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CHAPTER 5
RADIOLOGICAL IMPACT
A, Infroduction

Limited amounts of radioactivity are ultimately released to the environment in
liquid and airborne effluents during the routine operation of nuclear power
plants. Three nuclear power plants whose releases can produce an
environmental impact in Maryland are the Three Mile Island Nuclear Station
(TMINS), the Peach Bottom Atomic Power Station (PBAPS), and the Calvert Cliffs
Nuclear Power Plant (CCNPP). The Peach Bottom and Three Mile Island plants
are located on the Susquehanna River in Pennsylvania; Calvert Cliffs is located on
the Chesapeake Bay in Maryland.

Nuclear power plants operating in the United States are licensed and regulated by
the U.S. Nuclear Regulatory Commission (USNRC). Conditions imposed in each
plant's operating license permit the routine discharge of low levels of radicactivity
to the environment. Aqueous and atmospheric releases are restricted by
regulations contained in 10 CFR 50 Appendix I, which are designed to keep
radiation doses "as low as reasonably achievable." Annual total body doses to a
hypothetical maximally exposed individual cannot exceed 3 millirems (mrem) per
reactor for the aqueous pathway and 5 mrem per reactor for the atmospheric
pathway (Table 5-1).

Exposure pathways for radioactivity introduced into the environment that may
affect humans are illustrated in Figure 5-1. Aqueous pathway doses are received
through ingestion of radioactivity contained in water and seafood, and exposure to
contaminated water and sediments. Atmospheric pathway doses may result
from inhalation of and direct exposure to radioactive gaseous and airborne
particulate matter in a passing plume. Atmospheric pathway doses may also be
received through the ingestion of radionuclides deposited on or taken up by
terrestrial vegetation and animals.

This chapter presents an assessment of the impact on Maryland's health and
environment of radioactivity released from the Peach Bottom and Calvert Cliffs
plants. This assessment is based on results of environmental monitoring and
research conducted by PPER, the individual utilities, and the Maryland
Department of the Environment (MDE). It includes the quantities of radioactive
effluents released by each plant, radionuclide concentrations detected and their
distribution in the environment, and calculated radiation dose commitments to
humans. It compares these quantities with natural background doses, plant
operating license restrictions, and environmental radionuclide concentrations
detected in previous years.

Radioactivity released during routine operations of the Three Mile Island plant
was not detected in Maryland in 1987-1988, or previously (GPUN 1989; PPRP 1988).
No impact to Maryland's public health or environment from the Three Mile
Island plant is indicated.
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Table 51

NRC Guidelines: limiting conditions of operation of light-water cooled nuclear

power reactors to keep radioactivity in effluents to
unrestricted areas as low as is reasonably achievable

Point of Dose

Type of Dose Design objectives? evaluation
Ligui ffluen
Dose to whole body 3 mrem/yr per unit Location of highest

offsite dosel

Dose to any organ 10 mrem/yr per unit Location of highest

offsite doseP

Effluents®

Gamma dose in air 10 mrad/yr per unit Location of highest
offsite dosed

Beta dose in air 20 mrad/yr per unit Location of highest
offsite dosed

Dose to total body 5 mrem/yr per unit Location of highest
offsite doseP

Dose to skin 15 mrem/yr per unit Location of highest
offsite doseb

Atmospheric

adioiodines and
Particulates®
Dose to any organ 15 mrem/yr per unit Location of highest

offsite dosef

{a)
(b)

(e}
(d)
{e)
(f

Source: 10 CFR 50, Appendix 1

Evaluated for a maximally exposed individual.

Evaluated at a location that is anticipated to be occupied during the plant lifetime, or with
respect to such potential land and water usage and food pathways as could actually exist
during the term of plant operation.

Calculated for noble gases only.

Evaluated at a location that could be occupied during the term of plant operation.

Doses due to Carbon-14 and tritium intake from terrestrial food chains are included.
Evaluated at a location where an exposure pathway and dose receptor actually exist at the
time of licensing. However, if the applicant determines design objectives with respect to
radioiodine on the basis of existing conditions and if potential changes in land and water
usage and food pathways could result in exposures in excess of the values given above, the
applicant must provide reasonable assurance that a monitoring program will be performed
to determine: (1) the quantities of radioiodine actually released to the atmosphere and
deposited relative to those estimated in the determination of design objectives; (2) whether
changes in land and water usage and food pathways which would result in individual
exposures greater than originally estimated have occurred; and (3) the content of
radioiodine in foods involved in the changes, if they occur.
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Figure 5-1. Exposure pathways for radioactivity introduced into the environment which
may contribute to a human radiation dose
Source: GPUN 1989; Eisenbud 1987
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B. Calvert Cliffs Nuclear Power Plant

The Calvert Cliffs plant, owned and operated by Baltimore Gas & Electric
Company (BG&E), is located on the western shoreline of the Chesapeake Bay in
Calvert County, Maryland. Each of its two units is a pressurized water reactor
with a maximum dependable capacity of 860 MW per reactor. Unit 1 was placed
into commercial service on 8 May 1975 and has produced 75,608,827 MWH gross of
electrical energy from 1975-1988. Unit 2 was placed into commercial service on
1 April 1977 and has produced 70,772,632 MWH gross of electrical energy from
1977-1988. By the end of 1988, Units 1 and 2 had achieved cumulative unit capacity
factors of 73.1 percent and 79.5 percent, respectively (BG&E 1989a).

1989 Shutdown

On 5 May 1989, BG&E discovered several leaks in CCNPP's Unit 2 pressurizer.
Unit 2 was shut down for refueling. BG&E then shut down Unit 1 to see if any
such cracks were present in its pressurizer. Although none were found, Unit 1
remained shut down while BG&E investigated the cracking in Unit 2. USNRC
conducted a Special Teams Inspection and reviewed BG&E's implemented and
planned corrective actions to determine if performance had been raised to a level
that would allow them to start up and operate the plant safely. Following
numerous subsequent inspections and reviews, USNRC concluded in April 1990
that Unit 1 was ready for restart. Unit 1 was returned to service in September
1990; Unit 2 is expected to resume operation in 1991.

he Environment

Calvert Cliffs releases gaseous and liquid radioactive effluents into the
atmosphere and the Chesapeake Bay. Quantities of radioactivity contained in
these effluents are dependent upon plant operating conditions and power levels,
nuclear fuel conditions, and the efficiency of liguid and gas processing systems.
To date, atmospheric and liquid releases of radioactivity to the environment by
Calvert Cliffs have been well within regulatory limits.

* Atmospheric

Radionuclides released to the atmosphere by the plant in 1987 and 1988 as reported
by BG&E are presented in Table 5-2. Noble gas radionuclides of xenon (Xe-131m,
Xe-133, Xe-135) and krypton (Kr-85, Kr-85m) accounted for virtually all of the
radioactivity released to the atmosphere. These radionuclides are chemically
inert and are of little environmental concern. They are readily dispersed in the
atmosphere upon release and have short half-lives, permitting their rapid decay
to stable forms.

Iodine-131 (I-131) and cesium-137 (Cs-137) were the other notable radionuclides
contained in the plant's atmospheric releases. To date, atmospheric dispersion of
the low quantities of I-131 released and I-131's short half-life have effectively
minimized the potential for environmental impact. Similarly, atmospheric
dispersion of the low quantities of Cs-137 released has resulted in an indiscernible
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Table 52
Total quantities (Curies) of radionuclides released
to the atmosphere by CCNPP: 1987-1988
Radionuclide 1987 1988
Tritium: 055580 12.186
Noble Gases:
Kr-85 10.72000 67.52000
Kr-85m 6.22600 44.63300
Kr-87 0.53820 9.08100
Kr-88 0.00715 4.45990
Xe-131m 34.76000 32.00800
Xe-133 1,810.80000 5,844.60000
Xe-133m 18.30800 47.61000
Xe-135 87.53000 373.03000
Xe-135m 0.00026 0.00326
Ar-41 ) 0.02788 0.06032
Total: 1,968.91749 6,423.00558
lodines:
I.131 0.09170 0.12454
1-133 0.07150 011710
I-135 0.00000 0.00009
Total: 0.16380 024173
Particulates:
Ca-57 0.00000 <0.00001
Co-58 0.00004 0.00002
Co-60 <0.00001 <0.00001
Sr-89 0.00004 0.00000
Sr-90 <0.00001 0.60000
Cd-109 0.00002 0.00000
Te-132 0.00000 <0.00001
Cs-134 <0.00001 0.00002
Cs-137 0.00004 0.01168
Ce-141 <0.00001 0.00000
Ce-144 0.00000 0.00001
Total: 0.00018 0.01176
Total curies: 1,969.64 643546
Source: BG&E 1988b, 1989¢
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increment, if any, when compared to environmental Cs-137 concentrations
attributable to weapons test fallout.

e Liquid

Radionuclides released to the Chesapeake Bay by Calvert Cliffs in 1987 and 1988 as
reported by BG&E are presented in Table 5-3. Cobalt-58 (Co-58), cobalt-60 (Co-60),
zinc-65 (Zn-65), and silver-110m (Ag-110m) were the principal environmentally
significant radionuclides in aqueous releases. These radionuclides are readily
accumulated by Bay biota, such as oysters and crabs, and become associated with
particulate material and Bay sediments (McLean et al. 1982; Domotor and
McLean 1987, 1988, 1990a). Through food chain transport, these radionuclides
may ultimately contribute to a radiation dose to humans. The aqueous pathway is
therefore considered- as having the greatest potential for producing an
environmental impact.

With the exception of Co0-58, quantities of environmentally significant
radionuclides released by the plant and subsequently detected in biota and
sediments were very small, as in previous years (Table 5-4). Release quantities of
Co-58 for 1987 were significantly greater than for 1988 or the 1985-1986 reporting
period, resulting in the more frequent detection of Co-58 in Chesapeake Bay media
collected during 1987. '

In addition to releases via the primary cooling water outfall (001), low levels of
radioactivity may be discharged from the Calvert Cliffs plant via a stormwater
outfall (002) that terminates on a beach to the northeast of the plant site. Low
levels of radionuclides are routinely detected in silt samples collected from the 002
outfall pool.

Environmen Mognitoring Pr

BG&E, MDE, and PPER conduct environmental surveillance programs in the
vicinity of Calvert Cliffs to assess radiological impact attributable to plant
operation. BG&E's program focuses primarily on atmospheric and terrestrial
impacts, but also includes aquatic monitoring; it is structured to conform to
USNRC operating license requirements. MDE performs assurance monitoring to
provide an independent confirmation of BG&E's program. PPER's monitoring
program focuses on radiclogical impact within the Chesapeake Bay ecosystem. It
is designed to provide information concerning environmental and health-related
impacts of radioactivity released via the aqueous pathway. Detailed descriptions
of individual environmental surveillance programs may be found elsewhere
(BG&E 1989b; Domotor and McLean 1990a).

Atmospheric and T i
* Atmospheric

No radioactivity attributable to Calvert Cliffs was detected in air particulate, air
iodine, or precipitation samples collected weekly from plant site and distant
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i Table 53
? I Total quantities (Curies) of radionuclides released to the
: Chesapeake Bay by CCNPP via the aqueous pathway: 1987-1988
Radionuclide 1987 1988
Tritium: 737.60 34790
l igsolv 1
Xe-131m 0.00098 0.00000
I Xe-133 1.28520 0.00000
i Xe-133m 0.01143 0.00000
Xe-135 0.02558 0.00000
g | Xe-135m 0.03656 0.00000
i Kr-85m 0.00011 0.00000
| Total; 135986 0.00000
| I Jodines:
1-131 0.49920 0.27930
1-132 0.00299 0.00171
l 1-133 0.13489 0.02538
1-134 0.00006 0.00000
I-135 0.02767 0.00067
l Total: 0.66481 0.30706
' Particulates:
Na-24 0.00966 0.00123
l Cr-51 0.12382 0.08539
Mn-54 0.01777 0.00882
Fe-59 0.00221 0.00022
l Co-57 0.00019 0.00026
Co-58 1.65730 0.47848
Co-60 0.16512 0.03313
I Sr-89 0.00366 0.00344
Sr-90 0.00157 ) 0.00045
Sr-91 0.00019 0.00000
Zr-95 0.04863 0.01656
l Nb-95 0.09845 0.03169
Nb-97 0.00115 0.00710
Mo-99 0.00206 0.00096
I Te-99m 0.00420 0.00363
Tc-99m 0.00000 0.00004
Ru-103 0.00618 0.00301
l Ru-106 0.00038 0.00000
Ag-108m 0.00000 0.00002
' Cd-109 0.00079 0.01140
57
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Table 53 (Continued)
Total quantities (Curies) of radionuclides released to the
Chesapeake Bay by CCNPP via the aqueous pathway: 1987-1988
Radionuclide 1987 1988
rti ntin
Ag-110m 0.06880 0.06874
Sn-113 0.00770 0.00217
Sb-122 0.00035 0.00000
Sb-124 0.01343 0.02047
Sb-125 0.31000 0.16960
Te-129 0.00000 0.00004
Te-132 0.00088 0.00067
Cs-134 0.80020 0.44777
Cs-136 0.00388 0.00462
Cs-137 0.91250 0.93080
Ba-140 0.00010 0.00002
La-140 0.00015 0.00033
La-142 0.00029 0.00166
Ce-141 0.00008 0.00057
Ce-144 0.00000 0.00221
W-187 0.00015 0.00057
Hg-203 0.00000 0.00005
Totak 426184 2.33612
Total curies: 743.89 350.54
Source: BG&E 1988b, 1989¢
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Table 54
Annual aqueous release quantities (Curies) from CCNPP
of radionuclides that have been detected in environmental
media collected from the Chesapeake Bay: 1979-1988

Release Radionuclide
Year

Tritium Cobalt-58 Cobalt-60 Zinc-65 ° Silver-110m

1979 514 3.81 0.33 <DL* 0.10
1980 491 2.00 0.44 0.02 0.03
1981 1001 1.30 0.21 <DL 0.02
1982 435 1.50 0.19 <DL 0.22
1983 756 0.61 0.08 < DL 0.08

1985 483 0.91 0.10 < DL 0.17
1986 735 0.47 0.12 0.0001 0.06
1987 738 1.66 0.16 <DL 0.07
1988 138 0.48 0.03 <DL 0.07

Source: PPRP 1988; BG&E 1988b, 1989c. -
* Below detection limit.

i
|
|
i
|
i
|
i
|
| 1984 787 0.57 0.10 <DL 0.10
i
|
1
i
|
i
i
i
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