This submittal shall contain:

a.  An evaluation supporting the premise that the change did not reduce
the overall conformance of the solidified waste product to existing
criteria for solid wastes; and

b. A reference to the date and the POSRC meeting number in which
the change(s) were reviewed and found acceptable to the POSRC,

2. Shall become effective upon review and approval by the responsible
Nuclear Power Department unit and approval of Plant Superintendent.

6.17 OFFSITE DOSE CALCULATION MANUAL (ODCM)

6.17.1  The ODCM shall be approved by the Commission prior to implementatic-..
6.17.2  Licensee initiated changes to the ODCM:

I. Shall be submitted to the Commission in th2 Semiannual Radioactive
Effluent Release Report for the period in which the change(s) was made
effective. This submittal shall contain:

a. Sufficient information to support the rationale for the change.
Inforn-ation submitted should consist of a package of those pages of
the ODCM to be changed with each page numbered and provided
with a change number and/or change date together with appropriate
analyses or evaluations justifying the change(s);

b. A determination that the change will not reduce the accuracy or
reliability of dose calculations or setpoint determinations; and

¢.  Documentation of the fact that the change has been reviewed and
found acceptable by the POSRC.

2.  Shall become effective upon review by the POSRC and approval of the
Plant Superintendent.
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-
6.18 MAJOR CHANGES TO RADIOACTIVE LIQUID, GAS_LOUS AND SOLID
WASTE TREATMENT SYSTEMS

6.18.1 Licensee initiated major changes to the radioactive waste systems (liquid,
gaseous and solid) shall be reported to the Commission in the Semiannual Radioactive
Effluent Release Report for the period in which the modification to the waste system is
completed. The discussion of each change shall contain:

a. A description of the equipment, components and processes involved.

b. Documentation of the fact that the change including the safety analysis
was reviewed and found acceptable by the POSRC.
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1.0 SETPOINTS

OFFSITE DOSE CALCULATION MANUAL

1.1  Liquid Effluents

I.l.l

In accordance with the requirements of Technical Specification
3.3.3.10, alarm setpoints shall be established for the liquid effluent
monitoring instrumentation to ensure that the concentration of
radioactive material released in liquid efflyents does not exceed the
limits of 10CFR20 Appendix B, Table II, Column 2,

The setpoint shall be established taking credit for operation of five of
the twelve circulating water pumps in accordance with the liquid
waste processing description in the Final Safety Analysis Report
(FSAR).

Setpoint shall be determined as follows:

SP = Z(Ai x RMS Responsei) x Dilution Water Flow Rate + Bkgd
Discharge Flow Rate

Where:

SP = Setpoint (cpm)

>
1

Specific Activity (uCi/ml) of radionuclide i as
defined in the Final Safety Analysis Report
(FSAR) for Liquid Waste. The radionuclide
mixture shall include 1-131 (95%), Cs-134
(0.5%), Cs-137 (1.5%), Co-58 (2.2%) and Co-60
(0.25%). The actual uCi/ml shall be determined
using the appropriate MPCs as defined in
I0CFR20 Appendix B, Table II, Column 2.

RMS Response ; = "Monitor sensitivity (epm/uCi/ml) for

radionuclide i

s



Dilution Water Flow Rate = Dilution from 5 circulators (1E+06 gpm)
Discharge Flow Rate = Maximum liquid effluent flow rate into
circulating water (gpm).
a. Liquid Waste (120 gpm)
b. Steam Generator Blowdown (225 gpm per
generator)
Bkgd = RMS background level (cpm)
1.2 Gaseous Effluents
1.2,1 In accordance with the requirements of Technical Specification
3.3.3.11, alarm setpoints shall be established for the gaseous effluent
monitoring instrumentation to ensure that the dose rate due to
radioactive materials released in gaseous effiuents does not exceed
500 mrem/yr (total body) or 3000 mrem/yr (skin).
1.2,2 Setpoint shall be determined as follows:

SP = Z(A-! x_RMS Response;) + Bkgd
Q x (F

Where:

SP = Setpoint (cpm)

A; = Specific Activity (uCi/ml) of noble gas radio
nuclide i as defined in the Final Safety Analysis
Report (FSAR) for the radionuclide mixture of
Xe 133 (95%), Xe 135 (4%) and Xr 88 (1%).
(Refer to Section 1.2.3)

RMS Reponse; = monitor sensitivity (cpm/uCi/ml) for
radionuclide i
X/Q = average annual meteorological dispersion based

on 1983 meteorological data (2.2E-06 sec/m?)

ade



F = System flow rate for release point radiation
monitor (m>/sec)
Bkgd = RMS background level (cpm)

1.2.3 The total body dose rate conversion factors (Attachment 1) shall be
used to calculate the nuclide concentrations since they are more
restrictive than the skin dose factors for the radionuclide mixture of
interest, described in the FSAR.

1.2.4 The main vent setpoints shall be set to ensure that simultaneous
releases from both U-1 and U-2 Main Vents do not exceed established
dose limits at the site boundary.

1.3 The radiation monitor response (cpm) for effluent releases shall be predicted
using prerelease data as follows:
cpm = [Z(Ai x RMS response ;) + Bkgd ] x 1.5
Where:

A.

i = Specific Activity (uCi/ml)

RMS Response; = (cpm/uCi/ml) for each isotope based on

calibrated monitor response tables/graphs
supplied by vendors or generated in plant.
Bkgd = RMS background level (cpm)
1.5 = Detector tolerance as defined in FSAR (150% of
anticipated count rate)
1.4 The liquid and gaseous waste radiation monitor descriptions including effluent
controls and sample points are listed on Attachment (2),
1.5 The radiation monitors have remote visual/audible alarms and visual meter
indications at the local detector locations. In addition, remote detector

alarms, meters and recorders are located in the Control Room.
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RADIOACTIVE LIQUID EFFLUENTS

2.1 Processing Equipment and Flow Paths

2.1.1

The normal liquid waste processing equipment flow paths and
monitoring systems are defined on Attachment (3),

Non routine lineups for the liquid waste processing system include
tank recirculations, bypass options, extended filtration and ion
exchange. These may be utilized as required by system chemical and

operational activities,

2.2 Liquid Effluent Concentration

2.2.1

2,2.2

2.2.3

Routine batch liquid waste releases to the Chesapeake Bay include:
a. Miscellaneous Waste

b. Reactor Coolant Waste

c. Steam Generator Blowdown (Unit | and Unit 2)

Steam Generator Blowdown is normally discharged to the condensate
system and recycled. Discrete volumes are occasionally discharged to
the Chesapeake Bay in a batch form rather than a continuous type
effluent.

Prior to discharge a grab sample of the waste stream(s) shall be
collected and analyzed to verify compliance with 10CFR20 Appendix
B, Table II, Column 2,

Z A, x Discharge Flow Rate .
m “Dilution Water Flow Rate

Where:
A, = specific activity (uCi/ml) of isotope i from

waste stream sample

MPC; = 10CFR20 limit, Appendix B, Table II, Column 2
(uCi/ml)

.



(The soluble MPC shall be us~d if the
radionuclide solubility state is unknown.)

flow rate (gpm) of waste stream into ci-culating

Discharge Flow Rate =
water.

Dilution Water Flow Rate = dilution from 5 circulators (1E+06 gpm)

2,24 Reactor Coolant and Miscel!aneous Waste Tank Volumes shall be
recirculated prior to sample collection to ensure a representative
sarnple for analysis.
A ligquid waste discharge permit shall be prepared tor routine batch
radioactive liquid releases. The permit shall document the release

conditions and approvals, sample analysis results and compliance with

the Radiological Effluent Technical Specifications.

2.2.6 Credit for dilution of liquid waste s! .li be taken for (5) circulating
watei pumps having a total capacity of 1.0E+06 gpm.

2.2.7 1 lieu of using the prerelease sample for post release accounting and
rnonthly ‘cuarterly analyses, a representative compusite sample may
be collected during the release and used for dose commitment and
reporting requirements.

2.3 Liquid Effluent Dose

2.3.1 Technical Specification 3.11.1.2 limits *he dose or dose commitment
to members of the public from radioactive materials in liquid
effluents from the Calvert Cliffs Nuclear Power Plant to:

- during any calendar quarter;
= 3.0 mrem to total body

= 10.0 mrem to any organ



- during any calendar year;

= 6.0 mrem to total body

= 20.0 mrem to any organ.

Dose due to liquid effluents may be calculated using the equations in
Section 2.3.2 or 2.3.4,

2.3.2 Dose Commitmerit (Expanded Equation)

1o fulfill the surveillance requirements of Technical Specification

4.11.1.2, the following calculation may be used for determining the

dose or dose cormnmitment due to the liquid radioactive effluents.

Do = LE7E-02 x V L67E-02 x V_x ) (A; x C;0)

Where:

1.67E-02 =
V=

CW =

10

dose or dose commitment to organ o, including
total body (mrem)

conversion factor (hr/min)

volume of liquid effluent released (gal)
average circulating w~ter discharge rate during
release period (ga!/min)

Specific Activity (uCi/ml) of radionuclide i, in
undiluted liquid effluent representative of the
volume (V)

site-related ingestion dose conversion factor to
the total body or any organ o for radionuclide i

(mrem/hr per uCi/ml)

2.3.3 Dose Conversion Factors

The site-related dose/dose conversion factors (C; ) are presented in



Attachment (4) and have been derived in accordance with guidance of

NUREG-0133 by the equation:

Cio = 1.14E+05 xll('v'r_ X BF»I) . ("‘ X Bll)}x DF,,
composite dose conversion factor for the total
body or critical organ of an adult for
radionuclide i, for the fish and invertebrate
ingestion pathways (mrem/hr per uCi/ml)

1.14E+05 = conversion factor (pCi/uCi x ml/kg x yr/hr)

21 kg/yr, adult fish consumption
bioaccumulation factor for radionuclide i in fish
(pCi/kg per pCi/l) from Regulatory Guide
1.109, Table A- 1
5 kg/yr, adult invertebrate consumption
bioaccumulation factor for radionuclide i in
invertebrate (pCi/kg per pCi/l) from
Regulatory Guide 1.109, Table A-1
dose conversion factor for radionuclide i for
adult in the organ o (mrem/pCi) from
Regulatory Guide 1.109, Table E-11

For conservatism, no additional dilution by the receiving water body

(Chesapeake Bay) has been included in the determination of these

site-related dose commitment factors. The radionuclides included in

the periodic dose assessment per the requirements of Technical

Specification 3/4.11.1.2 are those as identified by gamma spectral

analysis of the liquid waste samples collected and analyzed per the

requirements of Technical Specification 3/4.11.1, Table 4.11-1.




2.3.“

Radionuclides requiring radiochemical analysis (e.g, Sr-89 and Sr-90)

will be added to the dose analysis consistent with the required

minimum analysis frequency of Table 4.11-1.

Dose Commitment (Simplified Equation)

In lieu of the individual radionuclide dose assessment as defined in

Section 2.3.2, the following simplified dose calculational equation

may be used for verifying compliance with the dose limits of

Technical Specification 3.11.1.2. Refer to Section 2.3.5 for the

derivation and justification for this simplified method.

Total Body
Dyy = 2226402 x V x) A

Maximum Organ

Where:

Dmax

. 1705+03 x V xZA

Dyp =

2.22E+02 =

conservatively evaluated total body dose
(mrem)

conversion factor (hr/min) and the conservative
total body dose conversion factor (Cs-134 total
body - 1.33E+04 mrem/hr per uCi/ml)

volume of liquid effluent released (gal)

average circulating water discharge rate during
release period (gal/min)

average specific activity (uCi/ml) of

radionuclide i in undiluted liquid effluent

representative of the volume (V)




Dmax = conservatively evaluated maximum organ dose
(rnrem)
1.70E+03 = conversion factor (hr/min) «nd the conservative
maximum organ dose conversion factor (I-131),
thyroid - 1.05E+05 mrem/hr per uCi/ml)
Dose Commitment (Justification for Simplified Approach)
The radioactive liquid effluents for the years 1981, 1982 and 1983
were evaluated to determine the dose contribution of the radionuclide
distribution. This analysis was performed to evaluate the use of a
limited dose analysis for determining environmental doses, providing a
simplified method of determining compliance with the dose limits of
Technical Specification 3.11.1.2. For the radionuclide distribution of
effluents from Calvert Cliffs, the controlling organ is either the
thyroid or the GI-LLI. The calculated thyroid dose is almost
exclusively dictated by the radioiodine releases; the GI-LLI dose is
primarily a function of the Mn-54, Co-58, Co-60 and Ag-110m
releases. The radionuclides, Mn-54, Co-58, Co-60, Sr-90, Cs-134 and
Cs-137 contribute essentially all of the calculated total body dose.

The results of this evaluation are presented in Attachment (5).

For purposes of simplifying the details of the dose calculation, it is
conservative to ident!{y a controlling, dose significant radionuclide
and limit the calculation to the use of the dose conversion factor for

this nuclide. Multiplication of the total release (i.e, cumulative

activity for all radionuclides) by this dose conversion factor provides

for a conservative simplified dose calculation.




For the evaluation of the maximum organ dose, it is conservative to
use the I-131 thyroid dose conversion (1.02E+05 mrem/i:~ per uCi/ml,
thyroid). The radionuclide Ag-110m has a higher dose conversion
factor (5.9E+05 mrem/hr per uCi/ml, GI-LLI). However, since
Ag-110m releases are typically less than 5% of the total releases, it is
conservative (while not being overly restrictive) to use the I-131
factor. By this approach, the maximum organ dose will be routinely
overestimated. For 1981, using this simplified conservative method
would overestimate the maximum organ dose by a factor of 8; for

1982, the conservatism is a factor 3; and for 1983, a factor of 6.

For the total body calculation, the Cs-134 dose factor (1.33E+04
mrem/hr per uCi/ml, total body) is the highest among the identified
dominant nuclides. There are several reactor-generated radionuclides
with higher values (e.g, Zn-65); however, in terms of an overall dose
significance, the contribution oi these nuclides will be minor,
attributable to relative abundances in the effluent streams. For 1981,
using this simplified conservative dose calculation would overestimate
the total body dose by a factor of 7; for 1982, the conservatism is a

factor of 4; and for 1983, a factor 5.

For evaluating compliance with the dose limits of Technical

Specification 3.11.1.2, the following simplified equations may be used:

Total Body
D,, = L67E-02 x V x C xZA.
th W Cs-134 i
Where:

Dy, = dose to the total body (mrem)

-10-



1.67E-02 = conversion factor (hr/min)

V = volume of liquid effluent released (gal)

CVW =

average circulating water discliarge rate during

release period (gal/min)

= 1.33E+04, total body ingestion dose conversion

factor for Cs-134 (mrem/hr per uCi/ml)

total specific activity of all radionuclides

(uCi/ml)
Substituting the value for the Cs-134 total body dose conversion
factor, the equation simplifies to:

Dy = 2225+oz X vV x ZA

Ma:.imum Organ

D... = 1.67E-02 x V xC xZA-
max W I-131 i
Where:
Dmax = Maximum organ dose (mrem)
CI- 131 = 1.02E+05, thyroid ingestion dose conversion

factor for 1-131 (mrem/hr per uCi/ml)
Substituting the value for Cl 131 the equation simplifies to:

Dray * 1705+03 x V x ZA

Only the maximum organ dose need be evaluated by this simplified
method since it represents the more limiting (compared with the total
body dose) for demonstrating compliance with Technical Specification
3.11.1.2,

Tritium is not included in the limited analysis dose assessment for

liquid releases, because the potential dose reculting from normal

ks



reactor releases is negligible and is essentially independent of
radwaste system operation. The amount of tritium releases annually
is about 1000 curies. At Calvert Cliffs, 1000 Ci/yr releases to the
Chesapeake Bay produces a calc.lated whole body dose of 1.6E-03
mrem/yr via the fish and shellfish pathways. This amounts to 0.05%
of the design objective dose of 3 mrem/yr. Furthermore, the release
of tritium is a function of operating time and power level and is

essentially unrelated to radwaste system operation.

42



3.0 RADIOACTIVE GASEOUS EFFLUENTS

3.1 Processing Equipment and Fiow Paths

The normal gaseous waste processing flow paths, equipment and monitoring

systems are defined in Attachment (6).

3.2 Release Parameters

3.2.1

3.2.2

3.2.3

3.2.4

3.2.5

3.2.6

3.2.7

Routine gaseous waste releases to the environment include:
Batch Releases: Containment Vents

Containment Purges

Waste Gas Decay Tanks
Continuous Releases: Main Vent Headers
Prior to discharge of batches, a grab sample shall be collected and
analyzed for gaseous gamma radionuclides.
Continuous release samples shall be collected and analyzed on a
weekly basis in accordance with the Technical Specifications.
Radioactivity buildup and decay shall be accounted for in continuous
main vent samples.
All iodines and particulate gamma emitters discharged from the plant
shall be accounted for with the continuous main vent header samples
since all gaseous effluents are discharged via this path.
A gaseous waste discharge permit shall be prepared for batch releases
to document release conditions and approvals, sample analysis results
and compliance with Technical Specifications.
Credit shall be taken for main vent dilution from the reactor unit
through which a release is conducted.
Unit 1 - Main Vent Flow - 63.7 m/sec

['nit 2 - Main Vent Flow -~ 57.5 m3/sec

-13-



3.3 Gaseous Effluent Dose Rate

3.3.1

Site Boundary Dose Rate (Total Body, Skin)
Technical Specification 3.11.2.1a limits the dose rate at the site
boundary due to noble gas releases to =500 mrem/yr, total body
and = 3000 mrem/yr, skin. Radiation monitor alarm setpoints are
established to assure that these release limits are not vxceeded. In
the event any gaseous releases from the station results in the alarm
setpoints being exceeded, an evaluation of the unrestricted area dose
rate resulting from the release may be performed using the following
equations:

Btb = X/Q x (D(i X 6i)

D, = X/Q x (TL; + LIM) x Q

Where:

D,y = total body dose rate (mrem/yr)

X/Q = atmospheric dispersion to the controlling site
boundary 2.2E-06 (sec/m>)

K. = total body dose conversion factor for noble gas
radionuclide i (mrem/yr per uCi/m?) from
Attachment (1)

(.)- = average release rate of radionuclide i over the
release period under evaluation (uCi/sec)

skin dose rate (mrem/yr)

U.
"

L. = beta skin dose conversion factor for noble gas
radionuclide i (mrem/yr per uCi/m?) from

Attachment (1)

-14-



M; = gamma air dose conversion factor for noble gas

radionuclide i (mrad/yr per uCi/m3) trom

Attachment (1)
L.l = mrem skin dose per mrad gamma air dose
(mrem/mrad)
Actual meteorological conditions concurrent with the release period
may be used for evaluating the gaseous effluent dose rate.

Site Boundary Dose Rate (Radioiodine and Particulates)

For I-131 and particulates with half-lives greater than 8 days,
Technical Specification 3.11.2.1.b limits the dose rate to = 1500
mrem/yr to any organ. To demonstrate compliance with this limit, an
evaluation is performed at a frequency no greater than that
corresponding to the sampling and analysis time period (e.g, nominally
once per 7 days). The following equation may be used for the dose
rate evaluation.

Dy = X/Q x (LR x Q)

Where:

I.D = average organ dose rate over the sampling time

period (mrem/yr)

X/Q = atmospheric dispersion to the controlling site
boundary for the inhalation pathway (2.2E-06
sec/m

Ri = dose parameter for radionuclide i, (mrem/yr per
uCi/m?) for the child inhalation pathway from
Attachment (7)

Q; = average release rate over the appropriate

sampling period and analysis frequency for

15



radionuclide i - I-131 or other radionuclide in
particulate form with half-life greater than

eight days (uCi/sec)

By substituting 1500 mrem/yr for D, solving for Q, an allowable

release rate for I-131 can be determined. Based on the annual
average meteorological dispersion (2.2E-06 se_-('/'n]) and the most
limiting potential pathway, age group and organ (inhalation pathway,
child thyroid - R, = 1.62E+07 mrem/yr per «1<‘.1/vr13). the allowable
release rate for I-131 is 20 uCi/sec. An added convervatism factor of
0.5 has been included in this calculation to account for any potential
dose contribution from other radioactive particulate material. For a
7 day period which is the nominal sampling and analysis frequency for
[-131, the cumulative allowable release is 12.5 Ci. Therefore, as long
as the I-13] releases in any 7 day period do not exceed 12.5 Ci, no
additionzl analyses are needed to verify compliance with the
Technical Specification 3.11.2.1.b limits on allowable release rate.
3.4 Gaseous Effluent Dose
Gaseous Dose - Noble Gases (Expanded Equation)
Technical Specification 4.11.2.2 requires a periodic assessment of
releases of noble gases to evaluate compliance with the quarterly
dose limits of (=10 mrad, gamma-air and =20 mrad, beta-air) and the
calendar year limits (=20 mrad, gamma-air and =40 mrad, beta-air).
The following equations may be used to calculate the gamma-air and
heta-air doses:

D.




Where:

air dose due to gamma emissions for noble gas

3.17E-08 = conversion factor (yr/sec)

radionuclides (n-rad)

X/Q = atmospheric dispersion to the controlling site
boundary (2.2E-06 sec/m>)
air dose factor due to gamma emissions from
noble gas radionuclide i (mrad/yr per uCi/m?)
from Attachment (1)
cumulative release of noble gas radionuclide i
over the period of interest (uCi)
air dose due to beta emissions from noble gas
radionuclides (mrad)

air dose factor due to beta emissions from noble

: 3
gas radionuclide i (mrad/yr per uCi/m~)

Attachment (1)
3.4.2 Gaseous Nose - Noble Gases (Simplified Equation)

In lieu of the individual noble gas radionuclide dose assessment as
presented above, the following simplified dose calculation may be
used for verifying compliance with the dose limits of Technical
Specification 3.11.2.2, (Refer to Section 3.4.5 for the derivation and
justification for this simplified method.)

D, 3.17E-08 x X/Q x Meats

/
and

3.17E-08 x X/O x Nogg X




3.4.3

Where:
Megs = 3.9E+02, effective gamma-air dose factor
(mrad/yr per uCi/m?)

Negs = 1.1E+03, effective beta-air dose factor

3

ef
(mrad/yr per uCi/m
Actual meteorological conditions concurrent with the release period
may be used for the evaluation of the gamma-air and beta-air doses.
Gaseous Dose - Radioiodine and Particulates (Expanded Equation)
Per the requirements of Technical Specification 4.11.2.3, a periodic
assessment shall be performed to evaluate compliance with the
quarterly dose limit (£15 mrem) and calendar year limit (< 30 mrem)
to any organ. The following equation may be used to evaluate the
maximum organ dose dve to releases of I-131 and particulates with
half-lives greater than 8 days.
Daop = 3I7E-08 x W x (TR; x Q)
Where:
pr = dose or dose commitmen! for age group a to
organ o, including the total body, via pathway p
from I-131 and radionuclides in particulate form
with half-life greater than eight days (mrem)

W = atmospheric dispersion parameter (X/Q or D/Q)
to the controlling location (1 esidence and
vegetable garden at 2200 m, SSE)

X/Q = atmospheric dispersion for inhalation pathway
via other pathways (4 9E-07 sec/m°)
D/Q = atmospheric deposition for vegetable milk and

meat pathways (3,2E-09 m-2)



R, = dose factor for radionuclide i, (mrem/yr per

"uCi/m?) or (m? - mrem/yr per uCi/sec) from

Attachment (7) for each age group a and the
applicable pathway p.

Values for R; were derived in accordance with
the methods described in NUREG-0133,

Q; = cumulative release over the period of interest
for radionuclide i - I-131 or radioactive
material in particulate form with half-life
greater than 8 days (uCi).

3.4.4 Gaseous Dose - Radioiodine and Particulates (Simplified Equacion)
In lieu of the individual radionuclide (I-131 and particulates) dose
assessment as presented above, the following simplified dose
calculational equation may be used for verifying compliance with the
dose limits of Technical Specification 3.11.2.3,

Dpax = 317E-08 x W x Ry 13, xJ.Q

max
Where:

)
"

max = Maximum organ dose (mrem)

Ri.131 = I-131 dose parameter for the thyroid for the

identified controlling pathway

i

4.76E+10, child thyroid dose parameter with the
vegetation pathway controlling (m? - mrem/yr
per uCi/sec)

= 1.05E+12, infant thyroid dose parameter with
the cow-milk pathway controlling (m? -

mrem/yr per uCi/sec)

-19-



3.4.5

The ground plane exposure and inha!ation pathways need not be
considered when the above simplified calculation is used because of
the overall negligible contribution of these pathways to the total
thyroid dose. It is recognized that for some particulate radionuclides
(e.g, Co-60 and Cs-137), the ground exposure pathway may represent
a higher dose contribution than either the vegetation or milk
pathway. However, use of the I-131 thyroid dose parameter for all
radionuclides will maximize the organ dose calculation, especially
considering that no other radionuclide has a higher dose parameter for
any organ via any pathway than I-131 for the thyroid via the

applicable vegetation or milk pathway.

The location of exposure pathways and the maximum organ dose
calculation may be based on the available pathways in the surrounding
environment of Calvert Cliffs as identified by the annual land-use
census (Technical Specification 3.12.2). Otherwise the dose will be
evaluated based on the predetermined controlling pathways, i.e,
residence and vegetable garden at 2200 m, SSE.

Technical Bases for Effective Dose Factors

The evaluation of doses due to releases of radioactive material to the
atmosphere can be simplified by the use of effective dose transfer
factors instead of using dose factors which are radionuclide specific.
These effective factors, which are based on the typical radionuclide
distribution in the releases, can be applied to the total radioactivity
released to approximate the dose to the environment (i.e, instead of
having to perform individual radionuclide dose analyses only a single
multiplication (K ¢ Mags 0f Nggy) times the total quantity of

radioactive material released would be needed). This approach

«20-




provides a reasonable estimate of the actual dose while eliminating
the need for a detailed calculation.

The effective dose transfer factors are based on past operating data.
The radioactive effluent distribution for the past years can be used to

derive single effective factors by the following equations:

Ketf = the effective total body dose factor due to
gamma emissions from all noble gases released
K; = the total body dose factor due to gamma

emissions frm each noble gas radionuclide |
re.eased

f. = the fractional abundance of noble gas
radionuclide i relative to the total noble gas
activity

2) (L o+ LIMggy =20 + LIM) x f

Where:
(L + 1.1 M)eff = the effective skin dose factor due to beta and

gamma emissions from all noble gases released
(L; + 1.1 M) = the skin dose factor due to beta and gamma
emissions from each noble gas radionuclide i

released

«21-



» Megg = ) Mj x §

Where:
Megs = the effective air dose factor due to gamma
emissions from all noble gases released
Mj = the air dose factor due to gamma emissions
from each noble gas radionuclide i released
- Negt =) Nj 1
Where:

Negs = the effective air dose factor due to beta
emissions from all noble gases released
N; = the air dose factor due to beta emissions from
each noble gas radionuclide i
To determine the appropriate effective factors to be used and to
evaluate the degree of variability, the atmospheric radioactive
effluents for the past 3 years have been evaluated. Attachment (8)

presents the results of this evaluation,

As demonstrated by the data in Attachment (8), the effective dose
transfer factors vary little from year to year., The maximum
observed variability from the average value is less than 10%, This
variability is minor considering other areas of uncertainty and

conservatism inherent in the environmental dose calculation models.

For evaluating compliance with the dose limits of Technical

Specification 3,11.2.2, the following simplified equations may be used:
°F
b]

B

LA7E-08 x X/Q x Mggy X ¥ Q
3U7E-08 x X/Q x Nggg X 1. Q
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Where:
D,_ = air dose due to gamma emissions for the
cumulative release of all noble gases (mrad)
D_ = air dose due to beta emissions for the
cumulative release of all noble gases (mrad)
X/Q = atmospheric dispersion to the controlling site
boundary (sec/m?)
Megs = 3.9E+02, effective gamma-air dose factor
(mrad/yr per uCi/m?)
Negs = 1.1E+03, effective beta-air dose factor
(mrad/yr per uCi/m?)
Q, = cumulative release for all noble gas
radionuclides (uCi)
3.17E-08 = conversion factor (yr/sec)
Combining the constants, the dose calculation equations simplify to:
D, = L2E-05 x X/Q x }.Q
7 and
Dy = 349E-05 x X/Q x ¥ Q
Only the beta-air dose need be evaluated by this simplified method

since it represents the more limiting (compared with the gamma-air

dose) based on the limits of Technical Specification 3.1i.2,2.

The effective dose factors are used on a very limited basis for the
purpose of facilitating the timely assessment of radioactive effiuent
releases, particularly during periods of cornputer malfunctions where
a detailed dose assessment may be unavailable. Dose assessments

using the detailed, radionuclide dependent calculation are performed
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at least every six months for preparation of the Semi-Annual

Radioactive Effluent Reports. Comparisons can be performed at this
time to assure that the use of the effective dose factors does not

substantially underestimate actual doses.

3.5 Camp Conoy/Visitors Center Dose Calculation

3.5.1

3.’.2

3.5.3

Camp Conoy and the Visitors Center are the only locations within the
Calvert Cliffs Site Boundary that are frequently visited by members
of the public. Based on the data in Section 3.5.2 and 3.5.3 any actual
exposure to individuals at these locations will be less than the
calculated exposure for the site boundary and controlling offsite
location Therefore, no special considerations are required for
addressing potential exposure at these onsite locations.

Camp Conoy is located in the south east (SE) sector approximately
3000 ft from the plant. Maximum occupancy for any individual at this
recreational facility is approximately 900 hours per year. The
average annual X/Q for the SE sector at 3000 ft is 2,40E-06 sec/m”.
The dose calculation for the controlling site boundary is more
conservative by a factor of 9.

The Visitors Center is located in the West North West (WNW) Sector
at 1000 ft from the plant. The wind frequency for the WNW sector
based on 1983 meteorological data is 4%, Using a conservative basis
of 10% wind frequency, an individual visiting the center for 330
hours/year during the periods of worst case meteorological conditions
would be most highly exposed. The average annual X/Q for the WNW
sector at 1000 ft is 8,68E-06 sec/m>, The dose calculation for the

controlling site boundary is more conservative by a factor 7,
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4.0 BHOCFRI190 COMPLIANCE

In accordance with the requirements of Technical Specification 3.11.4, doses to any

member of the public due to releases of radioactivity and direct radiation from

reactor units and outside storage tanks shall be calculated when doses from liquid

or gaseous effluents exceed twice the limits of Technical Specifications 3.11.1.2,

3.11.2.2 0r 3,11.2.3.

Total Dose (mrem) = D(L) + D(G) + D(R)

Where:
D(L) =

D(G) =

D(R) =

Dose (mrem) from liquid effluents based on the
yearly isotopic distribution and determined by
the equation in Section 2.3.2.

Dose (mrem) from gaseous effluents. The
maximum exposed individual is in the SSE
Sector based on historical X/Q and wind
frequencies at 1300 meters. Dose shall be
calculated using the equation in Section 3.4.1
and 3.4,3 and substituting average annual X/Q
for the year of interest.

Dose (mrem) for the maximum exposed
individual located in the Southwest (SW) Sector
where the direct radiation from the reactor
units and outside storage tanks would be most
conservative, The dose at the site boundary
shall be based on the onsite TLD readings in the

general vicinity of the Refueling Water tanks,
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30 RADWASTE SYSTEM MODIFICATIONS

5.1

In accordance with Specification 6.15.1, major changes to the radioactive
waste system shall be reported to the Commission in the Semiannual
Radioactive Effluent Release Report for the period in which the modification
to the waste system was completed.
A major radwaste system modification would include removal or permanent
bypass of any of the following equipment:
- Degasifiers

Reactor Coolant Waste Tanks

Letdown Filters

Reactor Coolant Waste lon Exchangers

Miscellaneous Waste Inn Exchanger and Filter

Miscellaneous Waste Tanks

Waste Gas Decay Tanks

Waste Gas Surze Tank

Spent Resin Metering Tank




6.0 ENVIRONMENTAL MONITORING
6.1 The objectives of the Radiological Environmental Moritoring Program are:

6.1.1 To determine whether any statistically significant increase occurs in
the concentration of radionuclides in the environment.

6.1.2 To ~=tect any measurable buildup of long-lived radionuclides in the
environment.

6.1.3 To monitor and evaluate ambient radiation levels.

6.1.4 To verify that radioactivity and ambient radiation levels attributable
to the plant are within the limits specified in the Environmental
Radiation Protection Standards as set forth in 40 CFR Part 190,

6.2 The radiological environmental monitoring stations are listed in Attachmer.

(9). The location of these stations with respect to the Calveit Cliffs Nuclear

Power Plant are shown on .opographic maps in Attachments (10) and (11),

Laboratories performing radiochemical analyses on samples obtained from the
Radiological Environmental Monitoring Program shall participate in an
Inter!aboratory Comparison Program, such as the one offered by the
Environmental Protection Agency. The choice of the type of samples
analyzed should coincide with the type of samples routinely analyzed in the
Radiological Envi onmental Menitoring Program (i.e., gamma isotopic
analyses, tritium determinations, gross beta activity analyses, etc.). The
actual results shall be compared to the theoretical results reported by the
Interlaboratory Comparison Program in order to assess the laboratory's
accuracy and precision. If it becomes apparent that the laboratory's results
seem biased or that the analysis lacks reproducibility, the detecting
instrument shall be checked and the analytical procedure shall be investigated
to determine if there are any inherent problems. If such problems manifest

themselves, corrective action shall be taken to rectify the situation.
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ATTACHMENT (1)

DOSE FACTORS FOR NOBLE GASES *

Beta Air
Dose Factor

\

{(mrad/yr per uCi
waa/yr per uLi/




RADIOACTIVE

ATTACHMENT (2)

EFFLUENT MONITORING INSTRUMENTATION

_——————_——_—_—_——_—_

Liquid Effluent Monitors

a. Liquid Waste Discharge
(0-RE-2201)

b. Steam Generator Discharge
(1(2)-RE-4095)

Gaseous Effluent Monitor

a. Waste Gas Discharge
(0-RE-2191)

b. Main Vent Gaseous
(1(2)-RE-5415)
or

Main Vent Noble Gas
(1(2)-RE-5416)

(1(2)-RE-5417)
(1(2)-RE-5418)

Detector Type

Scintillation
(in line)

Scintillation
(of f line)

GM Tube
(in line)

GM Tuk 2
(off line)

Beta Detector
(off line)

Sample Point

0-SX-6487
0-SX-6488
RCW-328
MWS-509

Steam Generator

Sample Sink

0-SX-2188
0-5X-2189
0-5X-2190

1(2)-5414 1 or
1(2)-5414 3

1(2)-5414 1 or
1(2)-5414 1

* Automatic isolation valve controlled by radiation monitor.

Auto Shutoff Valves
and RMS Alarm

0-CV-2201 =
0-CV-2202 *
Control Room Alarm

1-CV-4015 =
2-CV-4015 =
Control Room Alarm

0-CV-2191 *»
0-CV-2192 *»
Control Room Alarm

Control Room Alarm

Control Room Alarm



ATTACHMENT (3)

RADIOACTIVE LIQUID WASTE SYSTEMS
CALVERT CLIFFS NUCLEAR POWER PLANT

Reactor Coolant Waste Miscellaneous Waste
U-1 CvCs U-2 CvCs U-1 Steam U-2 Steam Aux Building Laundry &
Letdown Letdown Generator Generator Drains (U-1 Laboratory
L i Blowdown Blowdown & U-2) Drains
U-1 Cvcs U-2 CvCs
Filters (2) Filters (2)
120 gpm 120 gpm
2 ' '
Degasifier 11 & 12 U-2 1
R C Waste 14— Degas .. er’ Miscellaneous
Ion Exchangers - Waste Receiver
Tank 4,000 gal
:lL 1-RE-4095 2-RE-4095 :‘
i1 & 12 R C Waste Miscellaneous
Receiver Tanks Waste Ion
90,000 gal Exchanger
* : :
1 1
[!vaporators] ' '
20 gpm e = Automatic, _
Isolation v
" Az{ Valves ;
13 & 14 R C Waste |u R C Waste "1”5;‘:“"““’
Ion Ex itor Tank .
s - Monitor Tank
T Turbine Bldg
12 R C Waste Sump l
Moniter Tank Ch .
. esapeake
——l) Circulating Water iy Bay

0-RE-2201 i

Automatic Isolation
Valve
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ATTACHMENT (5)

ADULT DOSE CONTRIBUTIONS
FISH AND SHELLFISH PATHWAY
1981 1982 1983
T.B. Dose GI-LLI Dose T.B. Dose GI-LLI Dose T.B. Dose GI-LLI Dose
Radionuclide Cilyr Fraction Fraction Cilyr Fraction Fraction Ci/yr Fraction Fraction
Mn-54 0.38 0.10 0.26 0.043 « 0,01 < 0.01 0.015 0.03 0.02
Co-58 1.27 0.32 0.48 1.5 0.12 v.12 0.60 0.13 0.47
Co-60 0.21 0.15 0.22 0.19 0.04 0.04 0.08 0.05 0.17
Sr-90 0.027 0.15 < 0,01 0.062 0.11 = 0.01 0.007 = 0.01 = (.01
Ag-110m —— — — 0.22 0.01 0.83 0.0077 <=10.01 0.29
Sb-125 0.076 <= 0.0l = 0.0l 0.27 < 0,01 = 0.0l 0.33 = 0.01 0.04
Cs-134 0.051 0.13 =0.ul 0.44 0.34 < 0.01 0.18 0.38 = 0.0l

Cs-137 0.10 0.15 =< 0.01 0.80 0.37 = 0.01 0.32 0.40 = 0.01




0-1 Aux
Butllding
v 1

“Clean
reas
Controlled
Areas

g
l Condenser l

u-1
ICont al nment

U-1 Steam
Generator
Blowdown
Tank Vent

-

1

:

-

RADIOACTIVE GASEOUS WASTE SYSTEM

ATTACHMENT (6)

CALVERT CLIFFS NUCLEAR POWER PLANT

U-1 Aux
Buildiog
Equip Vents

Degastiflers

Evaporators (3)

0, gas analyzer
Pressurizer Queach Tanks

Reactor Coolant Draln Tanks
L_'ﬂ.uruu.m__

(150 paig cach)
| ; A l

- ~ awtomatic
'feolation
tvalve

_@ O-RE-2191

B

U-2 Aux
Bullding
Ventilation

v2

Cont alnment

U-2 Steam
Cenvrator
Rl owdown

Tank Vent

[ ]

Controlled
Areas

{ ©

B
Rullding
Equip Vents

J®

1-RE-5415
or
1-RE-5416

Unit |
Flant Vent

A - absolute filter
C - charcoal filter
R - radiation monitor

—-__i-—@* 2-RE-5416

fintt 2
Plant Vent

2-RE-SA1S
or




AGE ! ADULT

FATHWAY § INHALATION

ES

CENDOWUS W™

P
NrrLaWo- O

e

ISGTOPE

H-3
C-14
Nii-24
32
SC-4%
CRk-51
MN-54
HN-54
FE-SS
FE-S59
Cco-58
C0-60
N1-59
NI1-43
NI-4S
Cu-44
IN-65
IN-89

1¢ BR-83

a7
-

28

ER-84
Lk-8S5
EE-88
KE-83
KE-B9
k-89
LR-90
SKk-91
SR-92
Y-90

7 21M
Y-91

Y-92

¥-93

IR~-93
IR-97

W. BODY
1.2464E403
J.A08E4+03
1.0249E494
S.00CCH0A
2,480E405
1.000E402
C2FLENOT
1.832£-01
3.9490 403
1.054€404
2.0726+03
1.480E404
S.415E403
1.440C409
9.120E-02
&.1S2E-01
4,555C40
4.520E-03
2.408E402
3.128E402
«29CE+0L
S.BY4E404
1.2286402
1.4950402
H.720E4¢03
&6.094E408
2.509 400
2.910F-01
S.408BE4+01
1.014E-02
1.290E401
3.015E-01
2.40BE400
2.328E101
?.090E400

THYROID

1.264E403
3.408BE403
1.021E+04
0.000E-01
0.000E-01
S.9S2EH01
0.000E-01
0.000E-01
0.000E-01
C.000E-01
0.060E-01
Q.COVE-01
0.002E-01
0.000E-C1
0.000E-01
0.0CCE-0O1
0.0:00E-01
0.¢00E-01
0.0C0E-01
0.000FE-01
0.00CE-01
0.000E-01
C.000E-01
C.000E-DL
0.000° -01
0.002e-01
0.000L-01
0.0CCE-01
0.007E~-01
C.0COE-O1
0.000E-01
0.000E-01
0.000L-01
0.000E-0C1
0.000E-01

ATTACHVMENT 7

Pathway Dose Parameters
Rl(um-uWr:ntLCLhﬁ)

0.000E~01
1.814E404
1.024E404
1.320E+06
4.40BE405
0.000E-01
0.000E-01
0.000E-01
2.A54E404
1.176E404
0.000E-01
0.000E-01
3.248E404
4.320E40S5
1.536E+00
0.000E-01
3.240E104
3.304E-02
0.00CE~01
Q.000E-01
0.000E-01
0.000E-01
0.00CE-01
0.000E-01
3.040E105
?.920E407
4.192E401
6.742E400
2.088E403
2.408E-01
4.624E405
1.032E401
9. 49WEHOL
1.072E405
9.600E4+01

LIVER

1.264E+03
3.408F403
1.024E+04
77120404
8.540E+405
0.000e-01
3.940E401
1.240E400
1.6940404
2.776E404
1.584E+03
1.152E404
1.1460E404
3.144E404
2.094E-01
1.451E400
1.0326405
605‘2“02
0.000E- ‘1
0.000E-01
0.000E-01
1.352€40S5
3.872E402
2.550C402
G.00CE-C1L
0.C00E-01
0.000E-01
0.000E-01
0.00ut 01
0.000E-01
0.0M00E-01
0.000E-01
0.000E-01
J.40E104
1.9460E+4+01

KIDNEY

1.254E403
3.408£403
1.024E+04
0.000E-01
8.000E+05
2.280E+01
?.840E402
1.304E400
0.000E-01
°co°°£’°1
0.0VOE~01
0.000E-01
0.000E-01
0.00CE-01
0.000E-01
4,.5629€400
46.6894E401
4.214E-02
0.000E~-01
0.000E-01
0.000£-01
0.C00E-0L
0.000E-01
0.00CE -01
0.000E-01
0.000E-01
0.000E-01
0.000E -01
0.000E-01
0.200E-01
0.000E-01
0.000E 01
0.00CE-01
S.416L404
2.948E401

LUNG

1.264E403
3.408BE403
1.0240404
0.000E-01
0,C00E-01
1.440E+404
1.400E105
9.4400+03
7.208E404
1.0.6E406

«2B0E405
S.9L405 406
8.564E40)
1.784c+05
S.400£403
$.789L403
B8.540E405
9.200L #02
0.000E-01
0.C00E-01
0.000E-01
G.GO00E~-01
0,000£-01
0.000C-01
1.400C404
?.600E404
J.640E 404
1.4 1BE404
1.698E405
1.920E403
1.704E404
1.568C404
4.840E+404
1.768E406
7.872E404

GI-LLI

1.254E403
J.,A08E 103
1.024E104
B8.4640E404
2.984E405
3.3I20E4103
7.734E 104
2.021E104
$.,032C402
1.880E+CS
1.044E4C5
2.848E10S5
4.0C8L+03
1.336E404
1.2326404
4.825L 104
S.324E404
1.,632£401
2. 320E402
1.540L-03
0.000E-01
1.664E104
3.34%€-09
?.280E-12
3.A94E405

«218C40S
1.9126E405
4.304E404
S.0SSEHOS
1.3239E400
3.BABE+0S
7.3S526404
4,2146E405
1.5014E405
S.232E405

SKIN

1.264E403
3.40BE+03
0.CC00E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
¢.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000F-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000C-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01L
0.000E-01
0.000E-01
0.000E-01
©.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01

Page 1 of

CRITICAL

u.
BONE
.
BONE

BODY

BODY

LIVER

LunG
LUNG

Ci-LLl

LUNG
LUNG
LUNG
LUNG
LUNG
BONF

GI LLI
GI-LLT

LUMG
LUNG

W. EODY
W. RUDY

QDY

LIVLR
LIVER
LIVER

LUNG
EoHE

GI-LLI
GI-LLI
GI-LLI

Luns
LUNG

GI-LLI
GI-LLI

LUNG

GI-LLI



AGE
FAT

L LA SO R COR « O R
A RO A 2

N
o<

i ADULT
HUWAY § INHALATION
ISOTOFE W. BODY
NE-95 «20BE403
HE-97 2.048E-02
MO-99 2.294E401
TC-99M 3.704¢-02
TC-101 S.994E-04
KU-103 6.589E402
RU-105 3.112€-01
RU-105 +T20E40G3
AG-110M S.944E403
CLE-11SM 6.3L0E1CS
Sh-124 1.210E404
TE-125K 4.£72E402
TE-127H 1.558E403
TE-12? 3.C74E-01
; TE-1298 1.584E403
TE-129 1.240£-02
TE-L31N 2.904E 101
1€E-131 3.5926-03
TE-132 1.614E402
I-130 S.280EH03
1-131 2.018E104
1-132 1.150E403
I-133 4.520£403
1-134 &6.1520.402
I-135% 2.548BE4+03
CS-134 7.280E 105
CS-135 1.10%10S5
CS-137 4.280E405
€S-138 J.210E102
£s-119 1.112E402
bEN-139 2e73LE-02
EA-110 2.558E+03
Ba-141 3,340E-03
EA-142 1.655E-03
LA-140 4.584€401

THYROID

0.000E-01
0.000E-01
0.000£-01
0.000E-01
0.00CE-0O1L
0.00CE-01
0.00VE-01
0.000E-01
0.000€E-01
©.000C-01
7.3552E401
1.0436103
3.283E4103
1.054E400
3.410E403
3.,8%LE-02
S.5011E+01
?.340E-03
1.894E4+02
1.134E404
1.192E407
1.141E40S
2. 1S2E108
2.9C4E404
4.480E405
0.000E-01
0.000E-01
0.0C0E-01
0.000C-01
0.,000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
N J0CE-01

1.408E404
2,224E-01
0.000E-01}
1.0326-03
4.176E-05
1.5268E403
7.904E-01
6.912E404
1.0B80E+04
0.000E-01
3.120E+04
3.415E403
1.244E404
1.400E+00
?.760E403
4.975E-02
6.992E401
1.112€-02
2.400E402
A.576E403
2.520E+404
1.1460E403
8.640E403
6.440E+02
2.680E403
3.720E405
3.904E+04
4.7E4E105
3.312E402
2.048E402
9.340E-01
3.904E404
1.000E-01
2.632E-02
3.440E402

ATTACHMENT 7

LIVER

7.B146E403
S.624FE-02
1.208E402
2.912£-03
6.014E-05
0.000E-01
0.007E-01
0.000E-01
1.00GE+04
1.94BE40S
S5.803E+402
1.58AE403
S.74BE403
&.424E-01
4.672€103
2.392C-02
4.340E4C1
S.9S2E-03
2.152E402
1.394E1CA
3.576E404
3.2546E403
1.180E404
1.728E403
6.984E403
8.,430£40S
1.461F405
6,2CUEH0S
6.2080 402
2.904C402
4.45CE-04
4.902E401

Pathway Dose Parameters
Ry (mrem/yr per «i/m°)

KIDNEY

7.725E403
6.544E-02
2,.712E402
4.4165—02
1.0480E-03
S.832E403
1.014E400
1.334E405
1.Y48E104
1.584E4+05
0.000E-C1

«2A0E404
A.578E404
S.0P4EH00
3.455E401
!oU’:t'O‘
3.008E 402
4,358E-02
1.455E403
2.088E+04
$.129E401
S.1N4E+03
2.504E404
2.7S2E403
1.112E404
2.872E405
8.540E+404
2.224E405
4.800E+402
2.440E402
6.224E 04
1.672E401

LUNG

5.048E405
2.400E403
?.120E404
7.640E402
J.992E402
S.048E+405
1.0958E404
9.340E4CS
4.532E40s
1.408E406
2.480E405
3.136E405
?.600E+0%
6.512E403
1.140E404
1.935£403
1.4%56E405
1.292E403
2.880E103%
0.000E-01
0.000E-01
0.000E-01
0.C0CE-01
0.000E-01
0.000E-01
¥.760E404
1.200E404
7.520E401
4.804E401
2.272F 101
3.760C403
1.272E406

7.528E-0S5 7.000E-05 1.934E403
2.704E-05 2.20BE-05 1.192E+403
1.736E402 0.C00E-01 1.340E+40S

GI-LL]

1.040E+40S
2.414E102
2.430E 405
1.150E403
1.04U8E-11
1.104€400
4.8158E101
9.1200:05
3.024£405
3.8100405
4.054c 105
7.049E404
1.4945£105
S.756E404
3.8320405
1.550E402
S.LA0E105
1.390E 401
S.UP5E40S
7.4808E 403
€.2U02403
4.0L4€402
8.8000402
1.000E400
S.24UEHQ03
1.040E+04
1.14BE+0
8.400£403
1.854£-03
0.000E-01
8.940E402
2.184E405
1.180E-07
1,548E-146
4.584E140S5

SKIN

4.208E403
0.0C0E-01
0.000E-01
0.000E-01
0.009E~-01
0.000E -01
¢.000E-01
0.000E-01
0.000E-01
0.000E~-01
2.000E-01
0.500E-01
0.000E-01
0.000E-01
0.000E-C1
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.C20E-01
0.,000E-01
0.000£-01
0.00CE~01
0.000€-01
0.000E-01L
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
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CRITICAL

LUNG
LUNG
GI-LLI
GI-LLI
LUNG
LUNC
GI-LLI
LUNHG
LUNG
LUNG
LunG
LUNG
LUNG
GI-LLIX
LuhG
LUNG
GI-tLl
LUNG
CI-LL1
THYROID
THYROLID
THYROID
TH/ROLD
THYROID
THYROID
LIVER
LIVER
LIVER
LIVER
LIVER

L UNG
LUNG
LUNG
LunG
GI-LL]
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ATTACHMENT 7

Pathway Dose Parameters
Ry (mrem/yr per tﬂ“/as)

AGE @ ADULT
FATHWAY @ INHALATION

NO ISOTOFE W. BODY THYROID  BONE LIVER KIDNEY LUNG GI-LLI SKIN CRITICAL
71 LA-142 7.720E-02 0.000E-01 6.832E-01 3.104E-01 0.000E-01 6.32BE+03 2.112E403 7.720E-02 LUNG

72 CE-141 1.52BE103 0.000E-01 1.992E404 1.352E404 &.244E403 3.814E405 1.200E+405 0.000E-01 LUNG
73 CE-143 1.52BE401 0,0C0E-01 1.B44E402 1,374E402 4.080E£401 7.978E404 2.2464E405 0.000E-01

6I-LL]
74 CE-144 1.8405405 0.000E-01 3.432£406 1.432E404 8.480E405 7.775E406 B8.140E405 0.000E-01 LUNG
% FPR-143 4.540E402 0,000E-01 9.,3450E+403 3.7S2E403 2.140E403 2.808E405 2.000E+0S 0.000E-01 LUNG

74 PR-144 1.528F-03 0.000E-01 3,00B8E-02 1,249E-02 7.,048E-03 1.018E403 2.1S2E-08 0.000E-01 LUNG
77 ND-147 3.648E402 0.000E-01 5,272E403 &.094E403 3.540E403 2,208E40% 1.72BE405 0.000E-01

LUNG
78 W-18S S5.448E401 0.000E-01 1,S540E+03 S.1746E+02 0.000E-01 4.454E+05 B.S40E+04 0.000E-01 LUNG
79 w-187 2.480E400 0.000E-01 B8.480E+00 7.080E+00 0.000E-01 2.904E+04 1.552£405 0.000E-01 GI-LLI
80 U-235 4.856E404 0.000E 01 8.000E4+07 0.000E-01 1.B72E407 3.920E408 3.872E405 0.000E-01 LUNG
€1 U-23e 4.5355F105 0.000E-01 7.844E407 0.000E-01 1.744E407 3. 4610408 9.2405405 0.000E-01 LUNG

82 NF-239 1.240E401 D.000E-0L 2.,296E+402 2.254E4G1 7.000E401 3.740E404 1.192E405 0.000E-01 GI-LLI
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ATTACHMENT 7

Pathuay Dose Parameters
Ry (mrem/yr per «i/m’)

AGE ! TEEN
FATHWAY ! INHALATION
NO ISOTOFE . BODY THYROID DONE LIVER KIDNEY LUNG GI-LLI SKIN CRITICAL
1 H-3 «272E403 1.272E403 0,000E-01 1.272E+403 1.272E+403 1.272€403 1.272E403 1.272E403 W. BODY
2 C-14 4.8726403 4.872E403 2.400E404 4.8726+03 4.8726403 4.872E403 4.872E403 4.872E403 FEONE
3 NA-24 1.376C404 1.376E404 1.374E404 1.374E+404 1.374E404 1,378E404 1.374E404 0.000E-01 W. BODY
4 P-32 7.160C404 0.000E-01 1.888E405 1.094E+05 0.000E-01 0.000F-01 9.280E4+04 0,000E-01 BONE
S SC-48 2.4989E405 0.000E-01 4,408E+05 8.540E4+05 8.000E+0S 0.000E-01 2.584E405 0.000E-¢1 LIVER
&€ CR-L1 1.352E402 7.494E401 0,000E-01 0.000E-01 3.072E401 2.096C404 3.000E403 €.00GF-01 LUMG
7 MN-54 8.400E403 0.000E-01 0.000E-01 S.112E404 1,272E404 1.989E405 6.6C0E404 0.000E-01 LUNG
€ MN-54 2.520£-01 0,000E-01 0.000E~01 1.4694E400 1,792 400 1.520E104 %.744E401 0.000E -01 GI-LLI
? FE-SS S.599E403 0.0005-01 3.344E+04 2,304E404 0.000E-01 « 2400405 6.392E403 0.000E-01  LUNG
10 FE-59 1.4326404 0.000E-01 1.5Y2E404 3.496E104 0.000E-01 1.528E408 1.7849E105 0.000E-01 LuMh
11 Co-5S8 2.775E403 0.000E-01 0.000E-01 2.072E403 0,000E-01 1,349E408 9.C2CE404 0.000E-01 LUNG
12 CO-40 1.984£404 0.000E-01 ©.000E-01 1.512E404 ©.000E-O1 B8.720E105 2,59.0405 0.000E-01 LUNG
13 N1-59 S.4150403 0.000E-01 3.240E404 1.158E4+04 0.000E-01 5.568E401 4,.884E403 0.00CE-01 LUMG
11 MI-43 1.976E404 0.0C0E-01 S.B00E+0S 4.344E404 0.000C-01 3.0720405 1.4146E404 0.000E-01 EUNE
15 NI-éS 1.2726-01 0.000E-01 2,184E400 2.928E-01 0.000F-01 P.3L0E405 3.6726104 0.000E-01 GI-LLI
16 CU-414 8.400E-01 0.000E-C1 0.000E-01 2.032E400 &.40BE+00 1.112E404 6.144E409 0.000C-01 GI-LLI
17 IN-£5 6,290E404 0.0vOE-01 3.8SSE+04 1.335E405 B.440E+4049 1.240E40& 4.441E404 0.000E-01 LUNG
18 TH-59 6.45LE-03 0.000E-01 4.832E-02 9.200E-02 £.024E-02 1.584E402 2.81CE402 0.000E-01 LUNG
19 bR-97% 3.490E402 0.CO0E-01 0.000E-01 0.C0GOE-01 0.000E-01 0.000E-01 0.0CO0E-01 0.000E-01 W. EODY
29 BR-84 4.320E402 0.000£-01 0.000E-01 0.000E~01 0.000E-01 0.000E -01 0.000E-0% 0.000E-01 W. LOLY
21 BR-05 1.832E:C1 0.009L-01 0.000E-01 0.000E-01 0.000F-01 0.000E-01 0.000E-01 G.000E-01 W. pOhY
22 RB-8¢ 8.400E404 0.000E-01 0.000E-01 1.904E405 0.020C-01 0.000E-C1 1.75CE:04 0.000E-01 LIVLT:
-3 K83 2.72CEH02 Q.CU0E-O1 0.000E-0L S.454E402 0.000£-01 0.000E-01 2.920E-05 0.00GE-01 LIVEK
<4 Rb-C% 2 2205402 0.CUOF 01 0.000E-01 3.520E402 0.000C~-C1 0.0COE-01 3.374E-07 0.000E-01 LIVER
25 Sk-09 1.298E401 0.000C-01 4.344E405 0.000E-01 0.000E-01 2,414E105 3.7126405 0.000E-01 LUNG
2o LR-29 4.50CE+06 0.200E-01 1,080E408 0.00CE-01 0.C00E-01 1.6190E407 7.54SE405 0.000E-01 ERUNE
&7 SR-M 3.512E400 0.C0CE-01 8.000E401 0.000E-01 0.CU0k-01 &.072E404 2.592E405 0.000E-01 CI-LLI
26 SR-92 4.051%E-01 0.0G00E-01 9.520E+00 0.000E-01 0.000E-01 2,744E+04 1.192€405 0.GOOE-01 GI-LLI
=9 ¥-90 8.00CE401 0.020E-01 2,984C+03 0.00OF-01 0.0C0E-01 2,928E405 S.592E405 0.000E-01 GI-LLI
30 Y-?1M 1.4146-02 0.000E-01 3.7C4E-01 0.000E-01 0.000E-01 3.200E403 3.014E401 0.0GOE-01 LUNG
31 ¥-91 1.768E404 0.000£E-01 6.608E405 0.000C-01 0.0005-01 2,934E405 4.08BE405 0.000E-21 LUNG
32 ¥-92 4.289E-01 0,000E-01 1.472E401 0.000E-01 0.000E-01 2,480E4+04 1.44BE405 0.000E-01 GI-LLI
33 ¥-93 3.720E400 0.000E-01 1.352E402 0.000E-01 0.000E-01 8.320E404 5.792E405 0.000E-01 GI-LLI
2V IR-95 J.152E404 0.000E-01 1.455E405 4.524E404 8.735E404 2.489E4046 1.488E405 0.000E-01 LUNG
35 IR-97 1.258E401 0.000E-01 1.374E402 2,720£401 4.120E401 1.294E405 6.304E405 0.000E-01 GI-LLI
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ATTACHMENT 7

Pathuay Oose Parameters
Ry (mrem/yr per Li/m’)

AGE ! TEEN

PATHWAY [ INHALATION

HO ISOTOFE W. BODY THYROID BONE LIVER KIDNEY
71 LA-142 1.054E-01 T.000E-01 9.400E-01 4.248E-01 0.000E-01
72 CE-141 2.160E403 0.00CE-01 2,840E404 1.B75E104 8.080E+03
73 CE-143 2.160E401 0.000E-01 2.454E402 1.934E402 6.4610E401
74 CE-144 2.4624E405 0.00CE-01 4.E8BE+046 2,024E408 1.208E+04
7% FR-143 6.524E402 0.000E-01 1.3346E+404 S,.3126403 3.088E403
746 FR-144 2,176E-03 0.000E-01 4.294E-02 1.7640E-02 1.098E-02
77 nDh-147 S.128E402 0.000E-01 7.B44E403 B.S40E4+03 S5.024E403
79 W-18S 5,440 401 0.000E-01 1.S460E403 S.174E402 0.000E-01
79 w-187 3.,432E400 0.000E-01 1.200E+401 9.760E+00 0.000E-01
80 U-235 4,854E406 0.000E-01 B8.000E4+07 0.00CE-OL 1.872E+07
81 u-238 4.53:0406 0.000E-01 7.684E407 0.000E-01 1.744E4+07
82 NF-239 1.7680101 0.00UE-01 J,394E+402 3.192E401 1.C00E+Q2

LUNG

1.016E404
6. 135E405
1.304E+40S
1.3346E407
4.832E405
1.7S2E+03
3.720E40S
4.A55E405
4.734E404
3.920E408
3.654E408
$.48CE404

GI-LLI

1.200E+04
1.244E405
2.552E405
B8.420C+0S
2.135E405
2.352E-04
1.924E40S
8,.54CEH0A
1.7&9E405
3.87E40S
8.240L100
1.32001405

SKIN

1.0S4E-01
0.000E-01
0.000E-01
0.000E-01
0.00GE-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-C1
0.000E-01
0.9000E-01
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CRITICAL

GI-LLI
LUNG
CI-LLI
LUNG
LUNG
LUNG
LuUnG
LUNG
GI-LLI
LUNG
LUNG
GI-LLl



AGE ! CHILD

FATHWAY § INHALATION

ND

CONDOU S W -

ISOTOPE

H-3
C-14
NA-24
P-32
SC-46
CR-S1
MN-54
MM-S6
FE-SS
FE-S9
co-u8

. CO-50

NI-S9
NI-&3
NI-4&5
Cu-44
ZN-69
In-459
bEk-C3
BR- 81
ER €5
RC-8¢
Rb-98
RE-89
sSRk-89
SR-90
Sk-91
SR-92
Y-90

Y-91M
Y-91

Y-92

¥-93

IR-95
IR-97

W. BODY

1.125€403
6.7349E403
1.607E104
9.879E404
1.151E405
1.542C+02
?.509E403
3.1196-01
7.770E403
1.559C+04
3.1463E403
2.264E404
2,505E+03
2.797E401
1.443E- 01
1.073E400
7.03CE 104
8.9176£-03
4.734E402
S.ATSEROD
2.531E401
1.143E40S
J.682E102
2.897E+02
1.724L 404
&.4300106
4.505E£100
$5.254£-01
1.104E4902
1.843E-02
2.439L 401
5.80%9e-01
S.104E400
3.700E104
1.,598e401

THYROID

1.125E+403
6.734E403
1.609E+04
0.000E-01
0.000E-01
B.547E401
0.000E-01
0.000E-01
0.000E~01
0.062€-01
0,000E-01
0.000E-01
0.000E-01L
¢.000E~-01
0.000L-01
0.000L-01
0.3J00E-01
0.000E-01
0.000E-01
0.000E~-01
0.000E-01
0.000E-01
0.000E-01
0.00CE~01
C.0V00E-C1
0.00CE-01
0.000E-01
©.000E-01
0.0008-01
0.000£-01
0.000E~01
0.000E-01
0.00CE-01
0.000E-01
0.000E-01

ATTACHMENT 7

Pathway Dose Parameters
Ry (mrem/yr per Li/md)

BONE

0.000E-01
3.5SB89E404
1.609E404
2.4605E406
2.039€405
0.000E-01
0.000E-01
0.000E-01
A.736E404
2.048E+04
0.000E~-01
0.000E-01
1.502E+04
8,214E40S
2.990E+00
0.000E-01
4.255E404
6.497E-02
0.000E-01
0.000E-C1
0.000E-01
0.000E-01
0.000E-01
0.000E-01
S5.994E+405
1.010E+08
1.219E402
1.31GE+01
4.107E403
S.069E-01
9.139E405
2,035E+0!
1.885E402
1.8Y8E405
1.876E402

LIVER

1.125E+403
6.734E403
1.609E+404
1.143E405
J.9SPE+05
0.000E-01
4.292E404
1.65€E100
2.51L4E404
3.345E404
1.772£403
1.313E404
S.102E403
4,.4625E404
2.954E-01
1.991E400
1.132E405
9.657 --02
0.000E-01
0.000E-01
0.000£-01
1.983C+0S
S.8624E402
J.A52E402
0.00CE-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
4.101E404
2.714E401

NIDNEY

1.125E403
&.734E403
1.605E404
0.000E-01
3.700E+05
2.421E401
1.002C+014
1.672E100
0.000E- 01
¢.000E~01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
6.031E400
7.141E404
S.844E-02
0.000E-01
0.000E-01
0.000E-01
0.00CE-01
0.000E 01
0.000E-01
0.000E-01
0.0C0C-01
0.00CE-01
0.000E~01
0.0C0CE-01
0.000E-01
0.000E-01
0.000E-01
0,000E-01
S.957E+04
3.885E+01

LUNG

1.125E403
6.734E403
1.609E+401
0.0C0E-01
0.000E-01
1.498E104
1.578E 108
1.313E1049
1.11CE 05
1.2690404
1.108E¢04
2.087E404
3.03BE101
2.749E 405
0.177E403
9.583E4+03
9.953E405
1.421E403
0.200E-01
0.000E -01L
0.00GE-01
0.000E-01
0.000E-01
0,000E-01
2.157E+406
1.475€107
S.32BE+09
2.401E404
2.615E405
2.812C+03
2.827E404
2.370E404
7.437E404
2,231E406
1.132E405

GI-LLI

1.125E403
6.734E403
1.407E404

«218E404
1.195€£405
1.0B4E402
2.290E404
1.2320405
2.6570403
7.087E4204
3.437€404
Y.£0E104
2.261E403
6.327E403
8.3°9E404
3.670E404
1.432E404
1.017E+04
0.0C0E-C1
0.000E~01
0.0GCE-01
7.992E403
1.724E401
1.871E4+00
1.£72E405
3.A39E40S
1.739E405
2.423E405
2.679E405
1.717E403
1.839E405
2.390E105
3.885E405
6.105E404
3.511E405

SKIN

1.125E403
&.734E403
0.000E-01
0.000E-01
G.000E-01L
0.000E-01
0.000E-01
0.000E-01
0.000E~01
0.000E-01
0.0C0E-01
0.000£E-01
0.000E-01
0.000E-01
0.000E-0C1
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000£-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000C-01
0.000E-01
0.000E~01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
000005'01
0.000E-01
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CRITICAL

W. BODY
BONE

W. EODLY
BOIE
LIVECR
LurlG
LUNG
GI-LLI
LUIG
LUNG
LUNG
LUNG
LUNC
EONE
GI-LLI
GI-LLI
LUNG
GI-1LX
W. BODY
W. rony
W. EOLY
LIVLR
LIVER
LIVER
LunG
ONE
GI-LLI
GI-LLI
GI-LLI
LUNG
LUNG
GI-LLI
GI-LLI
LUNG
GI-LLI




AGE : CHILD

FATHUAY I INHALATION
NO ISOTOFE W. BODY
35 NB-9S &.519E403
37 MB- 97 9.4726£-03
i8 MO-99 «255E401
39 TC-991 S 772E-02
40 7C-101 1.077E-03
41 RU-1C3 1.0736403
A2 RU-10S $.550E-01
43 RU-108 1671040
44 AG-110M ?.137L403
45 CD-115HM 2,241E403
45 SB-124 5.735L403
47 TE~125M ?.137£402
43 TE-127M 3.02/E403
4% TE-127 $.,105E-Q1
S0 TE-129M 3.091E403
31 YE-12¥ 2.383E-02
52 TE-131M S.059E101
S3 TE-131 &.5846C-03
s TE-132 2,831E402
5SS 1-13¢ B8.435E403
56 I-131 247276404
a7 1-333 1.878E403
S8 1-133 7.49LE403
59 I-124 ?.993E402
40 1-135 4.199:403
é1 CS-134 2. 2958 405
62 C5-134 1.182E405
£3 CS~-137 1.289£40%
&Y CS~-138 S5.5500402
£S5 CS-139 S.143E401
&6 BN-139 S.35TE-02
&7 BA-140 4.329E403
48 Ba-141 6.3649E-03
&9 BA-142 2.790E-03
70 LA-140 7.S48E401

THYROID

0.000E-01
0.000E-01
0.000E-01
0.900E-01
0.000E-01
0.000E-01
0.000E-01
0.000£-01
C.000E-01
0.,v00E~01
3.492E401
1.92E403
&.0LLE103
1.941E400
6.327E4+03
7.141E-02
?.7548LE401
1.698E-02
3.175E+402
1.815E404
1.624E407
1.935c105
3.810E+048
9.057E104
7.718E40S
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000t-01
0.000E-01
0.000E-0C1
0.000E~-01
OQOOOE'O‘
0,000E-01

ATTACHMENT 7

Pathway Dose Parameters
Ri(nn-dyt;nrtcLhﬁ)

BONE

2.349E404
1,029€-01
0.00CE-01
1.780E-03
8.103E-05
2.8B67E+403
1.528E+400
1.362E405
1.687E404
C.000E-01
1.443E404
6.734E403
2.485E404
2.771E400
1.920E+04
9?.748E-02
1.343£402
2.172€E-02
4.81CE+02
B.177E403
4.B10E+04
2.114E403
1.658E404
1.173E+03
4.921E403
6.5126405
6.512E401
?.045E405
6.327E402
?.472E401
1.843E400
7.,400E+04
1.957€E-01
4.995€E-02
6.438BE4+02

LIVER

P A7LE403
2.601E-02
1.724E4H02
3.432E-03
8.510E-0S
0.000£-01
0.000E-01
0.0CCE-O1
1.140E404
9.102€404
2.723E402
2.327€1403
8.517E4+03
?.509E-01
6.BASE4G3
3.476E-02
S.920E401
B8.435E-03
2,723E402
1.637E404
4.8:10E4+04
A.070£403
2.031E+CH
2,161E403
8.732E403
1.014E406
1.709E405
B8.251E405
8.39754+02
1.343E402
?.842E-04
6£.475E 401
1.091-04
3.400E-05
Z2.250E402

KRIDNEY

8.421E403
3.0276-02
J.922E402
S.04%E~-02
1.450E-03
7.030E103
1.342E400
1.83°C4+05
2.124E404
2.328E+01
0.000E-01
0.000E-01
&.3445104
7.047E400
S.032E+404
2.568E-01
3.996E402
S.883E-02
1.772E403
2.144E109
7.801E404
$.2S2E10]
3.278E¢04
J.20CE403
1.339E404
3.304E405
?.546E104
2.8B23E405

«218E402
1.12BE402
8.621E-04
2.113E401
9: ‘7:“05
2.912E-05
0.000c-01

LUNG

6.142E405
1.110E403
1.354L 4035
9.509C402
S.8A5E102
6.523E4035
1.591E101
1.432E407
S.A78E404
6.512E405
1.147C:08
4.773E405
1. 400F 134
1.003L101
1.761E404
2.934E403
2.057E40S5
2,05ZE+403
3.779E405
0.020C-01
0.000E- 01
0.002C-01
0.C00E-C1
0.000E-01
0.00CE-01
1.210E405
1.454L401
1.040E405
&.808EH01L
1.051E401
S.772€403
1.743E405
2.919E403
1.643E403
1.82€E405

GI-LLI

3.700E404
1.117E4062
1.240E105
4.810L403
1.56320101
1.4A770104
¥.753E409
4,002E100
1.003E 405
1.778E 400
1.00CE10S
3.L57CE401
1ML EOY
D.ELEHOY
1.B17E403
2.549E101
3.07CEOS
1.3326102
1.374€ 405
5.1040403
2.842C4H02
3.200C 403
S.ATSE103
?.914E102
4.440E402
3.848C403
4,1B1E103
3.619E403
2.697E402
0.000E-01
S.772E104
1.017E405
2.753E402
2.742E400
2.257E405

SKIN

4.549E403
0.000E-01
0.000E-01
C.000L~-01
0.000E-C1
¢.000-C1
0.000E-01
0.000E~-01
0.000FE-01
©.009C-01
0.000E-01
€.0001-01
0.000E-01
0,000:-01
0.00CE~-01
0.000E-01
0.000E-01
0.0G0E-01
¢.000E-0)
0.000E-01
0.000E-01
0.000C-01
0.000C~-01
0.000E-01
0.002E-01
0.000E-01
¢.000E-01
¢.000£-01
0.0900E-01
0.000£-01
0.000E-01
¢.000E~0O1
0 .OOOC-Ol
0.000E-01
0,000E~01
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CRITICAL

LUNG
LUNG
LUNG
GI-LL1
LUNG
LUNG
GI-L1 I
LUNE
LU
LUNG
LUNG
LuU*G
LU
GI-1L]Y
LUNG
Gl-LLI
GI-LLI
LUNG
Lusis
THYRO It
THYROID
THYROLID
ThYxOlD
THYROID
THYRDID
LIVCR
LIVER
RONE
LIVER
IR
GI-LLI
LunG
LUNG
LUNG
GI-LLI



AGE ! CHILD

FATHWAY ! INMHALATLON

MO ISOTOFE

71 LA-142
72 CE-141
7?3 CE-113
74 CE-144
7% PR-143
76 FR-144
77 NL-147
78 W-185
79 W-187
90 U-235
81 u-248
82 NF-239

W. BOGDY

1.291E-01
2.897E4C3
2.875E401
3.61SE405
?.13VE402
2.997E-03
6.800E+02
2.520E4101
4.329E400
2.2446E408
2.098E 208
2.342E401

THYROID

0.000E-01
U.000E-01
0.000E~-01
C.00vVE-0O1
0.000E-01
0.000E-01
¢.000E-01
G.000E-01
0.000E-01
0,000E-01
0.000E-01
0.000E~01

ATTACHMENT 7

1.295E400
3.922E+04
3.459E+402
6.771E406
1.844E+404
S.957e-02
1.080£404
7.215C402
1.622E401
3.700E+07
3.545C 107
4.852E402

Pathuay Dose Pa:ln-tngs
Ry (mrem/yr per uCi/m™)

LIVER

4.107E-01
1.954E404
1.987€:02
2.118E4048
S5.SS0€E+03
1.844E-02
8.732€E4103
2.494€402
9.657E400
0' OOOE-O‘
0.000E-01
J3.345E£401

KIDNEY

0.000E-01
8.547E4103
8.342E401
1.173E406
3.0015403
’076“ ‘-:'3
4.810£103
0.000E-01
0.000E-01
B8.658L406
B.0LSEL06
9.731E401

LUNG

B8.£95E403
S.439E10S
1.154E405
1.19SE407
4.329E405
1.54%E403
3.282E40S
2.041E405
4.107E4CH
1.813£409
1.495E408
S.E0%E104

Gl-LLI

7.59SE+04
S.E51E404
1.273E405
3.8UTE+0S
?.731E404
1.94CE402
8.21%€404
3. VS9EH04
?.132E404
1.771E405
3.811E435
£.101E404

SKIN

1.291E-01
0.000E-Ol
0.000E£-01
0.000E-01
°c°°°£‘°l
0.000E-01
0.000E-01
0.000E-0!
0.000E-01
0.000E-01
0.000E-01
0.00GE~01
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GI-LLI
LUNG
GI-LLI
LUNG
LUNG
LUNG
LuUNG
LUNG
Gl-LLI
LUNG
LUNG
GI-LLI
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1SOTOFE

NB-95
NBE-97
MO-99
TC-99M
TC~-101
RU-103
RU-105
RU-106
AG-110N
CDh-115M
SE-124
TE-125M
TE-127M
YE-327
TE-129M
TE-129
TE-131M
TE-131
TE-132
I-130
I-131
1-132
I-133
1-134
I-135
CS5-134
C5-13%
C8-132
CS5-1'3
CS‘ 1.9
BA-139
BA-140
Ba-141
EA-142
LA-140

AGE ! INFANT
PATHUAY § INHALATION

W. BODY

3.780E403
3.584E-03
3.234E401
3.724€-02
8.120€-04
6.790E402
4.102£-01
1.0868C+04
4.9980 403
1.113C403
2.170E+03
$.S800402
2.072E403
4.885E-01
2,.225€403
1.878E-02
3.624L401
4,.9906£-03
1.784E402
S.5726102
1.950L104
1.2590403
5.400E103
&.E5004G2
2.7720402
7.4450L404
S.2920401
1.5500404
3.975€102
1.9458E402
4.293E-02
2.878C403
1.970L-03
1.950€£-03
S5.152€401

THYROID

0.00CE-01
0.000E-OX
0.000E~-01
0.000E-01
0.000£-01
0.000E-01
0,000E-01
0.000E-01
0.000E-01
0.000E-01
1.322E401
1.524E403
4.972E403
1.840L 100
S.474E403
6.7A4E-02
8,932E401
1.5%82E-02
2.784E402
1.598E108
1.981€E407
1.494C105
3.55LE408
4.452E404
6.950E40S
0.000EL-01
0.000E 01
0.0C0E 01
0.000C-01
0.000E-01
0. 000[‘0‘
0.900e-01
0.000E-01
0.000E -01
0.000£E-01

BONE

1.568E404
3.8926-02
0.0U0E-01
1.3976-03
6.510E-05
2.014E+403
1.224E400
8.680E104
9.9682E 403
0.000£-01
5.A40E+03
4.740E403
1.866E404
2.226E400
1.414E404
7.0882£-02
1.087E 402
1.734E-02
3.724E 402
4.356E403
3.794E 404
1.694C403
1,.324E404
9.2126402
3.854E103
3.962E405
4.830E404
5. 188E 405
S.0S9E402
3.584E401
1.484£400
5.400E404
1.568€-01
3.974E-02
5.054E402

ATTACHMENT 7

Pathway Dose Parameters
Ry (mrem/yr per u:1/u3)

LIVER

6.4246E403
?.842£-03
1.652E402
2.884E-03
8.,232E-05
0.000E-01
0.000E-01
0.0G0E-01
7.224E103
J.444E404
1.030E402
1.988E+03
6.902E403
?.531E-01
6.090E403
3.472E-02
S.502E401

«2181-03
2.346E402
1.337E104
4,438E+04
3.S12E403
1.918E4014
1.875E403
7.602E403
7.023E405
1.3495E405
6.118BE+05
7.81CE402
S.0L2E401
?.842E-04
S5.600E401
1.078E-04
3.304E-035
2.002e+02

KIDNEY

4.718BE403
1.145€-02
2.8644E102
3,108E-02
?.785E-04
4.242E403
8.988E-01
1.065E+405
1.092E404
2.772E404
0.000E-01
0.000E-01
3.752E404
4.858C100
3.178E404
1.750E-01
2.8644C402
3.990E-02
1.035E403
1.525E404
$5.180C409
3.948£103
2.290E 404
2.084E403
8.470£403
1.904E405
S.612E404
1.722E405
4.102E402
4.270E101
S.922E-04
1.343E101
6.496E-05
1.904E-05
0.000E-01

LUNG

4.788E405

«200E402
1.340E+405
8.108E402
S.836E+402
S.S15E405
1.158E4+07
3.65BE104
2.454E£405
4.340C+05%
4.456E1405
1.312€408
1.035€404
1.680C108
2.996L403
1.980E405%
2.,056E102
3.,402E405
0.000C-01
0.000£-01
0.000E-01
0.000c-01
0.000E-01
0.000E-01
7.9846E404
1.176E404
7.126E£404
4.538C+01
3.978E400
5.950L403
1.595E408
2.,960C+03
1.551E403
1.4680E+05

GI-LLIY

1.247E404
4,2289E401
4.872E404
2.030E+403
8.442E4+02
1.610E104
4.814L 404
1.438€405
3.30%E 404
5.720E104
7.11.2E404
1.291E1014
2.730E404
2.435E104
6.902C404
2,6320404
1.1V1E40S

+21BE+03
4.410E104
1,99E403
1.0598E£+403
1.904€103
2.,158E+03
1.287€403
1.839E103
1.334E403
1.423E403
1.324E1403
8.764E402
0.000E-01
C.096E104
3.834E+04
4.745C403
&.930E402
8.484E+04

SKIN

3.780E+03
0.000E-01
0.000E-01
0.000E-01
0.000E~-01
0.000E-01
0.000E~01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.,000F -01
0.000E-01
0.000L-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000k-01
0.000E-01
0.000€E-01
0.000E-01
0.000E-01
0.000E-01
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CRITICAL

LUNG
LUNG
LUNG
GI-LLI
GI-LLI
LUNG
GI-LLI
LUNG
LUNG
LUNG
LUNG
LUNG
LunG

Gl LLI
LUNG
GI-LLI
LUNG
GI-LLI
LureG
THIROID
THYROLID
THYROID
THYKROID
THYRDID
THYROID
LIVER
LIVER
LIVER
GI-LL]
LIVER
GI-LLI
LUnG
Gi-1L1
LUNG
LUNG



AGE

¢ INFANT

PATHUAY § INHALATION

71
22
73
74
75
78
7?7
7€
7y
€9
g1

-

ISOTOFE

LA-142
CE-141
CE-143
CE-144
FR-142
FR-144
ND-147
W-18%
w-187
u-235
u-238
NF-239

9. BODY

9.044E-02
1.988E£403
2.2126401
1.744C405
6,785E402
2.408E-03
4,993 402
?.524E£400
3.122E400
8.4YHE40S
7.933E405
1.8756E401

THYROID

0.000E-01
0.000E-01
0.000E-01
0.200E-01
0.000E-01
0.C00E~01
0.000E-01
0.00CE~-0O1
¢.000E~01
¢.000E-01
0.000E~-0GL
0.000E-01

ATTACHMENT

-

/

Pathway Dose Parameters
Ry (mrem/yr per uCi/m)

BONE

1.030E+00
2.772E404
2.926E402
3.192E408
1.400E+04
4.788E-02
7.938E+403
2 730E+402
1.298E401
1.400E+07
1.341E407
3.710E4+02

LIVER

3.744E-01
1.685E404
1.,932C402
1.211E404
S.234E403
1.848E-02
8.134E403
9.058E401
7.014E400
0.000E-01
0.000£-01
3.318E401

KIDNEY

0.000E-01
S5.250E4+03
S5.642E401
S.378E405
1.974E403
6.720E-03
3.150€E403
0.000E-01
0.000E-01
3.276E408
J.052E406
6.8226401

LUNG

8.218E+03
S.166E405
1.182E40S
?.8420404
4.326E405
1.610E403
3.220€405
7.794C+04
J.962E104
6.850E407
$.412E407
S.950E404

GI-LLI

S.950E404
2.155E404
4.970E404
1.404E405
J.724E404
4,2CAE+03
3.1220104
1.49€E404
3.054E+04
&.775E404
1.442E405
2,492E401

SKIN

9.044E-02
°o°°°E°°1
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
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CRITICAL

GI-LLI
LUNG
LUNG
LUNG
LUNG
GI-LLI
LUMG
LUNG
LUNG
LUNG
LUNG
LUMG




AGE : ADULT

FPATHWAY I VEGETATION

S

N-Jt;
C-14
Nl\‘:‘
P-32

SC-446
CR-S1
MM -S4
MN-SS$
FE-SS
FE-S9
co-S8
C0-40
NI-59
HI-&3
NI-&5
Cu-484
IN-65
IN-49
ER-83
BR-84
Ek-Q0S
KR -B85
Kk -89
RE-E£9
SR-B89
ER-90
ER-91
SR-22
Y-90

Y-91M
Y-91

¥-92

¥-93

IR-95
IR-97

COANDCUS N~

1SOTOPE

W. BODY

2.260E403
1.793E405
2.4692E405
5.433E407
1.414C40S
4.555E+04
S.949E407
2.720E400
3.378E+407
1.135c+08
6.939E407
3.68461 408
1.3041 108
2.489E+04
3.537E400
4.2570C403
4.555€108
1.040E-08
3.087E100
<2.003E-11
0.000L-01
1.,017E+400
?.882£~-23
0.000E-01
2.8357E+09
1.4€WCH11
1.2156404
1.78%E401
J.5464E402
‘19\-.91.“0
1.358E405
2.415E-02
4.751E400
2.596E405
3.094E101

THYROID

2.240E403
1.793E405
2.492E40S
0.000E-01
0.000E-01
2.783E404
0.000E-01
0.000E-01
0.000C-01
0.000E-01
0.070E-01
0.000E-01
0.000£-01
0.000E-01
0.000E-01
0.000E-01
0.000E~-01
0.000t-01
0.000E-01
0.000E-01
©.000t-01
0.000E-01
0.0Q00E-01
0.000C-01
0.000E-01
0.000E-01
C.000E -01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000C-01
0.C00E-01
0.000E~-01

#* Units are (mrem/yr

ATTACHMENT 7

Pathway Dose Parameters
- mrem/yr per ({Li/sec)

Ry (n?

0.000E-01
B8.9864E+05
2.692E405
1.406E+409
2.505E40S
0-0005-01
0.000E-01
0.000E-01
2.094E408
1.240E 408
0.000E~01
0.000€E-01
7.830E+08
1.04CE+10
S.947E401
0.000E-01
J.148E408
7.8B19E-06
0.000E-01
0,000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
?.954E409
6.0446E411
3.009E40S
4.125E102
1.330E+404
4.930E-09
S.114E406
8.944E-01
1.721E402
1.196E405
3.354E402

per uCi/m3)

LIVER

2.240E403
1.793E+05
2.692E405
8.740€E407
4.910E40S
0.000E-01
3.128E+08
1.53%9E401
1.448E+08
2,961E400
J.094E4+07
1.,671E4+08
2.485E108
7.211E400
7.752E400
- 9.090E103
1.00CE+09
1.,495L-05
0.000E-01
0.000E-01
0.000E-01
2.187E+00
1.863E-22
0.000E-01
0.000E-01
0.C0QE-O1L
0.000E-01
0.000E-01
0.000€E-0*
0.00CE-0i
0.0G0E-01
0.000L-01
0.000E-01
3.835E405
6.767E401

KIDNEY

2.240E403
1.793E40S
2.492E40S
0.000E-01
4.547E40S
1.028E404
?.309E407
1.954E401
0.000E-01
0.000E-01
0.000E-01
0.009C-01
0.000E-01
0,000E-01
0.000E-01
2.,292€404
4.742E408
?.71LE-06
0.000E-01
0.000t-01
0.000E-01
V.000E-01
0.000E-01
0.000E-01
0.090E-01
0.000E-01
0.000E-01
0.00CE-01
0.000E-01
0.090E-01
0.000E-01
0.000E-01
0.000E-01
46.019E405
1.022€+402

LUNG

2,260E+03
1.793E+40S
2.692E405
0.000E-01
0.000E-01
6.178E4049
0.000E-01
0.000E-01
0.077E407
8.273C407
0.000C-01
0.000C-01
€.000L-01
0.000E-01L
0.000C~-01
0.000E-01
0.000C-21
0.000E-01
G.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000€-01
0.00CE-01
0.000E-01
0,000E-01
0.000C-01
0.00CE-01
0.0%0E-01
0.0C0E-01
0.000E-01
0.000E-01
0.,000E-01
0.000E-01

GI-LLI

2.250E403
1.792E405
2.692E40S
1.580E+08
2.349E409
1.171C407
9.5C2E+08
4,912E402
8.3040407
?.887E+08
&.274E408
J.AU9E409
S.530E407
1.50LE+08
1.92464E402
72.7%3E405
4.30E408
2.2 7E-08
4,31LE400
1.5727E-16
0.0G00E-01
4,311E407
0.000E-01
0.000E-01
1.S94E409
1.7497E410
1.,4226404
8.172E403
1.24:90E408
1.428C-08
2.814E409
1.567E404
S.AS7E406
1.215E409
2.094E407

SKIN

2.240E+03
1.793E405
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.CO00E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
©.000F-01
0.000C-01
0.000E-01
0.000E~-01
0.00CE-0O1
0.000E-01
0.020E-01
0.000E-01
0.000C-01
0.000E-01
0.000E-01
0.000E-01
¢.000F-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
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CRITICAL

W. BODY
BONE

W, EODY
BONE
GI-LLY
GI-LLI
GI-LLI
GI-LLI
BONE
GI-LLI
GI-LLI
GI-LLI
FONE
BONL
GI-LLI
GI-LLI
LIVER
LIVEK
GI-LLI
W. EODY
W. EODY
LIVER
LIVER
W. EBODY
BOME
EOHE
GI-L]
Gl-LLI
GI LLI
Gl-LLI |
GT-LLI |
Gl-LLI '
GI-LLI
GI-LLI
GI-LLI




AGE & ADULY

FATHWAY : VEGETATION

e Er e nt

™~
R ETI  J B CTR C 2

oD »
- i

-~
(4]

({3

oo
©vd4

ISOTOFE

MD-95
NBE-97
NO-99
1C-991
TC-101
RU-103
RU-10S
FU-108
AG-110M
Ch-115n
LE-124
TE~L 25N
TE-1271
TE~122
TE-129N
TE-129
TE-131M
[€£-1312
E=-132
1-120

I 131
- 532
I-133
1-134

R &
€CS-134
€CS-13%
CS-137
£S-138
CS-139
BA- 1329
EA-140
Ba-111
BA-142
LA-140

W. BCDY
4.2540 401
2.518E-07
1.187C408
1.113E402
0.000E-01
2.074E+04
2.10%+401
2.4841E497
S. 7950108
1.448E408
4,115€E107
1.296E407
4.255E407
«230E4C3
3.99SC%07
1.9019E-09
J.705E405
4.3A1E-15%
2.600E405
4.5910405
S.822E407
4.9601 401
1.103E:04%
8.305E-05
J. 4216401
?.074E4CY
1.195€409
S.E95E409
3.502E-11
0.000E-01
7.225E-04
8.405E408
3.387°C-23
0.000(-01
2.834C 402

THYROID

0.000E-01
0.0G0E -01
0.000£-01
0.0G0E-01
0.000E-01
0.000E-01
¢.000€E-01
0.000£-01
C.000E-01
0.00CE-C1
2.517€E405
2.909E407
8.721E407
T.211E403
8,50239E407
S.9Y7E-01
7.0493E40S
1.131€-15
3.050C408
v.841E407
3.787E 410
A.74E 103
5.318L 408
4.024E-03
6.597EHOS
0.000E-01
0.000E -01
0.000E-01
0.000E-01
0.00CE-01
0.000CL-01
0.000E~-01
C.000E-01
0.000E--01
0.0C0E-01

ATTACHMENT 7

Pathway Dcse Parameters

ﬂi(u?--m-dwt;nt uLi/sec)

1,423E405
2.730E-06
0.000E-01
3.092E400
0.0C0E-01
4.815E406
S.330C+01
1.929E+08
1.055E407
0.000E-01
1.042£108
?.872E407
3.492€408
S.4890403
2.499c408
7.813E-04
?.092E405
1.375E-15
A.202E408
3,949E40S
8.079C+07
S.J0BE+01
2.0L0E106
8.548E-05
3.820E401
4.6E6E409
4.204E107
6.358E4109
3.633€-11
0.000E-01
2.707E-02
1.2083€£108
1.004E-21
0.000E -01
1.978C103

LIVER

7.914E4+04
6.889E-07
6.135E4048
8.710E+00
0.000E-01
0.000E-01
0.000E-01
0.000E-01
?.758C405
S5.1577+07
1.945E408
J.SONEHO?
1.248E+08
2.091E403
9.323E407
2.924E-04
4.495E40S
S.744E-18
2.759E106
1.163E106
1.155E+08
1.420E402
J.E18E105
2.322E-04
1.000E40S
1.110C+10
1.660C04+08
8.694E409
7.174E-11
0.000E-01
1.928€-05
1.611E405
7.589C-2%5
0.000E-01
?.94BE402

KIDNEY

7.822E404
8.037E-07
1.390E+07
1.,327E402
0.000E-C1
1.837C+07
4.888E402
3.724E400
1.919€407
4.092E407
0.00CE-01
3.931E108
1.413E4+0°
2.315E104
1.042E+07
3.2849£-03
4.501E104
4.,023E-15
2.4&8E407
1.815E108
1.9C1E100
2.282E402
$.319C104
3.693E-04
1.401E105
3.593E409
9.235E4+07
2.952E409
S.272€-11
0.000E -0t
1.003E -05
$.479E109
7.054E-25
0.000E-01
0.000E-01

LUNG

0.000E-01
C.000E-C1
0.000E-Oi

«282L400
0.0C0E-01
0.000C-01
0.000C-01
0,002t -01
0.000E 21
8.081E107
0.000L -01
0.0300 -012
0.Cco0ut -C1
0.000C~-C1
0.000E-901
0.00vE-C1}
0.000L 01
0.900k-C1}
0.000L-C1
0.00CE-01L
0.00CFE-01
0.00CE-0C1
0.000E-01
0.090E-01
1.1935409
1.254E407
?.813L408
S.206E-12
0.000E- 01
1.094C-05
9.227E404
0.000C-01
0.000E -01
0.000E-01

GI-LLI

4.203E+409
2.S542£-03
1.422E407
S5.172E403
€.000E-01
S.E21E403
I.261E401
1.2°3E4190
3.9G2C409
2.149E4109
2.947£409
3.85204108
1.171F409
4.2355105
1.258C109
S.897£-04
4.4155407
1.947C~1¢
1.310E108
1.002E 403
3.0A9E407
2.LE7E401

LLOSDEHCE
2.024E-07
1.130E405
1.713E4080
1.B8LE+07
1.583E408
3.0510-16
0.000E£-01
4.000L-02
2.642E408
0.000E-01
0.000E-01
7.318E4+07

ENIN

0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
V.000E-01
0.000E-01
0.000E-Q1L
0.000E“OI
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
¢.000E-01
0.000E-01
0.000E-01
0.060E-01
0.000L-01
0.000E-01
0.CO0E-0O1
0.000E-01
0.000E-01
0.00CE-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0,0G0E-01
0.000c-01
0.000E-01
0.000E-01
0.000C-01
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CRITICAL

GI-LLI
GI-LLI
GI-LLI
GI-LLI
W. BODY
GI-LLI
GI-LLI
GI-LLI
GI-LLI
GI-LLI
GI-LLI
NIDNEY
NIDNEY
Gi-LLI
GI-LL]
NIDHEY
GI-LLI
NIDHEY
GI-LLI
THYROID
THYROID
THYROID
THYROID
THYROID
THYROID
LIVER
LIVER
LIVER
LIVEK
W. EODY
GI-LLI
GI-LLI
EONE

¥. BOLY
GI-LiLI



AGE ! ADULT

FPATHWAY | VEGETATION

NO

71
72
73
74
73
75
77
78
79
80
o1
e2

I1SOTOPE

LA-142
CE-141
CE~-143
CE-144
FR-143
FR-144
ND-147
w-185
w-187
u-233%
u-238
NF-237

W. BODY

1.508E-05
1.511E404
8.154E+01
1.7465E406
3.101E403
0.000C-01
2.303E+03
&.0485E405
1.112E404
3.895C+0°
3.645E409
7.693E101

THYROID

0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E~-01
0.000E-01
0.000E-01
0.0C0E~-01
0.000E-Q1

ATTACHMENT 7

Pathway Dose Parameters

Ry (m?

1.331E-04
1.970E+05
9.966E402
3.288E407
6.255E404
0.000E-01
3.330E404
1.734€407
2.805E+4+04
&.A27E410
6.147E+10
1.419E+03

LIVER

¢.051E-05
1.332E405
7.349E405
1.375E+07
2.509E+04
0.000E-01
3.849E+04
S.784E404
J.101E404
0.000E-01
0.000E-01
1.394E402

- mrem/yr per uCi/sec)

KIDNEY

°0°°°E‘°1
&6.188E404
3.244E402
B8.153E404
1.484BE104
0.000C-01
2.250E+404
0.000E-01
0.000E-01
1.499€4110
1.402€410
4.351€407

LUNG

0.000E-01
0.00CE-01
0.0005'0!
0.000E~-C1
0.,000E~-01
0,000E-01
0.000E -01
0.000L-01
0.000C-01
0.000E-01
0.000E-01
0.000E-01

GI-LLI

4.419€-01
S.094E408
2.754E407
1.1126410
2.740£1408
0.000F-01
1.842GE408
S6.64530 108
1.0:2E407
6,250 409
1.33CEH10
2.8.3E407

0.000E-01
0.000E-01
0.000E-01
0.000E-01
€.000C-01
¢.000E-01
G.000E-01L
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CRITICAL

GI-LLI
GI-LLI
GI-LLI
GI-LLl
GI-LLI
W, nony
GI-LLI
GI-LLI
GI-LLI
EONE
BORE
GI-LLI




I71-19
ASNTIN
17M-19
I7T1-19
I711-19
I1M-19
IT-19
IM-19
1118
INOL
3INO3
AQ0q M
NIAIT
EENY
A0 M
A0 M
21049 M
IT-19
NINIT
IT-19
17-19
IN0d
JN0g
IM-19
IM-19
17719
3104
ITM-19
1IM-19
17M-19
IT-19
3N0[
AJOd M
3409
Ad08 *m

WIILIND

6€ 30 91 ?%eq

10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3002°0
10-3000°0
10-3000°C
10-3000°0
10-3000°0
10-3000°0
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ATTACHMENT 7

Pathway Dose Parameters
Ry (n® - mrem/yr per «Ci/sec)

AGE ! TEEN
FATHUAY : VEGETATION

ISOTOFE W. BODY

THYROID

BONE

LIVER

NIDNEY

LUNG

GI-LLI

SKIN

35 NB-9S S5.855E404 0.000E-01 1,.921E405 1,.045E405 1.033E405 0.000E-01 4.SSLE408 0,000E-01 GI-LLI
37 np-97 1.4510-07 0.000E-01 1.791E-06 4,521E-07 S.274E-07 0.000E-0! 1,449E-03 0.000E-01 GI-LLI
L nD-99 1.074E406 0.000E-01 0,000E-01 S.S839E+404 1.289E407 0.000E-01 1,009E407 0.000C-01 NKIDNEY
39 TC-99M ?.851C401 0.0CJE-01 2.72BE400 7.810E4+00 1.134E402 4.224E400 4.993E403 0,000E-01 GI-LLI
40 TC-101 0.000£-01 0.0C0E-01 0.000E-01 0.000E-O1 0.00CE-01 0.000E-01 0.000E-01 0.000E-01 W. EODY
41 RU-103 2,.994L406 0.000E-01 6,B91E406 0.000E-01 2.A29E4+07 0.000E-01 S.754C4C8 0.000E-01 GI-LLI
42 RU-105 1.9220401 0.000E-01 4.952E401 0.000E-01 4.247E402 0.000E-01 3.99CE104 €.000C-01 GI-LLI
43 RU-105 3.903E407 0.000E-01 3.097C+408 0.0CGOE-01 S,.973E408 0.002E-01 1.435£410 0.000E-01 GI-LLI
44 AG-110M 0.735€404 0.00CE-01 1.S17E407 1.435E407 2,739E407 0.000E-01 4.03:C 109 G.000E-01 GI-LLI
4t CDh-115M 1.724E404 0,00CE-01 0.000E-01 S.A0LE+07 4.28%E407 0.000E- 01 2,2726409 0.000E-01 GI-LLI
45 SB-124 4.432E407 2.717E405 1.122E408 2.115E406 0.CO0E -01 8.70E427 3.1705£409 C.000€E-01 GI-LLI
47 TC-12SM 1.984L407 AL 150E407 1.486E£108 S.302E407 0.000E-01 0.000E-0CL 4.3C2EH08 0.000E-01 OGI-LLI
43 TE-127m £.559E407 1.3120408 S,S1SE408 1.954E108 2,.235E409 0.000£-01 1,374C+09 0.000L-01 ANIDHEY
49 TE-127 1.153640% 3,498E403 S,3SBE+03 1.89YE4+03 2,170E404 0.000E-02 4,127F405 0.000E-01 GI-LLI
S0 TE-129M S.609C407 1.1450E408 3,.5949E408 1.321E409 1.504E409 0.000E-01 1.31°E409 0.000E-01 ANILNEY
S35 VE-129 1.780C -04 S.220E-04 7,31S5E-04 2.727€-04 3.070£-03 0.000£E-01 4.001E-93 0.000E-01 GI-LLI
S2 TE-131m J.JLLE405 6.070E405 B.418E405 4,035E405 4,.208E+05 0.000E-01 3,239E407 0.000E-01 GI-LLI
S3 TE-131 3.994E-15 9.819E-16 1.27BE-1S S.267E-146 S5.938E-15 0,.000E-01 1.017E~146 0.000E-01 KIDNEY
S4 TE-132 2.3196 404 2.098E408 J.BV1E406 2.454E405 2.354E407 0.00CE-0O1 7.B0%E+07 0.00CE-01 OCI-LLI
55 1-130 4.074E40S Q.320E407 3I.S27E405 1.020E405 1.572E406 0.000E-01 7.B41E10S5 0,.000E-01 THYROLD
S¢ 1-131 S.7830407 3.141E410 7.4689E407 1.0740 408 1.853E408 0.000€-01 2.129E407 0.000E-01 THYROID
%7 1132 4,495L 401 4.271E103 4,788E401 1.2S3EHO2 1.972E402 0.000E-0t S.,AS7E401 0.000E-CL THYROID
S8 1-133 9.990L 405 A.S7LEH03 1.932E408 3.272E408 S.7A9E+04 0.0C0E-0) 2.480E405 0.000E-01 THYROID
S? 1-134 7.3540-05 3.413E-03 7.728E-05 2.048E-04 3.228E-04 0.000E-01 2.499E-08 0.000E-01 THYROID
&0 I-135 J.297L404 S.71SE405 3.AS2E 404 8.8849C404 1.4903E405 0.000E-01 9.B34C4+04 0,000E-01 THYROID
61 CE-1134 7.750040? 0.000E-01 7.,097E4+09 1.870C+10 S,.308E409 2.027E409 2.077E408 0.000E-01 LIVER
&2 CS5-136 1.1330408 0.000E-01 4.289E407 1.4B0E109 9,.187E407 1.4193E407 1.359E407 0.000E-01 LIVER
&3 CS-137 A, 4950107 0,000E-C1 1.013E410 1.318E410 A.5035E409 1.782€109 1.918E+08 0.000E-01 LIVER
&1 CS- 138 3,.2186-11 0.000E-QC1 3.352E-11 6.435C-11 A.7S51E-11 S.S29E-12 2.92CE-14 0.000E-01 LIVER
&5 CS-139 0.000E-01 0.00CE-01 0.C00E-O1 0.000E-01 0.000E-CL 0.000E-01 0,000E-01 0.00CE-01 W. BOLY
b BOA-139 7.4176-94 0.000E-01 2.545E-02 1.791E-05 1.488E-05 1.234E-05 2.271E-01 0.000E-01 GI-LLI
&7 BA-140 8.8BJE40S5 0.000E-01 1.378E108 1.489E405 S.707E404 1.134E405 2,124E408 0.000E-01 GI-LLI
&8 Bn-141 3.129E-23 0.000E-01 9.3B7E-22 7.009E-25 4.505E-25 4,.7989E-25 0.C00E-01 0.000C-01 BONE
49 BN 142 0.000€-01 0.000C~-01 0.GJ0E-01 0.000£-01 0.0C0E~-01 0.000£-01 0.000E-01 0.000E-Q01 W. EOQODY
LA 140 2,3582E402 0.0C0E-O1 1.807E+03 8.878E+402 0.000£-01 0.000E-01 S.098E407 0.000E-01 GI-LLI

CRITICAL




AGE ! TEEN

FATHUAY : VEGETATION
NO ISOTOFE W. BODY
71 LA-142 1.351E-05
72 CE-3148 2.148E104
73 CE-143 7.571E401
74 CE-144 2.833E406
75 FPR-143 3.482t 403
7¢ PR-144 0.000€-01
77 ND-147 2.354E403
78 wW-18% 6,613 405
77 W-18/ 1.011E+04
80 u-23S 4.717E+09
81 U-238 4. 1368409
82 NF-239 7.217L 401

THYROID

0.0005-0!
0.000£-01
0.020E-01
0.000E-01
0.000£-01
0.020E-01
0.000E-01
0.000E-01
0.00CE-01
0.000E-01
C.000E-01
0.000E -01

ATTACHMENT 7

Pathway Dose Parameters
Ry (n? - mrem/yr per uCi/sec)

1.,221E-04
2.827E40S
9.315E402
S.271E+07
6.99SE+04
0.000E-"1
J.E17E404
1.891E407
3.540E+04
7.289E410
6.971E410
1.378E403

LIVER

S5.424E-05
1.888E40S
6.778L405
2.181E+07
2.793E404
0.000E-01
3.933E+04

«2B87E404
2.88SE+01
0.000E-01
0.000E-01
1.299E+02

KIDNEY

©0.000E-01
8.8B84E404
3.040E402
1.303E+07
1.623E404
0.000E-01
2.310E+404
0.000E-01
0.000(‘01
1.700E+10
1.5¥1E4190
4.078€402

LUNG

0.020E~-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
°'°°°€’°l
©.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01

GI-LLI

1.651E400
S.3996£408
2.0376407
1.325E110
2.301C408
0.0035C-01
1.9170408
7.245C128
7.80201058
7.0970009
1.5070 410
2.090E407

SKIN
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CRITICAL
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AGE ¢

CHILD

PATHWAY ! VEGETATION

35
37
3s
39
40
11
42
43
44

“
-

A8
47
A
49
S0
S1

-
=

53
Se

55

-
-

S7
S8
o9
&0
61
62
63
&4
&5
LX)
&7
48
&7
70

ISOTOFE

NE-95
NE-97
no-99
TC-99M
TC-101
RU 103
RU-10S
RU-108
AG-110M
Ch-115M
SE-124
TE-125M
TE-1271
TE-A227
TE-129M
TE-129
TE-131M
€-13
TE-132
1-130
I-131
I-132
1-133
I-134
1-133
€C5-134
CS-134
€8-137
Cs-138
CS-139
BA-139
BA-140
BEA-141
BA-142
LA-140

W. BODY

1.141E403
1.022€-07
1.203C4+06
1.352486 400
0.002E-01
S.959E+08
3.290E401
9.308BE4067
1. 734E407
1.35%E4+06
3.524£407
4.5683E107
i.59690408
2.120E403
1.297€408
3.215E-v
S.558C 405
7.003€-16
3. 727C105
6.413E10S
8.175€407
7.181E+401
1.697E104
1.173E-04
S.220E+04
5.549040°
1.434E408
J.I80E +O9
5.3?&"1
0.000E-01
1.340€-03
1.611E407
S.4638BE-23
0.000E-01
3.335E402

THYROID
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0,000E-C1
0.000E-01
0.000E-01
0.000CE-01
0.000E-01
0.000E-01
0.00GE-01
0.000E-01
0.900E-01
2.154E+0S
?.659E407
3.141E408
&.813E403
2.693E408
?.661E-04
1.093E404
1.800£-15
4.47219€106
1.278£4089
4.757E¢+10
7.245E403
€.094E409
S.B44E-03
?.779E404
0.000E-01
0.00vE-01
0.0C00E~01
0.0C0E-01
0.00CE-01
0.000E-01
0.000E-01
0.000E-01
0.000E-OI
0.000E-01

ATTACHMENT 7

Pathuay Dose Parln-tcrs"

Ry (m?

4.101E405
1.109E-06
0.,000E-01
4,495E400
0.000E-01
1.5S0E+07
?.070E401
7.459€¢08

«216E407
0.000E-01
8.921E407
J.512E408
1.322E409
?.837E403
8.354E408
1.355E-03
1,537E408
2,353E-15
6.9726404
&.189E40S
1.430E+08
8.49BE+01
3.523E404
1.373E~-04
6.130E404
1.503E410
8.042E407
2.392€E410
4.097E-11
0.000E-01
4.693-02
2.761E408
1.7326-21
0.000E-01
J.214E403

LIVER

1.597E+0S5
2.799€E-07
7.493E408
?.20CE+400
0.000E-01
0.000E-01
0.000E-01
0.000E-01
2.1726407
4.251E407
1.480E404
9.520E407
J.559CH0€
2.864E403
2.333E+408
3.781E-04
S.314E405
7.174E-18
3.0084E40¢
1.2S1E408
1.A39E408
1.5620402
4.355E40&
2.549E-04
1.103E405
2.431E410
2.216E403
2.290E410
8.,475E-11
0.000E-01
2.505E-0S
2.419E405
?.699E-25
9.000E~01
1.134E403

- mrem/yr per «Ci/sec)

KIDHEY

1.500£405
3,285E-07
1.643E407
1.330402
0.000E-01
3.9026407
7.9730402
1.007€ 409
4.045E407
1.3736497
9.000E-01
0. 000 -01
3.745E109
2.8126401
2.453E409
3.942E-03
5.144E404
7.1176-15
2.045E407
1.8596404
2.3526408
2.390E 402
7.261E406
3.898E-04
1.4926405
8.157E409
1.190E +08
74626409
S.983E-11
0.000E-01
. 1B8E-05
7.875€404
8.372€-25
0.000E-01
0.000E-01

LUNG

0.000E-01
0.000E-01
0.000C-01
4.675E400
0.000E- 01
0.000E-01
0.00CE-01
C.000E-01
0.00CE-01
0.000E-01
$.,9210107
0.0w08 -01
0.00uL-0!
0.00uE~01
0.000E-01
0.000E-01
0.0C0E-01
0.00CE-01
0.020E£-01
0.00CE-0Q1
0.000E-01
0.00CE-01
0.000E~-01
¢.000E-01
©.000E-01
2.225E+09
1.7580E407
2.685C409
6.417E-12
0.000E-01
1.474E-035
1.442E405
S.698BE-24
0.000E-01
0.(00E-01

GI-LLI

2.953E+08
1.,033E-03
&.382E404

«2ACE403
0.00CE-01
4.008E408
S.220C+04
1.140E410
2. SLE409
1. 760EH09
eI WY
3.309E4+0€
1.070E40%
J.HE2EHUS
1.Q17E409
8.431E-02
2.15E407
1.234E-14
3.104C407
S.CS5CE10S
1.281E40?
1.83CC102
1.75LE404
1.490E-04
8.407E4104
1.41CE408
7.787E404
1.434E408
3.704E-11
0.000E-01
2.709E4+00
1.397E408
2.8726-22
0.000E-01
3.142E+407

SKIN

0.000E-01
0.000E-01
0.000£-01
0.000E-01
0.0G0E-01
0.000E-01
0.000E-01
0.0005’01
0.000E-01
0.0050~01
0.0C0c-01
0.00CE-0CL
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000£-01
0.070E-01
0.C00E-01
0.000E-01
0.000E-01
0.000E-01
0.000£-01
0.C00E-01
¢.000E-01
0.000E-01
0.000E-01
0.000E-01
G.000VE-01
0.000E-Ol
0.000E-01
0.000E-01
0.000E-01
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CRITICAL

GI-LLI
GI-LLI
KNIDHEY
GI LLI
W. EODY
GI-LLI
GI-LLI
GI-LLI
CI-LLI
GI-LLI
GCI-LLI
FOHE
NIDNEY
GI-LLI
KIDNEY
GI-LLI
GI-LLI
GI-LLI
GI-LLI
THYKOID
THYROID
THYROID
THYROIL
THYROID
THYROID
LIVER
LIVER
EONE
LIVER
W. BODY
GI-LLI
BONE
EONE

W. BODY
GI-LLI



AGE @ CHILD

FATHUAY | YEGETATION
NO ISOTOHE Ww. PODY
71 LA-142 2.209E-0S
72 CE- 1M1 4.859E104
75 CE-143 1.34704102
74 CE-142 &.780E40S
7% FR-143 7.214E403
76 FR-144 0.00%€ 01
77 NbL-147 4.1%/SE403
78 W 195 S.279e405
79 w-182 1.711E1404
80 U-235 3.573040°
81 u-238 J.342E107
82 NFP-239 <28 402

THYROID

0.U00E-01
0.000E-01
0.000E-01
0.000E 01
0.000E-01
0.200E -01
0.('005'\?1
C.0udE-01
C.CoCE-01
0.C00C-01
0,000E-01
€.C00E-01

ATTACHMENT 7

Pathuway Dose Parameters

Ry (m?

2.213E-04
&.555E+0S
1.715E+03
1.270e108
1.454E4+0S
0.000E €1
7.140E404
1.S09E+07
&.A39E404
S.895E¢10
S.63BE+10
2.5445403

- mrem/yr per «Ci/sec)

LIVER

7 .0S4E-05
3.24%E+05
?.300E+05
3.982E+07
4.357E404
0.000£-01
S5.783E401
S.017E4+0S
3.813E404
0.000E-01
0.000E-01
1.827C402

KIDNEY

0.000£-01
1.433E405
J.902E+402
2.205€+407
2.355E404
0.000E-G1
3.173E+04
0.000E-01
Q.000E~C1
1.37SE410
1.206E410
S.282€402

LUNG

0.000E-01
0.000E-01
0.000E~01
0.000E~Ci
0.000E-01
0.9200E -C1
0.000C-01
0.000E-214
0.000t-01
0.000E-01
0.000E-01
0.000E-01

GI-LLI

1.3985401
4.07Cc+08
1.382E 407
1.0281 410
1.59469€1080
S+832F - 23
9.161L407
5.8001 108
5,357 408
S.741E109
1.2200110
1.3526107

EKIN
0.000E-01
C.000E-01
0.000E-01
C.000E-01
0.000E~-01
0.000E-01
¢.000E-01
0.000E-01
0.600E-01
0.000£-01
0.000E-01
0.000E-01
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CRITICAL

GI-LLI
GI-LLI
GI-LLI
GI-LLI
GI-LLI
GI-LLI
GI-LLI
GI-LLI
GI-LLI
FONE

FONE

GI-LLI
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ATTACHMENT 7

Pathway Dose Parameters

Ry (n - mrem/yr per «i/sec)
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A07
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AT03
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10-3000°9
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10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3020°0
10-3000°0
10-3290°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-35000°0
10-3000°0
10-3009%°0
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10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
13-3000°0
10-3000°v
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10-3000°0
10-3000°0
10-3900°0
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10-30000
10-300¢*0
10-3000°0
10-3000°0
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10- 37900
10-3900°0
10-3200°0
10-3200°0
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10-3500°0
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10-3000°9
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10-3000°0
10-3000"C
10-3000°0
10-3000°0
10-3500°0
10-3000°0

I7M-19

10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
16-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-2000°0
10-3000°0
16-3000°0
10-3000°0
10-3000'0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°0
10-3000°C
10-3000°0
10-3000°0
10-3000°0
10-3000°0
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10-3000°0
10-3000°0
T0-30C0°0
10-3000°0
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AGE { ADULT

PFATHRAY © COW MILK

NO ISOTOPE W. BODY

36 NB-9S 2.458E 4104
37 NB-97 S.419€E-13
38 nO-99 4.705E406
19 TC-99M 1.218E402
40 TC-101 0.000C-01
41 RU-103 4.290E402
42 KU-105 3.425E-04
43 RU-106 2.5626403
49 AG-110M 3.2CUE 407
45 Ch-115M 3.981L 404
46 €B-124 1.021E¢07
A7 TE-12Sh 2.1630405
4C TE-127M S.H7L108
4? TE-127 1.9920 402
S0 TE-129M ?.511E 406
S1 TE-129 8.203E -11
S2 1E-131M 1.470E405
<3 TE-131 0.0CCE 01
>3 TE-32 1.452¢ 106
55 1-139 4.990L105
S8 I-131 2.420F 408
S7 1-132 1.405L-01
<8 1-133 2.05L4E4046
SS9 I-139 1.834L -12
&0 1-135 «222F104
41 CS-134 1.1000 110
&2 €S-136 7.4250 108
&3 CS5-137 $.213L 109
&4 CS-138 1.013E-23
iS5 CS-139 0.000L-01
L6 BA-139 1.290¢ -09
&7 EA-140 1.760E108
48 BA-141 0.000E-01
ey bA-142 0.000E-01
70 LA-140 6.025E-01

THYRO1D

0.000E-01
0.0006C -01
0.000£-01
0.000E-01
0.002€-01
0.000E-01}
0.000£E-01
0.00CE-01
0.00VE-01
0.0u0E-01

«283F 204
4.702E108
1.170E+07
3.9375402
2.069E407
2.95849E-10
2.795E4+05
0.000€ -01
1.709C+06
1.02CE 408
1.387E411
1.705E401
9.910£4108
B8.8BOSE-11
2.182E4058
0.000£-01
0.0C0E-01
0.000£-01
0,000 - 01
0.000E-01
0.000E-01
0.00vE -01
0.000E-01
0.000E-01
0.000E-01

Pathway Dose Parameters

ATTACHMENT 7

Ry (n? - mrem/yr per .Li/sec)

8.2S3E+04
S.880E-12
0.000E-01
3.378E+00
0.000E-01
1.021E403
B8.674E-04
2.040E+04
S5.825E107
0.000E-01
2.5B4E+07
1.630E+07
4.578E 407
&.463E402
6.009€407
3.3587e-10
3.408E40S
0.000E-01
2.392E404
4.278E405
2.9463C408
1.501E-01
3.877E404
1.887E-12
1.265SE+0
S.652E4+09
2.4613C+08
7.391E409
1.034E-23
0.000E-01
4.434E-08
2.6B5E407
0.000E-01
0.000E-01
4.523E4+00

LIVER

4.591E404
‘o“‘l:
2.473E407
9.515E400
0.000£-01
0.0C0E-01
0.000E-01
0.000E-01
S5.389E407
1.245E405
4.873E40S
S.9050408
1.638E407
2.393E 102
2.242E407

<2850 10
1.744E105
0.000C-01
1.547€406
1.287E 406

L23TE408
4.015€-01
6.743E406
S.128E-12
3.312E+04
1.345E410
1.027E 409
1.009E¢10
2.045E-23
0.0voL-01
3.159E-11
3.374E404
0.000£-01
0.000£-01
2.280£400

K1DNEY

4.5S3BE404
1.731€E-12
S.400£407
1.450E402
0.000E-01
3.894E403
1.121E-02
3.939E 404
1.059E408
9.481E 405
©.000E-01
&.620E407
1.840E 408
Z.71%E403
2.508L 408
1.915E-09
1.787E4+04
1.9136-32
1.490C407
1.959E406
7.269E408
$.397E-01
1.177E407
8.155E-12
S5.311E404
4.353E409
S.739€408
3.427E409
1.503E-23
0.000€-01
T.YS3E-11
1.1476404
0.000E-01
0.000E-01
0.000E-01

LUNG

0,.000€ -01
0.000E-01
0.000E-01
4.377E400
C.0C0E-21
0.000E-01
0.000£-01
0.000E-01
0.000E-01
0.0C0E-01
2.005E107
0.00C‘C-OX
0.000f - 01
0.002E-01
0.000e-01
0.000E-G!L
0.000(—01
0.000E-01
0.000E-01
0.000E-01
0.000‘-01
0.000E-01
0.000C-01
0.000E-01
0.000E-01
1.445E409
7.857E407
1.13%E+07
1.484L-24
0.000( -01
1.7926-11
1.9326404
0.000E-01
0.00CE-01
0.000E-01

GI-LLI

2.706E 08
S.A75E-09
S.732E107
S.649C4+03
0.000C-C1
1.172E+0S
S.307e-01
1.3210108
21790 +10
S.2%0 07
7.3410E408
6.507C 107
1.535L 108
S.2UCL 104
3.024E408
2.541E-10
1.7L526402
0.000E-G1
7.319E 407
1.0U0.E108
1.118£403
7.543€-02
6.061E108
4,.95%26-15
3.741E100
2.3519E408
1.172E4+08
1.954E408
8.724E-29
0.0C0E-01
7.853E-08
S.S31E4+07
0.000E-01
0.000E-01
1.4874E405

SKNIN

0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000C-014
0.000E-01
0.000E-01
0.000E-01
©.C00E-01
0.C0CE-01
0.C00E~-01
0.000E-01
00000{'0‘
0.000E-0C1
0.000E-01
0.000E -01
0.000E-01
0.000E-0O1L
C.000E-01
0.000L 01
0.000E-01
0.000E-01
0.00CE-01
0.000C-01
0.000E-01
0.000E -01
0.000€£-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
°om‘°‘
0.000E-01
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CRITiCAL

GI-LLI
GI-LLI
GI-LLI
GI-LLI
W. BODY
GI-LLl
GI-LL]
GI-LLr
GI-LLI
GI-LL]
GI-LL]
KIIEY
ALY
GI-LLl
GI-LLI
KIINEY
GI-LLI
ARIDNEY
GI-LLl
‘“ . I\Oll'
L3l
THYROID
THYROID
THYROID
THYKOLD
LIVER
LIVER
LI'LR
LIVER
W. BODY
GI-LLl
GI LL]
W. BODY
4. BODY
Gi-LL]Y



Page 27 of 39 .

ATTACEMENT 7

Pathwey Dose Parameters
- mrem/yr per uCi/sec)

AGE * ADULT
FATHWAY : COW MILK

NO 1ISOTOFE

W. BODY

THYROID

Ry (a?

BONE

LIVER

KIDNEY

. LUNG

GI-LLI

EKIN

71 LA-142 1,038E-12 0.000E-01 9.161E-12 4,165€-12 0,000E-01 C.000E-C1 3.0426-08 0.000E-91 gGI-LLI
72 CE-141 3.715E402 0.000E-C1 A4.B844E403 3.274E403 1.521E403 0.000E-01 1,2526£407 0.000C-01 GI-LLI
73 CE-143 3.AC4E+00 0.000E-01 4,162E401 3.07BE+04 1.35SE+01 0.000E-01 1,150E404 0.000E-01 GI-LLI
74 CE-144 1.920E404 0.000E-C 3.577E+05 1.49SE405 B.848E104 0.000E-01 1.209E408 0.000E-01 GI-LLI
75 PR-143 7.823E400 0.000E-01 1.578E402 4.331C401 3.454E401 O,000F-01 ¢.914E405 0.000E-01 GI-LLI
76 FR-144 0.000E-01 0.00CE-01 0.000E-01 0.000E-01 0.0005-01 0.000E-01 €,000E-01 0.000E-01 W. BOLY
77 ND-147 6.5090.400 0.000E-01 9.412E401 1.08BE+02 4.359E401 0,000E-01 S.27°2E+405 G.000E-01 GI-LLI
78 W-10S 4.539E40% Q.0006-01 1.298C4+06 4.315E+405 0.0CJE-01 0.000E 01 4.987C+07 0.0006-01 GI-LLI
79 W-187 1.915E403 0.000E-01 6.SS1E403 S.476E403 0.000k~-C1 0.000E-01 1.794E4+04 0.000E-01 GI-LLI
80 U-23S 1.878E400 0,000E-01 3.099E+09 0.000E£-01 7.2265+408 0.000E-01 3.018E408 0.000£-01 KONE
81 U-238 1.758E408 0.000E-01 2.944E409 0.000E-01 6.7463E+08 0.000E-01 4.41%E408 0.000E-01 KOHE
82 np-2319 1,979E-01 0.000E-01 3J.452E400 3.591£-01 1.120E+400 0.000E-01 7.34%7404 0,0U0E-01 GI-LLI

CRITICAL
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AGE ! TEEN

FATHWAY ¢ COW MILK

NO ISCTOFE

71 Ln—-142
72 CE-14}
73 CE-1A3
74 CL-114
7% FR-143
74 ¥R-181%
77 nh-147
7¢ U105
79 W-187
62 U-235
81 u-218
s WF 239

w. BODY

1.028:2-12
&4.811E4C02

+217C+00
3.537C404
1.9421 101
0.C00L~01
1.180C+C1
S.857L 104
JoA20L 03
Q.422E 403
Q. 269EHCE
3.451L-01

THYROID

0.000E-01
0.000CE-Q1
0.000E-01
0.000L~-01
0.000E-01
0.000L-01
0.000E-01
0.000E-01
C.000L-01
0.000t 01
0.0001.~01
0.000£-01

ATTACEMENT 7

BONE

1.8653E-11
8.881E403
7.649E401
4.S82E+0S
2.900E402
0.Q00E-01
1.811E402
1.67SE406
1.198E+04
3.999E4109
3.024E409
4. 989E400

Ry (m?

Pathway Cuse Parameters

LIVER

7.341E-12
S5.929E+03
S5.5464E404
2.724E405
1.158C€402
0.000E-01
1.94YE402
S.56BE405S
9.767€403
0.000E-01
0.000E-01
§.573E-01

KIDNEY

0.000£-01
2.791E£403
2.497E401
1.627E40S
6.7305401
0.000E-01
1.157E4+02
G.000E-01
Q.000E-01
?.324E400
8.724E408
2.0583£+4+00

- mrem/yr per uCi/sec)

LUNG

0.000E~01
0.C0CE-O01
0.000E-01
0.000£-01
0.000E-01
0.002E-01
0.C00E~01
0.000E -01
0.000E-01
0.000E-01
0.GCOE-OL
0.000E-01

GI-LLI

2,2356-07
1.698E407
1.673C406
1.855E408
9.591E405
0.000E-O1L
7.105L40%
S.ASNERCS
2.4135404
3.89VE408
8.277E108
$ .OS7ECS

SKIN

0.000E-01
0.00CE-01L
0.002L-01
0.000E-01
0,000E-01
0.000E~-01
0.000E-01
0.000E-01
C.020E-01
0.0C0E~-01
0.00CE~-01
0.002E-01

Page 3G of 39

CRITICAL

GI-LLI
GI-LLI
GI-LL]
GI-LLI
GI-LLI
W. BODY
GI-LLI
GI-LLI
GI-LLI
BOMNE
EONE
GI-LLl

.
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ATTACHMENT 7

Pathway Dose Parameters

* Units are (mrem/yr per uCi/m3)

Ry (n? - mrem/yr per «Ci/sec)
AGE § CHILD
FATHWAY & COW MILK
NO ISCTOFE W. BODY THYROID BONE LIVER KIDMEY LUNG GI-LLI SKIN CRITICAL
1 H-jﬁ. 1.570E403 1.S7CE+03 0.000E-01 1.570£403 1.570E+403 1.570E403 1.S70E403 1.S70E403 M. BODY
2 E-14 3.294C405 3.294E405 1.547E+04 3.294E405 3.294E+05 3,294E405 3.294E405 3.294E405 BONE
3 NA-24 8.932C404 8.932E404 8.932E+404 B.932E+04 B.932E+06 8.932E+04 8.9322E404 0.000E-01 W. EODY
4 P-32 2,999E409 0.000E-01 7.781E410 3.641E4+09 0.000E-01 0.000E-01 2,150£409 0.000E-01 BONE
S SC-48 1.078C402 0.000E-01 1.910E+02 3.744E402 3,456E402 0.000E-01 1.908E+06 0.000E-01 GTY-LLI
6 CR-351 1.019E405 S.454E104 0,000E-01 0.000E-01 1.545E404 1.032E+405 <.4026404 0.000E-01 GI-LLI
7 MN-54 5,.S05F 4046 0.000E-01 0.000E-01 2,097E+07 5.879:.406 0.000E-01 1.746CE407 0.000E-01 LIVER
8 MN-S4 2.8926-03 0,000E-01 0.000E-01 1,277€-02 1.S44E-02 0.000E-0! 1.850L100 0.060:~-01 GI-LLI
9 FE-SS 1.8476407 0.000£-01 1.118E408 S.9306407 0.00CE-01 3,351E407 1.098L+07 0.000E-01 BONE
10 FE-S9 9,484E407 0.C00E-01 1.202FE408 1.944E408 2.000E-01 S5.&637E+07 2.025:408 0.000E-01 GI-LLI
11 LO-S8 3.719E407 0.000E 01 0.000E-01 1.215E407 0.000E-01 0.0600C-01 7.088E407 0.0CO0E-01 GI-LLI
12 €040 1.2736408 0.000E-01 0.000E-01 4.312E407 0.000E-C1 0.000£-01 2.271E+08 0.000E-01 GI-LLI
13 NI-59 8.968SC107 0.00CE-01 S.384E4+08 1.BA7E408 0.000E-C1 0.000F 01 3.002£407 0.000E-01 EONE
14 NI-43 1.008£409 0.000E-01 2.944E+10 1.5497E409 0,CGOOE-01 0.000E-01 1.047E408 0.000F-01 KONE
15 NI-6S 9.107C-02 0.0005-01 1.457E400 1.560E-01 0,000E-01 0.000E-04 1.911€E401 0.000E-01 OGI-LL.
15 C1-64 4. ASSEH0A 0.000E-01 0.000E-01 7.392E404 1.786E405 0.000E-01 3.470£404 0.000E-01 GI-LLI
17 ZN-65 6.847C+09 0.000E-01 4.132E409 1.101E410 4.9370409 0.0COE-01 1.923E409 0,000E-C1 LIVER
18 ZM-49 2.958E-12 0,0006E-01 2.214E-11 3.2005-11 1.941E£-11 0.000C-0i 2.017E-09 0.000E-01 GIl-LLI
19 ER-83 4.617E-01 0.000E-01 0.000E-01 0.000E-01 0.000L-01 0.000L-01 0.000E-01 0.000E-01 W. kObLY
20 BR-BA 5.739C-23 0.000E-01 0.00CE-01 0.000E-01 0.00VE-C! 0.000£-01 0.000E-01 0.000E-01 W. BODY
21 KR-85 0.000£-01 0.00CE-01 0.000E-01 0.000E-01 0.000E-01 0,000C-01 0.000C-01 0.COCE-O1 W. EODY
22 RE-86 5,3976409 0.000E-01 0,000F-01 B.740E+09 0.000E-01 0.000E-01 S.63%E408 0.000E-01 LIVER
23 Re-38 0.000°-01 0.000£-01 0.000E-01 0.0C0QE-O1 0.000F-01 0.000E-01 0.000E-01 0.000£-01 W. BODY
24 RD-89 0.000£-01 0.000E-01 0.000E-01 0.C00FE-01 0,000€£-01 0.000£E-01 0.000C~-01 0,000F -01 W. bUbhy
25 SR-89 1.890E:08 0.000E-"1 4.614E40% 0.000E-01 0.000E-O1 0.000E-01 2.541E408 0.000E-01 EONE
=25 SR-90 2,.833E410 0.CCOE-01 1,1176E+11 0.000E-01 0,C00C-01 0.000E-0O1 1.505E109 0.000E-01 BOHE
27 Sk-91 4.895E403 0.000C -01 1,294E405 0.0u0E-01 0,.000E-01 0.000E-01 2.BL8EH0S 0.000E-01 GI-LLI
23 SR-92 8.6L2E-02 0.000E-01 2.142€+400 0.0C0E-01 0.000E-O01 0.0COE-01 4,074E401 0.000C-01 GI-LLI
2¥ Y-90 8.437E400 0.000E -01 3.227E402 0.000F-01 G.000E-01 0.000E-01 ?.187E405 0.000C-01 GI-LLI
30 Y-?1M 1.015€-20 0.000L-01 2.871E-19 0.000E-01 0.CO0CE-01 0.00CE-O! S.422E-16 0.00CE-01 CI-tLl
33 ¥-91 1.044E403 0.000E-01 3.904E404 0.0002-01 0.000E-01 0.000E-0! S.2005E404 0.000C-01 GI-LLI
32 y-92 2.324E-06 0.000E-01 2.525E-04 0.000E-01 Q.000E -01 0,000E-21 7.298E400 0.000C-01 GI-LLI
"33 ¥-93 2,.881C-02 0.000E-01 1.049E+00 0.000E-01 0.000C-01 0.000E-01 1.S545E+404 0.000E-01 GI-LLI
34 ZR-95 7.539E402 0.000E-01 3.85S2E+03 8,.458E+402 1.2126403 0.000E-01 8,833E+405 0.000E-01 GI-LLI
35 ZR-97 1.6336-01 0.C00E-01 1.915SE400 2.7467E-01 3,972E-01 0,000E-01 4.191E+C4 0.000E-01 GI-LLI
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ATTACHMENT 7

Pathway Dose Parameters
Ry (m® - mrem/yr per uLi/sec)

NO

71

AGE ! CHILD
FATHWUAY ! COW MILK

1SOTOrE

LA-142

W. EODY

3.984E-12

THYRODID
0.000E-01

BONE
3.992€-11

LIVER

KIDNEY

LUNG

GI-LLI

SKIN

CRITICAL

1.272E~11 0.000E-01 0.000E-01 2,.S22E-06 0.000E-01 GI-LLI
72 CE~141 1.820E403 0.000E-01 2,187E404 1.09(E4+04 4.781E403 0.000E-01 1.3461E407 0.0006-01 GI-LLI
73 CE-143 1.474E401 0.000E-01 1.B77E+402 1.010E+0S 4.270E+01 0.000E-01 1.490E406 0.000E-01 GI-LLI
74 CE-144 8.560C404 0.000£-01 1.623E406 S.087E+05 2.818F405 0.000E-01 1.3246408 0,000E-01 GI-LLI
75 FR-143 3.561E401 0.C00E-01 7.177E402 2.1SSE402 1.147E402 0.000E-01 7,744C40% 0.000E-01 GI-LLI
7& FR-144 0.000E-01 0.00CE-01 0.000E-01 0,0C0E-01 0.000E-01 0.000E-0O! 0.CQ0E-01 0.000E-01 W. BODY
77 ND-147 2.786E401 0.000E-01 4.449E402 3.600E402 1.97SE+02 0.000E-01 5.703£405 0.000E-01 GI-LLI
’8 W-1E95 4.832E404 0.000E-01 1.382E+04 4.594E+0S 0.000£-01 0.000£-01 S.300E407 0.000E-01 GI-LLI
79 €-18? 7.719E403 0.000E-01 2.905E404 1.720E+04 0.000E-01 0.000E-01 2,.4176104 0.000F-01 GI-LLI
80 w-23S 1.999L108 0.0000-01 3.299E409 0,000E-01 7.493E409 0.000L-01 3.213E€+08 0.000E-01 HBORE
81 u-238 1.8720108 0,000€-01 3J.1SSE+09 0.000E-01 7.199E+08 0.000E Oi #.BUYE+09 0.000E-01  BOHNE
82 NP-239 T.457E-01 0.00CE-01 1.715E401 1.232C+00 3.S41E400 0.000L-0L 9.11SE+04 0.000E-01 GI-LLI
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ATTACHMENT 7

Pathway Dose Parameters

Ry (m? - mrem/yr per uCi/sec)
AGE ! INTANT
PATHWAY & COW MILK
NO ISOTOFE W. RODY THYROID BONE LIVER KIDNEY LUNG GI-LLI SNIN CRITICAL
35 NB-95 1.,412E405 0.000E-01 S.932E405 2.444E40S 1.7S1E405 0.000C-01 2.0£2E+08 0.000C-01 GI-LLI
NE-97 S.768E-13 © DOOE-01 4.259E-12 1,580E-12 1.843E-12 0.000E-01 5.82BE-09 0.000E-01 GI-LLI
HO-99 4.049E407 G.000E-01 0.000E-01 2.07764+08 3.103E408 0.000E-01 4.B41E407 0.000E-01 KIDNCY
TC-99M /+A24E402 0.000E-01 2.795E+01 S.76SE401 6.202E402 3.013E401 1.571E404 0.000E-01 GI-LLI
TC- 101 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0,000E-01 . EODY
KU-103 2.90BE+03 0.000E-01 8.494E+403 0.000E-01 1.B09E404 0.000E-01 1.0576405 G.000E-01 GI-LLI
FU-105 2.747E-G3 0,000E-01 8.156E-03 0.000E-01 S5.997£-02 0.000E-01 3.21SE400 0.000E-01 GI-LLI
RU-104 2.377E404 0.000E-01 1.903E+05 0.000E-01 2.2S1E405 ©.000E-01 1.44%E408 G.000E~01 CI-Lil
AG-110M  1.864E+08 .000E-01 3.840E+408 2.B17E408 4.03CE+06 0.000E-01 1.441L410 0,.0G0E-01 GI-LLI
5> CO-115M  4.237E404 0.000L-01 0.000E-01 1.328E+048 1.0S2E+406 0.000E-01 S.572C 107 0.000E-01 GI-LLI
SE-124 1.085E407 6.544E404 2,751E407 S.183E405 0.000E-01 2.134E407 7,782E408 0.000E-01 GI-ILI
TE-125M  2.039E407 S.0/4E107 1.S0BE08 S.043E+07 0.000E-01 0.000E -G1 7.19sE407 0.000E-01 BOHL
TE-1270  S.097E107 1.217E408 4.211E408 1.397E4C8 1.037E409 0.0006-C1 1.479E+08 0.000E-01 NILMCY
TE 127 1.305E103 S.249C403 6.499E403 2.150E403 1.573E404 0.000E-01 1.3%9E405 0.000E-01 GI-LLI
TE-129M  8.S87E4+07 2,134 408 S.543E+08 1,908E+08 1,391E409 0.000E-01 3.3-1E408 0.000E-C1 KILNEY
TE-129 7.568E-10 2.717C-09 3.2426-09 1.110€-09 8.071E-09 0.000E-01 2.S91E-07 0.000E-01 GI-iLl
TE-131M  1.121E408 2.753E408 3,375E406 1.3SPEH06 9.347E404 0.000€-01 2.247E+07 0.000E-01 GI-LLI
1E-131 1.1686-32 3,7056-32 4.153E-32 1,5346-32 1,0826-31 0.000E-01 1.578E-30 0.000E-01 GI-LL1
1E-132 P.711EH06 1.526E407 2,102E407 1.041E407 4.508E4+07 0.000E-01 3.850E+07 0.000E-01 RIDNEY
€5 1-130 3.193E406 8.915E408 3.614E106 7.952E406 8.735E405 0.000E-01 1.705E404 0.000C-01 THYROID
S8 1-131 1.410E409 1,054E412 2,720E409 3.207E409 3.745E409 0.000E-01 1.14%E408 0.000E-01 THYRCID
S? 1-132 7.4%5E-01 1.249E402 1.307E400 2.453E400 2,.940E400 0.000E-01 2.149E100 0.000E-01 THYKOIL
59 I-133 1.549E107 9.419E409 3.633E407 S.2B9E407 6.219£407 0.000E-01 B,951C408 0.000E-01 THYROID
? 1-134 1.2006-11 7.8446-10 1.447€-11 3.3/9E-11 3.772E-11 0.000E-01 3.4€8E-11 0.000L-01 TH(LOIE
&0 1-135 8,056 404 1.973E407 1.106E405 2.201E405 2.453E405 0.000E-01 7.944E404 0.000E-01 THYROID
41 €L5-134 &.BaP 407 V.UCOE-01 3,647E110 6.G01EH10 1.7516410 7.1786409 1.843E408 0.000E-01 LIVEK
S C5-138 21536409 0.000E-01 1.941E409 S.748E4+09 2.299E409 4.700E408 8,75S9E407 0.000L-01 LIVEK
43 €S-137 «2E0F 107 0.00C0E-01 S.148E110 6.029E410 1.617E410 8.545E409 1.CE3E108 0.000E-01 LIVER
&4 CS-128 7.549E-23 0,00VE-01 9.607E-23 1.S42€-22 7.789F-23 1.218E-23 2,497E-22 0,000E-01 GI-LLI
45 €S-139 0.000E 01 0.000L-01 6,00CE 01 0.000E-G! 0,000E-01 0.000E-01 0.0006-01 G.V00E-01 W. LODY
L4 EN-139 1.241E-08 0,000C 01 4,207E-07 2.8126-10 1,708€-10 1.723E-10 2.715E-05 0.000E-01 GI-LLI
47 BA-140 1.241E407 0.000E-01 2,408E408 2.40CE+0S 5.71PE404 1.4796405 S.914E407 0.000E-01 BONE
&8 ba-141 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.0G0EL-01 0.000E-01 0.000E-01 0.000E-01 W, HODY
&7 BA-142 0,000€E-01 0.,000E-01 0.000E-01 0,000E-01 0.000L-01 0.000E-01 0.000E-01 0.000E-O01 W. BODY
70 LA-140 4.122E400 9.000E-01 4.044E+01 1,602E401 0.000E-01 0.000E-01 1.882C+05 0.000E-01 GI-LLI



ATTACHMENT 7

Patl.way Dose Parameters

Ry (m? - mrem/yr per uCi/sec)
AGE ! INFANT
FATHUAY : COW MILK
NO ISOTOPE W. BODY THYROID BONE LIVER ANIDNEY LUNG GI-LLI SNIN CRITICAL
71 LA-142 7.357E-12 0.000E-01 B8.380E-11 3.078E-11 Q.00CE-01 0.000E£-01 S.224E-04 0.000E-01 GI-LLI
72 CE-141 3.112E403 0.000E~01 4.33SE404 2.541E404 8.153E403 0.000E-01 1.344E407 0.000E-01 GI-LLI
73 CE-143 3.008E401 0.000E-01 3.974E402 2.437£405 7.680E401 0.000E-01 1.S39E40&4 0.000E-01 GI-LLI]
74 CE-144 1.303E405 0.000E-01 2,325E404 9.S1BE405 3.844E405 0.000L-01 1.331C408 0.0006-01 GI-LLI
75 FR-143 7.360L 401 0.000E-01 1.4BSE+03 S.SS2E402 2.064E402 0.000E-01 7,825E405 0.000E-01 GI-LLI
76 FR-144 0.000C-01 0.0C0E-01 0.000E-01 0.000E-01 0.000E~-01 0,000E-01 0.000L-01 0.000E-01 W, FODY
77 NDh-117 5.543E401 0.000E-01 8.B0PE+02 9.043E402 3.4B8E402 0.00CE-C1 S.721E+05 0.000E-01 GI-LLI
78 W-18% 4.832C£404 0.000£-01 1.382E406 4.594E405 0.000E-01 0.000E-01 $.303L4+07 0.C00E-01 GI-LLI
79 w-187 1.459E404 0.000E-01 6.114E404 4.252C404 0.000E-01 0.000E-01 2.4%4E404 0.000C-01 GI-LLI
80 u-233 1.999E408 0.000E-01 3.299E40% 0.000E-01 7.£93E408 0.000E-C1 3.213:408 0.000€ 01 KOHL
81 uU-238 1.87204008 0.CCOE 01 3.1SSEH0? 0.000£-01 7.199E+08 0,0000-01 &.827E408 ©.000C-01 BOIIC
82 NP-219 1.833E400 0.0006-01 3,626E401 3.244E400 &£.44BE+00 0.000E-01 9.37.£404 0.000f -01 GI-LLI
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ACE @ AL

FATHUAY I GROUND PLANE

MO ISOTOPE
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ATTACHMENT 7

Pathway Dose Parameters
Ry (m?

1.3484E+98
1.797E+405
3.990E104
1.845E+0S
2.034E+404
1.093E+08
6.373E4+0S
4.239€+08
3.440E109
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S.539E106
1.722E407
1.233E406
2.AS3E+08
4.440E405
2.520E08
4.834E409
1.121E400
1.030C+10
J.SP7E405
3.115E+04
1.059E+405
2.051E107
4.179L104
4.4B5E404
1.924E407

LIVER

1.356E+08
1.797E+40S
3.990:4048
1.845E40S
2.034E+01
1.093E408
&.373E405
4,.239E408
J.4L0E409
0.0006-0!
S.994£408
1.55CE+0¢
9.150E404
2.9915402
1.967E407
2.837E104
8.0225106
2.924E404
4.220C408
S.539E404
1.722C+07
1.238E406
2.453E408
4.440E 405
2.5200408
6,83 +09
1.4V1E408
1.030£+20
3.597E10%
3.1150404
1.0S2€405
2.0S51€+407
A.179E1C4
4.4984E104
1.924E4+07

AIDNEY

1.3446E+08
1.797E+05
3.9905404
1.845E405
2.034E404
1.092E+08
&.373E405

« 239408
3.450€+409
0.000E-01
S.994E108
2.555€405
P.145E404
2.T92E403
1.257C407
2.39E 404
8.C23E+04
Q. 22LE 404
4.220E405
S.53YE408
L.722E407
1.238E406
2.453L1408
4.440c 1405
2.520E405
&.C37E 409
1.491E¢08
1.030E+410
S.L97E405
J.11S5E4+01
1.059C40S
2.051E407
4.179E404
4.4B5E+404
1.924E407

- mrem/yr per uCi/sec)

LUNG

1.354E408
1.797€405
3.990E404
1.8B435E+405
2.034E 404
1.093€408
&.373C+05

«239E408
3.450E 409
0.000E-01
S.994E408
1.5550+04
9.1505E401
2.99LE403
1.957E4107
D2L.L3VEHON
8.023E 408
D.P28E409
4.220E405
5.532E408
1.7226407
1.238+08
2.45361046
4.450E405
2.520E108
6.831E409
1.491E403
1.030E+410
3.597€405
3.115E104
1.059E405
2.051E407
4.179€E404
4.48BLE+04
1.924E407

GI-LLI

1.34.E408
1.797€40S5
3. 990E+06
1.845E+0S5
2.034:8 104
1.093£408
6.372E405
4.23vL108
J.A50L 109
0.000E -01
2.994L408
1,505 404
F.1L504C4
2.991E403
1.9670407
2.4637C 401
8.02.0108
2,925E104
4.220E+08
S.539C 106
1.722€407
1.238E408
2.453E408
4.450E105
2.52CE+08
£.83190409
1.491E400
1.030F 410
3,.597£105
3.115E404
1.0S9E40S
2.0%51E407
4.179E4+04
4.485E+04
1.924E4+07

SKIN

1.507E408
2.109E40S
4.620E+04
2.115E40S
2.260E404
1.275E+08
7.223E405
S.004E408
4.037E409
0.000E-01
4.716E408
2.133E406
1.,083C+05
3.290E403
2,300E407
3.122E404
?.4550406
3.452C107
4.95504+06
5.72LE406
2.091E407
1.457E108
2.983E406
S.29LE40S
2.940E 404
7.972E409
1.69CE408
1.202€6+410
4.111E405
3.541E104
1.191E405
2.343E407
4,7820404
S.110E404
2.1B1E+07

CRITICAL

SKIN
SKIN
SAIN
SKIN
SKNIN
SNIN
SKIN
Shin
Shin
W. LODY
o008 {1
ENIN
GSAIN
SHhIN
SKNIN
SNIN
ENIN
ShIN
SN
ENIN
ShIn
ENIN
SKNIN
ENIN
SnIN
ShIN
SHIN
ShIN
SKIN
SKRIN
SNIN
SKNIMN
SKNIMN
ShIN
SNIN




ATTACHMENT 7

Pathuway DOcse Parameters

Ry (-2 - mrem/yr per uCi/sec)
AGE ! ALL
FATHUAY : GROUND PLANE
NO ISOTOFE W. BODY  THYROID  BONE LIVER KIDNEY
71 LA-142 7.359E405 7.3S59E405 7.359E40° 7.359E405 7.3S9E405
72 CE-141 1.34SE407 1.34SE407 1.345E407 1.38S5E+407 1.3465E+07
73 CE-143 2.314E4ué 2.3149E408 2.214C+04 2.314E404 2.314E+404
71 CE-144 8.934E407 6.934E107 &.934E407 4.934E407 6.934E407
S FR-143 0.0006-01 0.C00E-01 0.000E-01 0.000E-01 0.000E-01
76 PR-144 1.B336403 1.0336403 1.833F 403 1.833F+403 1.833£403
77 ND-147 8.387E 104 B.399C 05 8. uYE+04 9.3899E+04 8,.3B9E104
78 W-18S 0.000E-01 0.000E-01 G O0OE-0' 0.000E-01 0.000E-01
79 W-187 2,358E4048 2.358E408 2.3SEE+0S 2.3S0E+04 2.3ISBE+04
80 U-23% 0.000C-01 0.79CCE-01 0.000E-01 0.000E-01 0.000E-01
81 u-233 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01
NF-239 1.703E404 1.703E408 1.703E404 1.703E408 1.7G3F4+06

LUNG

7.359E405
1.385E407
2.314E+0&
6.934E407
0.000E-01
1.833€+03
8.389C 105
0.000E-01
2.358C+08
0.000E-01
0.000E-01
1.702E404

GI-LLY SKIN
7.3S9E40S
1.3485E407
2.311E406
6.934E407
0.000E-01
1.833F 103
0.389€405
0.€00C-01
2.353E108
0.000:-01
0.000E-01
1.703E406

B8.830E40S
1.539E407
2.630E4+06
B8.017E+07
0.000E-01
2.108E403
1.007E407
0.000E-01
2.737E406
0.000E~-01
0.000E-01
1.972E405

CRITICAL

SNIN
SKNiIN
ENIN
SKNIN
W. EODY
SNIN
SNIN
W. BODY
SKIN
W. BODY
W, EQDY
SKIN



ATTACHMENT (8)
GASEOUS EFFLUENTS - EFFECTIVE DOSE FACTORS FOR NOBLE GASES

Total Body Effective Skin Effective Gamma Air Effective Beta Air Effective
Dose Factor Dose Factor Dose Factor Dose Factor
Year (mrcmjy:( per uCi/m?) (mrer(nL/;lr.Lx)S&/m3) (mrad/erpegr! uCi/m?) (mrad/er;efr‘ uCi/m?)
1981 3.6E+02 7.9E+02 4.2E+02 1.1E+03
1982 3.1E+02 7.4E+02 3.7E+02 1.1E+03
1983 3.1E+02 7.4E+02 3.7E+02 1.1E+03

Average 3.3E+02 7.6E+02 3.9E+02 1.1E+03



ATTACHMENT (9) Page | of 2

LOCATIONS OF THE ENVIRONMENTAL SAMPLING
SITES FOR THE CALVERT CLIFFS NUCLEAR

POWER PLANT
SITE SAMPLE SECTOR DISTANCE * DESCRIPTION

| DRI NW ';.r (l)“l: Onsite, along cliffs

Z DR2 WNW &7 1.7 Route 4, across from auto dump

3 DR3 w 2.3 1.4 Route 4, Giovanni's Tavern

4 DR& wsSw 2.1 1.3 Route &, across from White Sands

5 DR5 Sw 2.1 1.3 Route 4, at Johns Creek

6 DR6, A4 SSW 2.9 1.8 Route 4, at Lusby

7 DR7, Al, Ib4, S 0.8 0.5 Onsite, near guard house, of f

Ib5, Ibé Camp Conoy Road

8 DRS&, A2 SSE 2.4 1.5 Camp Conoy Road, at the
emergency siren

9 DR9Y, A3 SE 2.5 1.6 Bay Breeze Road

10 DRI10 Nw 7.8 4.8 Route 765, St. Leonard

11 DRII WNW 6.5 4.0 Dirt Road, off Mackall & Parran
Roads

12 DR12 w 6.7 4.2 Bowen & Mackall Roads

13 DRI13 wSw 6.1 3.3 Mackall Road, near Wallville

14 DR14 Sw 6.5 4.0 Rodney Point

15 DR15 SSW 6.4 3.9 Mill Bridge & Turner Roads

16 DR16 S 6.7 4.2 Appeal School

17 DRI17 SSE 6.1 3.8 Cove Point & Little Cove Point
Roads

18 DRI18 SE 7.2 4.5 Cove Point




SITE

19
20
21

22
23
24

25
26
27
28
29
30

SAMPLE
DRI19
DR20

DR21, A5, Ib7,
b8, b9

DR22
DR23

Wal, lal,
la2

Wa2
Wbl
Ibl, b2, Ib3
la4, la5
la3
la6

ATTACHMENT (9) Page 2 of 2

LOCATIONS OF THE ENVIRONMENTAL SAMPLING
SITES FOR THE CALVERT CLIFFS NUCLEAR
POWER PLANT

SECTOR DISTANCE * DESCRIPTION
KM MI
NwW 4.5 2.8 Long Beach

0.6 0.4 Onsite, near shore

19.3 12,0 At the Emergency Offsite
Facility, off Route 231

S 12,9 8.0 Solomons Island
ENE 12,7 7.9 Taylors Island
NNE&NE 0.2 0.1 Intake area

N 0.3 0.2 Discharge area
0.6 Shoreline at Camp Conoy
2.6 1.6 Garden plot off Bay Breeze Road
N/A N/A Patuxent River
E 0.9 0.6 Camp Conuy
NNW 10.7 6.6 Kenwood Beach

* from the Central Point between the two containment buildings.




ATTACHMENT (10)

MAP OF ENVIRONMENTAL SAMPLING SITES

(10 MILE RADIUS)

COMPP Environmental Sampling $ites




ATTACHVENT (11)
MAP OF ENVIRONMENTAL SAMPLING SITES

(2 MILE RADIUS)

~




ATTACHMENT (5)

PROCESS CONTROL PROGRAM

(PCP)

CALVERT CLIFFS NUCLEAR POWER PLANT

BALTIMORE GAS AND ELECTRIC COMPANY




PROCESS CONTROL PROGRAM

1.0 WET WASTE
1.1 Dewatering Solids In High Integrity Containers (HIC)

The exhausted ion exchange resin is transferred to a spent resin metering
tank. The resin is transferred from the spent resin metering tank to a high
integrity container and dewatered. After the dewatering process is complete,
as per Radiation Safety Procedures, the HIC is transferred into a CASK and
shipped to a burial site.

1.2 Solids such as bead resin, filter cartridges and powdered resin may be
dewatered and shipped in HIC's per approved vendor procedures and the HIC
certificate of compliance.

1.3 High integrity containers are approved by the individual burial sites as
meeting 10 CFR 61 waste form stability requirements.

1.4 Free water determination as defined in 10CFR61 part 61.56 shall be verified
by the successful completion and decumentation of the vendors approved

dewatering procedure.

2.0 SOLIDIC TION

Solidification of the wet waste shall be conducted by a mobile solidification

system. The process equipment procedures, solidification agent, QC and PCP

program shall meet all of the local, county, federal and state burial criteria.

2.1 The PROCESS CONTROL PROGRAM shall be used to verify the
SOLIDIFICATION of at least one representative test specimen from at least
every tenth batch of each type of wet radioactive waste (e.g, filter sludges,
spent re iins, evaporator bottoms, and boric acid solutions),

2.1.1 If any test specimen fails to verify SOLIDIFICATION, the
SOLIDIFICATION of the batch under test shall be suspended until




such a time as additional test specimens can be obtained, alternative
SOLIDIFICATION parameters can be determined in accordance with
the PROCESS CONTROL PROGRAM and a subsequent test verifies
SOLIDIFICATION. The SOLIDIFICATION of the batch may then be
resumed using alternate SOLIDIFICATION parameters determined by
the PROCESS CONTROL PROGRAM.,
If the initial test specimen from a batch of waste fails to verify
SOLIDIFICATION, the PROCESS CONTROL PROGRAM (PCP) shall
provide for the collection and testing of representative test
specimens from each consecutive batch of the same type of wet
waste until at least 3 consecutive initial test specimens demonstrate
SOLIDIFICATION, The PCP shall be modified as required, as
provided in Specification 6.13, to assure SOLIDIFICATION of
subsequent batches of waste.
- NOTE -
At present, radioactive waste is not solidified

at Calvert Cliffs.

3.0 10 CFR 6! REQUIREMENTS

3.1 The waste classification and manifest reporting program was developed by the
Calvert Cliffs Nuclear Power Plant to comply with the requirements of
10 CFR 20,311, 10 CFR 61 61.55 and 61.56. The 10 CFR 61 classification
requirements will be met using scaling factor methodology as per provisions
stated in 10 CFR 61,55

3,2 The scaling factors will be updated by an ongoing analysis program of actual

waste streams. The program will initiate with annual samples of available




waste streams and may be modified to longer intervals if the data base

warrants.

4.0 VENDOR SERVICES FOR WASTE PROCESSING

Contractor supplied services and/or systems may be used at Calvert Cliffs for
the processing of radioactive waste. For the operation of such process
systems, it may be desirable to use process control measures and procedures
developed by the contractor specifically for the system. Therefore,
previously addressed process control measures for 2 particular waste stream
may be superseded by contractor supplied measures as appropriate. The
following discussion addresses the administrative controls that are imposed to
assure that contractor supplied services and/or systems for processing
radioactive waste for disposal at a burial site are compatible with plant

operations, procedures and regulatory requirements.

Prior to the use of any contractor for the processing of waste at Calvert
Cliffs, management review of the contractor's process controls and operating
procedur.s is performed for the purpose of assuring a safe operation in
accordance with plant procedures and applicable regulatory requirements.
For the processing of waste that is intended to be shipped for disposal to a
licensed radioactive waste burial site, additional precautions are taken to
assure a final waste product that meets the appropriate waste characteristic
requirements for solidification or dewatering. In particular, the following
items are to be documented by the contractor (or Calvert Cliffs manuals or
procedures) prior to utilization for solid waste processing at Calvert Cliffs.
“  ageneral description of the solidification process, including type of

solidification agent, major process equipments and interface with plant



equipment, type of wastes that can be processed, and operating
parameters;

a Process Control Program (PCP) that provides for the verification of the
generation of a suitable waste product, including items such as
representative sampling, laboratory tests to establish waste-to-process
medium ratios, and criteria for evaluating acceptability of lab test;
specifically approved procedures for the operation of the process
equipment that will assure operation within the bounds as determined by
the Process Control Program (PCP); and,

appropriate QC check point and acceptance criteria for evaluating the

acceptability of the final waste product,



