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ABSTRACT

The residual radionuclide concentrations, distributions and invento-
ries at seven nuclear power plants (four shutdown and three operating)
have been investigated to provide a data base for use in formulating poli-
cies, strategies and guidelines for the eventual decommissioning of retired
nuclear power plants. This study has addressed radionuclides (both activa-
tion and fission products) transported from the reactor pressure vessel
and deposited in all other contaminated systems of each nuclear plant. A
companion study (NUREG/CR-3474) has addressed the neutron activated pres-
sure vessel and its internals, plus the neutron activated concrete bio-
shield.

Enphasis has been placed on measuring the long-lived radionuclides
which we of special concern from a low-level waste management standpoint,

60 o, 59 Nb, 99 c, 129 , 137Cs, and alpha-Ni, 63 i, 90 r, 94including N SC T 1

emitting transuranic radionuclides with half-lives greater than five
ye ars . The measurement of these radionuclides is specifically required
in 10CFR61, " Licensing Requirements for Land Disposal of Radioactive
Wastes," to establish waste classification and subsequent disposal op-
tions.

The results of this study indicate that the most abundant long-lived
radionuclides associated with contaminated piping, har&are and concrete
for a period of up to about 10 to 20 years af ter shuttwn generally in-

60 o, 55 e, 63 i, and 13/Cs. Large variations in the relativecluded C F N

concentrations of these radionuclides existed from plant to plant. Their
relative abundances were controlled by several factors, e.g. the major
and trace element composition of primary loop construction materials, the

primary coolant chemistry, the fuel integrity $ n were frequently abundant
and the corrosion product

deposition processes. Cobalt-58, 54Mn, and b Z
short-lived radionuclides at the time of shutdown. Occasionally,106 u,R

141-144Ce and 110 mag were also presenL Contamination residues normally
contained very low concentrations of WSr, 94Nb, and isotopes of Pu, Am,

99 c, being very soluble long-lived radionu-and Cm. Iodine-129 and T
clides, were generally not associated with residual radionuclide con-
tamination to any significant degree. Cobalt-60 and 137 s will be theC

main contributors to the external whole body dose for several decades
following shutdown. Residual radionuclide concentrations in the various
plant systems decreased in the following order: 1) primary coolant loop,
2) rad-waste handling system, and 3) secondary coolant loop in PWR's and
condensate systems in BWR's.

Radionuclide contamination of concrete in nuclear power plants is of
two types: 1) surface contamination resulting from spills of radioactive
materials and 2) neutron-activated concrete in the bioshield and floor
directly underneath the pressure vessel. Surface contamination of con-

crete is extremely patchy and generally limited to arpag of the gCo are
ant

where radioactive liquids have spilled. Cesium-137,134Cs, and
the most abundant radionuclides in surf ace contaminated concrete.
Cesium-137 and 134Cs are preferentially sorbed onto bare concrete

111



. _ _ _ _ _ _ _

relative to other radionuclides due to the ability of cesium to ion
exchange with mineral phases in the concrete. This behavior was mainly
noted for bare concrete surfaces or surfaces which had lost their paint
coatings . Cesium-137 concentrations up to 3 Ci/gm have been observed in
some of the most contaminated concrete. The decrease in radionuclide
concentrations with depth in the concmte was dramatic and generally
amounted to about 3 orders of magnitude over a depth of only 1 cm.
Radionuclide concentrations in the neutron activated concrete directly
below the pressure vessel extend several tens of centimeters deep, but at

60 o, 2600 pCi/gm of 152Eu,low concentrations, e.g. about 1100 pCi/gm of C

an 12,000 pCi/gn of SbFe 'at a depth of 8 cm in the concrete below thed

Tuo<ty Point Unit 4 pressure vessel.

A significant observation is that essentially all of the contaminated
piping and hardware (excluding the pressure vessel and its internals) and
concrete within nuclear power plants can be disposed of as Class A waste,
the least restrictive waste category specified in 10 CFR 61, " Licensing
Requirements for Land Disposal of Radioactive Wastes." In the one case
where 137 s concentrations in the most contaminated concrete slightlyC

exceeded the Class A waste limit, this concrete could still be disposed
of as Class A waste by diluting it with less contaminated concrete. In
PWR's, where the steam generators accounted for about 80 to 95% of the
total residual radionuclides deposited outside of the pressure vessel, it

was shown that entire steam generators could be digNi concentrations
osed of as Class A

waste with only one exception. In this case, the
(pCi/gn) in the Rancho Seco steam generator were slightly above the Class

A waste limgNi concentrations below Class A limits for these steam gen-A relatively simple decontamination operation would easily
.

reduce the
e rators.

Radionuclide contamination of soils around the nuclear power plants
was limited to small patches of very low concentrations of radionuclides.
These areas were all within the inner security fences of the sites and
were usually known locations where spills of radioactive material (mostly
liquid samples) had occurred. Such areas included locations near conden-
sate or borated water storage tanks, effluent sampling points, or equip-
ment maintenance and/or cleaning areas. Generally, the radionuclide con-
centrations were below levels which would require remedial action. How-
ever, several small patches of soils and holding pond sediments contained
radionuclide concentrations up to several tens to thousands of pCi/g of
60Co plus 137 s. These soils would need to be disposed of as low levelC

waste, but the volumes in most cases would be very small, e.g. tens of
cubic meters.

The total residual radionuclide inventories (excluding the pressure
vessel) at the seven nuclear plants examined in this study appear to be
proportional to the product of the unit power level (megawattage) and the
length of operations in years. Thus, extrapolations of the radionuclide
inventories at other nuclear plants may perhaps be made. For the most
part, the radionuclide canpositions and inventories measured in this pro-
gram were in reasonably good agreement with the limited data base used in

iv
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the earlier conceptual assessment studies of the technology, safety, and
~

costs of decommissioning a reference PWR (NUREG/CR-0130) and a reference
BnR (NLREG/CR-0672). Thus, the conclusions reached in these conceptual
studies from a radiological standpoint will . essentially remain unchanged.
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1.0. INTRODUCTION

The U. S. Nuclear Regulatory Commission (NRC) has been charged with
the responsibility of developing a general decomissioning policy for
commercial nuclear facilities in the United States, including nuclear
power plants. Since the nuclear industry has matured to the point where
some of the early nuclear power plants have reached or will be nearing
retirement status, it is imperative that the NRC develop detailed informa-
tion to provide guidance for the decommissioning of these plants.

Several studies have conceptually assessed the technology, safety,
and costs associated with various alternatives for decommissioning nuclear
power plants.(1-5) The radiological assessments of the two reference
reactors are contained in Appendix D-1. Actual decomissionings of sev-
eral small reactors have also previously taken place. The radiological
analyses available from these are reviewed and sumarized in Appendix D-
2. One of the key elements of such assessments is a characterization of
the radionuclide inventory remaining within a nuclear power plant. This
information is essential for: 1) understanding the radiological problems
which will be encountered during decomissioning, 2) developing the most
desirable decommissioning and waste handling methodologies for various
decommissioning alternatives, and 3) gaining a better understanding of
the long-tenn disposal problems potentially posed by the generated radio-
active wastes. However, enpirical data relating to the conpositions,
distributions, and quantities of residual radionuclides associated with
piping, hardware, equipment, and concrete surfaces within nuclear powr
plants have been extremely meager, and theoretically calculated or esti-
mated quantities have be en used in most cases for previous decommissioning
arsessments.

To provide a more statistically valid data base for the residual
radionuclide inventori<:s in nuclear power stations, Pacific Northwest
Laboratory was contracted to conduct an extensive sampling and measure-
ments program at a nunber of nuclear power plants. This final report
sumarizes the results of the radionuclide characterization studies con-
ducted at seven nuclear power stations from a decomissioning assessment
viewpoint. Individual, detailed reports o
station have previously been published.(6 f the investigation at each12)

.
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2.0. PROGRAM OBJECTIVES

This program was designed to provide EC with a data base and decom- :

missioning assessment of the residual radionuclide compositions, distribu-
tions, and quantities at comercial nuclear generating stations. Pacific
Northwest Laboratory (PNL) has conducted a comprehensive sampling and
analysis orogram at seven nuclear power stations. There have been four
major objectives for the field sampling and analytical program.

The first major objective has been to provide an actual data base
containing information regarding the range in compositions, quantities, t

and locations of radionuclide residues likely to be encountered in retired
nuclear power stations. This has been accomplished using both older shut-
down reactors closest to actual decommissioning, as well as newer genera-
tion, larger capacity reactor facilities. This research program has not
dealt with the highly neutron activated cmponents associated with the
reactor pressure vessel and its internals, but rather has focused upon
the residual radionuclides transported fra the reactor vessel and depos-*

ited throughout the associated operating systems of the generating station.
The program has also made measurements of residual radionuclides in con-
taminated concrete within the plants, and in soils and sediments in the
immediate environs of the generating stations. A companion program con-
ducted at PNL has assessed the problems posed to reactor decomissioning
by the long-lived neutron activation products formed in reactor pressure
vessel construction materials, espeg< ally the highly radioactive components
inside the reactor pressure vessel.t 3)"

An important part of the first objective has been an evaluation of
all significant radionuclides for decomissioning purposes. Emphasis has*

been placed not only on measuring the most abundant radionuclides shortly
biCo, 58 o, 60 o, bbZn, 90 r, iaf ter shutdown jg g., 51 r, 5%n, 55Fe C C SC

106 u,110 mag, M s,137 s,141 e,144Ce) but also determining the gbun- t

R C C C<

d nces of ragnuclides with extremely long half-lives, e.g., D9Ni, 03Ni,I, 238 u , 23 9-24UPu , 241 m, and 244 m, many of which are9 Nb, 99 c, P A CT
important for 10 CFR 61 waste classification purposes.(14) These radio-
nuclides are of interest since they pose special environmental concerns
from a long-term disposal standpoint. Several of these radionuclides
have been noted from a theoretical basis to be potentially present in the
neutron activated reactor materials, but their translocation frm the e

reactor vessel and deposition throughout the other plant systems has not
been examined previous to this study.'

f

A second major objective has been to identify the origin of the resi-
dual radionuclide contamination and to correlate the observed radionuclide
inventories with the reactor system construction materials, reactor operat- !
ing history, and operational procedures. This is important since there
has been an evolution in most areas of reactor construction and operating
technology. For example, there have been very substantial changes in )
reactor construction materials from earlier generating stations to more
recent ones. Thus, the residual radionuclide composition and inventory'

would be expected to reflect these differences.

2
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The thini goal of-the research program has been ta develop some de- '

gree of predictive capability so that generic assessments of residual
radionuclide contamination in nuclear power stations can be performed in
a more accurate manner than previous estimates. This has been accomplished
through the field studies at seven diffemnt nuclear generating stations.

The final objective has been to provide an extensive data base which
is applicable for use during fonnulation of policies and strategies for
the decommissioning of mtired nuclear power stations. At the present
time several decomissioning alternatives am being considemd. When the
residual radionuclide inventory and compositions are better defined more
informed decisions can be made concerning the optimal decomissioning
alternatives and methodologies, as well as means for disposal of the
generated wastes.

3
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3.0 FIELD EASlREENTS PLAN

In order to achieve the above objectives, a field and analytical
program was conducted at seven nuclear generating stations. The nuclear
units sampled, the types of samples obtained, and the sampling procedures
employed are briefly described in this section. The onsite sampling and
measurements program, the laboratory preparation procedures, the radio-
chemical separation methods, ami the radionuclide identification and quan-
tification techniques are presented in detail in Appendix A.

3.1. CRITERIA FOR SELECTING NUCLEAR POER STATIONS FOR EXAMINATION

Several factors influenced the selection of nuclear generating units
for the field portion of this program. First, it was important that sev-
eral nuclear reactors presently in shutdown or standby status be examined.
These plants will probably be among the first to be decommissioned, so
more extensive field sampling might be conducted which would be directly
applicable to that process. Secondly, these older units have a longer
operational history, thus allowing for increased production of long-lived
radionuclides. In addition, the longer operational periods would allow
greater opportunity for translocation and deposition of the radionuclides
throughout the various plant systems. Substantial translocation might

not be observed if sampling operations wre conducted at the newer nuclear
units. Four nuclear power stations were selected for examination which
fell into the category of shutdown stations. These included the Pathfinder
Generating Plcnt, the Hurnboldt Bay Nuclear Unit, Indian Point Station
Unit One, and Dresden Nuclear Station Unit One.

,

Ar.other factor influencing site selection was the desire to include
nuclear power stations of differing types and designs, including both i

boiling water reactors (BWR's) and pressurized water reactors (PW's).
This factor was especially important for the operating units. Thus , t he
operating units chosen included the Monticello Nuclear Generating Plant
(General Electric BWR), the Turkey Point Station Units 3 and 4 (Westing-
house PWR's), and the Rancho Seco Nuclear Generating Station (Babcock and
Wilcox PWR). Each of the operating nuclear units was sampled during an
extended outage. Sampling during these maintenance outages was advanta-
geous since a wider variety of contaminated materials was available for'

sample acquisition purposes.

A final f actor influencing our site selection was the cooperation
and interest of the operating utility toward participation in the progre.
Participation by the operating utility entailed not only making available
the nuclear facility for sampling but also a comitment of manpower before,
during, and af ter our onsite activities. This involved pre-sampling dis-
cussions regarding the types and availability of samples for our program,
assistance from operations and technical staff during sample procurement,
escort and health physics coverage during our sampling activities, provid-
ing records and files regarding plant design and operational history, and
review and comment on the topical report describing our activities at the
site and the results of our radiological examination for the particular
station.

4
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In most instances af ter the goals and purposes of our research pro-
gram were outlined and the potential benefits described, the utility per-
sonnel were receptive and every assistance was rendered during our onsite
activities. Without the valuable assistance of the utility participants
during our onsite sampling activities, and in reviewing our individual
site reports, this program would not have been possible.

3.2. DESCRIPTION OF SELECTED NUCLEAR POWER PLANTS

Table 3.1 contains a listing of the nuclear units examined during
this program, along with other pertinent information, including the oper-
ating utility, the unit generating capacity, reactor type and designer,
startup and shutdown dates (as applicable), and the dates during which
our onsite activities were conducted. A brief description of each nuclear
power station is included below.

3.2.1. Pathfinder

The Pathfinder Generating Plant was a 66 MWe (203 MWt) boiling water
type power station located 9 km northeast of Sioux Falls, South Dakota.
Northern States Power Company is the owner and operator. Construction of
the nuclear plant was completed in early 1964 and initial criticality was
achieved on March 4,1%4. The plant was operated intermittently through
a testing period of 42 months; and in September,1%7, was shut down due
to failure of the steam separators within the reactor vessel. It was
then decided to terminate the nuclear operations and convert the plant to
a gas / oil fired unit. A partial decommissioning of the nuclear plant was
conducted, including the removal of all fuel from the site and placing
the nuclear plant into a mothballed state. The retrofitted fossil-fueled
plant is still in use during periods of peak power demand.

3.2.2. Humboldt Bay

The Humboldt Bay Nuclear Unit is a General Electric designed, single
cycle, internal natural circulation boiling water reactor rated at 50 MWe
(165 MWt). The plant is near Eureka, California, and is operated by Pacific
Gas and Electric Company. Construction was completed in late 1962, and
initial criticality was achieved on February 16 1%3. The plant operated
commercially from August 1,1%3 until July 2,1976. It is currently in
cold shutdown status by directive from NRC. The Humboldt Bay Nuclear
Unit is currently being prepared for 30-year safe storage followed by
dismantlement.

3.2.3. Indian Point Unit One

The Indian Point Station Unit One is located near Buchanan, New York,
approximately 40 km north of New York City. Consolidated Edison Company
of New York, Inc. operated Unit One, a pressurized water reactor rated at
285 MWe (615 MWt) from 1962 until 197~. The reactor was designed by Babcock
and Wilcox and originally utilized enriched uranium and thorium oxide as
fuel. After three years this core was replaced by a General Electric

5
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TABLE 3.1. Nuclear Power Stations Examined

Reactor Type Startup and
Station and Location Utility M and Designer Shutdown Dates Date Sampled

Pathfinder, Northern States 58 BWR 1964 1%7 May and June,.
Sioux Falls South Dakota Power Allis Chalmers 1980

Humboldt Bay, Pacific Gas 63 BWR 1963 1976 April,
* Eureka, California and Electric General Electric 1981'

Indian Point-1 Consolidated 265 PWR 1962 1974 May,
8uchanan, New York Edison Babcock & Wilcox 1982

Dresden-1, Cosenonwealth 210 BWR 1960 1978 August,
Morris, Illinois Edison General Electric 1982

Monticello, Northern States 550 BWR 1972 Operating April, May,
Monticello, Minnesota Power General Electric Nov., 1981

'

Turkey Point. Florida Power 690 PWR 1972 Operating October.
Homestead Florida and Light Westinghouse 1981

Rancho Seco, Sacramento Public 930 PWR 1974 Operating March, June,
Herald, California Utility District Babcock & Wilcox- 1983

_. ., .. - . . _ _ _ _ _ _ - _ _ _ _ _ - _ .



Company designed core which utilized slightly enriched uranium fuel.
Another unique feature of the plant was the use of fossil-fired super-
heate rs . The unit is currently idle in a controlled defueled state with
its operating license revoked. Portions of its liquid rad-waste cleanup
system are presently being shared with Unit 2.

3.2.4. Dresden Unit One

Dresden Nuclear Station Unit One is a dual cycle boiling water reac-
tor located near Morris, Illinois, approximately 100 km southwest of Chicago.
The nuclear unit was designed by General Electric and is rated at 210 We
(700MWt). The unit operated comercially from July,1959, through October,
1978, at which time it was placed into cold shutdown. Commonwealth Edison,
the owner and operator, is currently proceeding with 30-year safe storage.

3 . 2 . 5. Monticello

The Monticello Nuclear Generating Plant is located at Monticello,
Minnesota, some 60 km northwest of Minneapolis. The station contains a
single unit 545 We (1670 Wt), boiling uter reactor designed by General
Electric. The plant has been in ccrinercial operation since early 1971,
and is owned and operated by Northern States Power.

3.2.6. Turkey Point Units 3 and 4

The Turkey Point Station Units 3 and 4 nuclear plants are located
adjacent to two oil and gas-fired units on the shore of Biscayne Bay ap-
proximately 40 km south of Miami, Florida. The station is owned and oper-
ated by Florida Power and Light. The nuclear units are Westinghouse de-
signed pressurized water reactors rated at 760 We (2200 Nt), which
reached operational status within one par of each other. Initial criti-
cality was achieved at Unit 3 on October 20, 1972, and at Unit 4 on June
11, 1973. Both units reached rated power in March,1974, and have oper-
ated commercially since 1974.

3 . 2. 7. Rancho Seco

The Rancho Seco Nuclear Generating Station contains a single pres-
surized water reactor of Babcock and Wilcox design. The generating sta-
tion is located approximately 40 km southwest of Sacramento, California,
and is operated by the Sacramento 11unicipal Utility District (SMUD). The
unit is rated at 935 We (2770 Wt) and began comercial power operations
in late 1974.

3.3. SAWLING AND ANALYSIS OF CONTAMINATED MATERIALS

The details of the smpling and analysis procedures, enployed both
at the nuclear power plants and at our laboratory, are provided in Appendix
A. Appendix B contains an inventory of the wide variety of smples col-
1ected at the plants during this study. A sumary of the sample types
collected for radiochemical analyses during this program is given in Table
3.2.

7
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TABLE 3.2. Sample Inventory from the Nuclear
Power Stations Examined

Number of Sampies

Piping & Corrosion Concrete
Station Hardwa re Film Scrapings Cores Misc. Soil

Pathfinder 52 0 22 6 10

Humboldt Bay 5 12 27 10 16

Indian Point-1 8 10 15 3 0

Dresden-1 2 12 8 2 8

Monticello 9 2 10 1 4

Turkey Point 4 6 16 2 11

Rancho Seco 4 5 2 1 8
,

l

Briefly, the objective of the sampling program was to obtain as many
samples of opportunity as possible of contaminated piping, hardware, equip-
ment, concrete, and soils which could be analyzed to provide accurate
measurements of the residual radionuclide concentrations associated with
these materials. Components from both the primary and secondary coolant
systems were procured when possible, along with materials associated with
the rad-waste systems and other contaminated portions of the plants. Con-
crete cores were taken from areas of the plants having some of the highest
contamination levels on the floors. Cores were also collected from other
potentially contaminated areas in the reactor buildings, turbine build-
ings, auxilliary buildings, and any other structures reported by the
utilities to be contaminated. Soil samples were normally collected in
the four compass directions adjacent to the plants, and from known loca-

,

tions of contamination, such as liquid spill areas in tank yards.

Samples were initially analyzed by gamma-ray spectrcaetry at the
reactor sites, and then subjected to comprehensive quantitative radio-
chemical analyses at our laboratory in order to measure all important
radionuclides from a decomissioning standpoint. Emphasis was placed on

; measuring those long-lived radionuclides which would be associated with
the re of wars, e.g., 55Fe,
60 o, sidual cornamination for tens to thousarf'59,63 i, JUSr WNb, 99 c,129 ,134,137,152,154Eu, and iso topesC N T 1

of Pu, Am, and Cm. The concentrations of these, and all other shorter-
lived radionuclidgs detected by gamma-ray spectrometry, have been reported
as microcuries/ cme or microcuries/gm of contaminated material, so that
estimates of the curie contents of the various contaminated systems could '

!.

be made. '

| 8
\
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4.0. RESULTS AND DISCUSSION

The results of the sampling and analytical program for the seven
reactor sites examined in this program indicate a wide range exists in:
1) the relative radionuclide composition of contaminated materials at the
reactor sites, 2) the distribution of the residual radionuclide inventory
throughout the generating stations, and 3) the total inventory pmsent.
The observations resulting from the field and analytical program are dis-
cussed below; are compared to previous assessments; and are related, where
possible, to site operating parameters and history. A more complete dis-
cussien of the inventory construction process is presented in Section
4.2. The inventories estimated for the seven plants are based upon a
limited number of samples and data points. The greatest uncertainty in
these inventory estimates is associated with the sampling process; if
largo variations in radioactive corrosion product deposition existed
throughout plant systems, extrapolations from our limited number of
samples would be subject to corresponding uncertainties. Thus, the
inventory estimates presented herein should be used with some degree of
caution. We feel that our inventory estimates are accurate to within
250%, based upon comparisons with other inventory studies.(6,10)

4 .1. RESIDUAL RADIONUCLIDE COWOSITIONS

The relative radionuclide composition of contaminated materials ob-
served at the seven reactor sites ranged considerably. The range in com-
positions was influenced by numereus factors including: 1) the elapsed
time from the last reactor operations; 2) rated generating capacity;
3) materials of construction for the operating systems; 4) reactor type
e.g. PWR, BWR, dual cycle; 5) coolant chemistry and corrosion control;
6) fuel integrity during operations; 7) episodic equipment failure and
leakage of contaminated liquids; and 8) the specific source for the
samples, e.g. primary system, secondary or steam system, rad waste
system, or the spent fuel storage facility.

41.1 piping and Hardware - Generic Observations

The relative radionuclide compositions for the total plant inventor-
fes of contaminated piping, equipment, and hardware estimated for the
seven sites sampled are shom in Table 4.1. These inventories include
only the radioactive contamination deposited on corrosion film and crud
surfaces of the various plant systems, and do not include the highly
activated components of the pressurc vessel.

,

The most abundant radionuclid ree months oldor older generally included 54 n, es in samples two to tgJNi.bbfe, b8 o, 00 o, and Zinc-65M C C

was present in relatively high concentrations in BWR corrosion film
samples. Traces of transuranic radionuclides, including 238Pu, 239-240 u,P

241 m, 242 m, and 244Cm, were also observed in the residues. Other long-A C

lived radg'gnuclides of interest from a waste management standpoint, such129 , were frequently below their limits of detggtion;as 94Nb, JTc , and 1

and 90Sr was always present in extremely low concentrations. The WSr,

9
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TABLE 4.1. Long-lived Residual Radionuclide Compositions in Total
Plant Inventories * at Seven Nuclear Generating Stations

Composition in Percent of Total Activity
Decay Corrected to Shutdown Date or Sampling Date

Radionuc11de Pat hf inder Humboldt Bay Dresden-1 Monticello Indian Point-1 Turkey Point-3 Rancho Seco

3 0.9 1 4 0.4 4Mn-54 --

Fe-55 0.36 90 28 1 67 31 28

43 24Co-57 -- -- -- -- --

Co-60 1.0 6 46 11 15 24 18

Ni-59 2 X 10-4 0.09 0.02 0.004 0.1-- --

,
N i-E ' O.03 0.2 5 0.04 2 0.1 19

19 24 11 1 0.09Zn-65 98.6 " --

$r-90 <1 X 10-4 0.004 0.007 0.002 0.0007 0.0008 <0.01

kb-94 <3 X 10-6 <0.004 <0.003 <0.1 0.0008 <0.004 <0.004

Tc-99 <1 X 10-5 3 X 10-4 4 X 10-5 g x 10-5 8 X 10-5 0.006 <0.005g
4Ag-110m -- -- -- -- -- --

I-129 - <3 1 10-6 <1 X 10-5 <1 x 10-6 2 X 10-5 <0.003 <1 X 10-5
0.4Cs-137 3 X 10-4 0.5 0.04 2 0.5 --

Ce-144 1 0.2 <0.04-- -- -- --

TRU*** 3 X 10-6 0.005 0.1 0.008 0.002 0.006 0.001

Total Plant
Inventory
(Curies) 57(a) 596(b) 2350(C) 448(d) 1070(e) 2580(f) 4460(9)

* Excludes highly activated metal components of the reactor pressure vessel and internals, contaminated
concrete, and soils.

**At time of station shutdown, 65 n was the overwhelming contributor to the total residual radionuclide ,Z
1inventory at Pathfinder, but had all decayed during the 13 years between shutdown and our sampilng and

analysis program. The relative radionuclide e sition and total inventory in this table was

65 n/ o ratio made by NSP shortly af ter shutdown.Zreconstructed from our data and a measured
*** Transuranic alpha-emitting radionuclides with half-lives greater than 5 years, including 238,239,240 u,P

241A,, 243Am, and 244 a.C

(a) on September,1%7 (c) on October,1978 (e) on October,1974 (g) on June,1983; also contained

(b) on July, 1976 (d) on November,IWRu1,j81;
(f) on October,1981 1.8g 1255b

includes 12
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99 c, and 129I were generally very soluble and did not accumulate in anyT
significant degree in corrosion product deposits. Although 94 b may beN

produced in relatively large quantities in the reactor vessel by activa-

ponents(trace niobium impurities in stainless steel pressure vessel com-
tion of

1,2,13), its concentrations in corrosion product deposits were
extremely low. This may be the result of the extreme insolubility of

103,106 u,141-144 e, andR Cniobium. Occasionally, radionuclides such as
110 mag were detectable in the corrosion films.

the relative radionuclide cegosition was
As shown in the table $5Fe and60 o were the two most abundant radio-quite variable. However, C

7

nuclides in all cases except Monticello and Pathfinder. These two radio-
nuclides constituted over 95% of the estimated inventories at Hursoldt
Bay and Turkey Point. At Indian Point Unit One, Dresden Lnit One, and
Rancho Seco they accounted for 86, 84, and 60%, respectively, of the total

Although 55 e and 60 o accounted for the majority! estimated inventory. F C

of the inventory (greater than 60% at five of the seven stations), the'

relationship between the two radionuclides was quite variable. The ratio
55 e to 60 o at the six generating stations where 55 e and 60 o consti-of F C F C

tuted the majority of the inventory ranged from 15 to 1 at Humboldt Bay
to 0.36 to 1 at Pathfinder. At nticello, where 65Zn constituted 90% of
the total inventory, the 55 e to}O o ratio was even lower, 0.09 to 1.F C

This large variability was presumably due to differences in: 1) the parent
element cogosition of construction materials used in the pressure vessel
and primary coolant loop, 2) differences in the water chemistry which
controlled the corrosion and deposition of these radionuclides, and 3)
differences in operating history which affect the production ratios since

'
i

the radionuclides have an approximate f actor of two difference in half-life.;

! The transuranic radionuclides (238Pu, 239-240 u, 241 m, 242 m, andP A C
244 m) constituted percentages of the total inventory ranging fromC

3 X 10-6% at Pathfinder to 0.1% at Dresden Unit One. The value observed>

at Pathfinder was somewhat anomalous due to its short operational period
; prior to shutdown, along with the fact that there were no detected fuel

failures during this brief period. Considering the other six stations,1

the total transuranic component of these inventories ranged a factor of
' fif ty, from 0.002% at Indian Point Unit One to 0.1% at Dresden Unit One.

The Iggest ranges, as a percentage of the total inventory, were
noted for wZn and 6JNi, which showed ranges of 1090 and 630, respectively.

,

This wide range was related to the cohposition of the materials of construc-'

tion used in the primary systems of the reactors. The large amounts of
,

65 n observed at Monticello, Dresden Unit One, and Indian Point Unit OneZ

were the result of the use of admiralty brass heat exchangers (29% zinc).
These were replaced with stainless steel at Dresden Unit One, but a large,

! residual corrosion product inventory was still present in the operating
systems at the time of our sampling. Pathfinder also utilized admiralty
brass heat exchangers, and at the time of shutdown 65 n accounted forZ

j over 98% of the total radioactivity. Humboldt Bay power plant also initi-
ally utilized admiralty brass heat exchangers which resulted in generatingi

65 n during early reactor operations.relatively large amounts of Z

i

11 1

|
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The wide range in 63 i was due to a relatively high percentage abun-N

dance observed at Rancho Seco (19%) and an unusually low abundance at
Monticello (0.04%) . The large component of 63Ni in the Rancho Seco inven-
tory was due to the more extensive use of inconel (80% nickel) in the
primary system of this mactor. The low percentage of 63Ni at Monticello
was typical of newer BWRs which make minimal use of nickel alloys since
they are subject to higher rates of corrosion in the relatively mom oxidiz-
ing enviroment of the BWR primary coolant loop. Excluding Rancho Seco
and Monticello, the relative abundance of 63 i ranged a f actor of 50,N

from 0.1% of the total inventory at Turkey Point Unit-3 to 5% at Dresden
Unit One.

The highest concentrations of radionuclides in corrosion films are
observed in the systems exposed to the primary coolant. Table 4.2 lists
the concentration ranges and average concentrations for a number of the
radionuclides observed in cormston films attached to piping from primary
coolant systems. These data wem synthesized from indivi&al me4surements
on appropriate samples given in Appendix C. Large variations in residual
radionuclide concentrations on the primary coolant piping existed between
the various stations, so the average value presented in the table should
be considered with appropriate reservations.

The residual concentrations of fission products, such as 90Sr and
137 s and the transuranic radionuclides (Pu, Am, Cm), on piping am di-C

rectly related to the fuel integrity during the operating history of the
pl ant. At power stations whem fuel element failures wem relatively
frequent or severe (e.g. Htsnboldt Bay, Dresden Unit One), the concentra-
tions of fission products and transuranic radionuclides in the corrosion
films were higher than observed at stations where the fuel remained rela-
tively fme from failures.

Secondary coolant loops in PWRs and condensate systems in BWRs con-
tained much lower radionuclide concentrations than observed in primary
loop or feedwater samples. Typically, radionuclide concentrations were
approximately two orders of magnitude lower in the secondary system sanples.
Table 4.3 contains concentration ranges and average concentrations observed
in the corrosion films from nonprimary loop sanples. The actual measure-
ments from which this table was constructed are given in Appendix C. The
average concentration values presented in the table should be used with
reservations since the ranges shown in the table typically cover several
orders of magnitude.

The piping and har&are data from the seven sites, based upon reactor
type, are discussed in detail below.

4.1.2. PWR Piping and Hardwam

Contaminated piping and hardware samples wre obtained from three
PWts-Indian Point Station Unit One, Rancho Seco Nuclear Generating Station,
and Turkey Point Station Units 3 and 4. Indian Point Station Unit One is
an early design Babcock & Wilcox reactor, Rancho Seco is a more recent

12
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Concentration Ranges of Radionuclides in Corrosion (a)TABLE 4.2.
Films on Piping Exposed to Primary Reactor Coolant

Radionuclide Halflife (yr) Concentration Range Average Concentration
(pC1/cm4) (pCi/cm4)

Mn-54 0.854 0.028 - 4.4 1.2

Fe-55 2.7 0.039 - 149 33

Co-60 5.27 0.16 - 23 6.4

Ni-59 75,000 <5 x 10-5 - 2.6 x 10-2 6.6 x 10-3

Ni-63 100 0.003 - 1.3 0.80

Zn-65 0.67 0.0005 - 5.8 5.6(b)
Sr-90 28.5 <3 x 10-5 - 8.4 x 10-3 3.2 x 10-3

Nb-94 20,000 <1 x 10-5 - 5.0 x 10-4 2.2 x 10-4

Tc-99 2.13 x 105 4.5 x 10-6 - 5.6 x 10-4 1.5 x 10-4

I-129 1.57 x 107 <1 x 10-6 - 4.3 x 10-6 1.4 x 10-6

Is-134 2.06 0.019 - 0.046 0.030

Cs-137 30.2 0.003 - 0.17 0.056

Pu-238 87.8 2.4 x 10-6 - 4.5 x 10-3 1.1 x 10-3
Pu-239,240 24,400 1.5 x 10-6 - 4.4 x 10-3 9.8 x 10-4

Am-241 433 1.8 x 10-6 - 8.3 x 10-3 1.8 x 10-3

Cm-242 0.447 7.2 x 10-6 - 2.4 x 10-1 7.2 x 10-2

Cm-244 18.1 2.2 x 10-6 - 2.5 x 10-3 6.8 x 10-4

(a) Decay corrected to date of shutdown for terminated reactors or
sampling date for operating units. Excludes data from Pathfinder
Generating Plant, which was atypically low.

(b) Average value for two BWR units.

13
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TABLE 4.3. Concentration Ranges of Radionuclides in Corrosion
t Films Internally Deposited in Piping and Hardware

Exposed to Liquid Radwastes and Secondary Coolant

!

Avera9eRadionuclide Half 1tfe (yr) Concentration Range Concentration
; (pCi/cm2) (pC1/cm2)

Mn-54- 0.854 2 - 4.70 X 105 160,000 ~(3)a
Fe-55 2.7 710 - 7.1 x 106 1.0 x 106 (7)

'

Co-60 5.27 64 - 2.74 X 105 42,000 (7)
Ni-59 75,000 0.63 - 15 6.2 (5) i

Ni-63 100 3 - 10,000 1,900 (6)
Zn-65 0.67 <0.4 - 27,400 14,600 (2)b

i

Sr-90 28.5 <0.009 - 260 88 '(3)
Nb-94 20,000 <0.1 - 100 --

Tc-99 2.13 x 105 <0.05 - 0.2 --

Sb-125 2.77 9.3 - 1,200 420 (3)
I-129 1.57 x 107 <0.0006 - 0.9 --

Cs-134 2.06 <0.3 - 1,900 --

Cs-137 30.2 <0.6 - 4.000 860 (5)
Ce-144 0.78 <0.6 - 2,000 --

) Pu-238 87.8 0.0014 - 51 7.4 (7)
| Pu-239,240 24,400 0.0012 - 24 3.6 (7)
i Am-241 433 0.0009 - 41 7.3 (6)'

Cm-242 0.447 0.0013 - 3,600 820 (5)
"

Cm-244 18.1 0.0015 - 58 12 (5)
4

a) Numbers in parentheses indicate the number of
reactor sites used for construction of the
average value presented.

b) Average value of two BWR units.

.
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Babcock & Wilcox unit, and Turkey Point Units 3 and 4 am Westinghouse '
design reactors.

4.1.2.1. Indian Point Unit One. Twenty-four hardware and scraping samples
were obtained from Indian Point Unit One. The detailed radioanalytical
measurements of these samples are given in Appendix C. The highest radio-
nuclide concentrations were found associated with the primary coolant
systems, followed by the liquid rad-waste system, seal water and primary
makeup water system, fuel storage basin, main steam line, and the condenser
and condensate system. The most radioactive sample was a scraping from
the primary side of one of the nuclear boilers (boiler No.14). The most
abundant radionuclides at the time of sampling, in order, were 55Fe, 60Co,
6?Ni, 137Cs, and 59Ni. Although 65Zn and 54 n were minor constituents ofM
the residual radioactivity at the time of our on-site sampling, at the
time of shutdown they were the third and fourth most abundant radionuclides
with half-lives greater than 245 days. This sample provided the best
estimate of the residual radionuclide concentrations in the corrosion
film surfaces of the systems exposed to the primary coolant.

F r the seventeen scraping samples obtained at Indian Point, the
134Cs/ 37 s ratio (corrected for decay to the shutdown date) ranged fromC

0.31 to 2.5 and averaged 0.73 ! 0.31. The considerable variation indicates
that the radiocesium contamination had occurred at different time periods
for the various samples.

Selective deposition of the various radionuclides occurred during
transport and cycling throughout the different plant systems. For example,
the IJ7 s/60 o ratio was quite variable in the suite of samples fromC C

Indian Point Unit One, ranging from 0.024 to 20. These ratios appeared
to cluster into three groups. The first group was typified by ratios
much greater than 1.0 (5 to 16). These samples included seal water lines
and other systems in contact with relatively uncontaminated waters. The
second cluster of ratios was centered about 1.0, and included most general
area scrapings, the fuel pool area, and a structural steel sample from
below the reactor vessel. The final set of ratios was much less than 1,
and was typified by the nuclear boiler sample which had a ratio of 0.02.
Thest observations indicate that 60Co deposition is more rapid compared
to IJ7 s, and the greater the transport or recycling of the contaminatedC
liquids, the higher the 13/ s/60 o will be in the corrosion films.C C

60 o ratios for the Indian Point Unit60 o and 239-240 u/The 238Pu/ C P C .

One hardware samples were much more consistent, except for one sample.

The ratios averaged (239-240Pu.1 one signa) 3.2 2 2.3 x 10-5 for 238 u andP

5.0 1 5.0 x 10-5 for The 238Pu/ 37 s and 239-240 u/137 s1 C P C

60 o ratios. For the sixratios were not nearly as consistent as the Pu/ C

hardware samples analyzed radiochemjcally, the ratios ranged over five
orders of magnitude, f rom 2.3 x 10-0 to 2 x 10-J. Thus, it appears the

manner somewhat similar to 60 o, deposited into the cptrosion films in asince the ratio to ouCo was relatively
transuranium radionuclides were

C

consistegCo or plutonium., while the cesium was deposited in an irregular f ashion rela-tive to D
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The secondary loop at Indian Point Unit One contained relatively
high levels of contanination capared to Turkey Point and Rancho Seco.

L Considerable leakage of the primary coolant into the secondary loop had
occurred during the operating history at Indian Point Unit One, resulting
in this contamination.

4.1.2.2. Turkey Point Units 3 and 4. At Turkey Point, nine corrosion
film and hardware samples wre obtained. Detailed radiochemical analyses'

are given in Appendix C. Three of the samples em mlated to primary
coolant systems. These included an alunina grit sample from the steam
generator primary side decontamination process, and two scrapings from
the steam generator bowls af ter decontamination. The 137Cs/o0Co ratios<

wem extremely variable, ranging f rom 0.0077 to 3.8. Because of the very
low radiocesiun content in the corrosion films,134Cs/137Cs ratios could

The 238Pu/60 o ratios in five of the six samples ana-not be calculated. C

lyzed radiochemically averaged 3.3 i 1.4 x 10-5 If the sixth sample,
with a somewhat higher ratio is included, the ratio was 3.812.2 x 10-5,
As was the case at Indian Point Unit One, the Pu/60Co ratio was much more
consistent than 137 s/60 o. The resi&al radionuclide concentrationsC C

associated with the corrosion films on secondary loop surf aces wre ex-
tremely low, indicating very little leakage from the primary loop.

4.1.2.3 Rancho Seco Nuclear Generating Station. Ten scraping and hard-
wam samples em obtained at Rancho Seco. Detailed radiochemical analy-
ses are given in Appendix C. Four were associated with the primary system,
and the other six wem fmm secondary components or scrapings pf boron
residues from leakages of slightly contaminated liquids. The 137 s 60CoC
ratios wem quite variable for the seven samples in which both 60 o/C and
137Cs wem detectable. The ratios ranged fra 0.006 to 10. The high
ratios em both associated with boric acid resi&es associated with pri-
mary coolant leakage (0.63 and 10), while all other primary and
corrosion films contained ratios much less than 1.0. The 134Cs/ 37 s$econdaryC

ratio, where both radionuclides wre detectable, wre considerably greater
than at Indian Point One. The two samples of primary system corrosion
film had ratios of 0.21 and 0.22, while the four gggondary samples ranged

ocPu/60 o ratio for the
,

f ren 0.48 to 1.2, and avera ged 0. 68 0.35. The C

five samples analyzed radiochemically was 3.7 i 4.2 x 10-5; again, much
mom consistent than 137Cs/60Co ratios. The secondary loop contamina-
tion, as also observed at Turkey Point, was very minimal.

4.1.2.4. Summary of PW P bing and Corros ton Films. The radionuclide
contents of the corrosion films fra the three PWs sampled wem quite

134 s/ 37 s were variable from reactorC 1 Cvariable in composition. Ratios of
to reactor, but more consistent within a reactor site. Ratios of 137Cs/60 o !C

remely variable from system to system within a reactor site. The
were exgCo ratios were quite consistent both within cmponents of a speci-238Pu/6
fic mactor site and also f rein site to site. Based upon sixteen samples
of corrosion films fra both primary and secondary systems, the average
ratio for 238Pu/60 o was 3.612.8 x 10-5 This rather consistent ratioC

would indicate that the plutonium is incorporated or substitupuCo.d into the
primary loop corrosion films in a manner similar to that for

16



4.1.3 . BW Piping and Hardware

Four BW's wre sampled, including Hirnboldt Bay, Dresden Station
Unit One, Pathfinder and Monticello. Pathfinder has already been par-
tially decommissioned and converted to a fossil fueled unit. Both
Dresden Unit One and the Haboldt Bay nuclear unit are older BW's which
are currently shut down and may be decommissioned in the near future.
Monticello is a neer, larger BW and is more typical of present genera-
tion units.

4.1.3.1. Hu boldt Bay. Detailed radiochenical analyses of the Hunboldt
Bay samples are given in Appendix C. Hunboldt Bay piping and hardware

samples contained higher 55Fe concentrations $4 s/137Cs ratios observed inrelative to other radionu-
clides, than observed at other sites. The l C

The 137 s/60Co ratiosHunboldt Bay components ranged from 0.08 to 2.4. C

wre also extremely variable, ranging from 0.0001 to 110. The highest
ratios wre associated with the fuel pool area samples and the offgas
systen samples. This was expected since the radiocesium might well be,

| enhanced in the fuel pool areas due to leakage from failed fuel elenants
stored in the pool
precursor of 137 s, and in the offgas system due to leakage of the gaseousC ,13 7 e Thp components associated with feedwater orX
steam systems had lower 187Cs/o0 o ratios typically approximately 0.002,C

The 23hu/00 o ratios at Hunboldt Bayand ranging f rom 0.0013 to 0.010. C
ranged fran 0.00011 to 0.0091, and averaged 3.3 2 2.9 x 10-4 for the thir-
teen samples analyzed radiochemically. This ratio is approximately a
f actor of ten higher than observed for the three PW's, and is &e to the
f act that extensive fuel element failures occurred in the early operations,

| of the Hunboldt Bay reactor.

4.1.3.2. Dresden Unit One. As was the case at Hunboldt Bay, Dresden One
had been in shutdown status prior to our sampling (3.8 yrs). Resi& al
radionuclide levels in contaminated piping and hardware at Dresden Unit

| One wre daninated by 60Co, followed by 5bFe, 65Zn and 63Ni, Long-lived
'

fission product concentrations gge lower at Dresden compared to Hunboldt
At Dresden One the 134 s/15'Cs ratios were more consistent, rangingBay. C

f rom 0.25 to 0.46 a nd ave ra gi ng 0.3810.08. The 137 s/60 o ratios atCC

Dresden One ranged over three orders of magnitude. High ratios (0.1 to
0.5) were associated with the fuel pool system and the fuel canal, as
observed at other plants. Lower ratios, 0 Q005 to 0.005, were associated
with the steam ard turbine systems. The2$0Pu/60Co ratios observed at
Dresden One, for the six samples analyzed radiochemically, averaged
9.1 1 5. 8 x 10-5 This average ratio was a f actor of 3 lowr than ob-
served at Htrnboldt Bay and within approximately a f actor of 2 of the aver-
age ratio for tFe three PW's sanpled.

4.1.3.3. Montic ello. The Monticello station is a relatively new BWR,
having operated approximately 10 years at the date of our sampling. The
residJa1 radigguclide levels in con
dominated by wZn, buco, and 137 s.taminated piping and hardware wreRelatively higher concentrations ofC

fission products were observed in the corrosion deposits compared to Hum-
boldt Bay and Dresden. The piping and hardware corrosion flims at Monti-

17
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1cello contained 134Cs/ 37Cs ratios which ranged f mm 0.01 to 0.16 and
averaged 0.08 i 0.05 for the seven samples in which both cesium radio-

The 137 s/60Co ratios ranged f rom 125 in thenuclides wre detected. C

offgas system to 0.012 in the condensate demineralizer filter. The
238 u/60Co ratios for the seven samples in which 238Pu was present inP
detectable concentrations averaged 7.7 i 11.8 x 10-5 This ratio is very
similar to that observed at Dmsden and within approximately a f actor of
2 of that for the three PW's.

4.1.3.4. Pat hfi nd er. The resi&al radionuclide composition of contami-
nated corrosion films at Pathfinder were uniquely different due to its
shorter operating history and the f act that no fuel elenent failures oc-
curred during its operation. The spectrum of radionuclides was therefore
dominated by activation products, and extremely low concentrations of
fission products and transuranic radionuclides wre present. At shutdown,
the most abundant radionuclide, by f ar, was 65Zn, which originated from
neutron activation of zinc cormston products leached into the primary
coolant from the admiralty heat exchangers in the condenser. At the time
of our sampling (13 years af ter shutdown), the 65 n had deca d away andZ

the resi&al radionuclide composition was primarily due to 6 o,with
tenfold lower concentrations of 63Ni and 55Fe.

4.1.3.5. Summary of BWR Piping and Hardware. The ratios of 134 s/137 sC C

wre variable at the three B.iR's sampled, both fran system to system within
a site and between sites. Sane of the variation was due to uncertainties
associated with the date of deposition of the radionuclides, since two of
the reacton had been shut dow1 for several years prior to our sampling.
The 137 s/ovCo ratios were also variable fran system to system at a givenC

site. Higher ratios wre associated with the offgas systems and the fuel
storage pool areas, where one might expect radiocesiun concentrations to
be elevated compamd to 60 Lower ratios wem observed in the steamMgPu/bO o ratios at the three BW's were higherand turbine systems. The C

than observed at the PW sites,1.3 x 10-4 for 25 8W samples versus
3. 6 x 10-b for th e P W s anpl es .

4.1.4 Contamination Resi&es in Concrete

Radionuclide contamination of concrete in nuclear power plants was
of two types: 1) surficial contamination resulting both f mm spills of
radioactive materials and/or deposition of radioactive aerosols and
2) contamination produced in-situ by neutron activation of concrete near
the pressure vessel . Concmte areas subjected to neutron exposure within
the plants wre limited primarily to the bioshield and the sump ama di-
rectly beneath the reactor vessel. Surficial contamination, although
patchy in nature , was mom widespread throughout the plants but @nerally
limited to areas of spills or to high radiation areas whem maintenance
work had been conducted. Table 4.4 contains the observed ranges of radio-
nuclide concentrations and an average concentration associated with con-
crete surf aces for a nunber of long-lived radionuclides. The concrete
cores selected for inclusion in this table wre the most highly contami-
nated f rom each site. Thus, these data represented the worst cases en-

18
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TABLE 4.4. Concentration Ranges of Radionuclides Associated ,

with Concrete from Highly Contaminated Areas
Within Selected Nuclear Generating Stations

Average
Radionuclide Halflife (yr) Concentration Range Concentration

(pCi/cm2) (pC1/cm2)

!

Mn-54 0.854 35 - 21,000 6,200 (5)a
|_ Fe-55 2.7 2,200 - 830,000 200,000 (5)
j Co-60 5.27 590 - 460,000 110,000 (5)

| Ni-59 75,000 30 - 2,400 860 (3)
| Ni-63 100 3,100 - 6,400 4,800 (2)

Sr-90 28.5 1.6 - 480 170 (4)
'

Nb-94 20,000 <3 - 50 --

,
Tc-99 2.13 x 105 0.27 - 2.4 1.6 (3)

j Ru-106 1.0 <30 - 190 --

| Ag-110n 0.686 59 - 3,600 1,800 (2)
l Cs-134 2.06 70 - 1.7 x 106 310,000 (6)
! Cs-137 30.2 550 - 2.0 x 106 370,000 (6)
: Ce-144 0.78 26 - 3.1 x 106 620,000 (5)

| Eu-152 12.4 9 - 3,100 1,000 (3)
Eu-154 8.5 90 - 1,500 680 (3)!

Eu-155 4.96 10 - 500 260 (2) '

! Pu-238 87.8 0.025 - 48 14 (4)
Pu-239,240 24,400 0.089 - 21 7.7 (4)j

Am-241 433 0.10 - 30 8.7 (4)
Cm-242 0.447 0.06 - 1,800 880 (3)
Cm-244 18.1 0.05 - 52 13 (4)
Np-237 2.14 x 106 0.013 - 0.026 0.016 (3)

:

a) Number of reactor units included to calculate the average value,

i

!
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countered in the concrete sampling program. These locations were typi-
| cally from the reactor sump area or a high radiation area associated with
i some cogonent of the primary coolant system or rad-waste system. As

with the previous two tables showing ranges and average values, the aver-
age concentrations presented here for concrete contamirstion should be

| used with appropriate reservations since the ranges encountered were so
large. Detailed measurements of the radionuclide concentrations in all
of the concrete core samles from the seven nuclear power stations exam-
ined are given in Appendix C.

Where the surface of the concrete had been kept well coated with
paint or epoxy, the contamination resided mainly on the coating surface,
and the majority of the radionuclides could be removed by stripping the

i

| coating material as illustrated in Table 4.5. As shown in the table, 46
to 99.8% of the 50 o could be completely removed from the concrete sur-C
faces of these cores by stripping the epoxy or gray paint coatings. The
clear silicate sealer was very difficult to remove and retained most of
the 60 o contamination on the concrete. Where surface scratches or cracksC

in the concrete have developed, the radionuclides penetrate to deeper
levels and could not be completely removed by stripping the partially
painted surfaces. Even then, the decrease in radionuclide concentrations

| with depth in the concrete is very pronounced. As shown in Figure 4.1,
the decrease in 137 s concentration with depth for three concrete coresC;

| for the sump floor of the reactor building at Indian Point Unit One amounted
to approximately three orders of magnitude between the surf ace and a depth
of I cm. The increase in concentration of 137Cs at a depth of approxi-

j mately 4 cm is associated with an interf ace between two layers of con-
. crete poured at different times. The top layer easily separated from the
I rest of the core during the coring process. Apparently, a small amount

of contaminated liquid migrated vertically to this layer and then spreadI

) out horizontally at the interf ace. This subsurf ace maxirmm could not be
| the result of thermalization of neutrons escaping the pressure vessel and
! fissioning the trace uranium igurities in the concrete. Neutron thermaliza-
|

tion and uranium activation should occur over a broader region and extend
to a greater depth than observed in this core.

134 s are preferentially sorbed onto bare concrete! Cesium-137 and C
relative to other radionuclides since cesium has the ability to un fergo
ion exchange onto minerals associated with the concrete matrix. The pref-r

erential adsorption of radiocesium was only noted for uncoated concrete
j or surfaces which had lost integrity in the paint coating. Operating
j nuclear power plants would be wise to insure that paint coatings on con-

crete surf aces exposed to potential radionuclide contamination be care-i

fully maintained to minimize subsurface contamination of the concrete.

I The concrete cores collected directly under the pressure vessel
I showed the effects of both surf ace contamination and subsurf ace neutron

activation of stable elements present in the concrete. Figure 4.2 shows
60 o in cores collected under the pressure ves-t the depth distribution of C

I sels at the Pathfinder, Indian Point Unit One, and Turkey Point Unit 3
| reactors. The initial rapid decrease in 60 o concentration with depthC

!
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TABLE 4.5. Removal of Radionuclides from Concrete
Surface by Stripping Paint Coatings

% Activity Removed by
Concrete Stripping Paint

Core Surf ace Contamination 60 o 137 sC C

PCC-2 Thick Epoxy Coating 99.8 80

PCC-3 Clear Sealer; Smooth Finish 0 *

PCC-6 Thick Epoxy Coating 96 100

PCC-7** Gray Paint; Smooth Finish 68 0

PCC-9 Chipped Gray Paint; Clear Sealer 13 *

PCC-12 Clear Sealer; Smooth Finish 0 *

PCC-15 Thick Epoxy Coating 46 *

PCC-19 Gray Paint; Smooth Finish 77 *

PCC-20 Gray Paint; Smooth Finish 95 27

* 137 s concentrations too low to give an accurate number.C4

** This core is cgm,Co incorporated in the concrete with depth.
posed of mildly neutron activated concrete and

contains some W

from the surface to about 2 cm depth indicates the presence of surficially
The 60 o concentration below a depth of approxi-deposited containation. C

mately 2 cm is derived from neutron activation of trace levels of stable
cobalt in the concrete by escaped neutrons from the pressure vessel. There
is also the possibility that some of the 60 o at depth results from crossC

contamination during the coring and/g, core segmenting process. Each ofr

the cores show subsurface maxima of ovCo at a depth of about 4 to 6 cm.
This is probably due to increased thermalization within the concrete of
the neutrons escaping the reactor pressure vessel. The enhanced thennal
neutr,gn capture by stable cobalt in the concrete at this depth results in
the 0000 maximum. Other neutron activation p oducts detected in these
concrete samples were 152 u and 154Eu (see Appendix C). The core col-E

1ected from beneath the Turkey Point Unit 4 pressure vessel was obtained
within a day of unit shutdown and analyzed as quickly as possible after,

receipt in the laboratory. As a result, additional activation products

resulting from neutrqq actlyation of stapCe, 03Zn, 58 o, and 224Sb.le elpments in the cgocrete weredetected, including 90Sc, D'JFe, 51 r,19 C TheC

depth distribution of these radionuclides is shown in Figure 4.3. The
concentrations have been projected to what would be expected af ter Turkey
Point Unit 4 had operated the equivalent of 30 effective full power years
(EFPY). Af ter 30 EFPY the most abJndant activation product was 55Fe,
whose concentration (#15 000 pC1/gm) remained f airly unifggn to a depth

gSc, 59Fe, 51 r, and 154 u.The S$ e was followed in abundance by lo2 u, 60 o,at least 7 cm. F E C

C E Concrete samples collected from the

23
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Humboldt Bay bioshield showed the presence of both surf ace contmir ation
gny in-situ neutron activation products (see Table 4.6). The 152Eu and
mEu are primrily derived from in situ neutron activation, with the
highest concentrations being 309 pCi/gm and 32 pCi/gm, respectively af ter
correction to 30 EFPY.

,

4.1.5. Containation Residues in Soils and Sediments

Radionuclide contamination of soils within the exclusion areas of,

the nuclear power stations was typically limited to small patches of very'

low concentrations of radionuclides (see Appendix C). Areas included for 1

examination in this program focused upon locations within radiation con-
trolled areas and where spills of radioactive materials (mostly liquids)4

had occurred. This was a cursory examination of areas of known or sus-
pected contamination and did not seek to address the extent of such con-
t amination. As would be expected from the intent of the sampling, resid-
ual radionuclide contamination was usually present; however, the levels
of containation were usually below a suggested residual radionuclide
contamination level which would result in an annual dose of 10 mrem /yr.(15)

1 ding pond sediments at
However, several mall patches of }gils and gCs concentrations up toseveral of the stations contained ovCo and I
several tens to hundreds of pCi/g (on a dry weight basis). Table 4.7

gama e radionuclides in exclu-shows the ranges for the detectabg8 u and ggPu in Pathfinder andsion area surf ace soils, and for P

Humboldt Bay exclus:qq area soils. The most abundant radionuclides were

typically ouCo and J/Cs, with ogcasiopajRu, n0rgg, ts of other radio-tragg amoun
nuclides including 134Cs, 58 o. D4Mn, 10 125Sb, and 144Ce.C

i 4. 2. DISTRI8tJTIONS AND INVENTORIES OF RESIDlML CONTAMINATION

A significant part of this research progre was the determination of
distributions and inventories of residual radionuclide containation within
the various operating systems at the PWR's and BWR's examined. This pro-
cess entailed utilizing the residual concentrations, as defined by the
supling and analytical phases of the research program, to construct operat-
ing system and plant inventories. In order to construct operating system
and total plant inventories of residual radionuclides, it was necessary
to determine total surf ace areas present in the various systems upon which
the contaminated corrosion films were deposited. The total surf ace area
estirreates were constructed by either: 1) using the surf ace area estimates'

from the reference PW or reference BW studies, corrected by a scaling
f actor, or, whenever possible 2) through the use of the specific plant
isometrics and prints for the various systems and subcomponents. The '

radionuclide distributions within the plant systems and the inventories
by system are described below, based upon reactor type. The plants were-

separated by reactor type since there were significant differences between
. the operating systems of BWR's and PWR's, and thus significant differ-
| ences between the radionuclide distributions throughout the plant. [
! |
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TABLE 4.6. Humboldt Bay Concrete Bioshield Samples
Activity at Shutdown and 30 EFPY (pC1/gn)

54Mn 55Fe 60co 63 s 125Sb 134cs 137 s 152Eu 154 u 155 uC C E E

HB RS-22 42.7 378 0.45 3.2 199 188 11.6 2.2
Bottom
Inside
Edge

HS RS-23 25.7 821 1.67 30.1 475 309 18.1 3.61
as Bottom
'

Inside
Edge

HS RS-24 39.7 7380 303 55 1.41 51.0 544 63 4.9 0.80
Top Outside
Edge

HS RS-25 176 16600 1308 41 < 0. 7 153 72 293 31.6 5.3

!

I
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TABLE 4.7. Concentration Ranges of Radionuclides in Contaminated Surface j
Soils (0-4 cm) from Radiation Controlled Areas (pCi/g) ;

;

Nadionuclide Pathf laderl Mudoldt Bay 2 Dresden3 Monticello4 Twhy Potat5 Ne es Seco6

1

5%n <0.005-0.06 0.45-5.5 0. W-0.23 <0.004-<0.02 0.03 6.34 <0.003-0.27 )
60 o <0.M-1. 7 26-377 1. 3-161 0.006-0.45 4.0-45 0.012-11 |C

106 u <0.1-0. 36 <0.02-<0.05 <0.07-0. 2 <0.07 <0.1-0. 2 <0.03-<0.09 )N

| 1255b <0. M <0. 4-4. 9 <0.03-<1 <0.03 <0.06-22 <0.006-0.75

134Cs <0.004-<0.01 1.5-6.1 <0. M-6. 3 <0.004-0.16 0.28-5.5 0. 01-0. 95
I 137Cs 0.15-2.9 25-91 0.49-260 0.068-2.1 1.7-11 0.05-4.9m

"
144ce co.03 <c.3-1.3 <0.0s-1.5 0.083-0.17 <0. 05-0. 27 <0.02

238Pu 3-41 I 10-5 8.2-1]O I 10-3 N.M . N.M . N.M . N.M .

239-240Pu 6-42 I 10-4 9.5-230 I 10-3 N.M . N.M . N.M . N.M .

1. Fowteen soll saples
2. Five soll saples
3. Four satt saples- hipest observed containation

was at a depth of 15-30 cm in D-55-258
4 Four soll saples
5. Sta soll saples
6. Seven soll saples
N M. Not neasured
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4.2 .1 Resi&al Radionuclide Distribution in PW's
t

In order to clarify the discussion mgarding radionuclide distribu-,

shown in Figures 4.4 and 4.5, will,be described.g systens in a PW,ifferent
tions and inventories within PM's the operatin as

'

Tnere are three d
coolant loops utilized during power production in a PM, as shown in Figure
4.4. The first loop is the primary coolant loop. This loop provides
heat transfer fmm the reactor com to the secondary (steem producing);

loop. The primary loop is pressurized such that negligible boiling occurs
during the heat transfer process. The primary loop gives t4) its heat at i,

the stean generator. This is the interf ace between the primary and secon-
dary loors . The secondary loop, or steam loop, provides the steam for
the turbine and consequent electrical generation. Af ter passage through !

j the turbine, the secondary steam loop interfaces with the tertiary loop '

in the condenser. Here the excess heat fran the secondary loop is re-
moved and the condensate in the secondary loop proceeds back as feedwater 1,

to the steam generators. The heat acquired by the tertiary loop is then'

rejected to the environment. The advantages of the PW system for powr,

generation are: 1) additional isolation of radioactive by-products fromi

the environment as a result of the three loops, and 2) slightly increased
,

'

efficiency of operation since the primary loop can be operated at higher ;

temperatures and pressures than in a boiling water mactor. Fiem a decom-
missioning standpoint, this type of systen should offer more confinement

,

of the radioactive res1&als, almost totally within the primary system.

unless major leakage between the primary and secondary loops occurs.
Hoever, the greatly increased surf ace ama of the primary loop contained '

in the stean generators provides for much greater radioactive corrosion
product deposition compared to a BR.

Figure 4.5 shows a mom detailed schematic of the primary reactor
| coolant systen. The figure illustrates a four-loop primary coolant system;
' the actual ntsnber rangs from 2 to 4 for newer PW's. This figure illus-

trates the various subconponents in the primary coolant loop, including'

the steem generators, the coolant pumps, the pressuriter and pressurtier
i relief tank, and the coolant piping. Another subconponent not illustrated
{ in detail is the chemical and volune control system (CVCS) which, as the

title indicates, is utilized to provide voltane control and maintain proper
. primary coolant water chemistry. The chemical controls entail ths main-
I tenance of appropriate boron concentrations, optimal pH, and rmoval of '

nondesirable soluble and particulate species, including activated corrosion c

products and fission products.

As an initial approximation, one would anticipate that the bulk of
the resl&al radionuclide contamination translocated frm the pressure
vessel would be present in the steam enerators for two reasons. First,
the surface area presented by the steen generators represents the over-
whelming portion of the total surf ace area in the primary loop. Secondly,i

the heat transfer process occurring within the steen gerverators tends to
increase corrosion product deposition processes, thus also tending to
increase the rest &al radionuclide inventory contained on surf aces in the
steam enerators. i

|
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The actual distribution of the total residual radionuclide inventory

measured throughout the various operating systems for the three PWR's
examined in this program is shown in Table 4.8. As expected, the steam
generators contained the single largest repository of deposited radionu-
clides at the PWR stations examined during this program. The percentages
of the total residual radionuclide inventories in the steam generators
were 77, 89,and 94% for Indian Point One, Turkey Point Unit 3, and Rancho
Seco, respectively. The other repository of significance in a PWR is the
Radwaste System, which typically contained 5 to 10% of the total residual
inventory.

TABl.E 4.8. Distribution in Per Cent of the Radionuclide
Inventory Estimates for Three Pressurized Water
Reactors

Turkey Point-2 Indian Point-1 Rancho Seco

Steam Generators 89 77 94
,

Pressurizer 0.5 0.5 0.33
RCS Piping 0.9 2.6 0.71

Piping (Except RCS) <0.01 14 <0.01

Secondary System 0.1 0.2 0.05

Radwaste 9.2 7 5

Since the steam generator inventory is so important to the overall
inventory within the PWR, an additional explanatcry section regarding the
inventory calculations for the steam generators is included below.

Steam Generator Inventory Estirrates. For the Rancho Seco and Turkey
Point Stations, radionuclide ingentories in the steam generators were
calculated using dose rates associated with the steam generator tubes and
the relative radionuclide composition as measured in other primary loop
samples. Average residual radionuclide concentrations in pCi/cm2 were
calculated using: 1) the measured relative radionuclide abundances in
primary loop corrosion films, 2) the known value of the dose rate to curie
content conversion factor for each major radionuclide contributing to the
gamma dose rate, and 3) the gamma dose rate at selected locations in the

code. (gggerator. This was accomplished using the ISOSHILD !! computer
steam

101 For Indian Point One, deposited radionuclide concentrations
were based directly upon a scraping sample obtained from the primary side
of the No. 14 nuclear boiler. The measured or calculate radionuclide
concentrations are shown in Table 4.9 for both 58 o and gO o at the threeC C

reactor stations.

31
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Steam Generator 58 o and 60Co ConcentrationsTABLE 4. 9. C

Measured or Calculated at Four Reactors

60 o pCi/on2Reactor 58C0 pCi/on2 C

Turkey Point 3A 4.0 3.0

Turkey Point 4A 2.8 2.1

Indian Point IB 2,4.

Rancho SecoA 2. 6,3.2 3. 5,4.3

A alculated f mm dose rate conversionsC
B easured dimctly from corrosien film scrapingsM

For Rancho Seco, two values are shom since the dose rates mm known
in each of the two steam generators. Thus, the values shom represent
the surf ace concentrations present in the two steam generators. These
values can be compamd to previous data obtained from the primary side of
PW steam gennrators. We ha3 replotted the data of Bergnan, Roesmer,
and PeroneUd showing both MCo and OUCo concentrations versus the number
gf years of operation, adding the points from our study. The data for
NCo from our study f all wil within the range of previous meisurements

The 60 o data as showi in Figure 4.7 am on theas shown in Figum 4.6. C
low side of what might be expected for mactor operation periods at the
stations examined, but well within the range (of an extrapolation of theCORA calculation. The CORA computer program 17) incorporates the mom
fundamental aspects of transport, activation and other crud-related mecha-
nisns in a nuclear pomr plant, and predicts several parameters of intemst,
including radionuclide concentrations in crud la)ers, crud weight, crud
specific activity, and gross radiation levels. This masonably good agree-
ment lends add'tional credence to the steam generator inventories presented
hemin, and is of note since the steam mnerator inventories are such a
significant fraction of the total PW inwntory. As noted earlier, we
feel the accuracy of our estimates is within 150%.

4.2.2. Residial Radionuclide Distribution in BW's

Four boiling water mactors em examined during this program. These
included Pathfinder, Htnboldt Bay, Dresden Unit One, and Monticello. The
Pathfinder mactor was an early experimental unit having a nuclear super-
hea ter . Dresden Unit One was a dual cycle systm using both direct primary
steam for electrical pomr generation and also incorporating steam mnera-
tors for secondary steam production. Hinboldt Bay and Monticello are of
a conventional BW design. The pomr generation system for a typical BW
is shown in Figum 4.8. This systs contains only two heat transfer loops,
in contrast to the three loops present in a PWR. Them is steam pro-
duction in the primary loop, and this primary steam proceeds directly to
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the turbine, where electrical generation takes place. The secondary cool- :

ant loop removes excess heat from the primary loop in the condenser. From
the condenser the primary condensate proceeds into the feedwater stage
and the secondary coolant loop removes the excess heat to the environment.

The BWR's operate at lower pressures than PWR's and also gain higher
steam temperatures for lower average fuel temperatures than in PWR's. A
di: advantage of the BWR is the use of radioactive primary steam, although

nt radionuclide is normally the short-lived neutron activa-
the most abungN (7 sec halflife).tion product

One would anticipate that the major residual radionuclide reposito-
ries, outside of the reactor vessel for the BWR should be the reactor
water cleanup system, the radwaste system, the feedwater system, and per-
haps the condenser because of its large surface area.

The residual inventories estimated in the various operating components
for the three BWR's sampled in this program (Huntoldt Bay, Dresden Unit
One, and Monticello) ye shown in Table 4.10. As shown in the table,
each reactor system has a different residual distribution pattern through-
out the various operating systems. Dif fering reactor designt are respon-
sible for much of the variation observed in the residual radionuclide
distribution. i

TABLE 4.10. Distributions in Per Cent of the
Residual Inventory Estimates in
Three Boiling Water Reactors

Humboldt Dresden
Operating System Bay Unit One Monticello

Main Steam Lines 0.7 <0.1 1

Condensate 38 17 <0.1

Feedwater System <0.1 61* 19

Reactor Cleanup System 38 5.2 70

Radwaste System 23 17 10

* Including a secondary steam generation loop which accounts
for most of radionuclide inventory in this system.

,

Humboldt Bay was an early design BWR and used natural feedwater recir-
culation, thus the feedwater system is a relatively smaller component

The large percentage of the total inventory) the
compared with other DWR's.
in the condensate system at Humboldt Day is a result of two f actors: 1

large total surface area associated with this system, and 2) the com.
bination of a less efficient reactor cleanup system (compared to current

;

|'
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standards) coupled with less corrosion resistant materials than are present-
ly employed in newer BWR's.

Dresden Unit One also has unique features associated with the design
of its operating systems which account for the residual radionuclide distri-
bution o) served. Dresden Unit One employed a dual cycle steam system in

,

which primary steam was fed directly to the turbine, and secondary steam 1

was also produced in steam generators. The secondary steam generation
component is listed in Table 4.10 as part of the fecckater system, since
the primary water exiting the secondary steam generators was recycled to
the reactor vessel. The secondary steam generators account for must of
the inventory in the feeckater system. The relatively large percentage
of the total inventory in the condensate system at Dresden Unit One is
probably due to the same reasons noted for Hemboldt Bay.

Monticello is the only recent generation BW examined in this research
progr am. The inventory distribution observed at Montice110 is similar to
what might be anticipated for a typical BWR. The reactor cleanup system
contains by f ar the largest percentage of the total residual radionuclide
inventory (70%). The feetkater system contains the next largest fraction-

of the total inventory (19%), followed by the radwaste system (101). The
total inventory at Monticello is also considerably lower than observed at
the other BWR's when differences in unit stres are taken into account.
In retrospect, it would have been beneficial if another more recent BWR
could have been examined during this research program. The additional
data would have been valuable, since the inventory at Monticello is so
different from that observed at Humboldt Bay and Dresden Unit One.

4.2.3 Radionuclide inventories in the Nuclear Power Plants

Table 4.11 contains the total estimated inventories for the seven
sites examined, as well as the electrical ratings, and the approximate
number of operational years for the units at the time of our inventory
construction.

Except for Pathfinder, the operational periods ranged from 8 years
for Turkey Point Unit 3 to slightly over 18 years for Dresden Unit One.
As a first approximation, one would expect that the residual radionuclide
inventories would be related to unit site and length of service and that
a generic relationship could be found which would be of use for predicting
inventories at other nuclear power stations. In Table 4.12 we have listed
the two simplest relationships and applied them for aII seven sites and
again for five of the sites (excluding Pathfinder and Monticello which
appear anomalous).

l
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TABLE 4.11. Comparison of Total Residual Radionuclide
Inntories and Operating Parameters for the

| Seves. Nuclear Generating Stations Examined
|

Total Inventory * Years of
Stations (Curies) Oper ation MWe Reactor Type

|
i

| Pathf inder 57 3.5 58 BWR

Humboldt Bay 600 13 63 BW

Dresden-1 2350 18.3 210 BWR

Monticello 514 10 550 CWR

| Indian Point-1 1050 11 1 A) PWR

Turkey Point-3 2500 8.3 660 PWR

I Rancho Seco 4470 8. 8 935 PW

includes radionuclides with half-lives greater than
* Invent ory(65 Zn ) .245 days

| TABLE 4.12. Relationship of Total Inventory at the Nuclear Generating
| Plant to Sclected Operating Parsneters.

Curtes Curles
Mean and Std. Dev. Mean and Std. Dev.|

__
Rel at ionship (7 Sites) (S Sites)*

Inventory /MWe 7.12 2 3.12 5.2 t 4. 2

Inventory /(MWe x Yrs operation) 0.43 1 0.20 0.5810.10

* Excluding Pathfinder and Monticello

The first relationship nonnalites the total radionuclide inventory
strictly to the unit size in MWe. The relationship appears more appi tcabic
for the seven sites than when excluding Monticello and Pathfinder, as
evidenced by the lower steldard deviation about the mean. The second

| potential correlation is a nearly linear relationship developed when the
total radionuclide inventory is normalized by the product of unit sire
(MWo) and length of service (pars). This is also shown graphically in -

Figure 4.9. For the seven site comparison, this relationship is not as i
'good as that developed when nonnalizing the inventory to just the unit

|
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|

|

si ze. However, when Pathfinder and Monticello are deleted, the relation-
ship improves greatly, having a standard deviation about the mean of only
15. The exclusion of Pathfinder can be agued justifiably, since it was
a unique, early design reactor, with a very short operational period not
extending beyond testing phases. Monticello, on the other hand, is a
large, rel atively new BWR. It has been excluded in the five site case
because the data are somewhat anomalous, both in total inventory and radio-
nuclide composition. It may be, however, that Monticello is typical of
newer BWR's, at least to the degree that they will have lower residual
inventories. An argympnt can be made for this point based upon yearly
rakaste shipments.1281 BWR's, on the average, ship of f site some 5 to 6
times as much rakaste as do PWR's in the form of spent resin wastes.
Thus PWR's may be accumulating relatively more waste over an extended
period of time, whereas BWR's are shipping this inventory off site in the
f orm of rad-waste. Also, BWR's undergo more f requent primary system chemi-
cal decontaminatfor operations relative to PWR's, which would further
reduce the residual radionuclide inventories.

4.2.4. Changes in Radionuclide Inventory with Time af ter Shutdown

Since the residual radionuclide contelnation is a mixture with vary-
ing half-lives, the relative composition of the radionuclides present
will change, along with the decrease in absolute concentrations, as radio-
active decay occurs with time af Initially, significant
radionuclides, e.g. 60 o, 55 e, ter shytdown.suco, 05Zn, will d

Ni, 6S dly ;
ay ra i compar t-C F

Ni,1 Cs.son to radionuclides with longer half Ilves, e.g.

The relative ahindances of radionuclides versus time af ter shut &wn
at the seven reactor sites examined in this research progra are shown in
F igures 4.10 through 4.16. It should be noted that t1ese decay plots are
for the total estimated residual radionuclide inventory af ter shutdown,
and as such they reflect to a great degree the primry coolant system,
since the majority of the inventory is present in this system. Other

fuel pool areas, since the U(4 s andsystems may show sommhat d1 fering behavior, especially the radwaste and137 s are typically enhanced in theseCC

systems.

Several important conclusions can be reached f rom examination of the
seven decay plots. The range in inventories and concentrations of the
individual radionuclides of concern covers many orders of magnitude at a
given station. Iron-55. WCo, and at some BWR st ations, 65Zn are typi-
cally the most abundant radionuclides presmt shortly af ter shut &wn.
The concentrations of these initially abundant radlonuclides decreases 3
to 5 orders of magnitude, typically f rom thousands or hundreds of curies
to tens of curjes or less, in the first fif ty pars af ter shutdown.
Although the 53Fe concentrations are relatively high, they are prac-
tically inconsequential frm a decommissioning standpoint, since the 55re
concentrations associated with conte.inated piping and har&re would
always considerably below the 10 UR 61 Class "A" waste limit; and
since $y>Fe emits only a 5.9 kev X-ray, it would contribste negi tgtbly to
the external whole-body gamma Mse rate. The major contribstor to the

40
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external whole-body gamma do3e rate from resi&al contamination for the
first 20 to 60 years at most stations would be 60Co. Zinc-65 would be
the major contribution to the whole body gamma dose rate at Pathfinder
and Monticello for the first two or three years after shutdown. Af ter 20
to 60 years time the major dose rate contributor would generally become
137Cs. Nickel-63 would becme the most abundant radionuclide in all cases
except Monticello af ter a period' of 20 to 40 years. Hoever, like 55Fe,
the e3Ni concentrations would not be a significant radiological f actor
affecting decommissioning since: (1) it's concentrations muld always be
below Class "A" disposal limits, and (2) it decays by emission of only 67
kev (max.) beta particles which would not contribute significantly to the
gantna dose rate.

Only af ter hundreds of years muld the transuranic radionuclides
becme the most abundant radionuclides. However, their concentrations
would be extremely low, and always below Class "A" waste disposal limits.

4.3 RELATIONSHIP & SOUR MATERI ALS AND RESIDUAL NEUTRON ACTIVATION
PRODUCTS

The primary f actors influencing both the magnitude of the total resi-
Wal radionuclide inventory and the relative radionuclide abundances within
the inventory am: 1) the elemental composition and purity of materials
used in construction of the reactor systems; 2) the general design of the
primary and secondary systems; 3) the operational parameters including
water chemistry, corrosion control, and radwaste management; 4) the fuel
integrity; 5) the reactor powr level; and 6) the length of operation.

The significant long-lived residual radionuclides produced by neutron
acti va on of source materia's at the seven stations examined wem 55Fe,
60Co,gNi,63Ni, 65Zn, and L10 nag. Although 94Nb has been shown to be
produced in relatively large amounts in neutron activated stainless steel
cmponents inside the reactor pressure vessel, it has never been a signifi-
cant radionuclide in the primary loop-corrosion product deposits. The
important source materials for each, and the impact that source materials,
unit design, and operational history have had on overall inventories for
the seven units examined in this study am discussed below.

4. 3 .1. Imn-55 Pmduction

abundant stable iron isotope, 54 e. y neutron activation of the 5.8 percent
This radionuclide is produced b

F Af ter production by neutron activation
in the core, translocation of this and other radionuclides from the reactor
vessel through the coolant systems will be a function of corrosion and
deposition rates. Since carbon steels am mom susceptible to corrosion
than stainless steels or nickel alloys such as inconel under typical reactor
conditions, 55 e should be more abundant in the translocated inventory inF

reactors employing larger relative amounts of carbon steel in the primary
coolant loop. BW units employ larger relative amounts of carbon steel
than do PWR's, and thus typically contain more 55Fe in the corrosion films.

55 e will also be affected by the chemicalThe abundance of translocated F
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controls maintained in the coolant loop, e.g., pH and oxygen levels, since
these influence corrosion rates. Finally, the type and effectiveness of
the mactor water cleanup system will also be a detennining f actor in the
resi& al 55Fe abundances.

The large fraction of 55 e in the Hunboldt Bay inventory can be ex-F

plained by the following factors. First, it was an early BW and made
extensive use of carbon steel . Second, during the early history of mactor
operations, optimal corrosion controls were not as well developed. Thi rd ,
the reactor water cleanup system at Humboldt Bay was not as effective as
those in neer reactors since the efficiency of reactor water cleanup
systens has also improved with time and experience. Finally, Hunboldt
Bay used stainless steel clad fuel during earlier operations, thus increas-
ing the iron inventory dimetly exposed to the most intense neutron flux.
The large 55Fe inventory at Indian Point Unit One reflects some of the
same factors as noted for Hunboldt Bay.

The relatively small inventory of 55Fe at Dmsden One may be a reflec-'

tion of its unique desip, and the use of materials such as adniralty
brass, muntz, and monel in the primary loop which resulted in higher mla-
tive abundances of other radionuclides. Also, the fuel elements as well
as parts of the fuel stoport structures wem clad with zircaloy-2. Dresden
One was a &al cycle reactor system which contained canponents typical of
a B W and a PE. Thus, them was mom stainless steel present than in
other BWR's of the same vintage. This would also tend to increase the
60 o in relation to 55Fe. Omsden One also had admiralty brass (Cu-Zn),C

monel (Ni-Cu-Co), muntz (Cu-Zn), and copper-nickel alloys present in the
reactor system. These metals am somewhat mom prone to corrosion. Corro-
sion of these alloys and translocation of the corrosion products through-
out the mactor operating systems, coupled with neutron activation of
corrosion products transported into the core region, resulted in higher
relative abundances of radionuclides other than 55Fe in the resi&al in-
ven tory.

The 55Fe abundance at Monticello was very low, which may be reflec-
tive of several f actors. It is a newer BW employing mom modern corro-
sion controls, zircaloy-2 clad fuel, and a reactor water cleanup systen
reflective of improved technology. The very low total radionuclide inven-
tory at Monticello was also a reflection of strict corrosion control,.

well controlled water chemistry, and good radwaste managenent practices.
'

.

f The abundances of 55 e at Turkey Point and Rancho Seco could be repre-F
I sentative of the levels in large, modern PW's. The 55 e relative abun-F'

55 e abundance, 44%,dances at these stations em both close to the mean F
calculated for all seven stations.

4.3.2. Cobalt-60 Pmduction

| Cobalt-60 is produg by neutron activation of the 100% abundant
stable cobalt isotope, b Co. Cobalt is a trace constituent in both carbon
and stainless steels >(ranging from 80 to 150, and 230 to 2600 ppm, respec-

!
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ti vely)(13) . Cobalt is also present in inconel and monel. Af ter produc-
tion in the reactor core, translocation and deposition of 60Co throughout
the operating systems will be a function of: 1) corrosion controls, 2) the

i effectiveness of the reactor water cleanup system, and 3) radwaste manage-
ment practices.

The inventory of 60C0 at Huboldt Bay was rather low, reflecting the
! primary use of carbon steel, which contains lower cobalt impurity levels

'than stainless steel, throughout the operating primary systems. The 60 oC
inventory at Dresden One was significantly higher than at Humboldt Bay!

for several masons. First, Dmsden One employed monel heat exchanger
,

tubes, which had a cobalt concentration of 5%, in the last three stages
of the primary and secondary feedwater heaters. Second, the Dmsden One
unit was a &al cycle system and incorporated more stainless steel than
at Hunboldt Bay. Finally, the longer operational history of Dmsden One
gould have msulted in a higher relative abundance of 60C0 capared toFe and other shorter-lived radionuclides, due to saturation effects.,

J
,

The 60Co inventory at Monticello undoubtedly reflected the increased
use of stainless steel in newer BW units, while the lower mlative inven-
tory of 60Co at Indian Point One reflected the elevated concentrations of
other trace metals introduced fmm the carbon steel and admiralty brass
caponents of the secondary system.

60 o at Turkey Point mflected theThe larger mlative abundance of C
, larger proportion of stainless steel in more recent PW systems, whilei

the mlatively low inventory at Rancho Seco reflected the extensive use
of inconel, which contains a lower cobalt concentration than stainless

| steel.

4. 3.3 . Zinc-65 Pmduction

dant stable isotope, 64 n, produced by neutron activation of the 49% abun-This radionuclide is
Z and appeared in significant concentrations in

early BW units which employed heat exchangers containing admiralty (29%
Zn) or muntz metal (40% Zn). These are exemplified by Pathfinder, Hunboldt

| Bay, Monticello, and Dmsden in the seven reactors examined in this program.
' The use of an adniralty brass heat exchanger at Indian Point One is apparent

in the resi&al inventory, even though this exchanger was employed in the
secondary system. The condensed secondary steam, which was contaminated

;
' in the condenser with stable zinc, was used for primary water makeup,

thus bringing this zinc contanination into the primary reactor loop wheret

| the stable zinc became neutron activated.

| 4.3.4. Nickel-59 and 63Ni Production

These two radionuclides ere produced by neutron activation of the
62 i, which have stable isotopic abundances of istable isotopes 58 i and NN

68% and 4%, respectively. Nickel alloys, monel and copper-nickel, were ,

used in heat exchanprs in see early reactors. More recently, inconel |
,

| (60-80% nickel) has mceived extensive use in reactor systems, both for
l
|

|
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reactor intemals and heat exchanger surf aces. The inventory at Dmsden
One reflected the latter application, with the use of both monel (67% -

: nickel) and copper-nickel (30% nickel) heat exchanger surf aces in the
'

reactor feedwater heating system.

The relatively large 63 i inventory at Rancho Seco reflected theN;

more recent tmnd of extensive use of inconel for the reactor internals
and also in the steam generators as a heat exchange surf ace. At Rancho
Seco this extensive use has resulted in 63Ni becming the third most abun-
dant radionuclide af ter 55Fe and 60C0. Nickel-63 constituted 25% of the,

total inventory at Rancho Seco.

4.3 . 5. Silver-110m Pmduction

The only reactor unit in which 110 mag was a significant contributor
to the overall inventory was Rancho Seco. This radionuclide is produced
by neutron activation of the 48% abundant stable isotope,109Ag. The

. large relative abundance of 11@Ag in the Rancho Seco inventory is explain-
'

ed by the presence of silver-indiun-cadmiun control rods. Like other
reactor caponents, the control rods are subject to corrosion and erosion

; processes which can lead to contamination of the primary coolant. Traces
of 11W%g are also observed at Monticello associated with a silver alloy

! gasket used for sealing the head of the reactor pressure vessel . Sil ve r-

108n (tig =Ag.130 y) is also produced by thennal neutron capture on 52%abundant 107 Howver, its low cross section -(0.33 barns) and long:

half-life limit its production. Nevertheless, the use of large amounts
of silver in PIR control rods will result in a large inventory of 108 mag
in these conponents.

4.3. 6. Cobalt-58 and 5%n Pmduction
'

Cobalt-58 and 5%n am both produced by f ast neutron reactions with
pgrent elements contained in the rg,getor core structural materials. The
NCo is primarily produced by the NNi (n,p) 58Co reaction, which has an
average cross section in a fission neutron spectrum of 100 mb. The target

58 f, is present in the inconel (60-80% Ni) andisotope, 67.8% abundant N
'

stainless steel (8-12% Ni) used in the pressure vessel and primary loop..,

Although the half-life of 58Co is short (71 days), it is one of the most'

abundant radionuclides in corrosion product residues intnediately after
reactor shutdowi.

The 5%n is produced primarily by the 54Fe (n,p) 5%n reaction, which
has an average cross section in a fission neutron spectrum of 53 mb. The

54 e, is present in the steel constructiontarget isotope, 5.84% abundant F
,

.
materials of the pressure vessel, fuel support structures, and the primary
l oo p. Corrosion of the steel components can;
neutron flux mgion of the reactor where the gransport imn to the f astMn is produced.-

| t

.

'
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!

4.3 . 7. Niobiun-94 Pmduction

Niobiun-94 (t1 y) is produced by thennal neutron capture
from the 100% abunda/2 = 20,000nt stable isotope, 93Nb, which has a cross section of
1.15 barns . It decays by beta emission with a maximun beta energy of 473,

'

kev to a single level of 94Mo at 1574 kev. A cascade of two 100% abundant
gammas of 703 and 871 kev each msults. The presence of relatively high

,

'

levels of niobium in stainless steel (5-300 ppn) and inconel (390-50,000
ppm) would lead to production of significant amounts of the very Img-

94 b in reactor core materials.(13) For long deferral intervalsNlived
prior to deconsnissioning, 94Nb may in f act represent the principal contri-
butor to personnel exposum during dismantlement of the reactor pressure,

i

i vessel. However, the extreme insolubility of niobian does not permit
significant translocation from the pressure vessel and deposition in other

i pl ant systems . Therefom, 94Nb has been a very minor constituent of the
,

residjal radionuclide deposits in plant systems.
|
i
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5.0 RESIDUAL RADIONUCLI0E CORRELATIONS FOR
10 CFR 61 WASTE CLASSIFICATION

Radionuclide correlations are presently being utilized by the utili-
ties to estimate the concentrations of a number of 10 CFR 61 radionuclides
in typical waste streams (e.g., resins, sludge, D4W, etc.) being prepared
for disposal . This is usually accomplished by performing comprehensive
sapling and radiochemical analyses of these waste forms on enough samples
to provide reasonably valid correlation f actors for those radionuclides
not measurable by gamma-ray spectrometry. Once adequate correlation f ac-
tors have been established relative to some easily measurable gama emitting
radionuclide (e.g. 60Co,137Cs,144Ce), the waste stream samples can be
analyzed by gama-ray spectrometry, and the non-gama emitting radio-
nuclide concentrations can be estimated fra the established correlations.

Howver, the typical waste streams of msin, sludge, evaporator bot-
toms, or DAW do not have the same relative radionuclide concentrations as
the resi&al radionuclide contamination deposited on piping and hardware.
Therefore, the radionuclide concentrations in the most representative
piping samples which had been exposed to primary coolant at six of the
nuclear plants examined in this study (Pathfinder was excluded as being
atypical) were evaluated to determine if adequate, generic correlation
factors could be established for these types of samples. Table 5.1 lists
the correlation f actnrs devgloped when normalizing the concentrations of
10 CFR 61 radionuclides to outo, which is generally the most readily mea-
sured gamma emitter in contaminated primary loop piping and hardwam. As

tion were highly variable. The best corre-
shown in the table, the ggrrpc uPu/ouCo ratio, which gave pn average valuelation observed was the ca9-
and associated standard deviation (la) of 8.316.8 X 10-3 for the six
contaminated piping saples. This correlation f actor could prove usef ul
for estimating the concentrations of 239-240Pu relative to 60Co. The

60 o and 244Cm/60Co ratios w re 15 15 X 10-5 and 9.01average 241Arr/ C

9.3 X 10-5, respectively. Thus, the transuranic radionuclide concentra-
tions could be estimated to within about an order of magnitude from the
60Co concentrations.

The only other potentially useful correlations relative to 60 o wereC

60 o ratios. If the atypically low 55 e/60Co60 o and 6331/for the 55Fe'/ C C F
value for the Monticello sample, M-101, is excluded, the five other samples

the 55Fegive an average 55Fe/60Co ratio of 3.8 2 2.7.
This would allogO o measure-Cto be estimated within a f actor of about five to ten from the

ment. If the atypically high 63Ni/60Co ratio for the Rancho Seco sample,
RSH-2, is excluded, the five other samples give an average 63nj/60Co ratio
of 0.060 t 0.063.

60 o, a nd 90 r correl a-Cesim-137 and 99Tc do not correlate well with SC

tion; are only slightly better. Not enough positive values for the 94Nb/60 oC
and 1291/60C0 ratios were available to determine if adequate correlations
existed between these radionuclides, but a range f less-than ratios could
prove usef ul for estimating less-than values of Nb and 12 9I in indivlial
nuclear plant piping and hardware samples.
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TABLE 5.1. Activity Ratios Nonnalized to 60 o in PipingC

Exposed to Priinary Coolant (Decay Corrected
to Shutdown Date or Sarnpling Date)

99 c/60co 129 f60co 239-240 u 60co 241 nf60co 244Cm/60cc137Cs/60ro 90$r/60co 94ndj60co 55 ef60c. 63ntf60co f P AF

sample (t 10-3) (n 10-4) It 10-4) (1 10-5) (I 10-5) (t 10- ) (I 10-5) (n 10-5}

IPH-72( A) 11 0.50 6.1 4.8 0.15 0 '2 19 3.3 4.4 0.53

teRS-26(8) 1.0 4.3 <4 6.7 0.043 2.5 <F 20.0 37.0 13.0
cn
#

,

RSH-2(C) 13 < 20 <F 5.6 3.42 <2 <! 5.5 4.4 3.8
1

M-101(0) 249 20 <10 0.056 0.0046 3.3 <10 13.0 30.0 26.0i

TP-H7(E) 0.17 0.37 < 0. 9 1.3 0.0044 27 <8 5.5 7.5 4.4

D-SC-18(F) 0.45 0.53 < 0. 4 0.61 0.098 0.034 < 0.8 2.7 4.1 6.3

ArtilAGE a lo --- --- --- 3.8t2.7* 0.060to.063" --- --- 8.3t6.8 15 15 9.029.3

4 Corrosion film scrapings frts Indian Point-1 steam ynerator
8 Regenerative heat euchanger piping frte Hetoldt Bay
C Corrosion file depostts on MtPA filter used la steam generator repair
D Reactor water cleanup piping from Monticello
E Almina grit used for decontamination of Turkey Point Unit 3 steam generator
F Reactor steam vent piping f rom Dresden-1

Encludes atypically low value for sample M-101*

** Excludes atypically high salue for sample RSH-2

_ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _



Table 5.2 lists the correlation factors for 10 CFR 61 radionuclides
for these samples relative to the gamma-emitting fission product 137 s.C

Since 137Cs is more soluble in the primary coolant loop and does not follow
the usual corrosion product deposit processes, it's correlations with the
concentrations of the transition metal activation products and TRU radio-
nuclides were poor. Not unexpectedly, the 90Sr provided the best correla-
tion with the 137 s, and gave an average ratio (110) for the six samplesC

of 0.16 10.16 (Sr/Cs). Neither Cs nor Sr are efficiently sorbed into
corrosion films. This ratio indicates that Sr would tend to be more solu- |

ble since Sr and Cs are produced in nearly equal abundance during fission.

Table 5.3 lists the correlation f actors calculated relative to 23 9-240Pu .
Ag expected, the correlations for the other TRU radionuclides, 241Am and
240N'rIti$s o $$tbb'N1.S''O8 r[shc Wy 'b bSF h 3f- k ui

ratio gave an average value of 0.66 2 0.57 X 105, if the atypical Monticello
sanple, M-101, was excluded.

In sunmary, generic radionuclide correlation f actors for estimating

the concentrations of residual radionuclides in coggCo, obFe/ogCo, 63amingted p ping and60 ohardware bare not proven very consistent. The Pu/0 Ni/ C,

and 9uSr/13/Cs relationships may prove to be most useful. During decom-t

missioning it is obvious that rather comprehensive sanpling and radio-
chemical analyses of 10 CFR 61 radionuclides will need to be performed at t

' each retired nuclear power station to establish residual radionuclide
concentrations and associated waste classifications for the various wastes
which are generated.
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TABLE 5.2. Activity Ratios Normalized to 137 s in PipingC

Exposed to Primary Coolant (decay corrected to
shutdown date or sampling date)

129gjl37cs

99 c/137Cs (110-4) 239-240mfl37 s 243 m/137Cs 244CW137 s60caf137cs 90sr/137 s 94%/137 s 55rejl37 s 63nt/137 s T C A CC C C C

IPN-22(a) gl 0.0045 0.055 4M 14 0.00056 1.7 0.0030 0.0040 0.00048

tet-26(b) 100 0.43 < 0. 4 6700 43 0.025 <7 0.20 0.37 0.13us
R5M-2(CI 77 <0.15 <0.015 430 260 0.0015 < 0.2 0.0042 0.0034 0.0029

M-101(4) 4 0.0020 <0.004 0.22 0.018 0.00013 0.04 0.00052 0.0012 0.00010

TP.H7(*) 5900 0.22 < 0,5 7650 26 1.6 <0.005 0.32 0.44 0.26

05C-18(f) 2200 0.12 <0.09 1360 220 0.00076 <0.0002 0.060 0.001 0.14

AYERAE s lo -- 0.1620.16 -- 3300:3500 -- 0.005620.011 -- 0.09820.13 -- --

(e scludi ng (excluding
M-101) TP-H7)

(a ) Corrosto% film scrapings from Indian Point-1 steam generator
(b) Regenerative heat enchanger piping f rom heboldt Bay
(c ) Coriostos f tla depcstts on M(PA filter used in steam generator repair
(d ) Reactor mater cleanup piping from Monticello
(e) Almina grtt used for decontaminattaa of Turkey Point tintt 3 steam generator
(f) Reactor steam wat paping f rom Dresdes-1

:



TABLE 5.3. Activity Ratios Normalized to Pu in
Piping Exposed to Primary Coolant (decay
corrected to shutdown date or sampling date)

i

|

I

137csf 55r,f739 240N 63mi/239-240h
239-240% 90 r/239-740N 94 y 239-240N (I10 ) (Il0 )t 5 3 99 c/239-240pu 129 f239-240h 24 t gf239-240pu 244ce/239-240Pu5 f

a

IP-M22 3 30 1.5 18 1.5 4.5 0.19 0.057 1.3 0.16
MIR5-26 5 2.2 <2 0.34 0.22 0.13 "0 M4 1.9 0.65g .

N Rist-2 237 < 36 <4 1.0 62 < 0. 4 <0.CG2 0.80 0.69
M-101 1900 36 <8 0.0043 0.035 0.25 <0.008 2.3 2.0

J TP-k7 3.1 0.67 <2 0.24 0.20 4.9 <0.01 1.4 0.80
D-5c- 18 If 2.0 <! 0.23 3.6 0.01 <0.003 1.5 2.3
Att RAE 8.5 1 15 0.66 * 0.57 0.98 a 1.9 1.5 1 0.5 1.1 1 0.8 !

t la

(a) Corrostom file scraptogs from Indian Point-1 steam yeerator
(b tegreerative heat eackanger piptog f rom Hataldt Bay
(c Correston fils deposits on h(PA filter used in steam greerator repatr
(d Seatter mater cleanup pf ptag from ponticello

,
(e) Almtna grit used for decontaminatton of Turkey Potet Batt 3 steam graerator |

| (f) Seactor steam seat ptytag from Dresdes-1

]

!
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6.0 IMPLICATIONS FOR DECOMMISSIONING |

This research program has generated a data base describing residual
radionuclide concentrations and distributions throughout the operating
systems of seven light water reactors. The results of this study have
implications for future decomissioning efforts, waste disposal of decom-
missioning wastes, and additionally point out areas where data base defi-
ciencies still exist. The long-lived radionuclides, including fission
products and activated corrosion products, have been examined in operating
systems. The data base describes typical concentration ranges observed,
and scales the significance of the various radionuclides. The radionu-
clides examined include a more comprehensive spectrum than included in
previous decomissioning assessments (1-5).

Using the data base generated in this program, which describes typical
concentration ranges and radionuclide ratios throughout operating systems,
more informed decisions can be made regarding four potential decomission-
ing scenarios: 1) decontamination and decomissioning, 2) imediate de-
commissioning, 3) safe storage for a period of years followed by decomis-
sioning, or 4) entombment.

6.1. WASTE CLASSIFICATION AND DISPOSAL

The results of this program indicate where typical decomissioning
wastes will fall within the present waste classification and disposal
guidelines. Section 10, Part 61, Subpart D of the Code of Federal Regula-
tions describes the technical requirements for land disposal facilities
and near surf ace disposal of radioactive waste. Included therein are
waste classifications and disposal requirements. The least restrictive
waste classification is designated Class A. The limitations for Class A
wastes are specified in paragraph 55 of 10 CFR 61 and are listed in curies
per cubic meter of waste for specific radionuclides of concern. For more
direct comparison with our measured results, these limits are shown in
Table 6.1, converted to pCi per cubic centimeter in column 1, and pC1/g
of steel in column 2. Columns 3 through 8 list the highest concentrations
observed at the reactor sites sampled during this program (excluding Path-
finder which had atypically low residual radionuclide levels). At none
of the stations were radionuclide concentrations in corrosion films in
contaminated hardware or piping above the limits specified for Class A
wastes. Based upon this rather limited sampling, it would appear that
all contaminated piping and hardware, excluding the pressure vessel and
internals, could be disposed of as the least restrictive class of waste.
This would greatly simplify the disposal of all of the contaminated piping
and hardware slated for eventual dismantlement during decommissioning.
An alternative, and perhaps less restrictive, method is waste classifica-
tion on a volume basis, rather than the mass basis used here. For pieces
of contaminated material having a large volume-to-mass ratio, the licensee
would probably prefer to make the classification on a volume basis.

None of the radionuclides having half-lives less than 5 years, either
individually or summed together, came close to the Class A limit. The
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TABLE 6.1. Comparison of Disposal Limits for Class A Waste with Radionuclide
Concentrations Observed in Contaminated Primary Loop Piping

|

Class *A* Liet t Michest Cbserved Steel Contamination - pct /gm
Converted To

Class ' A' tiet t ;41/gm of Indian Point Turkey Potat
Ra e enuci t de (uCt/cm3) Iron or Steet Hunteldt Bay (1) Dresden One(2) Monticello(1) Unit One(4) Unit 3*(5) Rancho Scro[6]i

Any ut th half-Ilfe 700 89 13 (55 e) 0.86 (55 e) e,7 (65 n) 1.8 (65za,55r,) 9 55te,58co o,o3 (58co,55r,)F F 2

$ n(.54less than 5 years 2 Pa)
I 60 o 700 89 1.9 0.95 0.09 0.1 0.92 0.003C

59mt 22 2.8 < 5 I 10-6 0.002 < 6 I 10-6 2 I 10-4 1.5 I 10-4 6 I 10-5
63nt 3.5 0.44 ft. (B 0.09 4 I 10-4 0.032 4.5 I 10-3 0.010
90 r 0.04 0.0051 9 I 10-4 5I 10-5 2 x 10-4 3 x 30-6 3,0310-5 < 4 g 30-65

98hb 0. 02 0.0025 49 3 10-4 < 3 1 10-5 <0.001 < 5 1 10-6 <a 10-5 < 2 I 10-6
99fc 0.3 0. 0 38 5 t 10-5 3 x 10-7 3 to-6 3 x 10-6 3,o m 10-4 <2 2 10-6
1298 0.008 0.001 <2 1 10-6 <y 3 30-8 <3 g to-7 < 6 3 10-4 < 6 a 10- 7 <4 I 10-9

(Ji 137 s 1.0 0.13 0.002 43 10-4 0.C2 0.006 <2 I 10-4 < 3 I 10-6C

Alpha Esitttag 10 nC1/g 10 nCt/g 1.8 0.16 0.08 0.004 2.2110-4 0.001 j
Trans wanics i

242 m 2000 oct/g 2000 nC t/ g 9.2 0.003 0.C11 m.0, 2.2 1 10-5 a 10-4C

(1) WRS-26; Regen. Heat Enchanger Piping; decay corrected to s Atdown date .Aly.1976
(2) 0-5C-18; Reactor Steam Vent Piping; decay corrected to shutdown date. Octoter.1978 |
(3) M-101; Reactor Water Cleanup Piptag; decay corrected to sampitag date. November 1981
(4) IP-N-12; Reacter Water Cleanup Piptag; decay corrected to sNtdown date, Octoter,1974

,

(5) TP-N-7'; Aletna grit f rom steam generator decontaetmatica; decay corrected to sampling date, Octoter,1981 |
(6) RS-N-4A; Letdown coder piping; decay corrected to saspilng date. March,1983
m.0. - hot cetects ble
*Stace no primary loop piping was available at Tur key Potat, radtenucilde concentrations (pC1/gn) associated ut th an entt re Turkey Point t t t 3 steam

60 o (675 curtes) in the stese generator by the entire weight of the stemsgenerator mere estwated by dividing the total estimated curses of C

generator (2.0 I 108 vpe), and estag the ratto of 60Co to the other radionucildes measured in the sample of aleine grit (TP-M-7) f rom the
decontastn*tton of tht1 s'eam generator.

1
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regenerative heat exchanger piping at Humboldt Bay came the closest, but
was still a factor of about 7 below the limit at the time of reactor shut-
down (July, 1976). The long-lived radionuclides, including 60Co, likewise

The 63 i in the most contaminateddid not come close to the Class A limit. N

piping from Humboldt Bay and Dresden-1 came closest to the limit, but
were still about a factor of 5 below it. For the alpha emitting transu-
ranic radionuclides, the regenerative heat exchanger piping at Humboldt
Bay came closest to the limit, but was still a factor of 5.5 below it.

The steam generators in the PWR's examined in this study contained
approximately 77 to 95% of the total residual radionuclides deposited
outside of the pressure vessels at these plants. Therefore, it is of
interest to determine if the radionuclide concentrations (in pCi/gm) within
an entire steam generator would be below the Class A waste limit. If so,

the entire steam generators could be disposed of as the least restrictive
waste class. Table 6.2 lists the concentrations of 10 CFR 61 radionuclides
estimated in entire individual steam generators at Indian Point-1, Turkey
Point-3, and Rancho Seco. These concentrations were obtained by ' dividing
the total individual radionuclide inventory within a steam generator by
the total weight of the steam generator. The individual steam generator
weights were 7.5 X 104 kg, 2.0 X 105 kg, and 5.2 X 105 kg, respectively,
for Indian Point-1. Turkey Point-3, and Rancho Seco.

As shown in Table 6.2, all of the radionuclide concentrations in the
Indian Point-1 and Turkey Point-3 steam generators were below Class A
limits. The only radionuclide whose concentration was above the Class A
limit in the Rancho Seco steam generator was 63Ni; however, it was only
1.7 times higher than the Class A limit. Rancho Seco has an unusually
high relative amount of 63 i in the primary loop corrosion deposits dueN

to the extensive use of inconel (70-80% Ni) in primary loop construction
mate rial s. It appears that some degree of decontamination of the Rancho
Seco steam generators would be necessary to dispose of them as Class A
waste.

All of the nuclear stations examined had contaminated concrete that
would have to be disposed as low-level radioactive waste if the sites
were to be restored to unrestricted use following decomissioning. To
evaluate the possible waste disposal options, the following comparisons
have been made.

The Class A limits converted to Ci/g for contaminated concrete,
based upon an assumed density of 2.5 gm/cm3 for concrete, are shown in
Table 6.3. Also shown in the table are the highest radionuclide con-
centrations observed in concrete from the reactor stations sampled during
this field program. The concentrations listed for each station are based
upon concrete cores containing the highest concentration levels for that
s i te . At Indian Point Station-Unit One IJ7 s concentrations in severalC

concrete cores from the sump floor of the reactor building were observed
to exceed the specified Class A limits by about a f actor of 3.5. As gointed
out in Section 4.1.4, concrete has a particularly high affinity for IJ/Cs,
since the cesium can irreversibly ion exchange onto the minerals in the
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TABLE 6.2. Comparison of Disposal Limits for Class "A" Waste

with Radionuclide Concentrations for Entire Steam,

Generatorsj

i

) Radionuclide Concentration (uCi/p) for Entire Steam Generator

| Class "A" Limit Converted
Radionuclide to uCi/ ,of Steel Indian Point-1(A) Turkey Point-3(B) Rancho Seco(C)'

F Z F 58C0 2.3'[55 e, 58Co
2.4{55e,13465 n 2.9 (55 e,54 FAny with half-life 89

54 n)65 n, Mn)4Mn, Cs) Z M
i

less than 5 years

f 60 o 89 0.43 0.92 0.71C

| 59Ni ' 2.6 4.9 X 10-4 1.5 X 10-4 4.8 x IL-3

63Ni 0.44 0.057 4.5 X 10-3 0.76
; g
1

; 90 r 0.0051 2.1 X 10-5 3.0 X 10-5 <5 X 10-4S

1

94Nb 0.0025 2.5 X 10-5 <8 X 10-5 <1 X 10-4'
1

99 c 0.038 2.4 X 10-6 3,0 x 10-4 <1 X 10-5T

| 1291 0.0010 7 X 10-7 <6 X 10-7 <7 X 10-7

i 137Cs 0.13 4.6 X 10-3 <2 X 10-4 0.013

) Alpha Emitting TRU 10 nCi/ p 0.042 2.2 1 10 4 5.4 X 10-5

242 m 2000 nCi/ p M.0, 2.2 X 10-5 7,7 x 10-5
C

(A) At Shutdown October, 1974

(B) As of October, 1981
(C) As of March,1983

!
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TABLE 6.3. Comparison of Disposal Limits for Class A Waste with
Radionuclide Concentrations Observed in Contaminated
Concrete

Class " A* L imit
Class *A* Limit Converted to Indian Point Turkey Point

(utt/cm3) pCf/g Concrete Maboldt Bay (I) Dresden OneIII MonticelloII) One(4) Three(5) Rancho inco(6)

33 134Cs 0.00024 65 n g 3 (134Cs.Any ulth half- 700 780 1.6 (55re) gS n (55 e. 0.00077(338Cs)
$ e.(54nn) 106au, 5 n.

t 016 F

F (I48Ce) Z a34cs)life less
than 5 years 138Cs)

60co 700 780 0.016 0.?! 0.0034 0.029 0.007 2.9X10-4
59mt ?? 8.8 #3110-5 0.001 N.M . 6110-5 3:10-4 a.M .

63st 3.5 1.4 0.003 0.3 R.M . 0.004 3A 10-5 g ,n ,

90 r 0.04 0.016 6X 10-5 0.001 n.M . e110-5 7:1o7 N.M .5

98mb 0.07 0.0W 0 <?Il0-6 <tito-5 <1 30-6 1110-6 <r ge-5 m,n ,

$ 99 c 0.3 0.17 c7110-5 1I10-6 g ,n , 3,4g30-7 9I10-7 R M.T

!?91 -0.008 0.0032 <!Il0-I < !Il0-7 N .M . 2.7Il0-I <!X10-7 N .M .

137Cs 1.0 0.40 0.005 0.10 2310-4 1.4 0.01 0.0056

Alpha Cettting 10 nCt/g to nCl/g 0.009 0.07 m.M . 5I 10-4 3X10-4 23.
Trans urant cs
Mal f-Ilfe >5 yrs

247 e 2000 nC1/g 2000 nCt/g m.0. 0.78 N.M . h.0. 2.51 10-5 a.M .C

(1) 2CC-10. 8181d9.. 66*; 2CC-6. PW Bldg., decay corrected to shutdown date July,1976.
(?) DCC-4. Sutsplie Ra.; Jecay corrected to sNtdown date. Octoter.1978.
(3) MCC-8. 9WCVPR; deca, corrected to sampling date, movester.1981.
(4) IP-CC-5. IP-CC-6. IP-CC-9; decay corrected to sNtdown date. Octoter,1974.
(5) tPCC-9. TPCC-12. TPCC-15; decay corrected to sampling date. Octoter 1981.
(6) R$.CC-1; eecay corr *cted to sampit ag date. March 1983.

N.D. = mon-detectt ble
a.M. * not seasaed

i
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concrete. The contaminated concrete cores collected at the other stations
did not exceed the Class A limit. However, since very few contaminated
sump areas were sampled, particularly at the operating plants, it is likely
that some contaminated concrete areas from other plants will exceed the
Class A limit for 137 s. However, the disposal guidelines are writtenC

such that highly contaminated concrete could be disposed as Class A waste
if it were diluted with concrete Faving lower residual radionuclide con-
centrations, such that the average concentration per disposal container
does not exceed the Class A limit.

Two alternative approaches could be utilized to obtain an average
concentration below the Class A limit: 1) surficial concrete from areas
having radionuclide concentrations above Class A limits could be mixed
with concrete (or some other material) with lower residual radionuclide
concentrations such that an overall average concentration below the Class
A limit is achieved, or 2) since the residual radionuclide contamination
of concrete has been noted to decrease typically several orders of magni-
tude in the first two centimeters, removal of several (4 to 6) centimeters
of concrete from the contaminated surface would result in an average radio-
nuclide concentration below the Class A limit, even if the surface (top 2
cm) was well above the Class A limit.

6.2 Allowable Residual Levels of Soil Contamination

The reactor stations examined during this research program typically'

had some areas within the confines of the site where low concentrations
of radionuclides were present in surface soils at levels above those con-

tributed by global fallout.less than 1 to over 100 pCi/g of soil or sediment (ypically ranged from
These concentrations t

see Table 4.7). A
suggested allowable residual contamination level (ARCL) specifies that
the total concentrations of radionuclides do not contribute to
rate exceeding 10 mrem /yr to the maximally exposed individual.(a pose 191 However,
the conversion from concentration in pC1/g to dose in mrem /yr is not a
straightforward one. Currently, there are several groups actively develop-
ing methodology which allows thi c nyersion. These include groups at
the Pacific Northwest Laboratory 19 and at Oak Ridge National Labora-
tory.(20) Basically, the methodology defines a model which allows calcula-
tion of permissible residual contamination levels for any mixture of radio-
nuclides as measured from field samples. The methodology utilizes the
physical characteristics of the individual site along with the possible
scenarios for human exposure and performs a resultant dose analysis.
Conservative assumptions are made which result in the highest potential
dose. Thus, a conservative estimate (high) is obtained for any radio-
nuclide mixture. Once the characteristics of the contaminated site and
most significant exposure pathway are incorporated mathematically, the
allowable residual concentrations can be back-calculated for any radio-
nuclide mixture. Kennedy et al.(19) have performed an analysis to deter-
mine the allowable residual contamination in soils at the Shippingport
reactor site following decommissioning. Table 6.4 lists the allowable
residual contamination level values for individual radionuclides in soil
based upon a specific scenario in which contaminated surface soil (0-1 m)
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TABLE 6.4. Allowable Residual Contamination Level Values for
Individual Radionuclides in Soil at the Shippingport
Atomic Power Station Based on 10 mrem /yr to the3

Maximally-Exposed Individual (from Kennedy, et al.(19))

I

Unconfined Soil
0-1 m Dqeg ,

>

|
Radionuclide (pCi/g)(aJ

1

5.9E+7(b)38
14C 1.2E+5
54 n 5.9E+0 |M

| 55 e 1.0E+5F

57 o 4.4E+4C

60 o 9.1E-l'C

59Ni 2.3E+2,

63Ni 1.9E+1
4

90 r+D(c) 9.1E-1 '
! S

93 o 1.7E+3M,

1 99 c 2.6E+1f
106 u 4.6E+1R,

| 110 mag 1.9E+0
124Sb 3.7E+22

'

125 b 5.9E+0S

'

134Cs 1.8E+04

135 s 1.1E+3C

137 s+D 3.7E+0 i
C

. 144Ce+D 7.7E+2 :

| 152 u 2.0E+0 +

E
I

154 u 1.8E+0E
;

235 +0 2.0E+1 !0
238 +0 2.3E+1t 0
237 p+0 1.4E+1'

N
.

238 u 1.6E+2P

239 u 1.1E+2 .P
I

240 u 1.1E+2P

! 241 u 2.8E+4P

241 n 7.1E+1A

(a) Eased on the residential /home-garden scenario, f
| (b) Where 5.9E+7 = 5.9 X 107

(c) +D means plus short-lived daughters j

'
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.at the decommissioned Shippingport Station wrs present af ter the site was
converted into a residential development /home-garden situation.

It is of interest to compare the allowable residual contamination
levels specified in this scenario with the levels of radionuclide contami-
nation in soils at the seven nuclear plants examined in this study.

For the contaminated soils observed in this study, 60Co was the limit-
ing radionuclide for the allowable residual contamination level. By
comparing the observed contamination levels given in Table 4.7 with the
calculated allowable residual contamination levels given in Table 6.4, it
is obvious that the 60Co concentrations in the most contaminated soils at
all of these sites except Monticello exceeded the suggested limit of 0.91
pCi/gm specified in Table 6.4.

Several alternative remedial actions could be performed to reduce
the radionuclide concentrations in the contaminated soils to levels which
would not contribute to a dose rate greater than 10 mrem /yr. First, the
contaminated surface soil could be removed and disposed as low-level waste.
Since the extent of soil contamination at the reactor sites was very limited,
this may not be an unreasonable alternative. Second, the contaminated
surface soils may be plowed under and mixed with uncontaminated soils to
give a concentration below the specified limit. This alternative would
be feasible if the contamination was confined to the top several centimeters
of soil and the contamination was low enough to allow adequate dilution
by clean subsurface soil. A third possible alternative would be to provide
some sort of institutional control of the site until radionuclide concen-
trations decayed to levels below specified limits.

|
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| |

j 7.Q ADDITIONAL RESEARCH NEEDS
t

| The results of this research program indicate several areas where >

; additional information would be desirable. The additional needs can be
| placed into three general categories: 1) expansion of the present data i

| basa, 2) effects and implications of recent innovations in operations '

! parameters and materials, and 3) attention to specific problem areas.
I
- 7.1 Expansion of the Data Base

Although this research program examined seven reactor sites, data
from additional reactor sites would be extremely desirable for several

, reasons. First, as noted in the discussion above, the Monticello inven- '

tory and radionuclide composition were somewhat anomalous in comparison'

to the other reactors examined during this research program. It was the
only relatively recent BWR examined, thus it is not possible to say whether
Monticello is representative of newer BWR's, and that BWR's will generally !

have significantly lower residual radionuclide inventories. It would be
*

highly desirable to examine several other recent BWR's in order to gain
further information regarding BWR inventories.

Second, no gas-cooled reactors were examined in this research program, l

since this reactor type is rare in the U.S. However, there is increasing
interest in this technology at the present time. Thus, it would be worth-
while to examine the residual inventories associated with this reactor
type. A low residual inventory might be an additional factor in favor of

,

this reactor type.

| Third, at the seven reactor sites examined in this program, there
' were significant differences observed in radionuclide compositions and

residual inventories. Additional site examinations would reinforce or
refute these generalizations. Generic statements hypothesized as a result ,

of this research are somewhat tenuous. As an example, it would be useful
to determine if the relationship proposed between reactor size and years i

of service versus total inventory is indeed appropriate over a largeri
,

population of reactors.
;
,

Fourth, although this study has greatly contributed to a better know- !

ledge of residual radionuclide inventories within nuclear power plants,
it was also subject to limitations imposed by the operational or standby

,

status of the reactors which were examined. It was concluded that optimum|
information could be best obtained during an actual reactor decommission- ri

! ing, during which adequate samples for radionuclide characterization would [
| be available. For example, the upcoming decommissioning and dismantling
| of the Shippingport Station offers the best opportunity to date to carry -

' out such a study. Being able to take advantage of this unique opportunity
to follow up the study just completed would provide a detailed radiological
assessment, and would help resolve some of the unanswered questions concern-

,

ing the radiological problems encountered during an actual decommissiong. !

|\

I |
l

!

!
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7.2 Effects of Recent Trends and Innovations

The possible trend as noted at Monticello toward lower residual inven-
tories is only one of several potential changes in residual radionuclide
inventories. Radionuclide compositions are also subject to change with
the introduction of newer materials. Two examples of this effect are:

63 i in the Rancho Seco inventory pro-1) the relatively large amounts of h
duced by more extensive use of inconel in the reactor systems, and 2) the
large amount of 652n at Monticello due to the presence of admiralty brass
heat exchangers. Utilization of admiralty brass in reactor systems is
decreasing because of the tendency toward corrosion, with the consequent
production of large amounts of 65Zn. In contrast, the increased relative

63 i and perhaps 110 mag at Rancho Seco may reflect the use ofamounts of N

newer materials, with both lower stable cobalt concentrations and lower
corrosion rates. These newer materials are being employed to decrease
production of 60 o. the largest contributor to dose rates in operatingC

systems, as well as corrosion product formation and translocation through-
out reactor systems.

There are several other trends and innovations in reactor operations
which will affect the residual radionuclide distribution and inventories
at operating nuclear stations. These include improved controls on water
chemistry and high temperature or electromagnetic filtration of primary
loop water. Improved control of water chemistry tends to minimize corro-
sion processes and subsequent neutron activation and redistribution of
the activated corrosion product materials throughout operating systems.
High temperature and/or electromagnetic filtration for reactor water clean-
up in primary loops of PWRs, when fully connercialized, may decrease radio-
nuclide inventories in primary loops of PWRs, and especially in the steam
generators where the largest fraction of the primary loop residual inven-
tory resides. A final factor which may have the most significance upon
residual contamination inventories may be the growing practice of periodic
primary system chemical decontamination.

!

i
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APPENDIX A
ONSITE AND LABORATORY SAMPLING AND ANALYSIS METHODS

A.I. SAMPLING PROGRAMS AT THE NUCLEAR STATIONS

Sampling programs for each of the sites were individually designed,-

based upon the configuration of the station, its operational status, and
sample availability. Sanpling at each site focused upon acquisition of
contaminated equipment, hardware, or corrosion films from operational;

systems, as well as concrete from contaminated areas within the station,
and soils and sediments from within the exclusion area of the station.
The sample inventories for 'the field program are summarized in Table A.I.

,

The table details the number and types of samples, e.g., hardware, soils,
J and concrete obtained during the onsite sampling and measurements programs.

The miscellaneous column contains those samples which do not fit,

elsewhere in the table. Examples are a HEPA filter from Rancho Seco
which was associated with repairs on the upper primary side of one of the
steam generators, as well as samples of alumina grit from Turkey Point
which were generated during the decontamination of the steam generators

; prior to removal. A complete listing and description of sanples obtained
during the field sampling operations phase of this research protram are

| contained in Appendix B. Appendix B also contains a listing by site and
sanple type, as well as other documentation regarding the sanples, such
as dose rate and origin.

: TABLE A.1. Sanple In.entory from the Nuclear Power Stations Examined

Corrosion
Piping and Film Concrete

Station Hardware Scra pi ngs Cores Misc. Soil'

Pathfinder 52 0 22 6 10
Hunboldt Bay 5 12 27 12 16
Indian Point-1 8 10 15 3 0
Dres den- 1 2 12 8 2 8
Monticello 9 2 10 1 4<

Turkey Point 4 6 16 2 11

i Rancho Seco 4 5 2 1 8

i

A.2. SAMPLING PROCEDURES

A sanpling procedure was developed for each type of sample
obtained at the reactor sites. Sample types included hardware, ,

piping, corrosion films , concrete, soils and sediments. The
individual procedures for each type of sample are described below.

! ,

1

;

i

!
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'A.2.1. Haniware Samples

Components from operating systems made available for our sampling
purposes were sampled in one of four ways. The first option, if the
component was small enough, was taking the whole item intact. Alte r-
natively, if this was impractical, the component was subsampled in one
of three ways. A corrosion film specimen was obtained in those instances
where continued integrity of the component was mandatory. The deposited
corrosion film was removed from the surface of interest using a paint
or razor blade scraper. A predetermined surf ace area was scraped and
the loosened corrosion film gathered into a pol) ethylene bag. The bag
containing the corrosion film was then sealed, placed into another
uncontaminated plastic bag, and the second bag also sealed. The sample
was then labeled for future ident'fication with a log number, date of
origin, location of the component and its dose rate. It is estimated
that this scraping technique removed between 70 to 90% of the deposited
corrosion product material.

Two other procedures were utilized where component integrity was
not a concern. Most frequently, a subsample was obtained using a port-
able bandsaw. In this way a segment of pipe or other component could
be obtained which was large enough such that the heat generated during
the cutting process did not alter the sample. The bandsaw was utilized
for cutting pipe up to 4 inches in diameter and for metal plate materials.
For plate, a corner was cut, or alternatively, a notch was cut along
appropriate edges. Where piping was too large, or the sample inaccessible
to the bandsaw, a hole saw was employed. This was a less desirable
method since the sample was smaller in size and potentially disturbed
by the cutting operation.

A.2.2. Concrete Samples

Concrete was sampled either by coring or chipping. Concrete cores,
10 cm diameter by 6 to 13 cm deep, were collected from each nuclear
station. Cores were normally taken from contaminated floors from the
main buildings at each plant, including the reactor building, turbine
building, auxiliary building, or other contaminated areas. Prior to
taking a core, the floor was surveyed with a G-M survey meter to locate
" hot spots" of contamination. Reinforcing steel (rebar) was also located
using a portable rebar locator prior to coring. In this way cores
could be taken from areas free from steel reinforcing bar, since at
times concern was expressed by plant personnel that the coring might
affect the integrity and strength of the floor.

The coring systen utilized a diamond-tipped core barrel and recir-
culated water as both a bit coolant and lubricant. After coring and
cleanup of residual water, the core segment was broken free from the
floor, dried, wrapped in rags, enclosed in double plastic, and then
labeled. The cores were finally placed into metal cans prior to place-
ment into the shipping drum for return to our laboratory. Af ter coring
operations wre completed, the remaining hole was dried of excess mois-
ture, refilled with concrete, and the surface finished by trowelling.

A.2
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At the Pathfinder, Dresden Unit One, Humboldt Bay, and Indian
Point Un!t One nuclear units, concrete samples were also obtained from
the biological shield surrounding the reactor vessel. This sanpling
was accamplished using a hanner and chisel at the Pathfinder station,
or using a portable, powered rotary hammer and spalling bit at Hunboldt
Bay, Dresden Unit One, and Indian Point Unit One.

A.2.3. Soil and Sediment Sanples

Soil sanples were usually taken at approximetely the four compass
directions around the plants and/or at locations where contamination
was known or suspected within the exclusion area of the plant. At
several plants, soils from more distant locations were also obtained.
A large surf ace area coring device or a shovel was used to renove the
soil from a 0.1 square meter area, and the soil was screened through a

{ naninal No. 20 mesh sieve to remove large aggregate. All soil sanples
were packaged in plastic bags, labeled as to origin and date, and placed
into the shipping drum for return to our laboratory.

At most sites, samples of sediment from cooling canals or processed
water effluent streams were also obtained. These were collected using
a hand-held coring device which sanpled the upper 10-15 cm of sediment.'

Upon sanple retrieval, the surficial water was carefully decanted from
4

these samples and the sediment packaged into plastic bags. The sediment'

was then double bagged, the outer bag appropriately labeled, and the
sanple placed into the shipping drum for return to the laboratory. '

For sanples of sufficient length (>10 cm), the sediment cores were.

divided into surficial and lower sections.

A.3. ONSITE EASLREENTS

A nunber of onsite measurements were made at five of the plants
using a portable intrinsic germantun ganna-ray spectrameter and a beta-
gamma detector. The instrunentation was set up in a low background
area at each site, and a lead shield was constructed around the detec-
tors. Sanples were then brought into this low Lackground crea for ,

j preliminary analyses of gamma and beta enitting radionuclides. These
measurements served as a guide during the sanpling program.

| The intrinsic gennantun detector (a 30% efficient Princeton Gamma-
Tech coaxial diode with a resolution of 1.94 kev FWHM) was coupled to'

a Canberra Series 80 multichannel analyzer and minicamputer. A magnetic
tape deck and hard copy printer were also interf aced to the multichannel ,

analyzer to provide data storage and/or onsite printout of the spectral
data. ,

The beta-ganna detector (Eberline) was used primarily f or monitor-
ing smearable contanination levels on floors and equipment. At the
Pathfirder site, measurements were made using the intrinsic gennanium
detector in a portable mode in order to characterize an area of concrete
floorine in the fuel cask loading f acility which was known to contain
residual contanination.'

I
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The floor ama was subdivided into equal area components and the sub-
a reas surveyed using the spectrometer. The detector face was placed
vertically over the floor ama being surveyed. A cylindrical lead
collimator and shield wm fastened in place around the detector during
the floor survey.

Measurements wm also made at the Pathfinder site of hot spots
in the secondary piping and condenser ama using the portable gamma-
ray spectrometer system. The detector, with the cylindrical lead colli-
mator shield in place, was positioned in front of the hot spot and a
measurement taken.

A.4. LABORATORY PROCEDURES

Upon return of the samples from the mactor site to the laboratory,,

I the samples wre prepared for analyses. These preparations depended
upon physical parameters and analytical needs. The samples, where
physically possible, wre subjected to nondestructive gamma-ray spectro-
metric analysis prior to any sample dissolution and radiochemical separa-
tions. Af ter sample dissolution by acid digestion or further subsampl-
ing, aliquots wem again analyzed by ganna spectrometry. The procedures
for sample preparation am detailed below by sample type.

A . 4.1. Hardwa re<

Samples of piping and other reactor components, e.g., baffle plates,
valves, tubing, and filters were leached with hot concentrated hydro-
chloric acid to dissolve corrosion films. A protective plastic coating
was applied prior to the hot acid leach, in order to minimize dissolution
from metal surfaces which wem not contaminated >(e.g. exterior walls
of piping) since increased concentrations of dissolved stable elements
could potentially interfem with the subsequent radiochemical separations.

The acid leaching procedure entailed submersion of the component
in fresh aliquots of hot concentrated hydrochloric acid for two 1-hour
periods. The acid leached sample was finally subjected to a rinse in
hot deionized water for a period of one hour. All leaching and rinse
solutions wem filtered, combined, and brought to a final volume of 1
liter by evaporation. The final filters wre analyzed by ganna spectrom-
etry. Less than 10% of the total sample activity was mtained upon
the filter. Dose rates and/or count rates on the hardware components
wre also measured before and af ter the leaching procedure. Typically,
greater than 80-90% of the measured activity was solubilized during
the leaching process.

A.4.2. Corrosion Films

Corrosion films scraped from reactor system surfaces wm subjected
to hot concentrated hydrochloric acid digestion in the same manner as
hardware components. For corrosion films this was usually accomplished
in a glass beaker on a stirring hot plate. Two dissolution periods of

!
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one hour each followed by a rinse in hot deionized water for an addi-
tional hour were again used. The solutions were filtered and the filter
from the initial leaching steps placed in the succeeding leaching solu-
tion. As noted previously, the overwhelming fraction of the activity
was removed into the leachate.

A.4.3. Concrete Cores

Concrete cores were repackaged into polyethylene bags af ter receipt
and subjected to gamma spectronetric analysis. The whole cores were
analyzed with the original surf ace of the core f acing the detector.
The concrete cores were later cut into 1 on segnents with a diamond
bl aded l api dary s aw. Af ter segnenting, each slab was packaged and
analyzed for gamma-ray enitting radionuclides in order to determine
radionuclide containation as a function of depth in the concrete.

Selected concrete core segnents were subjected to the acid dissolu-
tion procedure since analyses were desired for beta, alpha and los-
energy photon mitting radionuclides. The dissolution procedure was
similar to that utilized for hardware and corrosion film saples. Initi al
acid addition was perfonned in small aliquots and at rom tmperature
due to the vigorous reaction with the carbonate f raction of the concrete.
Leaching was also conducted in a large (at least 2 liter) beaker to
minimize overflow resultant from the foaming which of ten occurred during
diss ol ution. After the initial vigorous reaction ceased, the saples
were heated, the volume brought to 500 ml of acid and the sample refluxed
for one hour. As with hardware and corrosion films, successive leaches
were conducted, twice with hydrochloric acid f ollowed by a hot deionized
water rinse. The solutions were filtered, and the filter leached in
the succeeding step. Finally, all solutions were combined and brought
to a final volune of one liter by evaporation.

A.4.4. Soils and Sediments

Upon receipt in the laboratory, soil and sediment saples were
placed into large evaporating dishes and oven dried at 1050 C. After
drying, the soils were sieved to pass a 200 mesh screen. An aliquot
of the <200 mesh material (typically 200 g) was placed into a standard-
ized geometry and analyzed by gamma-ray spectrometry. Sediments were
dried and ground using a mortar and pestle, and sieved. An aliquot of
the <200 mesh material was then analyzed in the sane geometry used for
s oils .

A. S. ANALYTICAL KAStREENTS PROGtAM

The analytical measurements for all samples were conducted using
direct gamma-ray spectronetry and a cabination of radiochmical analy-
ses for non-gamma-ray emitting radionuclides of interest. The direct
and radiochenical analytical procedures are described below.

I
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A.5.1. Direct Gama-Ray Spectrometric Measurements j
;

All samples were analyzed using Ge(Li) or intrinsic germanium (;
'

; (IG) detectors and the resultant gama-ray spectra subjecteo' to a com-
puter-assisted data mduction program. The sample counting intervals |!

wem dependent upon overall sample count rates and radionuclide compost- |

tion. Of ten, two counting intervals wem employed in order to best |evaluate both major and trace radionuclide components present in the ;

samples. The radionuclides determined during the analyses are shown !

in Table A.2, along with analytical parameters such as half-life, gama- !

( ray employed for analyses, and any potential interferences, j
,

The computer-assisted data reduction program is performed on a f
,

| comparative basis, using NBS traceable calibrated radionuclide mixtures '

| prepamd into the same counting geometries as utilized for the samples.
| A calibration curve for the specific geometry of interest is prepared i

using the standard and the absolute disintegration / count (d/c) for the |,

| radionuclides in the standard. The counting efficiency for the radio- t

! nelides of intemst is then detennined from the calibration curve for
| their specific gama-ray energies. In all cases, Compton corrections {
! are applied, and activities am decay-corrected back to the date of
| samp ling. Volumetric corrections are also applied so that data can be
' reported in pC1/cm2 or pCi/g of material, as applicable.

,

| A.S.2. Radiochemical Separations

I For those radionuclides of intemst not emitting gama-rays, radio- I

chemical separations followed by measurement of either beta, alpha, or
x-rays was necessary. Chemical separations mm conductep2 gor the :

following rad < onuc] ides: 59Ni 63 i 55Fe, 90Sr, 99Tc, I, 238Pu, |N

239-240 u, 241Am, 242 m, and 244 m. , Selected samples from Humboldt iP C C

Bay wem analyzed for uranium isotopes selected samples from Pathfinder i
for 14C, and selected samples from Indian Point, Turkey Point, and'

| Dmsden for 237Np. In all cases, a radionuclide (isotope of the same
element) or chemical yield tracer was utilized to obtain accurate quanti-

| tative analyses. The radionuclides subjected to radiochemical separa-
,

' tions, the yield tracers utilized, the detection method employed, and >

the specific emission and its associated energy are shown in Table
A.3. The detailed chemical separation procedures are contained in
this Appendix. Af ter radiochemical purification, the separated radionu-
clides mm analyzed by appropriate instrumentation, e.g. gas proportional
detectors, intrinsic germanium detectors optimized for low energy photons,
or surf ace barrier alpha energy detectors. The instrumental methodology
is also detailed in this Appendix.

| A.5.3 Separation Procedures

The an31st' cal procedures employed for radiochemical separation
and purificahon prior to analytical determination for the radionuclides
of intemst to this msearch program are briefly described below. We
have also indicated the instrumentation used for final radionuclide

A-6
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TABLE A.2. Radionuclides Deterir.ined by Gansna-ray Spectrometry
;

Nuclear Data Relating to Spectrometric Analysis

11/2 Gamma-ray Alternate Potential
Radionocitde fyrs) (tes) Gamma-ra y/ Dis t at . Gassa-ra y Alt. Gamma /Otslet. Interferents

24- 22 2.60 1275 0.90 Eu- 154

Cr-51 0.076 320 0.095
Ma-54 0.855 835 1.0

'

Co-57 0.140 122 * 85 6 Eu-157. En-154.

Co-58 0.1 94 811 6.994

Co-60 5.27 1173 0.999 1332 1.0
Zm-65 0.668 1115 0.498 Eu-152, 5c.46

W 94 20,000 703 1.0 Ag-110m

ke- 103 0.1 35 4 97 0.9 610 0.055

Re.lC6 1.0 622 0.099

A -138s 127 434 0.903

.# Ag-110s 0.686 937 0.343 658 0.944
"

Sb- 124 0.165 1691 0.50

Sb-125 2.77 428 0.2% 177 0.063

Sa- 126 100.000 415 0.81 ,

Cs-134 2.06 7% 0.89 605 0.98 I

Cs-137 30.1 662 0.846 Ag-llom

Ce- 141 0.0!9 145 0.493 Fe-59

Ce-144 0.750 134 G.!C8 Se-75

E=-152 12.4 344 0.314 1408,245 0.243. 0.072
En-154 8.5 996 0.107 1005 0.176

to- 155 4.% 105 0.244 Go-153. Lu-177m

no- 166m 1200 712 0.550 5b-124. En-154

Ra 728( Ac-228) 5 . 75 969 0.133 Sb- 124

Am.241 433 60 0.353 Eu-155, Op-159

j

i
|
|

d
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TABLE A.3. Radionuclides Determined Af ter Radiochemical Separations.
Description of Yield Tracers, Analytical Instrumentation.

| and Type of Emission Detected along with its Associated
| Energy.

!
i

|

| Radi onuclide Vi el d/ Tracer Detection Method Type and Energy of Emissior
i

Gas Proportional Counter Beta 0.2 Mevi C- 14 --

!
Fe-55 Stable Fe Intrinsic Ge Detector Mn x-ray 5.9 Kev

Ni-59 Stable N1 intrinsic Ge Detector Co x-ray 6.9 Key
or Ni-65

1

| N1-63 Stable Ni AC. Shielded Gas Beta 0.07 Mev
| or Ni-65 Proportional Counter
|

|
S r-90 $ r-85 Gas Proportional Counter Beta 0.5 Mev

i Tc-99 Tc-95m Gas Proportional Counter Beta 0.3 Mev

I-129 t-131 Intrinsic Ge Detector X e x- ra y 0.3 Mev

Pu- 238 Pu- 242 Alpha Energy Spectrometer Alpha 6.5 Mev

,

Pu 239 Pu- 242 Alpha Energy Spectrometer Alpha 5.2 Mev
1

Am- 241 Am- 243 Alpha Energy Spectrometer Alpha 5.5 Mev

Cm- 242 Am- 243 Alpha Energy Spectrometer Alpha 6.1 Mew

Cm- 244 Am- 243 Alpha Energy Spectrometer Alpha 5.8 Mev

|

|

|
,

i

!

!

|
|

1
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quantification as well as the internal tracer utilized for quality
assurance and yield determination. i

Carbon- 14'

;

Carbon-14 is separated by either acid distillation in the case of
'

inorganic carbonates or by oxidation at high tenperature in the case
of organic carbon compounds or carbides. The distilled carbon dioxide
is trapped in either instance in a caustic solution. Analytical yields
are determined gravimetrically using a barium carbonate precipitate.4

Carbon-14 is quantified using a windowless beta proportional counter,
and beta absorption curves are dstermined on all samples to confinn
the carbon-14 measurement.

!
,

fron-55'

4

; The analytical procedure utilized for iron-55 entails initial -

separation by precipitation as the hydroxide in the presence of stable
f iron carrier and an iron-59 yield tracer. The hydroxide is then dis-

solved into strong hydrochloric acid and the solution passed through
1 an anion exchange column, where the iron chloride complex is retained.
j Iron is eluted from the exchange media using strong nitric acid. This

,

solution is evaporated to dryness, the residue dissolved in acid, and
,

i

the iron electroplated from an oxalate-sulfate media onto a copper i
y

; disc. The iron-55 is gJantified using a thin window intrinsic germanium
dioda via the Mn x-ray. Analytical yields are determined simultaneously ;

j .using an iron-59 gamma-ray.
|

1
!! Nickel-59 and Nickel-63 '

!

j The nickel separation entails initial precipitation of the hydroxide !and additional purification using dimethylglyoxime. After destructioni

-

of the nickel dimethylglyoxime separate, the nickel is electroplated I
; onto a stainless steel disc from a basic sulfate solution. Nic kel-59 |J is quantified using a thin window intrinsic germanium diode via the
: cobalt x-ray emitted during decay. Nickel-63 is determined using a L

{ Nal(TI) anticoincidence shielded windowless beta proportional counter.
Absorption curves are determined for all samples to confirm the nickel-*

) 63. Nickel-65 is utilized as an internal tracer for quality assurance ,

!

j and yield determination,

j Strontium-89 and Strontium-90

j Strontium isotopes are separated by consecutive precipitation of
the basic carbonate followed by precipitation in fuming nitric agid.

,

'
1

i After an ingrowth period, the 90 r is then calculated from the vuyS

| daughter measurements. Strontiu -89 is determined by difference. A
i measurement of total strontium ( O

Sr and 89 r)90 r detennined af ter
,

5 is made immediately i

i after separation via fuming nitric acid. The S
90Y ingrowth is subtracted from the total strontium measurement to j'

'

| give 89 r. The yield for the 90Y separation after ingrowth is deter-5 '

mined gravimetrically.'

t

| '
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Niobium-94

Niobium was separated from other radionuclids by precipitation of'

niobic oxide from an acid medium during dissolution of the solid sample.'

Both niobium carrier and 95Nb were present during dissolution. Niobium-
94 was measured by gamma-ray spectrometric techni@es and radiochemical
yield determined by tracing with 95 b. |N

Technetium-99

The technetium-99 separation procedure entails initial purification
using repeated co-precipitation with iron hydroxide followed by separa-
tion onto an')n exchange resin. The technetium is eluted in the presence
of 9 M ammonium nitrate in a strongly acidic solution. The separated
technetium is then electroplated from a basic solution onto a copper

,

disc. Technetium-99 is quantified using a thin window beta proportional!

i detector. Absorption curves are determined for all samples to confirm
the presence of technetium-99. Technetium-95 is used for gjality assur-
ance and determination of analytical yield during the separation and
purification procedure.,

Iodine-129

Iodine-129 is initially separated onto anion exchange resin. Elu-
tion is achieved by oxidation. The element is then further purified
by solvent extraction using carbon tetrachloride and hydroxylamine-
hydrochloride. The iodine is then back-extracted into a water / sulfite
solution. The iodide is then co-precipitated with cuprous chloride.
Iodine-129 is quantified using a thin window intrinsic germanium detector
through measurement of the xenon x-ray. Iodine-131 is utilized for
quality assurance as a yield tracer during the purification procedure.

; Neptunium-237

Neptunium-237 is separated from the sample onto anion exchange
resin from a strong nitric acid solution. The anion exchange column
is then washed with strong hydrochloric acid containing ammonium iodide.
The neptunium is then eluted using hydrochloric-hydrofluoric acid,
evaporated to dryness with nitric acid and subsequently electroplated
from a weak sulfuric acid solution. The separated and purified 237Np
is determined using an alpha energy spectrometer. Neptuntum-239 is
utilized during the separation procedure for yield tracer and mality
assurance purposes.

Plutonium-238 and plutonium-239/240

Plutonium isotopes are separated by anion exchange from a strong
nitric acid solution. The resin is eluted using hydrochloric acid-
amonium iodide solution. The plutonium is then electroplated from a
weak sulfuric acid solution onto a stainless steel disc. Plutonium-

,

242 is used for quality assurance purposes as a yield tracer and pluto-'

'

A.10
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|nium isotopes detennined via alpha energy spectrometry. Plutonium-242 .

is used as a yield tracer for two qq3ons. First the alpha emission
energy for 242 u is lower than for 2RPu and 239-f40 u; thus there is '

P P
no potential for interference in the analytical peaks of interest
Second1 the half-life is longer than the other possible tracer 236 u.P ;

Use of 2Pu thus reduces recalibration requirements and decay correc- i

tions. This also makes the quality assurance process easier to maintain.-

: Americium-241. Curium-242, and Curium-244 f

Because of their very similar chemistries, americium and curium;

isotopes are separated and purified in one procedure. The isotopes
are co-precipitated with iron hydroxide and then dissolved in strong;

| nitric acid. Plutonium and neptunium are removed from the analytical t

,

solution by filtering through anion resin. The americium and curium '-

! in the filtrate are then co-precipitated at pH 3.0 using 1 mg of calcium
2 carrier and oxalic acid. The americium and curium isotopes are then

electroplated from the dissolved oxalate precipitate in a weak sulfuric
acid solution onto a stainless steel disc. Americium-243 is used for
analytical yield determination and isotopic concentrations determined,

,'

using alpha energy spectrometry. i

I ;
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APPENDIX B

SAMPLE INVENTORY OF CON'iAMINATED PIPING. IARDWARE.
CONCRETE. SOILS AND OflER MISCELLAfE005 SAMPLES

COLLECTED AT TIE NUCLEAR POWER STATIONS
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APPENDIX B

SAMPLE INVENTORY OF CONTAMINATED PIPING, laRDWARE,
CONCRE TE, S0ILS AND OTHER MISCELLANE0US SAMPLES

COLLECTED AT THE NUCLE AR POWER STATIONS

B.1B.1 PATHFINDER .................................................

B.6B.2 HUMBOLDT B AY ...............................................

B.14B.3 DRESDEN UNIT ONE ...........................................

B.4 INDIAN POINT UNIT ONE B.18......................................

B.26B.5 MONTICELLO .................................................

B.6 TURKEY POINT B.30...............................................

B.7 RANCil0 SECO B.34................................................

. - _ _ - - _ - _ _ _ _ _
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PATHFINDER SAMPLE INVENTORY A'4D DISPOSITION--SAMPLED JULY 1980
l

( Sample ID
' unumber Isumber 5mple Description f aterfor Serface Actioity (GM-dia) Disposition

1 WP-76
300-A 3 If?" dis. 55 pipe from reactor water 8,500 thris pipe Cut into following pieces

( purification line--cad with 1* pipe 40,000 at open end of pipe 300A-2 300A-1
welded in at W-pipe stored en reactor
bul14 tag

300A-4 300A-3

2 w-76 Same as no. I -nent 6* tong piece of 49,000 at open end of pipe Given to J. R. Divine
3tV)-B straight pipe

1 W-76 See as no.1--cent 6* tong piece of 45,000 at open end of pipe Archive sample
XO-C straight pfpe

4 V 42 1 31** die. hole saw plug from 8" dia. <200 outside surf ace Directly counted on Ge(L1)-leached for
20. Il pipe from carbon steel reactor feedwater radlochemistry

f
p.g sectiom-ptpe stored in reactor' a
bu6Hing-

w

5 W-7 4 2* dia. hole saw ping f ree 8* dia. pipe 30,000 at inner surf ace of pipe Directly counted on Ge(Lt)-leached for
331 A from carbon steel reactor feedwater 75 through pipe radiochemistry

line-pipe stored in reactor t>stiding

6 W-74 Saw as peo. 6 50,000 at inner surf ace of pipe Directly counted on Ge(L1)-seat to
30 1-8 J. R. Dtvice

7 Concrete Core m3. I
see accompwying t o stag.

S Concrete Core me. 7

9 KBA 7* die. hole saw plug from 6* dia. carbon Directly counted on Ge(Lt)-leached for
steel pipe from main steam t'ypass line radiochemistry
saepted at second leeel of steam chase 5*
above grating--reactor bgilding

10 M53-8 Same as 20. 9 17.000 at inner susface of pipe Directly counted on Ge(LI)

11 *8-C sine as no. 9 15,000 at inner surface of pipe Directly counted on Ge(Lt)-sent to
- J. E. Divine



- __ _ _ _ _ _ _ _ _ . _ _

l
!

I

Sample ID
& amber 8mmeer Sample Description [sterfor Surface Actieity (CM-d/m) Disposition

12 SFWA 2* dia. hole saw plug frtum 8* dia. 45.000 on inside surf ace of plug Directly counted on Ge(LI)-leached for
reactor feedwater IIne-sampled from 3rd radlochemistry
level sf steam chase 3' above grating in
reactor building

13 RfW-8 Sama as Iso. 12 55,000 on inside surface nf plug Counted directly on Ge(LI)-sent to
J. R. Divine

14 SpC-A 2* dia. hole saw plug from 6* dia. shield 55,000 on inside surface of plug Directly counted on rw(LI)-leached for
pool cleanup line-tearled at Y near hot radiochemistry

i spot en 3rd level of steam chase in reactor

1 building heavy corrosion film red on top
and yellow on bottrue

'
15 SPC -8 Same as No. 14 25,000 on inside surf ace of plug Directly counted on Ge(L1)-sent to

J. R. Divine
<

16 RLL A 5* long section of 2 3/8" dia. pipe from 100,000; 61 m rai; I aft at isot cut up--leached for radiochemistry
reactor liguld level column (lower leg)- end of pipe
from reactor building

17 Rit-8 Same as no. 16 Same as me.16 Sent to J. R. Divine
c2
- IS TR A strip of 55 cut frcus tool rack on south 100 c/m thru plastic bag Sent to J. R. Divine
N side of bottom of shleid pool-reactor

bullJing

} Ig TR-8 See as 20 19 1,910 c/m thru plastic bag one piece 12" long a 3* wide x 1/4" thick
cut into four pieces 3* long-also two 3/4"
55 nuts and washers labeled TRB sM

N SPD A End of -4* dia. 55 drain pipe from 1,400 c/m thru plastic bag
bottom of shleid pool (nE side of
shleid pool)-reactor building

21 SPD-8 Same as no. 20 1,5CO c/m thru plastic bag Sent to J. R. Divine
~

I 22 FFR A 21/2* dia. 55 pire section frras fuel 300 c/e thru plastic bag 14* long piece cut into 3 pieces
shoot sapport strut at bottom of 4' long piece sent to J. R. Divine
shield pool-reactor building 4* long piece for leaching for

i radiocheelstry
i 4" long piece for archives
i

23 SFC 4 3 1/2* dta. 55 pipe from feel storage 80,000 fut into two pieces 2-3* long for leae.hing
pool cheent.p line-sampled at basement for redlochemistry
of f uel handifnq buildtag-itne from
bottcue of fuel stnrage basin to filter -
demin. cleanup in FM basement

I

i

- - .



I

Sample 10
humber Number Sample Description Esterior Surface Activity (CPS-d/s) Disposition

| 24 5PC-8 same as no. 23 80,000 Sent to J. R. Divine
|

25 PWC A 2* dia. carbon steel from prmi mater 20,000 Sent to J. R. Divine
| cleanup pump-discharge to Series 11-
| pool water for storage basin and shield

pool to inlet of No.11 prefilter-sampled
from fuel handling building basenent

26 FWC-8 Sase as no. 25 20,000 4* long piece-not cut us-leach as is for
radiochemistry

27 PDO-A 2 318* dia. 55 pipe fran inlet to demin. 2,000 Cut into three pieces
(no 8 taken) for water from storage and shield pools- 5* long piece for archive

sampled from fuel handling building 31/2" long piece sent to J. R. Divine
basement 31/2* Iong piece for leaching

29 FDI.A 2* dia. 55 pipe from intet to demin. 15,000 Cut into three pieces
(no 8 taken) for storage and safeld pools-sangled 4" long piece for archive

in SE corner of basement of fuel 3* long piece sent to J. R. Divine
handling building 4* long piece Cut into two 2* long pieces

for leaching

29 SPCS-A 3112* dia. carbon steel pipe from shield 2,500 Cut into two pieces.a (no 8 taken) pool coolant bypass-water from shield 3* long piece sent to J. R. DivireW
| pool to filter demin.-sampled in SE 4" long piece for leaching

corner of basemert of fuel handling
building

I 30 CwTD A 2* dia. 55 pipe free concentrated waste - 4* long piece--not cut up-leach as is'

tad discharge line-ssupled from
baseernt of fuel handling building

31 GiTD-8 Same as no. 30 - Sent to J. R. Divine

J2 52TD 1 3/R* dia. s T* tong 55 pipe from spent - Cut in half
rests tank discharge line--sampled from 3112" long piece sent to J. R. Divine
basement of fuel handling building 31/2* Iong piece for teaching

33 HSHT 2* dia. 55 elbow pfpe from high solids - Cut into two pleCes
holdup tad-Just upstream of suction 3* long straight piece sent to J. R. Divine
ptsy-includes resin and b1xk crud 4* long elbow for Teaching--crud removed from
trapped in tW-sampled from basement elbow and bagged
of f uel handitag building

31 IT DP 3 If2* dia. s 12* tong 55 pipe from - Cut into three pieces
intet ilne to filter--demin. purification 3* long piece sent to J. R. Divine
systes--samp1*d frtus basement of f uel 3* long piece for archives
handling building 4* long piece for leaching



: S wole 13
1 Ae_cr-- Itab+r Sample Description Enterior Surface Activity (CPt-d/m) Disposition

'

35 VM Brass vglwe in PVC pipe frru higen solids >100,000 cle Opened brass valve and found very coarse
manifold line to radiation monitor-- 45 eses /hr gravel-like particles plugging the valve and
t rvled from mettantee level of fuel ?$ mRihr at contact 1* PVC line-removed particles and begged--
handling building discarded valve and PVC pipe which contained

little activity

% R5 A cJ B 1 1/8" dia. 55 line to re,ctor weip. pure-- 1,000 at end of pipe A. 8" long piece cut into (3) 21/2* long
sam lad at bottom of reactor suep chase - pfeces for leaching
haritont al section bef ore golog to fliter B. 8* Iong piece sent to J. R. Divine
and pep

17 R5E eleck tron elbom connecting 17/8* 55 30,000 at end of pipe Cut off black tron elbow from 4* long piece
pg. to lire going to filter and pump of of M 1 112* dia. pipe-saved pipe and

; reactee supp--sarefed at bottom of reactor labeled RSE-PIPE
sump ctisse jtrst downstre.u= frto RS-A and 5

M WJt 2 112* dia. hole ss. pitag fress I/2" tht-t <l.000 dra on inside teached for radiocheefstry
cartmn steel ut;te gas pressurtrer taak surf ace of plug
(large steel tank)-sarpled free eierranine
level cf f uel handitag htellding where
t a-A s tored

34 Ru0 5 1/2* s 12* section of 1/16* thich <l.000 dpa on inside
'

Cut up for leachinga
gele ctred iron reactor air vent duct - surf ace of duct| *

# swplad from werranine level of fel
hanJitng building where ducts stored

N 54 ES-A 1* dia. 55 tube free cluster used for 3,000 Cut into three pieces 3-4* Icag for

I storing super **ater fuel eteent9ts- lenching
s W 1ed frars bundle mm. 1 in fuel
storay thesia

G M RS-3 Same as %. 40 3,000 Sent to J. R. Divine

42 SMBh Same as M . O , ercept taaen from 15,000 Cut into sta pieces 2-3* long for j

tedte 'en. 2 leaching4

8 wLA 2 518* dia. hole som efeg f rtse main 10,000 Counted directly on Ge(Ll) and then leacMd i

steam line-6' long piece stW in for radiochemistry I

f el storage basin

is m4 5 Same as %. 43 70.000 Sent to J. R. Divine j.

is r e%A piece of 55 fuel rack frne fuel storage 250,000 Cut into two 2* long pie 45 for Icaching
bes m-tep piece 2* dia. = 5* foag piece
freus east end of rack i

|

|

)
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Sample ID
Sumeer spacer Sample Description

_
Enterior Surf ace Activity (GM-4/m) Disposition

45 FR58-S Sane as no. 45 300,000 5 eat to J. R. Divine
47 FR55-C Same as no. 45, except cut from west 45,0m Cut into two 2* long pieces for teaching

end of ract

43 fR$8-O Same as No. 47 80,000 Sent to J. R. D1eine
49 FTC Piece of fuel transfer chute- 15,000 Cut in half

4* n 5* 55 piece cut fran chute near half sent to J. R. Divinejoining ear-sampled from fuel - cut other half to two 2* long pieces for
storage basin teaching

* 50 FTTE Feel transfer tube roller wheel removed 0.5 salhr mot cut-leach as is.

(Ji from fuel transfer tube reactor seicted 75 ad/hr
frtm fuel storage beste

51 FSBTT 2* dia. a 8* long piece of 55 cut frw 15,000 Cut in half
fuel storage basta transfer tube for - half sent to J. R. Divine
fuel elements-sampled from fuel storage - other half cut into two 2* long pieces for
b asin teaching

'1 SCit 1 3/4* dia. steel line draining sala steam 10,000 Cut off * hot * 4* and then cut that into two
line of condensate when reactor was dome 2* Iong pieces for leaching
--colleced frce storage drum la cage on
beset floor of turbine building-some

i

torch cutting on piece
]

|

|
|

|
1

|
'

,

I

l
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B.2 HUMBOLDT BAY SAMPIE INVENTORY
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Sample Inventory for Humboldt Bay Generating Plant Unit #3

During the period July 13 through July 22, 1981, a sampling program was
conducted at the nuclear unit of Pacific Gas and Electric Company's (PG&E)

| Humboldt Bay Generating Station located near Eureka, California.
|

| An extensive study was conducted at this s.ite since PG&E is currently in
,

| the process of deciding the future status of the Humboldt nuclear unit which
j has been non-operational for approximately six years. The staff at the nu.

| clear station were extremely helpful in delineating appropriate sampling lo-
| cations and items for sampling. The assistance received from the health

physics personnel also expedited the field work and was greatly appreciated.

| Samples obtained during the onsite work included twelve soil core sam-
i

pies from areas surrounding the generating station both outside the perime-I

|
terfence(seven)andinsidetheperimeterfence(five),foursedimentcores

| from the intake (two) and discharge canals (two), twenty-seven concrete cores
| from numerous locations through the generating station, and twenty-six sam-

{ ples from various reactor systems, including scrapings from surfaces, pieces
of metal from several reactor systems, and concrete from the biological

| shield.
i

SAMPLE 10ENTIFICATION AND INVENTORY

| Samples were designated by a letter code detailing the origin or sample
! type as follows:

HBCC -- Humboldt Bay concrete core
HBRS -- Humboldt Bay reactor system

j HBSG -- Humboldt Bay soil grab
' HBSC-0 -- Humboldt Bay soil core from areas inside the perimeter fence

HBSC -- Humboldt Bay soll core frcm areas external to the perimeter
i fence

HBSed -- Humboldt Bay cooling water canal sediment
|

Humboldt Bay Concrete Cores (HBCC-)

i Twenty-seven concrete cores were taken using a concrete coring system
| shown in Figure 1 which uses an industrial diamond bit and water as a cooling

and lubricating medium. The cores are nominally four inches in diameter and

| vary in depth from approximately 5 cm to over 20 cm. Below is a listing of
| coring locations in the Humboldt Bay G(nerating Station.

| B.6
1
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Core Core Location

HBCC-1 4" thick concrete pad used for sandblasting an old turbine.
HBCC-2 Hot Machine Shop. Near floor drain in curbed drain area

between rallroad tracks. !

HBCC-3 Hot Machine Shop. Painted floor between lathe and steel
slab floor.

| HBCC-4 Rad-waste Tank Area. Takenalong(over)crackinthecon-
crete--next to concentrator drip tank. '

ilBCC-5 Rad-waste Tank Area. Taken 2-3 feet away from HBCC-4 and
having no crack.

HBCC-6 Rad-Waste Building. Under rad-waste sampling station.
HBCC-7 Rad-Waste Building. Inside the step-off pad to the con-

centrator feed pump area.
HBCC-8 Reactor Building. -66' Icvel outside step-off pad at the

i

bottom of the man-lift.
HBCC-9 Reactor Building. -66' level inside step-off pad and in- |

; side exclusion fence. (
HBCC-10 Reactor Buf1 ding. -66' level directly under pressure |

vessel.
;

HBCC-11 Reactor Building. -34' icvel in the center of the con- t

crete floor area. Near suppression chamber hatch cover !

plate. [

HBCC-12 Reactor Building. -24' level in the center of the con-
crete floor area.

HBCC-13 Concrete roof over CWT and RDT vault.
HBCC-14 Asphalt. Taken through asphalt in area where spill hid

,

occurred and had been painted over with scalor.
IIBCC-15 Condensate Demineralizer Room. Core taken in hallway

near drain.
HBCC-16 Condensate Demineralizer Room. Core taken over crack in

'floor in the regeneration room.
HBCC-17 Condensate Ocmineralizer Room. Core taken over solid floor

! near llBCC-16 in regeneration room.
.

'

i.
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! l

HBCC-18 Condensate Pump Room. Core taken in the middle of the

concrete floor area.

i HBCC-19 Turbine Building. Core taken directly under the turbine
I near floor drain.

HBCC-20 Turbine Building. Core taken in the pipe tunnel between 4

old admiralty brass heat exchangers.
HBCC-21 Turbine Building. Next to the condenser at the bottom

l of first flight of stairs near condensers.
HBCC-22 In Yard. Core taken on concrete pad near stack and lid

to the offgas filter system.
HBCC-23 In Yard. Core taken on the north side of condensate

storage tank.
HBCC-24 Air Ejector Room. Core taken on the northeast end of

l the rcom near floor drain. '

HBCC-25 Reactor Dutiding Refuel Level. Core taken between rail-
road tracks by the large double doors on the northeast
corner of the butiding.,

HBCC-26 Background sample. Clean core taken on pumping platfom
at water intake canal . i

4
,

| HBCC-27 Access Control. Core taken beyond step-off area in the )
| aisle on northwest end of the room.
! i

| Humboldt Bay _ Reactor _ Systems Samples (HBRS- )
\ >

| Reactor system samples were of several types. These included scrapings |
| of corrosion flims from the inside surfaces of several reactor systems, water
! samples from the spent fuel storage pool and steam suppreston chamber, and
1

pieces of hardware when such was available. The scrapings were taken using a t
'

paint scraper and a sample obtained by scraping a specified surface area. The:

| samples are listed below by number and the origin and type of sample specified.
!

Sampl e_. Locatican Description

HBRS-1 Spent Fuel Storage pool. Scrappings from the side of ;

the pool basin. Scrapings from 8 x 25 cm area. The

! pool had been previously higher than it was at the time
of our sampling. Thus, there was a thin layer of (

| material on the wall deposited during the period of |
'

higher water.
0.8

!

|
'
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HBRS-2 Spent Fuel Pool. A section of cable from which the feed water
sparger was suspended for storage in the spent fuel pool.

HBRS-3 Spent Fuel Storage Pool. I liter of water was obtained
from the storage pool using sampling line available on
the refuel level.

HBRS-4 Steam Suppression Chamber. 1 liter of water was sampled.
2

HORS-5 Steam Suppression Chamber. A smear of approximately 900 cm
was obtained frein the suppression chamber wall just above

the ambient water level in the chamber.
2

HBRS-6 Steam Relief Valve. An area of approximately 65 cm was
scraped on the inside surface of the relief valve.

HBP.S-7 Main Steam Condenser. A smear of the sludge on a horizontal

surface inside the condenser was obtained. Smear area was
2approximately 25 cm ,

2
HBRS-8 Main Steam Condenser. An area of approximately 25 cm

was scraped on a vertical plate inside the condenser.
2

HBRS-9 Emergency Condenser. An area of approximately 400 cm
was scraped on the inside of the condenser.

HORS-10 Gland Seal Exhauster-Condensate Outlet. Scrapings were

taken from the orifice plate which had an 8" 0.0. and
5" !.0. A red oxide film was present on both sides of
the plate.

HBRS-11 Condensate Demineralizer System. Scrapings were taken

from the inside of the #1 condensate-demineralizer strainer.
HORS-12 Offgas HEPA Filter Assembly. Scrapings were taken from a

2horizontal plate inside the offgas vault from a 25 cm area.
HBRS-13 Offgas HEPA Filter Assembly. Sludge was obtained from

a small pool of standing water inside the filter assembly.
HBRS-14 Air Ejector. A Y-strainer was obtained from the air

ejector rvstem.
HBRS-15 Air Ejector. Scrapings were obtained from the inside of

a 1" diameter pipe. An area approximately 2.5 cm long was
scraped from the Y-strainer system.

B.9
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i

HBRS-16 Control Rod Drive Hydraulic Filters. Scrapings were
,

I taken from the inside surface of an inlet filter. Con-

densate was used as the hydraulic fluid for the control
rod drive system 25 cm2 area was scraped. |

'
HBRS-17 Control Rod Drive Hydraulic Filters. Particulate matter

(crud) was tapped from the CUNO filter assembly for the
i inlethydraulicfluid(condensate).

HBRS-18 Reactor Feedwater System. A sparger clamp bracket was

| obtained which had been in the feedwater system.
HORS-19 Reactor Feedwater System. A short section of reactor

feedwater line was obtained from a previously discarded
section of line in storage on the refuel level .

HBRS-20 Sump Drains. Sludge collected from the sump drains at
the -66' level was sampled. The sludge was being stored in

| barrels.
HBRS-21 Sump Drains. Another aliquot of sludge was sampled from

a second storage barrel.

| HBRS-22 Biological Shield. Concrete from the edge of the biological
shield nearest to the reactor pressure vessel just above the

| -66' level was obtained using a rotary hanner.
HBRS-23 Diological Shield. Concrete from the edge of the biological

shield away from the pressure vessel just above the -66'

| level was obtained using a rotary hammer.
HBRS-24 Biological Shield. Concrete from the upper corner of one

portion of the removable upper shield ring was sampled
using a rotary haniner. Sampling was conducted at the re-
fuel floor level .

IIBRS-25 Biological Shield. Concreto from the lower corner of One
portion of the removable upper shield ring was sampled'

using a rotary haniner. Sampling was done at the refuel
floor level .

HBRS-26 Regenerative Heat Exchanger. A short elbow was cut from cne
of the old regenerative heat exchangers.

I

1

i D.10
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Humboldt Bay Soil Grabs PIBSG)

Three samples of surficial soil were obtained as grab samples in areas of
known contamination from previous work or spills in the yard area of the plant.
These are detailed below:

Sample Description

HBSG-01 Soil taken near the exhaust gas stack on the southeast side.
Soil taken to approximately 2.5 cm depth.

HBSG-03 Soil taken between the sandblasting pad and the perimeter fence
at a hot spot reading 500 c/m on GM. Surface soil to approxi-
mately 2.5 cm taken.

HBSG-03A A second hot spot near the sandblasting pad. Soil taken to 2.5
''"

cm.

Humboldt Bay Soil Cores Inside the Perimeter Fence (HBSC-0)

Two soil cores were obtained inside the perimeter fence, one in an area
where a spill had occurred in the past and the second on a hillside which re-
ceived no known contamination. The two samples and their origins are listed
below:

Sample Description
, , . ,

HBSC-01 A 50 cm soil core was obtained on the north side of the conden-
sate storage tank. A surface layer of aggregate ( 2.5 cm) was
set aside and the underlying soil sampled at approximately 5 cm
intervals.

HBSC-02 A 35 cm soil core was obtained in the grassy median between the
roadway to the rad-waste tank area and the roadway up the hill
to the storage area. It was sectioned into approximately 5 cm,

intervals.

Humboldt Bay Soil Cores Outside of Exclusion Area (HBSC-)

Seven soil cores were taken surrounding the reactor. Sampling locations
are shown in Figure 2.2. These sites were shown after consultation with plant

B.11

~ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - - _ _ _ _ _ _ _ . _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ - _ - _ - _ _ - _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ .



r'

I

personnel and should reflect a background location and the potential fallout
plume during the predominant wind regimes at the site.

Sample Description

HBSC-1-1 A 4 cm soil core in 1 cm intervals obtained directly
" called north" of the reactor.

HBSC-1-2 A 4 cm soil core in " cal?ed northeast" direction from
plant. The core was segmented into 1 cm intervals.

HBSC-1-3 A 4 cm soil core " called east" from the reactor was
segmented into 1 cm intervals.

| HBSC-1-4 A 4 cm soil core was obtained and segmented into 1 cm
intervals in the " called south southwest" direction
from the reactor.

HBSC-1-5 A 4 cm soil core in the " called west southwest" direction
from the reactor was segmented into 1 cm intervals.

HBSC-1-6 A 4 cm soil core, segmented into 1 cm intervals, was

obtained in the direction " called west" from the reactor.
HBSC-1-7 A 4 cm soil core, segmented in 1 cm intervals, was

obtained in the direction " called northwest" from the
reactor.

'

Humboldt Bay Sediments (HB-Sed. )

A total of four sediment samples were obtained from the intake and outlet
sides of the cooling water canal using a plastic corer or by grab sampling.
The locations and descriptions are given below:

Sample Description
_

HB-Sed. 1 A 25 cm deep core was taken from the intake water canal

near the entrance gate to the plant parking lot. The
core was segmented at approximate 6 cm intervals.

HB-Sed. 2 A 25 cm deep core was taken approximately 45 meters
downstream from the discharge inlet. The core was
subsequently sectioned in 6 cm intervals.
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HB-Sed. 3 A grab samples of the surficial 10 cm of sediment was col-
1ected from the intake platform.

HB-Sed. 4 A 25 cm deep core was taken in the discharge canal.approxi-
mately 20 meters from the outlet end. It was sectioned into
four segments of approximately 6 cm each.

.'
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. _ _ _ _ _ _ - _ _ __ __-__. _ _ _ . _ _ _ _ _ _ _ . _ _-_____________________ _ _ _ _ _ _ - - _ _ _ _ - . _ _ _ _ _ _ _ _

#1

SAMPLE INVENTORY FOR DRESDEN NUCLEAR POWER STATION UNIT ONE

During the period August 2 through August 11, 1982, a sampling program
i was conducted at Cannonwealth Edison's Dresden Nuclear Power Station Unit No.

1.

An extensive sanpling program was conducted at this site since the unit
has not been operational since October,1978, and the future status of the
unit is uncertain. Commonwealth Edison is considering whether to update to
current safety standards or decommission the unit. The staff at the nuclear

station was extremely helpful in selecting appropriate sampling locations and
hardware for sampling.

Commonwealth Edison is carrently planning a decontamination effort in the
unit. Therefore, it was necessary to maintain operational system integrity

. after sampling. Consequently, the sampling hardware was limited to scraping
interior surfaces of opened systems.

Sanples obtained during the onsite work included five surficial soil core
samples from areas associated with Unit No.1, sediment cores from the intake

and discharge canals, nine concrete cores at selected locations through the
nuclear unit, and thirteen scraping samples from the various reactor systems.

SAMPLE IDENTIFICATION AND INVENTDRY

Samples were designated by a letter code detailing the origin or sample
type as follows:

D-CC - Dresden, Concrete Core

D-SC - Dresden, Scraping from Reactor Systems,

D-SS - Dresden, Surficial Soil Sample

D-Sed - Dresden, Sediment Core
|

DRESDEN UNIT No. 1 CONCRETE CORES '

Nine concrete cores were taken using a coring system employing an indus-
trial diamond bit and recirculated water as a cooling and lubricating medium.
The cores are normally four inches (10 cm) in diameter and range in depth from

B .14
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5 cm ts appr;ximately 20 cm. Th3 table below giv s a detailed listing cf the
c: ring locations and dose rate data associated with the surface face of each
c:re.

Dose Rate
PNL - ID y 8 Location

DCC-1 13 =D/hr 12 mrad /hr Dow Chemical Spill Area - 529'
Containment

300 Secondary Steam Generator Room "B" - 529'DCC-2 --

Containment

<1 Hall in Front of Accumulator Room - 488'DCC-3 --

Containment

DCC-4 20 420 Sub-pile Room - 488'
Containment

<1 Clean Makeup Demineralizer Room - 515'DCC-5 --

Turbine Bldg.

22 Condensate Pump Room PitDCC-6 --

Turbine Bldg.

DCC-7 4 230 Unloading Heat Exchanger Room - 517'
Containment

DCC-8A 2 32 Rad Waste Bldg. Basement Top of Core - 490'

Rad Waste Bldg. Basement Bottom of Core -DCC-8B -- --

490'

DCC-9 -- 300 Rad Waste Bldg. Basement North - 490'

End Drainage Trough

DRESDEN REACTOR SYSTEM SAMPLES

The reactor system samples at Dresden were all scrapings of corrosion
films associated with steel piping or plate except for the floor drain from
Instrument Room A. Thest amples were obtained by scraping the interior sur-
face of the various systems as made available by plant operations personnel.
Tha scrapings.were taken using a paint scraper and specified surface areas
were scraped. The samples are listed below by number; the location and dose
rate associated with the sample are also indicated.

;
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Dise Rate'

PNL --ID' y 8 Location

D-SC-10- 13 mR/hr 30 mrad /hr Fuel Storage . Pool Wall iS17'
.

D-SC-11 4 9 Fuel Pool Water Circulation4

; Pump 517'

D-SC-12 14 120 Fuel Pool Metal Ladder. 517'

D-SC-13 Inside Sphere Wall 529'--- --
,

D-SC-14
~

Containment Air Vent-- --

Inside Sphere 529'

D-SC-15 8 98 Floor Drain - Instrument 4
-

Room A 502'
'~

. D-SC-16 4 12 Fuel Transfer Chute-

Bottom of Fuel Canal :--<

D-SC-17 4 9 Fuel Canal Scrapings 559'
T

;. D-SC-18 400 1900- Reactor Steam Vent Line 584'

D-SC-19 Steam Relief Valve#
-- -- --

,

'

D-SC-20- Low Pressure Inlet to Turbine-- -- --
,

D-SC-21 High Pressure Outlet from-- --;

Turbine --
, ,

i D-SC-22 Steam Line Piping-- -- --

4

DRESDEN SOIL AND SEDIMENT SAMPLES

i Seven samples (five soils, two sediments) were obtained from areas asso--

ciated with Unit One activities. The samples are listed below with depths

| and sampling locations. The sediment cores were obtained from the canal bank

| _using a plastic corer attached to a long hand held aluminum extension.

PNL I.D. Depths (cm) Location
,

'

0-SS-23 0-7.5 North Side of Containment Sphere
near Equipment Transfer Hatch

D-SS-24 0-7.5 East Side of Containment Sphere
near Equipnent Storage Area t

.

b

i
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D-SS-25 0-15 Rad Waste Area - in fr:nt cf
building doorway

D-SS-25B 15-30 Rad Waste Area - in front of
building doorway

D-SS-26 0-7.5 Rad Waste Storage Tank Area

D-SS-27 0-7.5 South Side of Containment Sphere
near refueling building

D-Sed-28 0-20 Inlet Canal Sediments

D-Sed-29 0-20 Outlet Canal Sediments

B.17
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Sample Inventory for Indian Point Station, Unit One

The Indian Point Station, Unit I was sampled over the period of May 18,
1982 to May 28, 1982. The samples obtained were concrete cores, hardware,

~

scrapings from various surfaces and piping, and concrete chips from the bio-
shield under the reactor.

The sample designations are as follows:
IPCC: Indian Point Station . Unit One concrete core sample !

IPH: Indian Point Station, Unit One hardware sample.

A list of the concrete cores collected along vith a brief description of the
. sample location follows:

#

IPCC-1 Concrete core collected on floor near primary blowdown coolers
5/21/82 on the 53' level in the Vessel Containment building.

IPCC-2 Concrete core collected on floor near south end of Nuclear
5/21/82 Boiler No. 14 on tha 70' level in the Vessel Containment build-

,

ing.

IPCC-3 Concrete core collected on floor on NE side of No. 12E decay'

5/21/82 heat pump on the 33' level in the Vessel Containment building.

IPCC-4 Concrete core collected on floor walkway beneath the transfer
'

5/21/82 tube on the 15' level in the Vessel Containment building.

IPCC-5 Concrete core collected on east side of pit floor on 5' level
5/21/82 in the Vessel Containment building (near IPCC-7).

IPCC-6 Concrete core collected on north side of pit floor under the
5/21/82 reactor on the 5' level in the Vessel Containment building

(near IPCC-8 and -9).

,
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IPCC-7 Concrete core collected on east side of pit floor under the
5/24/82 reactor on the 5' level in the Vessel Containment building (near

IPCC-5).

IPCC-8 Concrete core collected on north side of pit floor on 5' level
5/24/82 in the Vessel Containment building (near IPCC-6 and 9).

IPCC-9 Concrete core collected north side of pit floor under the
5/24/82 reactor on the 5' level in the Vessel Containment building

(near IPCC-6 and 8).

IPCC-10 Concrete core collected on floor in secondary valve gallery on
5/24/82 33' level in the Nuclear Service building,

IPCC-11 Concrete core collected on floor in contaminated waste drain
5/24/82 equipment room on 33' level in the Nuclear Services building.

IPCC-12 Concrete core collected on floor by No. 10 drain tank on 33'
5/24/82 level of the Chemical Services building.

IPCC-13 Concrete core collected on floor by No. 12 sea water and primary
5/24/82 makeup pumps on the 14' level in the Chemical Services building.

IPCC-14 Concrete core collected on floor in the secondary blowdown
5/24/82 purification pump room on the 33' level of the Chemical Services

building.

IPCC-15 Concrete core collected on floor by clean water transfer pump
5/24/82 on the 14' level of the Chemical Services building.
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Table C1. Suryry Data ef Cmncreto Cora Sampics

Survey Date of Sample
Smear _ 8 y y

- ID Date Bldg. Elev. (dpm/100 cm4) mrad /hr mR/hr mR/hr
O contact 0 l'

IPCC-1 5/21/82 VC 53' 20,000 20 <1 <0.1

IPCC-2 5/21/82 VC 70' 40,000 8 <1 <0.1

IPCC-3 5/21/82 VC 33' 50,000 44 <1 <0.1

IFCC-4 5/21/82 VC 15' 2,000 80 1 0.1

IPCC-5 5/21/82 VC 5' 200,000 6400 100 2

IPCC-6 5/21 2 VC S' 100,000 1200 25 1

to IPCC-7 5/24/82 VC 5' 10,000 240 14 0.5

$ IPPC-8 5/24/82 VC 5' 5,000 200 2 0.2

IPPC-9 5/24/82 VC 5' 200,000 5600 50 1

IPCC-10 5/24/82 NSB 33' 1,000 ND <1 <0.1

IPCC-11 5/24/82 NSB 33' 3,500 ND <1 <0.1

IPCC-12 5/25/82 CSB 33' 1,000 160 0.5 <0.1

IPCC-13 5/25/82 CSB 14' 1,000 ND <1 <0.1

IPCC-14 5/25/82 CSB 33' 1,500 80 1 <0.1

IPCC-15 5/25/82 CSB 14' 50,000 2400 21 1

VC = Vessel Containment building
NSB = Nuclear Services building
CSB = Chemical Services building

ND = Not detectable

!
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A list of the hardware samples collected along with a description of
the sample location follows:

IPH-1 Sample of the steel support plate to the reactor pressure vessel
5/25/82 obtained from the 33' level of the Vessel Containment building.

; IPH-2 Concrete chips from the inside surface of the bioshield under

5/25/82 the reactor vessel obtained on the 33' level of the Vessel:

Contaimnent building.

IPH-3 Sample of seal water line from the 12 east off-heat decay pump on
5/25/82 the 33' level of the Vessel Containment building.

IPH-4 Sample of boric acid residue from the seal water line - 12 east
5/25/82 off-heat decay pump on the 33' level of the Vessel Containment

building.
.,

IPH-5 Scrapings from the annulus (containment sphere) wall (929 cm2)-

5/26/82 collected from the 108' level of the Vessel Containment
' building.

IPH-6 Scrapings from the annulus (containment sphere) wall (929 cm2).;

5/26/82 collected from the 70' level of the Vessel Containment
building.

'

IPH-7 Scrapings from the annulus (containment sphere) wall (929 cm2)

5/26/82 collected from the 53' level of the Vessel Containment
building.

IPH-8 Scrapings from the annulus (containments sphere) wall (929 cm2)

5/26/82 collected from the 33' level of the Vessel Containment
building. j

IPH-9 Scrapings from the annulus (containment sphere) floor near the
,

5/26/82 fuel transfer chute on the 33' level of the Vessel Containment ,

building.

B.21
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IPH-10 Pipe from No.14 primary coolant pump collected on the 88' level
5/26/82 of the Vessel Containment building.

IPH-11 Tube from the radiation monitoring tubing for the secondary

5/26/82 blowdown in cell No. II. Collected from the 53' level of the
Nuclear Service building (0.5 in 10 X 40 in, stainless steel tube).

IPH-12 Pipe going to reactor valve SA250 from cell No. III on the 53' level of
5/26/82 the Nuclear Service building (0.5 in 10 X 4.5 in with 0.5 in elbow,

carbon steel).

IPH-13 Tubing to loop No. 4 of the boronometer in cell No. III on the 53' level
5/26/82 of the Nuclear Service building (0.25 in ID X 10.5 in).

IPH-14 Inner seal water sampling line from cell No. III on the 53' level
5/26/82 of the Nuclear Service building.

IPH-15 Scrapings from valve 50253 in the secondary valve gallery on
25/26/82 the 33' level of the Nuclear Service building (40.5 cm ),

IPH-16 Floor scrapings of resin in the resin sluice tank room on the
5/27/82 14' level of the Chemical Service building.

IPH-17 Scrapings from the vertical floor pipe in the resin sluice tank
5/27/82 room on the 14' level of the chemical services building (81.1

2cm ),

IPH-18 Scrapings from line No. 13, purification transfer pumps, located
5/27/82 on the 14' level of the Chemical Service building (122 cm2),

IPH-19 Waste outlet filter scrapings from the exterior surface of the
5/27/82 filter housing line located on the 33' level of the Chemical

Services building (155 cm2),

IPH-20 Stainless steel elbow from No. 10 clean water transfer pump on
the 14' level of the Chemical Services building (2.5 in ID X 8
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in long with 1.5 in ID X 4 in reducing elbow).

IPH-21 Scrapings from the wall of the fuel storage pool (3" X 3") on
5/27/82 the 70' level of the Fuel Service building (58 cm2).

IPH-22 Scrapings from boiler No. 14 stainless steel mar.way located on the
5/28/82 70' level of the vessel containment building (103 cm2).

IPH-23 Scrapings from boiler No.14, manway diaphragm, stainless steel,
located on the 70' level of the Vessel Containment building
(103cm2),

IPH-24 Floor tile from a hot spot in the Vessel
Containment building (522 cm2),

,.

1

I

i
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TABLE C2. Survey Data for the Hardware Samples

Survey Data of Sample
Smear _ 6 Y Y

ID Date Bido. Elev. (dpm/100 cm4) mrad /hr mR/hr . mA/hr-
9 contact 9 l'

IPH-1 5/25/82 VC 33' 1,500 ND <1 <0.1

IPH-2 5/25/82 VC 33' NA 20 <1 <0.1

IPH-3 5/25/82 VC 33' 40,600 20 0.5 <0.1

IPH-4 5/25/82 VC 33' NA 320 10 1

IPH-5 5/26/82 VC 88' NA ND <1 <0.1- ,

IPH-6 5/26/82 VC 70' NA ND <1 <0.1

IPH-7 5/26/82 VC 52' NA ND <1 <0.1

IPH-8 5/26/82 VC 33' NA ND <1 <0.1
;

IPH-9 5/26/82 VC 33' NA 20 <1 <0.1

IPH-10 5/26/82 VC 88' 3,700 ND <1 <0.1 j

IPH-11 5/26/82 NSB 53' 1,000 4 <1 <0.1

IPH-12 5/26/82 NSB 53' 36,000 40 3 0.3

IPH-13 5/26/82 NSB 53' 7,400 ND <1 <0.1

IPH-14 5/26/82 NSB 53' 1,800 14 <1 <0.1

1
1

_,
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TABl.E C2 (continued). Surv y Data fer the Hardw~re Sawins
;

Survey Data of Sample'
Smear _ B y

,

'

ID Date Bldg. Elev. (dpm/100 cm4) mrad /hr udt/hr r

9 contact 9 l'

i
!

IPH-15 5/26/82 NSB 33' NA ND <1 <0.1+

IPH-16 5/27/82 CSB 14' NA 520 50 2

i IPH-17 5/27/82 CSB 14' NA ND <1 <0.1

IPH-18 5/27/82 CSB 14' NA 400 5 0.5.

IPH-19 5/27/82 CSB 33' NA 120 3- 0.3

|
IPH-20 5/27/82 CSB 14' NA 100 2- .0.2

| cm
I IPH-21 5/27/82 FSB 70' NA*

ro
w \

IPH-22 5/28/82 VC 70' NA 280 75 10
,
'

IPH-23 5/28/82 VC 70' NA 70 ~ 2 0.2
:

IPH-24 VC
'

1 - |

!

VC = Vessel Containment building,

", NSB = Nuclear Service building
'

CSB = Chemical Service building
'

FSB = Fuel Service building
NA = Not analyzed

1|
ND = Not detected

!
,
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8.5 MONTICELLO SAMPLE INVENTORY



MONTICELLO STATION SAMPLE INVENTORY AND DISPOSITION
4-9 May 1981 Sampling

Hardware
Dose Rate (mR/hr) or

Saaple GM counts / minute of
Number Sample Description analyzed sample Sample Disposition

Condensate demin. filter assembly

M-100-6 Spring seats, 50 each, 0.5 mR/hr 1100 cpm (0.5 mR/hr) Analyzed 17 each
M-100-5 Springs, 7 each, <0.2 mR/hr 1100 cpm (<0.2 mR/hr) Analyzed 2 each
M-100-3 Extension nuts, 12 each 0.2 mR/hr 1000 cpm (0.? mR/hr) Analyzed 4 each
M-100-4 Guide rods, 3 each, <0.5 mR/hr 400 cpm (<0.5 mR/hr) Analyzed 1 each

Feedwater heater #14A impinger plate

M-100-2 10 to 15 cm long pieces of 1.9 ca tubing cut off plate, 2000 cpm (<1 mR/hr) Analyzed 1 piece
3 each

M-100-1 Two corners of the plate (8 cm x 8 cm) cut off, 2 each 8000 cpm (1.5 mR/hr) Analyzed I piece

Silver plated metal 0-ring from reactor pressure vessel head*

M-100-7 About 122 cm long piece cut into -10 cm lengths 9500 cpm Analyzed 88 cm
section

Concrete Cores (10 cm dianeter)

Building Elevation Location Depth (cm)

M-CC-1 Reactor Bldg 1001'2" elev Tool decon area 7.6
M-CC-3 Reactor Bldg 1001'2" elev Tcol decon area 5.7
M-CC-8 Reactor Bldg 962'6" elev Reactor water cleanup rump room 12.7
M-CC-9 Reactor Bldg 985'6" elev Reactor radwaste pump room 12.7
M-CC-7 Reactor Bldg 1027'8" elev Refuel floor 12.7
M-CC-10 Reactor Bldg 935'6" elev Snubber mainten. shop 12.7
M-CC-4 Radwaste Bldg 935'0" elev Shipping area 10.8
M-CC-5 Radwaste Bldg 935'0* elev Compactor area 10.0
M-CC-2 Turbine Bldg Operatirg floor hear feedwater heater 5.0
M-CC-6 Turbine Bldg Operating floor Condensate demin. work area 5.0

- - - _ _ - _ _ _



Soils (0.1 m' area x 3 cm deep)

M-SS-2 West of Reactor Building <200 cpm Analyzed 200 g of
M-SS-1 Northwest of Reactor Building <200 cpm each soil
M-SS-4 East of Reactor Building <200 cpm
M-SS-3 South of Reactor Building <200 cpm

?
C:3
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MONTICELLO STATION SAMPLE INVENTORY AND DISPOSITION
19-20 November 1981 Sampling

Piping and Hardware

Dose Rate (d /hr)Sample
Number Sample Description or GM com Sae le Disposition

,

M-101 9.2 cm diameter (00) reactor water cleanup line (inlet to 100 d /hr Analyzed one 17 cm

demins.), 11 years in service, 985' pump room, 4 pieces long piece
cut 15 to 30 cm long

!

| M-102 2.5 cm diameter steam drain piping, 6 years in service, 2000 cpm Analyzed one 8.3 cm

j constant flowing, 3 pieces 15 cm long each long piece

| Analyzed one 10 cm' M-103 25 cm diameter condensate piping, 11 years in service.~
long piece

--

2 pieces about 15 cm long each

M-104-L 1.3 cm diameter instrument lines, condensate, 11 years 200 cpm Analyzed valves

M-104-V in ser;1ce, little flow several feet cut into 20 cm and 58 cm long

long sections, plus short pieces of misc. pipe and piece of pipe
, valve M-104V = Valve

i.

y M-104L = 1/2" pipe

| M-105 Turbine diaphram scrapings, scraped 2 diaphrams, 160 co' 1,5 d/hr

area each and contined scrapings, turbines and diaphram
i 11 years in service

'

!

! M-106 Sam le of sand blasting grit used for blasting turbine 500 cpm Analyzed 130 gm
aliquotand turbine diaphrams, 0.9 kg'

|

M-107A Condensate storage water valve. 4 months in service, <1 d/hr Analyzed each
valve and all

M-1078 valve normally in closed position
M-107C M-107A = vahe piping '

j
M-1078 = valve

; i

; M-107C = piping

j M-108 Screen from filter at exit of condensate demin/filt <1 d/hr Analzyed whole filt

|
!

|
,

,

|

| 1

|
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M-109 Pump from rad-waste drain from off-gas drains < 1 mR/hr Analyzed contamin-
ated internal sur-
face of pump

.

1

I

.n,

Q

l

|

1
i

)

|

,
?

I

1

|

1

_-.



8.6 TURKEY POINT SAW LE INVENTORY
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I

SAMPLE INVENTORY FOR TURKEY POINi '
.

r

During the period October 12 through October 22, 1981, a sampling program

I was conducted at Units 3 and 4 of the Florida Power and Light, Turkey Point
I Generating Station located near Homestead, Florida.

Unit 3 was in the midst of a steam generator replacement outage and Unit 4i

began an outage for the same purpose during the time of our sampling visit.

f Since these were both operating units, our sampling was limited to samples of

f opportunity, i.e. components renoved from service during the outages. The
staff at the nuclear station were very helpful in delineating appropriate sampl-
ing locations and equipment available for subsampling.

Samples obtained during the onsite work included eleven shallow soil core
samples from areas inside the perimeter of the security fence and inside the radia-

{ tion controlled area. Also, one sediment sample was obtained from the cooling water

f discharge canal. Sixteen concrete cores were obtained from areas throughout

i the rad waste building (six), the auxiliary building (seven), and containment

f (three). Ten samples from reactor systems were obtained including pieces of
hardware, scrapings, alumina grit, and piping.

|

| SAMPLE IDENTIFICATION AND INVENTORY

|

| Samples were designated by a letter code detailing the erigin of the type
i

; of sample as follows:
,

TPCC Turkey Point Concrete Core

l TP-H Turkey Point Hardware
! TP Turkey Point Soil

f TP-Sed Turkey Point Sediment from the Cooling Canal
f

f TURKEY POINT CONCRETE CORES

Sixteen concrete cores were obtained using a concrete coring system contain-

ing an industrial diamond bit, and which employs water as a cooling and lubricat-'

| ing medium. The cores were nominally four inches in diameter and varied in

| depth from 5 to 10 cm. Below is a listing of the coring locations and the
surf ace activity as measured by GM meter or dose rate mete .

|
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Surface Activity

Core Location or Dose Rate

TPCC-1 Decon ama floor, Rad. Waste Bldg. <200 cpm

TPCC-2 South filling room floor, Rad. Waste Bldg. <200 cpm

TP CC-3 South filling room gutter, Rad. Waste Bldg. 4,500 cpm

TPCC-4 Pipe and Valve Room (above pipe tunnel), Rad.
Waste Bldg. 1,500 cpm

TPCC-5 Pipe tunnel, Rad. Waste Bldg. 1,500 cpm

TPCC-6 Waste evaporator room, Rad. Waste Bldg. 300 cpm

TPCC-7 Boric Acid Evapor. room (No. 4), Aux. Bldg. 3,500 cpm

TPCC-8 Gas stripper room, Aux. Bldg. 600 cpm

TPCC-9 Concentrate tank holding room, Aux. Bldg. 8,000 cpm

TP CC-10 Pallway (next to drain sump), Aux. Bldg. 1,000 cpm

TPCC-11 Spent fuel heat exchanger room, Aux. Bldg. 2,000 cpm

TP CC-12 Regenerative heat mmoval (RHR) room, Aux. Bldg. 4,500 cpm

TPCC-13 Fuel storage basin walkway, Aux. Bldg. 800 cpm

TPCC-14 Reactor circulation pump floor, Containment Pldg. 300 cpm

TP CC-15 Reactor sump floor (Unit 4) 6 mR/hr

TPCC-16 Reactor sump floor (Unit 4) 2 mR/hr

TURKEY POINT REACTOR SAWLES

Reactor samples wem of several types. They included scrapings of
corrosion films fran surf aces of several mactor system components, pieces of

plate and pipe cut from equipment removed during the outage, and a sample of
decon grit used on the steam generator. The scraping samples were taken using
a paint scraper over a specified ama. The samples am listed below, and the
table contains pertinent information mgarding source, ama represented or
weight, and radiation level as measured by a GM meter or dose rate meter.
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Area Wt.
Sample Source (cm2) (g) Activity

,

TP-H-1 Steam Dryer - 2 pieces of
pipe and plate 58 0 765 <200 cpm

TP-H-2 Steam Dryer - 2 bars from
'

sparger pipes 430 2845 <200 cpm

TP-H-3 Scraping from main stream line 290 10.6 <200 cpm

TP-H-4 Scraping from secondary feedwater,

line 290 5.8 <200 cpm

TP-H-5 Scraping from control rod.

fr ventilation ducting 290 <200 cpm ;-

!
TP-H-6 Secondary blowdown line from

steam generator 930 3200 <200 cpm

TP-H-7 Alumina decon grit from
steam generator 29.2 190 mR/hr

TP-H-8 Scraping from "C" steam
generator manway 206 13 mR/hr

'i -

TP-H-9 Scraping from "C" steam ,

generator bowl top 6" 206 5000 cpm

TP-H-10 Reactor purification pipe
- 2" diameter 1 mR/hr, 8500 cpm- -

! TURKEY POINT SOILS

Ten surficial soil samples were obtained from the vicinity of Units 3 and i

4 at Turkey Point. Six of the samples were obtained within the radiation
controlled area, i.e. within approximately 50 meters from the nuclear units.
Three of the radiation controlled area samples were taken from within a fenced,

j oosted contamination area.
|

; Four surficial soil samples were taken within the security fence at distances
ranging from approximately 100 to 500 meters. No detectible radionuclides above ,

f allout background.

Finally one sediment sample was obtained from the cooling effluent canal
; from the site. i

i
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The samples, their identification and locations and the depth intervals
sampled are tabulated below.

S ample Location Depth Intervals

TP-1 30 yds E. of Unit 3 0-4, 4-8
TP-2 30 yds E. of Unit 4 0-4.-4-8
TP-3 30 yds W. of Unit 4 0-4, 4-8

TP-4 200 yds E. of Unit 3 0-4, 4-8

TP-5 500 yds NE. of Unit 1 0-4, 4-8

TP-6 100 yds W. of Unit 3 0-4, 4-8
TP-7 400 yds N. of Unit 1 0-4, 4-8

TP-8 50 yds SE. of Unit 4 (fenced, posted, controlled
area); NW Sector 0-4, 4-8

TP-9 50 yds SE. of Unit 4 (fenced, posted, controlled
area); NW corner 0-5

TP-10 50 yds SE. of Unit 4 (fenced, posted, controlled

area) 0-5
TP-11 Sediment from discharge canal 0-5
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During the periods March 20 to 24 and June 7 to 10,1983 a sampling program
was conducted at the Rancho Seco nuclear generating station. Sampling was

conducted during an extended outage at the station in which TMI related modifi-
cations were being made.

'

Samples obtained during the sampling included five hardware samples, five
scrapings from available surfaces, four surficial soils, four sediments from
cooling spray ponds, and two concrete cores.

t

Sample Identification and Inventory

Samples were designated by a letter code detailing the origin or sample:
type as' follows:

RS-CC-- -Rancho Seco, concrete core

RS-Sc- -Rancho Seco, scraping

RS-H-' -Rancho Seco, hardware

RS-SS- -Rancho Seco, surficial soil

RS-Sed -Rancho Seco, Sediments

A,

Raactor System Samples

Both pieces of hardware (S) and surficial samplings (5) were obtained at
Rancho Seco. These are detailed in the tables below. The scrapings were ob-
tained through the use of a paint scraper over a specified surf ace area.
Hardware samples were obtained from pieces made available as a result of
system modifications.

Hardware Samples
f

r , .1-
PNL

Dose Rate DescriptionIdent. '

RS-H-1 -120 mR/hr contact 2" dia. elbow from primary coolant high
pressure injection

RS-H-2- 150 mR/hr HEPA filter from upper primary side of
steam generator repair tent used during
May,1981 outage

i' B.34'
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.PNL'
Ident. Dose Rate Description

Chevron baffle plates from main steamRS-H-3 -

reheaters (original equipment).

I RS-H-4V 70 mR/hr Valve.from letdown cooling system

RS-H-4 200 mR/hr 2 1/2" pipe from letdown cooler

Scraping Samples

PNL Identification Description

RS-Sc-1 Scraping from secondary side of steam generator
OSG-8, near inside top of manway (10 cm x 10 cm
area).

RS-Sc-2 Scraping from secondary side of steam generator
OSG-A, near inside top manway (10 cm x 10 cm
area).

RS-Sc-3 Scraping of boron residue from wall of Turbine
Bldg , grade level, east wall (30 cm x 30 cm
area .

RS-Sc-4 Scraping of boric acid crystals from wall under-
neath fuel transfer chute at - 27' level in
containment (20 cm x 30 cm area).

RS-Sc-5 Scraping from inside turbine housing (60 cm x 60
area).

Four soil samples and four sediment samples were obtained from the Rancho
Seco site and are detailed below in two tables. Soil samples were grab
samples of the top layer of soil after removal of a surficial aggregate layer.
Stdiments were obtained by scraping the sides or bottom of the concrete
surface in the retention basin or spray po"d.

B.35-
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Surficial~ Soils
I

PNL Area
Identification Dose Rate Description

RS-SS-1 '2000 pR/hr Grab sample obtained from the west side of
borated water storage tank. Aggregate was
removed from surface and the upper 5-10 cm
of soil sampled.

RS-SS-2 -110 Grab sample taken on the west side of the
demineralized reactor coolant storage tank.
Aggregate was removed and the soil below sampled.
Top 5-10 cm of soil were removed.

RS-SS-3 140 Grab sample obtained from the east side of
the demineralized reactor coolant storage
tank. The sampling procedure follow d was as
the soils above.

RS-SS-4 400 Soil grab sample taken from the east side of the
spent fuel storage pool water sampling area.

RS-SS-5 1.2 Grab sample obtained 10' west of Transformer Yard.

RS-SS-6 2.0 Grab sample obtained from the West end of Transformer
Yard, 15 feet from station Service Transformer E.

RS-SS-7 2.5 Grab sample taken 5 feet south from the perimeter
wall, 60 feet north of Reactor Building.

Sediments

PNL Identification Description

RS-Sed-1 Sediments removed from the bottom of the South
retention basin

RS-Sed-2 Residue scraped from the discharge piping in the
South retention basin

RS-Sed-3 Sediments obtained from the South water retention
basin

RS-Sed-4 Sediments removed from the spray pond

:

B.36
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Concret,Corrs

Only two concrete cores were obtained at Ranche Seco. A water-cooled,
diamond bit coring system was utilized as at the previous nuclear stations.
The cores were approximately 10 cm in diameter and 8-10 cm in depth.

PNL Identification Description

RS-CC-1 -27' level near "A" sump next to "A" steam
generator. 8 cm deep

RS-CC-2 Core approximately 1 meter south of RS-CC-1

B.37
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APPENDIX C

RADIONUCLIDE CONCENTRATIONS AND INVENTORIES
IN PIPING, HARDWARE, CONCRETE, AND SOILS

FROM TE SEVEN NUCLE AR PO'KR STATIONS

C.1 PATHFINDER C.1..................................................

C.2 HOPE 0LDT B AY C.15................................................

C.3 DRESDEN UNIT ONE C.32............................................

, C.4 INDIAN POINT UNIT ONE C.42.......................................

C .5 MONTICELLO C .60..................................................
,

C.6 TURKEY POINT C.73................................................

C.7 RANCHO SECO C .87.................................................

f
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TABLE C.l.2. Carbon-14 and 99Tc Concentrations
in Pathfinder Piping

Concentration (pC1/cr.2)

Sanple 14C 99Tc

Main Steam Line 1.6 i 0.5 < 0.3 [

Reactor Feedwater Lines < 0.3 < 0.3 I
Shield Pool Coolant Line < 0.3 < 0.3
Reactor Feedwater Line -< 0.3 < 0.3

t

L

e

TABLE C.I.3. Strontium-90 Concentrations in |

Pathfinder Piping
|

90 r C_oncentrationS >

Sample pCi/cmz (pC1/a)

Main Steam Line <0.9 (<0.06)

Reactor Feedwater Line <2 (<0.2)

Reactor Water Purification Line <0.2 (<0. 04) |

Pool Water Clean-up Line 45 (18)

High Solids Holdup Tank 796 (325) !

Fuel Storage Rack (Storage Basin) 0.20 (0.10)

!

C7

<

_ - - , - . - -- - - ,,r.. .m...--. , , - , ~ , . - - . - ~ , - . ._



i

|

!

TABLE C.1.4. Radionuclide Concentrations in Top Two Centimeters of Concrete ;

Cores Collected at Pathfinder, September 1980

2 (a)pC1/cm

60 , 134 I3I 152 , 154 ,
c Cs Cs g g

Sample Co d on Depth (cm)

PCC-1 clear sealer, 0-1 87.8 4.37 782.0 <0.04 <0.04

rough surface 1-2 <0.07 <0.05 0.28 <0.03 <0.04

PCC-2 thick epoxy 0-1 353.0 <0.27 5.59 <0.23 <0.23

coating 1-2 <0.02 <0.01 <0.01 <0.02 <0.01

PCC-3 clear sealer, 0-1 5.63 <0.01 0.054 0.032 <0.02

smooth 1-2 <0.05 <0.05 <0.03 <0.03 <0.03

PCC-4 clear sealer, 01 1,49 <0.02 <0.03 0.036 <0.02

smooth 1-2 <0.05 <0.05 <0.05 <0.03 <0.02

PCC-5 thick epony 0-1 2.12 <0.01 <0.02 <0.02 <0.02
coating 12 <0.05 <0.05 <0.04 <0.02 <0.03

PCC-6 thick epony 0-1 3.72 <0.09 0.050 <0.03 <0.02
coating

PCC-7 gray paint , 0-1 466.0 <0.08 0.29 0.27 <0.08
smooth 1-2 8.90 <0.02 <0.02 0.086 0.031

PCC-8 chipped gray paint. 0-1 477.0 <0.08 0.46 1.33 0.23
clear sealer 1-2 10.6 <0.02 <0.02 1.31 0.22

PCC-9A chipped gray paint. 0-1 350.0 <0.09 <0.36 <0.18 <0.09
clear sealer

PCC-95 chipped gray paint. 0-1 294.0 <0.01 0.39 0.33 <0.06

clear sealer

PCC-11 clear sealer, 0-1 2.39 <0.01 0.072 <0.01 <0.02
smooth

PCC-12 clear sealer, 0-1 2.39 <0.01 0.072 <0.01 <0.02

smooth 1-2 <0.03 <0.03 <0.03 <0.02 <0.02

PCC-13 clear sealer, 0-1 16.2 <0.01 <0.09 <0.02 <0.02
rough surface 1-2 <0.05 <0.04 <0.04 <0.02 <0.03

PCC-14 gray paint. 0-1 0.14 <0.02 <0.06 40.04 <0.02
clear sealer 1-2 <0.02 <0.01 <0.01 <0.01 <0.01

PCC-15 thick epony 0-1 5.09 <0.01 0.17 <0.09 <0.02
coating 1-2 <0.02 <0.01 <0.01 <0.01 <0.01

PCC-16 gray paint. 0-1 <0.045 <0.01 0.032 0.008 <0.02
smooth 1-2 <0.05 <0.05 <0.04 <0.02 <0.03

PCC-17 gray paint. 0-1 0.98 <0.01 0.14 0.035 <0.02 I

smooth 1-2 <0.06 <0.05 <0.04 <0.03 <0.03

PCC-18 gray paint. 0-1 1.16 <0.01 <0.090 0.020 0.034
smooth

PCC-19 gray paint. 01 1.28 <0.01 0.045 0.01 <0.02
smooth 1-2 <0.02 <0.02 <0.03 <0.01 <0.01

PCC-20 gray paint. 0-1 9.05 <0.02 1.91 0.47 <0.02
smooth 1-2 <0.05 40.05 <0.04 <0.02 <0.03

PCC-21 gray paint. 0-1 0.39 <0.01 0.068 0.017 <0.02
smooth

(a) To convert to pCilg, neittply pCl/cm2 by 0.472

C,8
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TABLE C.1.5. Depth Distribution of Radionuclides in Concrete Cores
Collected at Pathfinder, September 1980

2 (a)pCi/cm;

60 134 137 152 154
Core Depth (cm) Co Cs Cs Eu Eu

PCC-7 0-1 466 <0.08 0.29 0.272 <0.08

! 1-2 8.90 <0.02 <0.02 0.086 0.031

2-3 8.09 <0.01 <0.02 0.065 <0.01

3-4 11.2 <0.01 <0.02 0.030 <0.01

4-5 6.63 <0.01 <0.02 0.034 <0.01
|

5-6 0.14 <0.009 <0.01 0.040 <0.008

6-7 0.21 <0.01 <0.01 0.041 <0.009

7-8 0.23 <0.009 <0.01 0.026 <0.009

8-9 0.31 <0.009 <0.01 0.039 <0.009

9-10 0.26 <0.009 <0.02 0.027 <0.009,

I 10-11 0.12 <0.009 <0.01 0.035 <0.008

| 11-12 0.23 <0.01 <0.02 0.037 <0.009
|
i

! PCC-8 0-1 447 <0.08 0.46 1.33 0.23

1-2 10.6 <0.02 <0.02 1.31 0.22

2-3 5.46 <0.01 <0.02 1.43 0.25

3-4 5.61 <0.02 <0.02 1.50 0.22

4-5 2.99 <0.02 <0.02 1.50 0.21

5-6 3.05 <0.02 <0.02 1.90 0.26

6-7 2.30 <0.01 <0.01 1.76 0.26

7-8 2.45 <0.02 <0.02 1.85 0.27

8-9 2.03 <0.02 <0.02 1.76 0.26

2(a) To convert to pCi/g, multiply pC1/cm by 0.472.

C.9
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TABLE C.l.8. Total Pathfinder Radionuclide Inventories

Inventory at(b)
Half-life 1980 Inventory (a) 19 7 Shutdown

Radionuclide (yr) (millicuries) (millicuries)

239-240Pu 100.41 x 104 105.00022 56,300.00022
60Co 5.27 105 580
63Ni 100 14.2 15.5
55 e 2.7 7.95 224F

.o 137Cs 30.2 0.12 0.16
g 59Ni 8 x 104 0.10 0.10

10& nag 130 0.0036 0.004
152 u 13.4 0.0019 0.0038E

238 u 87.7 0.00081 0.0009P

239-240Pu 2.41 x 104 0.00023 0.00023
241 m 432 0.00022 0.00022A
65 n 0.668 56,300Z

Total 127 57,100

(a) Excluding pressure vessel, bioshield, and concrete
surf aces, and condenser now in use.

(b) Includes the radionuclide inventory of the condenser.

_ - _ - _ _ _ _ _ _ _
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j TABLE C.2.2. Residual Radionuclide Concentrations in Humboldt Bay
i Reactor System
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TABLE C.2.4. Radionuclide Concentrations in Bioshield Concrete
at Humboldt Bay Unit 3

,

|
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sAnartz "K % ace aza 8%en 'com 125s 6 *cs 537cs '**cs '52Eu 1**Eu 'S4u
_

'j 22 soTToes assiot 7.720.5 0.73 : 0.04 1ss 1 <0.27 <0.03 <1.0 0.12s 0 07 4.0 0.I s2.220.5 <0.10 30 21 5.5 s 0.s 0.s120.05a
." EDGE - Se ft

b
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REFUEL FLOOR

25 TOP WessOE EDGE 4'S O 9 3020 09 54421 <0.45 <0.05 <2.3 <0.20 28 21 33 421 <0.26 140 21 1521 2.220.1
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TABLE C.2.6. 55Fe, 63Ni, 90Sr, 99Tc. and 129I Concentrations in Selected'

Concrete Cores from the Humboldt Bay Nuclear Unit

pCilkg

j 55p. 63Ni 90Sr 99Tc 1293

: HBCC-4 0-1 cm 6.0x106 1.9x104 <950 1.9x104 <60
j 0.1x10s 0.6x104 10.5x104

.

! HBCC-10 0-1 cm 93.Ox10s 2.5x108 5.1x104 <2.3x104 <100
) 0.1x106 0.1x10s 1 0.4x104

HBCC-16 0-1 cm 451x106 4.5x105 8.8x104 <0.7x104 <80
1x10s 10.2x105 0.5x104

.
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; - TABLE C.2.7. Transuranic Radionuclide Concentrations
; _

in Selected Humboldt Bay Concrete Cores

i

| pCi/kg
i

238Pu 239-240Pu 241Am 244Cm
!

|
j b HBCC-4 0-1 cm 10 5 39 4 <30 <40
|
.

| HBCC-10 0-1 cm 3000 50 3700 i 60 1770 i 80 360 1 30
| '

| HBCC-16 0-1 cm 2050 + 60 1620 + 50 1250 + 80 470 + 50
i

!

!
:
1

i

i

!

!
,

1

__



. _ .. . . . . . . _ . . . . __. . .. . .. _ __ _ . . . . . .__ ..

we-

N-

-

4 I

1
i

TABLE C.2.8. Removal of Radionuclides from Concrete Surfaces.by Paint Stripping |

% Activity Removed.

Location Core # Surface Removed Removal Process 60 o 137Cs !C
J

Rad Waste Building 6 Clear sealer stripper -3 2

mild abrasion 44 30

; 66 ft. Reactor Building 9 grey paint stripper 39 4

i o grey paint mild abrasion 72 25 ;,

) M black sealer abrasion 92 61
,

Cond. Demin. Room 17 grey paint stripper 83 66

black sealer mild abrasion 94 74 . j
|

| Cond. Storage Tank 23 clear sealer stripper -33 24

mild abrasion 68 45
i
i Refuel Level Reactor Building 25 grey paint stripper 98 98

;

' li
'

;

<
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TABLE C.2.10. Transuranic Radionuclides in Selected Onsite
Soils Near Humboldt Bay Generating Station

pCi/kg

238Pu 239-240 u 241Am 242Cm 244Cm 238 u/239-240PuP P

HBSC-1-1 0- 1 cm 0.64 1 0.18 2.9 0.2 20i3 <3 8.2 i 1.8 0.219n

b
i HBSC-1-4 0 - 1 cm 1.1 i 0.2 11.810.5 10 1 2 <2 3.6 i 0.9 0.096

| HBSC-1-6 0 - 1 cm 0.55 0.14 5.4 1 0.4 4.1 1 1.4 <0. 5 <0.5 0.101
|

_____ _



TABLE C.2.ll. Radionuclide Concentrations in Selected Exclusion Area
Soils at Humboldt Bay, July 1981

pCl/gm
,

4

DEPTH
SAMPLE TYPE (cm) 3 ] e4Mn esCo soCo esZn 882r 88Nb 10htu 10%Iu 12sSb 13*Ce 137Ce 141Ce 14dCe is2Eu 188Eu 'HEu

HBSG 0-1 SOIL GRAC 17.4 <2 0.621 <0.2 33.0 (0.2 <0.2 <0.2 <0.2 <0.7 <0.4 1.5 24.6 <0.2 <0.3 <0.7 <0.6 <0.2

SAMPLE

HBSG-0-3 SosL-GRAB 15.7 <5 3.91 <0.4 290.0 1.72 <0.6 <0.6 <0.4 4.99 2.50 4.7 72.5 <0.5 <0.7 <1 <2 <0.4
SAMPLE

HBSG-03A SOIL-GRAB 17.1 <8 5.49 <0.4 377.0 0.861 0.708 <0.7 <0.5 <2 4.90 6.0 90.6 0.768 1.3 <2 3.1 <0. 5

SAMPLE

HBSC-01 1 CORE 0-2 12.7 <5 4.42 <0.3 306.0 1.14 0.656 <0.6 < 0.4 <2 3.37 6.1 88.9 <0.5 <0.7 <1 2.1 <0.4

HGSC-012 2-6 14.3 <2 0.968 <0.2 67.8 <0.4 <0.4 <0.4 <0.3 <1 <0.5 1.2 21.4 <0.3 <0.4 <0.9 <0.9 <0.2

HGSC-014 6 10 16.9 <2 0.121 <0.1 15.0 <0.2 <0.2 <0.2 <0.2 <1 <0.3 0.22 4.86 <0.2 <0.3 <0.6 <0.6 <0.2

HGSC.016 10 14 20.3 <2 <0.07 <0.1 7.91 < 0.2 0.4 <0.2 <0.1 <0.5 <0.3 <0.06 2.71 <0.2 <0.2 C.7 <0.4 <0.1

HGSC-018 14 18 20.3 <2 <0.06 <0.1 8.30 <0.2 <0.2 <0.2 <0.2 0.86 <0.3 0.16 2.36 <0.2 <0.3 <0.6 <0.5 <0.2
0 HGSC-01 10 18-22 16.6 <1 <0.05 <0.07 2.98 <0.1 <0.1 <0.1 <0.1 <0.4 <0.2 <0.04 1.24 0.3 0.4 <0.4 <0.3 0.2

ro HGSC-01 12 22-26 15.8 <2 <0.04 <0.06 0.109 <0.1 <0.1 <0.1 <0.1 <0.3 <0.2 <0.03 <0.03 <0.2 <0.2 <0.3 <0.2 <0.1,

HGSC 01 14 26 30 1rt.2 <1 <0.04 <0.06 2.31 <0.1 <0.1 <0.1 <0.1 <0.3 <0.2 <0.03 0.526 <0.2 <0.2 <0.3 <0.2 <0.1

HGSC-01 16 30 34 14.4 <1 <0.04 <0.06 1.92 <0.1 <0.1 <0.1 <0.08 <0.3 <0.2 <0.03 0.304 <0.1 <0.2 <0.3 <0.2 <0.09

HGSC-01 18 34-38 14.5 <1 <0.04 <0.05 2.16 <0.09 <0.09 <0.1 <0.08 <0.3 <0.1 <0.03 0.236 <0.1 <0.1 <0.2 <0.2 0.16

HGSC-0120 38-42 12.5 <1 <0.04 <0.1 4.71 (0.1 <0.2 <0.1 <0.1 0.5 <0.2 <0.03 0.480 <0.2 <0.2 <0.3 <0.3 <0.1

HGSC-0122 42 46 11.5 <2 <0.07 <0.06 8.55 <0.2 <0.2 <0.2 <0.1 0.5 <0.2 <0.04 0.742 0.3 <0.2 <0.3 <0.3 <0.1

HGSC.0124 46-50 11.2 <2 <0.08 <0.2 16.8 <0.2 <0.2 <0.3 <0.2 <0.5 <0.3 <0.05 0.970 <0.2 <0.2 <0.4 <0.5 <0.1

HBSC.02 0 CORE 04 11.3 <8 0.453 <0.2 26.0 <0.2 <0.3 <0.5 <0.5 <0.7 0.59 2.1 37.7 <0.7 <0.4 <0.7 <0.5 <0.2

HGSC-02-2 48 10.7 <9 0.614 <0.2 34.7 <0.3 0.4 <0. 6 <0. 5 <0.8 0.61 3.1 50.6 <2 <0.4 <0.8 1.20 0.36

HBSC.02 4 8 12 9 62 (5 0.116 <0.1 16.1 <0.2 <0.3 0.5 <0.3 <0.5 <0.3 0.76 16.3 <0.5 <0.3 <0.5 <0.4 <0.2

H8SC.02 6 12 18 5.30 <4 <0 04 <0.09 4.30 <0.1 <0.2 <0.3 <0.3 <0.3 <0.2 0.32 5.32 <0.3 <0.2 <0.3 <0.2 <0.1

HBSC-02 8 18-24 9.26 <3 <0.03 <0 06 2.03 <0.09 <0.1 0.3 <0.2 <0.2 <0.1 0.11 2.83 <0.3 <0.1 <0.2 <0.2 <0.1

HBSC-02-10 24-28 7.49 <3 0.043 <0.06 0 750 <0.1 <0.1 <0.2 <0.2 <0.3 <0.1 <0.03 1.25 <0.3 <0.2 <0.2 <0.2 <0.2

HBSC-0212 28 32 7.08 <2 <0.02 <0.05 0.351 <0.06 <0.1 0.2 <0.1 <0.2 <0.1 <0.02 0.600 <0.2 <0.1 <0.2 <0.1 <0.07

HBSC.0214 32-36 7.71 <3 <0.04 <0.08 3.33 <0.1 <0.2 <0.2 <0.2 <0.3 <0.1 0.03 0.320 <0.3 <0.2 <0.2 <0.2 <0.08
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TABLE C.2.12. Transuranic Radionuclides in Selected Exclusion Area
Soils at Humboldt Bay Generating Station

pCilkg
|

|
| 238Pu 239-240 u 241Am 244Cm 238Pu/239-240 uP P
i n -

| N
HBSC-01-1 0-2 cm 165 1 193i1 - - 0.856

:

f HBSC-01-24 46-50 cm 8.2 0.5 9.5 0.5 14 1 5.5 i O.9 0.857

HBSC-02-0 0-4 cm 19.510.5 18.2 0.5 38 4 11 2 1.077 |
|
|
|

| HBSC-03A SURFICIAL 17011 230i1 139i3 28 1 1 0.742

1

!

l

)
- - - _ _ _ _ _ _ _
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TABLE C.2.14. Transuranic Radionuclide Concentrations in Humboldt |
Bay Generating Station Cooling Canal Sediments i

pCi/kg

)

238Pu 239-240Pu 241Am 238Pu/239-240Pu |

|
!

SEDIMENT 1 0 -2.5 cm INTAKE 1.1 1 0.5 4.5 0.9 100 20 0.255

g SEDIMENT 2 0 - 2.5 cm EFFLUENT 2.3 1.2 5.9 1.4 <0.04 0.373

SEDIMENT 2 7.5- 10 cm EFFLUENT 6.8 2.3 16 3 <0.04 0.416
i

!
|

|

I
1

|
- - - - ___ _



E

..-1,,.

I li :ttEEtti

.B E. E255 a .s t. .l...t i l - ::::::
. ..... ... ....

..?.. .... ..
I k k* k NAI

S.kkb "Il
?*i k?

*

::: ange ggs ::: ::
::: :::: : ::.: ..: ee:: ::;t:

.
.... ...

J inni 666
i !ii :::: il r!.! !se IIIS :::

... .... .. .... ... .... ...
~~~>, ,ese
Ett

| SttiM

I. I l.i .a ! iii IIIE :::I.ll= ::::.
. . . ... .... ..... ...,

..- ,v ....

665
Il.

666e-

.I E i.. .li.i!. . ..i3 3 :::: 55 E.5 :I.i ::
.. ..

e=
. .... ..

.

:c f III ili.l gg I IIII 883
eg!.i:. . II. - ee eveete -e - .. ..m

e r| !!! illi !! !!:! 5:! !i!! 5:!
..I: ::.m f .s.er .s .I . l . = . =s.: ss.

-

:s..m. s. .. .... . . .. ...

I~ Il asi :::! !E Isis ils !!!: il!
= > >u- ...

'/ E il, |||| :en
esas :.s ilii ggg-=

p '' : eeet ee seee ...et ....
-

,E,j, m [ egg g||| gg gg,g ,,, gggg ggg
5 - ... .... .. .... ... .... ...

$k / !al g|jj i: esas :.: iiii III
te eeee see evee eegm

- eve ....

III s. e .lT> E / EI! Ell.i !! ss.: ...
... ... .. .... ... .... .

wa
>, E / sil II..II El ,,,, ,,, ,,,, III

'e ese eeee se see
o ils:: !!!! :! 2:! !!! !!!: :::ee
ea . ..

Eliieggj g! :::: :e: eeee
j>c : -

..!
.. .

!....58 ;;::: .

.R ni un n un in un na
| 9 .cI 'iii iiii ii iiii iii iiii iiiI38

-u
U 5

II 3::. ; ;. . . :: :. .= 5-
. . . .... ga.s.gg3 - . .. .-.. .

;; g ,; ,,. .... ,, . . ... ..., ..

m asmm ,

saa stas It assa es! !!Il ass |
5 555 5555 h5 5555 555 5555 555 |- ,,i! $5,

. ..

E 5 Ell! illj ||| lil! EiN
-s as -g sJ -

,
5 i.iiw =. .

_, . .. . .

.=_
= YC3 '<

I. . I.
~

. .

ii : : : ,

I. I. l> I.. li li 11 li 1
"

r ,1

l I i |!
a,

||, || || |
g ..,. . .

: !!

C.29



- . _ ~ . . . .. - -- . . - . - .

TABLE C.2.16. Radionuclide Inventory Estimates (millicuries) for Humboldt
Bay Reactor Components - Tanks and Heat Exchangers. July 1981

;
.

.u. Ac.
AmtA. .

_ = _ . , m. :- = = -,A. =c. -.c.-c. 2. -s. . c. m. . ,. .e
. -

. .u. 1.
. .->.= ..,ws

. .Au. .n, . .,,,3 -

.n 2. ..3 2.ie a u i i. <i. .= .....a=, i.
. .n . .-> .2.=c ... e a n 3 in . . . .. on..u m u .. an ..

j
.A. co otw. 2.. .e tu .= i. o .. < . . u o no .. oi .. . , ,7 .3 in'

!

E..cEtc, comotm. . . . e 3 . . i. - - 2 ...i.> .. ... 3 . . i. > 7.. .-> .....-> u .2 . <. n ... -. ....... ,,.1... 2..... .3. ...

=a.. w A, E c aE. 2 . e i. =00 . .. <i .. <> ., 1 .. .2 .. .. in .O. .o

AE ACTon SMuTDows cOf4EA 64 106 .i .200 - 2. <3 i. <3 22.3 0 9 .. . 30 2 37 2 ., .7 . 023 i 33
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FutL Ri c0otta ..18 .2 il . 2. <. 2 Se 180 . il2 22 . .? . t. . .es . . e52 002 .0M

IFutL Pool WALu'

*
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.

La2
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j 65uPPaEssaos CMA.ere matu'

i comoEnsAn oE wouri. 3. ., . <. 00. . 0. . s. 00. .= . n . m . 00s <. O. .....-> i...> 3....> u . .. ... . >

] eco840 DEnsateau2En $7mAmtm*
I
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enEGEastmatrvt HE AT ExcteameEasai

I
:
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TABLE C.2.17. Total Humboldt Bay Radionuclide Inventories (a)

Inventory at
1981 Inventory 1976 Shutdown

Radionuclide Half-Life (years) (millicuries) (millicuries)

55 e 2.7 149,000 540,000F

60 o 5.27 18,000 35,000C

137 s 30.2 2,200 2,500C

63Ni 100 1,400 1,400
54Mn 0.855 336 19,000
90 r 28.5 17.9 18.1S

241AM 432 12.1 12

238 u 87.7 7.0 7P

239-240Pu 24,110 6.1 6

244Cm 18.1 4.9 5.9
242 m 0.446 0.12 284C

Total 171,000 596,000

(a) Excluding the pressure vessel, biological shield, concrete surf aces
and residues in tanks and stanps.
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C.3 RESIDUAL RADIONUCLIDE CONCENTRATIONS
AND INVENTORIES AT DRESDEN UNIT ONE
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TABLE C.3.2. Residual Radionuclide Concentrations in
Corrosion Films from Dresden One, August 1982-

CONCENTRATION . pCi/cm2 (pCi!gml -

SAMPLE 55p, 59Ni 63Ni 90s, 99Tc 129:

D SC-12 164.000 110.000 560t40 6.6001500 80 t 5 - 4513 <0.4

FUEL POOL 133.000 t 2.000) (11021 01 11.330 1 90) (9.1 20.61 (<0.081

LADDER
~

!

! D-SC.15 540230 8525 1.300t80 6.200 2400 0.9310.06 0 0920.02
l FLOOR DRAIN (0.3220 02) 10.051 20.003) 10.7 710.05) (0 000610.0001) (5x10-5t1 x 10 53

INSTRUMENTa ,

ROOM A

. 9
' w

w D-SC-16 440 230 8.920.7 3.7002300 0.06220.004' O.00920.002 <0.02
1

FUEL TRANSFER'

I CHUTE
i

I
i

1.28 x 10s 0.08= 106 690240 4.5 t0.3 ,
<1D SC-18 2.91 w 106 26.0002 2.000 t

REACTOR STEAM (192.0002 11.000) (1.7001100) 185.00025.000) 10.3010.02) (<0.07)

: VENT LiasE
1

k

i D-SC-20 2.2002300 to2 1 1.000 t100 2.920.2 0.05 t0.01 <0.01

LOW PRESSURE
INLET TO
TURSINE

.i

D-SC-22 2.1002200 1021 720 t 90 3820.2 0.0520.02 0 0320.01
STEAM LIIeE
PIPING

i

i

!

.. ., , _ . _ - - - _ . - . - ,_ . _ _. - -_ _ ___. . .
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TABLE C.3.3. Residual Radionuclide Concentrations in Corrosion
'

Films from Dresden One, August 1982

|

CONCENTRATIONS - pCi/cm2 (pCi/gm)

|

SAMPLE 237Np 238Pu 239.240Pu 241Am 242Cm 244Cm

D-SC-12 0.034 0.004 6112 2411 3312 7.210.7 56 i 3
FUEL POOL (0.0071 0.001) (12.510.5) (4.810.21 (6.71 0.3) (1.510.11 (11.4 0.7)
LADDER

D-SC-15 <0.003 7.310.6 13.010.7 2011 0.281 0.03 1.7i 0.1FLOOR DRAIN
INSTRUMENT
ROOM A |

D-SC-16 0.0008 1 0.0004 0.1610.01 0.06710.003 0.1110.01 0.0201 0.04 0.201 0.01FUEL TRANSFEP.-

$ CHUTE

D-SC-18 0.2710.13 720 130 360110 550130 100110 840 1 50REACTOR STEAM (0.018 10.009) (4712) (2411) (36 2) (6.610.6) (5513)VENT LINE

D-SC-20 0.0004i0.0002 0.421 0.02 0.681 0.03 0.98 0.04 0.0151 0.004 0.19 0.01
LOW PRESSURE
INLET TO ;

'

TUR81NE
i

D-SC-22 0.0006 1 0.0003 0.21 20.01 0.441 0.02 0.7010.02 0.009 0.003 0.1710.01STEAM LINE
PIPING

|

|

|
|

'

!
,

. _ _ _ _ _ _ _ _ _
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2TABLE C.3.4. Radionuclide Concentrations * (pCi/cm ) in
Dresden Unit One Concrete Core Segments

Depth
location Interval (cm) 54nn 60 o 65tn 94ab 106av 10Bume llo'As 1255b 126 nC 5

1 Dom Chemical 5ptil 0-1 <50 208,800 t 100 <200 <20 < 300 < 300 <300 <80 <20
529' Elevation 1-2 <20 73,300 a 400 <60 18 7 <100 240 t 70 <80 <20 <20

2 Secondary Steam Generator 0-1 40 a 20 33,910 a 50 <70 <8 <200 <200 <90 <60 <20
Room "B" l-2 0.5 t 0.2 320 t I <0.8 <0.09 4a2 <2 <1 <0.7 <0.2

529' Elevation

! 3 Nellway in Front of 0-1 27.8 0.9 7.010 a 10 44 <0.4 34 a 6 <4 <5 1.5 a 1.2 <0.9
Accumulator Rose 488' l-2 <0.03 7.57 2 0.09 <0.04 <0.02 <0.3 <0.3 <0.2 <0.2 <0.02

488* Elevation

4 Sub-pile Raum 0-1 960 t 70 276,900 a 100 4900 <30 <500 <400 <500 <100 <40
488' Elevation 1-2 2.5 t 0.2 1,000 t I <2 <0.2 3 I <2 <0.7 - <0.6 < 0. 2

5 leske-up Dominerallier 0-1 <0.2 27.3 a 0.3 <0.4 <0.05 <1 <2 <0.5 <0.5 < 0.1
1-2 <0.02 1.98 2 0.05 <0.04 <0.01 <0.1 < 0.1 <0.04 <0.04 <0.01g

I.) 6 Condensate Pump Roam Pit 0-1 54 a 6 19,050 * 20 <20 <3 <60 <?O <30 <20 <7
m I-2 <0.06 27.1 a 0.2 <0.2 <0.03 <0.5 <0.4 <0.3 <0.1 <0.04

7 unloading 18 eat Enchanger 0-1 310 a 20' 108.200 e 500 <80 <8 <!30 180 t to 350 a 100 <30 <8
Room 1-2 1.1 0.2 240.720.5 <0.7 <0.08 <1 <0.7 <0.9 0.4 a 0.2 <0.06

i

8 Rad Waste Basement 0-1 29 8 7,560 2 20 <30 <3 <10 <90 <40 <30 <8
1-2 <0.05 9.2 a 0.1 <0.2 <0.02 <1 <2 <0.2 0.5 <0.1

9 Rad Waste Basement 0-1 63 e 8 20,750 a 20 <80 44 <80 <90 <40 <30 <8
Dratnage Trou9h 1-2 0.10 a 0.04 11.1 a 0.1 <0.2 < 0.02 2a1 <1 <0.2 0.6 1 0.4 <0.3

| * To convert to pCl/g, multiply by 0.45.

.

<

I

___ -- -
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2TABLE C.3.4. (continued) Radionuclide Concentrations * (pCi/cm ) in Dresden
Unite One Concrete Core Segments i

tocation Internal (g} 134Cs 137 s 144 e 15? u 154 u 155(u 166 o 224cC C f t M

1 Dom Chemical Spill 0-1 < 30 130 * 30 <260 450 <40 <70 <30 <300

| 529' Elevation 1-2 <80 40 * 10 <80 47 <10 50 * 20 <10 <80

2 Secondary Stean Generator 01 9,870 a 30 202.200 t 600 <300 <!4 <!3 <50 <11 <90

Room "B"
529' Elevation 1-2 10* t 0.3 1,644 2 4 4s2 <0.4 <0.2 <0.4 <0.2 cl

3 Hallway in fraat of 0-1 75.4 a 0.8 948 s 1 35 t 3 <l.2 6.8 s 0.9 2.4 * 0.8 <0.6 <5

Accumulator Roca
488* Elevatten 1-2 0.72 t 0.04 18.2 2 0.1 <0.2 <0.06 <0.04 <0.05 <0.02 1.4 * 0.2

e

4 Sub-pile Rom 0-1 39.970 a 900 197.600 t 400 800 t 40 <80 <60 300 t 100 <40 <400

486' Elevation 1-2 27.6 * 0.2 1,203 a 1 1.3 a 0.7 13.1 a 0.4 1.710.3 <0.4 <0.2 <2-

5 Make-up Dentneraltrer 0-1 8.90.1 431.1 t 0.8 <1 <0.1 <0.1 <0.3 <0.06 <0.9
I2 0.11 0.02 1.13 a 0.03 <0.07 <0.06 <0.04 <0.04 <0.02 0.8 * 0.1n

.

w
* 6 Coedensate Pump Room Pit 0-1 15,100 t 200 111,800 400 100 t 70 <40 44 <20 <4 <30

1-2 4.00 t 0.09 44.6 2 0.2 <0.4 0.11 0.07 <0.06 <0.1 <0.05 <0.3

7 Unioading Heat Eachange* 0-1 640 t 10 18,120 a 20 160 t 100 48 * 12 49 t 13 40 a 30 <10 <100

Room 1-2 0.70.1 11.2 2 0.1 <0.6 <0.2 <0.1 <0.2 <0.2 <1

8 Rad Waste Basement 0-1 1,500 10 40,780 40 110 t 80 <4 <5 <20 <5 <40

1-2 18.9 0.1 910 1 <1 0.25 e 0.08 <0.05 <0.3 <0.03 0.6 * 0.2

9 Rad Waste Basanent 0-1 6.870 e 10 90.500 * 300 360 a 80 <5 12 e 6 (20 <6 <40

Orainage Trough I-2 18.2 2 0.1 862 a 3 <0.9 <0.06 <0.04 <0.2 <0.03 <0.2
;

* To convert to pC1/g, multiply by 0.45.

4
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TABLE C.3.5, Residual Radionuclide Concentrations in Dresden One Concrete Cores

2
- CONCENTRATIONS pCUcm .

CONCRE1E
N Np 230Pu 23? 240Pu 241Am 242Cm 244Cm66Fe 63 , 63N, 90s, 99yc 129g 237

CORE

DCC- 1 18.000 g LOOO 2.0002 100 920.000280.000 3.0 20.3 117 7 <0 8 0 03620 006 152 1 122 1 182 1 0 49 t0 15 56204
CHEMICAL SPILL

DCC 4 54.0002 3.000 2.3002200 770.000 2 70.000 2.900 2200 24202 03 0 02620 005 48 e 2 21 t 1 302 1 51 205 4523
n

SUB PILE ROOM-

N

DCC 7 23.000t1.000 670t60 170.000220.000 1721 13201 -03 0 01420 004 67203 36202 63203 0 80 g 018 82g06

UNLOADING HEAT
EXCHANGER ROOM

'TO CONVERT TO pCUg MULTIPLY BY 0 45

|
,

!

1

1
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i TABLE C.3.6. Radionuclide Concentrations (pCi/g) in Selected 0nsite Soils L
i and Sediments from Dresden Nuclear Station (August 1982)

.|

60 o 65 n 106eu 125Sb 134Cs - 137 s '144Ce 15?Eu g 155Eutocation 4% 5% . t 2 C

i Equipment Match Area 8.3 2 0.2 0.02 2 0.01 1.32 2 0.02 <0.03 <0.07 <0.03 4 .01 0.49 2 0.01 4.04 <0.05 4 .04 40.04

{
north Side of Sphere

Equipment Storage Doorway 6.9 t 0.2 0.05 1 0.02 6 2 t 0.1 <0.06 <0.1 <0.06 0.06 2 0.01 1.93 1 0.02 <0.07 <0.1 <0.08 . <0.1 '4

! East of Sphere
I

J Refuel Building 7.7 2 0.2 0.23 t 0.02 13.8 t 0.1 <0.06 0.2 a 0.1 <0.06 0.27 0.0I. 3.36 t 0.02 0.17 t 0.07 <0.09 <0.09 <0.03
South of Sphere;.

| Rad Waste Area 0-6* 7.4 t 0.5 0.2 2 0.1 55.9 0.3 <0.3 <0.8 <0.3 1.75 2 0.07 96.2 t 0.3 <0.4 <0.6 <0.4 <0.2
In Front of Doory

! 6-12* 8.4 2 0.5 <0.1 161 2 1 <0.6 <1 <1 6.3 t 0.1 260 t 1 1.5 e 0.6 <0.9 <0.7 <0.2 |.

cas !
! 03

sedtuents ,

I

' 0.1Inlet Canal 0-8* 14.4 2 0.3 2.5 t 0.9 3.1 a 0.1 49 9t4 <0.2 <0.07 1.19 2 0.02 <F <0.1 <0.1 <

. 0.06 0.02 a 0.01 2.46 t 0.02 <0.07 <0.09 <0.07 <0.03Outlet Canal 0-8* 10.5 t 0.3 <0.02 2.79 t 0.03 <0.05 <l <

i

|

I

i
i

| |
4 :
e i

'
i
J

'
l

: |

.
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TABLE C.3.7. Residual Radionuclide Concentrations in
Corrosion Films from Dresden One, August 1982

CONCENTRATIO885 - pC&cm3

SARAPLE
DESCluPTION SARAPLE a ''Ren **Co **2n ''Nb *% N Ag nomag 12tSb 12sSn ' 3'C s '37Cs '**Ce 152Eu ***Eu 'HEu isemy,

FUEL POOL D SC 12 1.700 200.000 2.R00 <40 (E00 <400 <600 <500 <30 8.000 50.100 <200 <100 <100 <80 <50
LADOER

FUEL TRAABSFER D SC.16 3.7 790 11 <0.3 <4 <3 <5 <1 <0 2 3.3 24 4 <0 8 <1 <0 5 <0 4
CHUTE

REACTOR STEAAA D SC 18 12.000 7 9 m 10* 113.000 <500 < 8.000 <3 000 (9.000 <2,000 <400 <800 5.500 12.000 < 2.000 <2.000 <1.000 <700
VENT LINE

LOW PRES $URE D SC 20 <2 2.270 37 <0 5 <3 <5 <8 <4 <0 4 <0.7 31 <3 5 <2 <1 <0 7
peLET TO
TUneseE

O
i.a

SARAPLE
DESCluPTIO8e SAAAPLE 8 **Fe **Ni '3ht 8% Mc '2'I ag 22s ag 24 ' Am 242Cm 244Cm

FUEL POOL D SC-12 164.000 560 6.800 80 45 <0 4 61 24 33 7.2 56
LAODER

FUEL TRANSFER D SC-16 440 89 3.700 0 062 0 009 <0 02 0.16 0 067 0 11 0 020 0 20
CHUTE

REAtf0R STEAAA D-SC-18 2 9:10 26.000 1.3 = 108 690 45 <1 720 360 550 100 8408

VEGIT LuuE

LOW PRESSURE D-SC 20 2.200 10 1.000 2.9 0 05 <0 01 0 42 0 68 0.98 0 015 0.19
seLET TO
TUR8INE

,

_ - _
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TABLE C.3.9. Total Residual Radionuclide Inventory at Dresden One
August,19f 2(a) and at Shutdown - October,1978

Radionuclide (b) Half-life (years) Inventory (curies)-

August, 1982 Oct. 31, 1978
(Shutdown)

60 o 5.27 660 1,080C

55 e 2.7 250 650F
63Ni 100 110 110

i 65 n 0.668 9.3 450Z

59Ni 75,000 2.1 2.1'

54 n 0.855 1.0 20M:

144Ce 0.779 0.98 30
137 s 30.2 0.96 1.0C

244Cm 18 0.069 0.08
134 s 2.06 0.060 0.21C

238 u 87.7 0.059 0.061P

241 m 432 0.046 0.046A
1 239-240 u 24,100 0.030 0.030P

242 m 0.446 0.0085 2.9C

Total 1,030 2,350

(a) Excluding neutron-activated pressure vessel and internals,
biological shield, concrete surfaces, residues, sludges and resins
in tanks and simps, and spent fuel.

(b) Other long-(W e.g., ggnucigdes speci{. gally listed inlived rad
10 CFR 61, '+ Nb , '3Tc , and VI, were not included in the
inventory because of their insignificant concentrations in the
residual radioactive corrosion films in the plant piping and,

.! equipment.
i

,

4

F
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C.4 RESIDUAL RADIONUCLIDE CONCENTRATIONS AND
INVEhTORIES AT INDIAN POINT UNIT ONE
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| TABLE C.4.1. Direct Gama-ray Analysis of Leached Hardware
Samples from Indiant Point Station, Unit One

Surface Concentration in oCf/c.2 of Samoled Material
*

60 o 65tn 94mb 106Ru 100'He llo'un 12556 126 n{ } 54pn C S

#

IPH-1 .38.6 <1 15 2 1 <2 <0.2 <5 <5 .<5 <5- <0.3
IPH-2 --- --- --- --- --- ~ --- --- --- '--- ---

| IPH-3 248 <3 1180 2 10 24 *7 <0.8 <30 <40 <20 <20 <3
1 IPH-4 --- -- --- --- --- --- --- --- -- . ---

! IPH-5 929 <0.02 0.052 t 0.002 <0.05 <0.006 <0.2 <0.005 <0.005 <0.02 <0.05
*

IPH-6 929 <0.02 0.158 * 0.003 <0.05 .<0.006 <0.1 <0.005 <0.04 <0.02 <0.01 ~
i IPH-7 929 <0.02 0.~62 t 0.005 <0.06 <0.007 <0.2 <0.01 <0.02 <0.05 <0.01
; IPH-8 929 <0.01 0.057 2 0.002 <0.04 <0.005 <0.1 <<0.005 <0.04 <0.02 <0.005
! IPH-9 929 29.3 2 0.4 138 2 1 2.7 * 0.6 <0.08 <3 <3 <2 <2 <0.2
i IPH-10 26.9 <3 178 2 7 <7 <0.7 <20 <20 <20 <l5 <1
1 IPH-11 405 <0.7 321 * 2 7.7 t 1.7 <0.2 <5 13213 <5 <2 <0.2
' IPH-12 86.1 460 2 100 231100 t 3500 3600 t 200 <34 <600 <300 <600 3800 2 200 <20

'10 IPH-13 53.2 <4 157 t 1 .5 <0.8 <20 <15 <10 80 * 10 <<
*

. a IPH-14 137 <2 1180 * 10 <5 <0.6 <20 <20 <10 <7 <1
{ N IPH-15 40.5 <0.2 290 t 2 <0.7 <0.1 <2 <5 <1 <2 <0.5
; IPH-16 --- --- --- --- --- --- --- --- --- ---

IPH-17 81.1 <1 102 t 4 <5 <0.5 <10 <10 <10 <10 <1
'

IPH-18 122 <70 48200 t 200 690 2 170 <20 <600 <600 <400 <400 <50

| IPH-19 155 486 2 6 8900 t 60 170 * 10 <1 <40 <30 <3 <30 - <3
IPH-20 527 <2 3640 t 10 63 24 <0.6 <10 <10 <10 <10 2.8 t 1.1i

I IPH-21 58 <3 859 2 5 17 t7 <0.7 30 2 10 49 <15 <3 <0.7
i IPH-22 103 1500 2 200 901000 t 2000 540 2 30 140 t 60 . <1000 <600 <1200 <400 <50

IPH-23 103 <10 7740 2 20 170 t 30 <3 <50 80 t 20- <60 <20 <20.
i

IPH-24 522 <0.8 (34 2 2 14 22 <0.2 48 <8 <4 <6 .<0.6
;

!

|

\

,
.,

;
,

f

'

i i
1 |
!

!

!

!

!

!
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TABLE _C_.4.1. (continued) Direct Gama-ray Analysis of Leached Hardware
Samples from Indian Point Station, Unit One

Surface Concentration in pC1/cm2 of Sampled Material
Sample Area

10 (cm2) ___, 134 s 137 s 184Ce 15? u 154Eu 155Eu 166mpo 228Ac
C C E

IPH-1 38.6 <0.8 9.3 2 0.8 <5 622 <2 <1 <0.5 <3IPH-2 --- --- --- --- --- --- --- --- ---

IPH-3 248 If40 t 10 21100 2 40 <20 <4 <3 <8 <1 <10IPH-4 --- --- --- --- --- --- --- --- ---

IPH-5 929 <0.01 0.043 2 0.022 <0.1 <0.02 <0.02 <0.01 <0.01 <0.05IPH-6 929 <0.01 0.166 2 0.003 <0.09 <0.02 <0.01 <0.01 <0.01 <0.05IPH-7 929 0.186 2 0.004 3.97 t 0.02 <0.1 <0.02 <0.02 <0.02 <0.01 <0.08IPH-8 929 <0.009 0.114 1 0.002 <0.009 <0.02 <0.01 <0.01 <0.01 <0.04IPH.9 929 100 t 1 2040 t 10 <2 <0.3 <0.3 <0.5 <0.1 <1IPH-10 26.9 19 2 4 360 t 10 <10 <7 <7 <4 <1 <15IPH-Il 405 73.1 * 0.7 850 t 10 <2 <0.5 <2 <0.7 <0.2 <2IPH-12 86.1 2710 t 20 33900 t !!D (200 <BO <100 <70 <50 <500IPH-13 53.2 45.1 t 1.9 7?O t 20 <9 <4 <9 <4 <0.9 <9.C7 IPH-14 137 449 2 6 15800 1 70 <10 <2 <2 <4 <0.7 <7[] IPH-15 40.5 152 + 1 3390 t 10 <2 <0.5 <0.2 <0.7 <0.2 <2IPH-16 --- --- --- --- --- --- --- --- ---
IPH-] 7 81.1 70 t 2 1290 2 10 clo <2 <2 <4 <0.6 <7IPH-18 122 20400 t 80 330000 t 1000 <300 <70 <70 <100 <20 <300IPH-19 155 5970 t 10 24600 t 130 <20 <6 <6 <6 <2 <3IPH-23 527 873 2 2 20900 2 200 <8 <2 <2 <2 <0.8 <8IPH-21 58 24 a 2 380 t 10 <7 <3 <3 <2 <1 <10IPH-22 103 1840 2 100 22100 2 100 <400 590 t 170 <200 <100 <80 <1000!PH-23 103 17 t 8 280 t 10 <20 <7 <10 <5 <4 <40IPH-24 522 239 2 2 4980 2 40 <4 <0.8 <0.8 <1 <0.2 <4
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TABLE C.4.2. Direct Gama-ray Analysis of Leached Hardware
Samples from Indian Point Station, Unit One

Concentration in pCi/q of Sampled Material

Sample 10 Mass (q) 54Mn 60 o 657n 94Nb 106Ru 108mAq 110maq 125Sb 126 nC S

IPH-1 126.3 <0.4 4.5 2 0.4 <0.7 <0.08 <? <2 (2 <2 <0.00
IPH-2 953.5 <0.5 457 e 1 8.8 2 1.4 <0.2 <6 <7 <3 <5 <0.5
!PH-3 350.2 <2 83723 17 t 5 <0.6 <20 <30 <10 <17 <2
IPH-4 35.2 1100 t 230 130000 2 1000 1900 t 500 <60 (2000 <3000 <1000 <2000 <200
IPH-5 2.46 <8 19.5 2 0.8 <20 <2 <80 <2 <2 <8 <2
IPH-6 4.3 <5 34.2 2 0.7 <10 <1 <20 <1 <9 <5 <2IPH-7 2.48 <8 135 1 2 <20 <3 <80 <4 <8 <20 <4
IPH-8 3.07 <3 17.3 * 0.7 <10 <2 < 30 <2 <10 <7 <2
IPH-9 --- --- --- --- --- --- --- --- --- ---

IPH-10 75.3 <1 6423 <3 <0.3 <8 <7 <7 <5 <0.5IPH-ll 439.5 <0.7 296 t 3 7.1 2 1.6 <0.2 <5 1223 <S <2 <0.2
IPH-12 549.2 70 2 20 36200 2 550 560 t 40 <5 <90 <50 <90 600 2 40 <4

[' IPH-13 193.4 <1 43.3 2 0.4 <2 <0.2 <5 <4 <3 23 2 4 <0.3sa IPH-14 955.5 <0.3 170 t 1 <0.7 <0.08 <3 <3 <2 <1 <0.2** IPH-15 --- --- --- --- --- --- --- --- --- ---

IPH-16 200 <200 36900 t 300 1700 2 400 <50 <2500 <2500 <1000 <2000 <200
IPH-17 --- --- --- --- --- --- --- --- --- ---

IPH-18 --- --- --- --. --- --- --- --- --- ---

IPH-19 --- --- --- --- --- --- --- ... --- ---

IPH-20 4402.1 <0.2 436 e 1 7.5 t 0.5 <0.07 <2 <2 <1 <1 0.3 t 0.1
IPH-21 --- --- --- --- --- --- --- --- --- ---

IPH-22 --- --- --- --- --- --- --- --- --- ---

IPH-23 --- --- --- --- --- --- --- --- -- ---

IPH-24 --- --- --- --- --- --- --- --- --- ---

_ _ _ _ _ _ _ _ _ _ _ _ _ .
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' TABLE C.4.2. (continued) Direct Gamma-ray Analysis of L'eached Hardware
: Samples from Indian Point Station, Unit Onc

Concentration in DC1/e of Saanled MeterialSample
i 10 Mass (q) 134 s 137 s 144 e 152Eu 154Eu 155 u 166aHo 228acC C C E

IPH-1 126.3 <0.2 2.8 t 0.2 <2 1.7 2 0.7 <0.6 <0.4 <0.2 <0.8
IPH-2 953.5 440 t 1 10100 2 30 1224 <0.6- <0.6 <1 <0.2 <2! IPH-3 350.2 1160 t 10 15000 t 30 <20 <3 <2 <6 <0.9 <9} IPH-4 35.2 164000 * 600 2090000 t 3000 <1000 <300 <200 <600 <90 <850

! IPH-5 2.46 <4 1628 <40 <8 <8 <4 <4 <20IPH-6 4.3 <2 35.8 2 0.7 <20 <5 <2 <2 <2 <10IPH-7 2.48 70 t 2 1490 t 10 <40 <8 <8 <8 <4 <30IPH-8 3.07 <3 34.5 t 0.7 <30 <7 <3 <3 <3 <10; IPH-g --- .-- --- --- --- --- --- --- --- ;
IPH-10 75.3 6.9 t 1.5 130 1 3 <4 <3 <3 <1 <0.5 <5 '

t IPH-ll 439.5 67.3 1 0.6 780 2 3 <2 <0.4 <2 <0.7 <0.2 <2
i n IPH-12 549.2 424 2 4 5320 t 20 <40 <10 <20 <10 <7 <70IPH-13 193.4 12.4 2 0.5 198 t 5 <3 <1 <3 <1 <0.3 <3

*

| $ IPH-14 955.5 64.4 2 0.8 2260 t 40 <2 <0.3 <0.3 <0.6 <0.1 <11 IPH-15 --- --- --- --- --- --- --- --- ---

IPH-16 200 51000 t 400 1570000 t 2000 <2000 <200 <l50 <450 <50 <500IPH-17 --- --- --- --- --- ' --- --- --- ---
a IPH-18 --- --- --- --- --- --- --- --- ---
1 IPH-19 --- --- --- --- --- --- ' --- --- ----

IPH-20 4402.1 104 t 1 2500 2 30 <0.9 <0.2 <0.2 <0.2 <0.09 <0.9IPH-21 --- --- --- --- --- --- --- --- ---

IPH-22 --- --- --- --- --- --- --- --- ---
i

i IPH-23 --- --- --- --- --- --- --- --- - - . i

IPH-24 --- --- --- --- --- --- --- --- '--- |

i

i i
. I

!

1 !
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TABLE C.4.3. Radiochemical Analysis of Corrosion Films on
Collected Hardware and Scraping Samples
Collected from Indian Point Station, Unit One

Sampled Sampled Concentration in pct /cm2 (pct /q)
Area Mass

Sample 10 (cm2) (q) 55re 59qg 63Ng 90Sr 99 cT

IP-H 4 --- 35.2 --- --. --- ... ...

(720 t 80) (3080 1 250) (370000 t 50000) (620 t 40) (1.9 2 0.3)

IP-H 12 86.1 549.2 350000 t 20000 1500 2 100 205000 1 20000 4723 7.1 2 0.5
(54000 2 3000) (235 t 20) (32000 t 3000) (7.4 2 0.4) (1.11 2 0.08)

IP-H 18 122 --- 131000 t 8000 690 2 60 170000 t 20000 54 2 3 1.15 1 0.9
(---) (...) (.--) (...) (.--)

IP-H 19 155 --. 31000 2 2000 71 2 8 6900 2 800 29 * 2 0.79 20.05n
(---) (---) (.--) (..-) (---).

IP-H 20 527 4402 230 2 10 15 t 1 2600 t 200 3.1 2 0.2 0.21 20.01 -
(28 t 2) (1.8 2 0.1) (310 2 20) (0.37 1 0.02) (0.0252 0.002)

IP-H 22 103 --- 1610000 2 100000 2760 2 140 318000 t 20000 96 * 6 14.3 2 0.7
(...) (...) (---) (--.) (--.)

,
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Radiochemical Analysis of Corrosion Films on
TABLE C.4.3 (continued)' Collected Hardware and Scraping Samples- 3 - '

J ._

J.
Collected from Indian Point Station, Unit One-

,

f"
,

:. -

' %
}_ys

Sampled Sampled Concentration pct /c.2 (,cifa} 1*
,

1 Sample Area Mass
ID (ev) (q) 1291 237mp 238 u 239-240 u 2414.

,
244CmP P

IP-H 4 .-- 35.2 --- ... ... ... ... ...

(<0.6) (<0.008) (0.049 2 0.004) (0.049't 0.004) (0.102 2 0.008) (0.026 2 0.004)
'

13.5 2 0.5 21.7 2 0.9- 2 8 2 0.1!P.H 12 86.1 549.2 <0.4 <0.03 7.5 2 0.3 -
__ '(2.1220.00) (0.0034 2 0.0001) J0.440 t,0.004)(<0.6) (<0.005) (1.18 2 0.05)

IP.H 18 122 --. 0.39 2 0.11 0.0054 t 0.0012 4.4 2 0.2 ' 8.5 2 0.3 9.8 t 0.3 0.95 2 0.06)
(...) (...) (...) (...). (...) (...)

IP.H 19 155 .-. 0.21 t 0.12 0.012 2 0.002 0.129 2 0.006 0.163 t 0.006 0.155 t 0.000 0.069 2 0.006
(...) (...) (...) (...) (...} (...)

$ IP.H 20 527 4402 0.056 1 0.017 <0.0003 0.156 2 0.008 0.32 2 0.02 0.87 2 0.03 0.054 1 0.004
(0.0068 t 0.0020) (<0.00004) (0.0187 2 0.0009) (0.038 2 0.002) (0.105 2 0.003) (0.0065 2 0.0005)

IP.H 22 103 ... 4.3 2 0.3 <0.01 44 t 2 7723 102 2 7 12.3 2 0.9
(...) (...) (...) ( .) (...) (...)_

'
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TABLE C.4.4. Radionuclide Concentration'in Concrete Core.
Segments from Indian Point Station -Unit One-

Core Sample
Concentration in pC1/c.2** '

cj g 54nn 60co 652n 94Nb 106Ru 100mg 110mq 125Sb 1265n
IP-CC 1 0-1 114.7 4.8 2 0.4 625 t I <2 <0.1 <5 <5 <2 - <3 <0.41-2 120.7 <0.03 1.46 2 0.05 <0.1 <0.01 <0.3 <0.2 <0.1 <0.06 <0.02
IP-CC 2 0-1 116.2 0.58 2 0.26 464 2 1 <1 <0.1 <3 <3 <2 <2 <0.31-2 155.6 <0.2 52.7 2 0.4 <0.7 <0.06 <2 - <2 (G.9 <1 <0.2
IP-CC 3 0-1 134.5 13.2 t 0.7 928 t 1 <3 <0.3 <9 <9 <3 <1 <0.81-2 116.5 0.81 * 0.20 65.7 0.4 038 <0.07 <2 <2 <1 <0.8 . <0.2
IP-CC 4 0-1 135.6 <2 938 t 5 <9 2.3 2 0.9 <40 <50 <11 <40 <41-2 199 0.35 t 0.11 51.2 2 0.2 <0.5 <0.04 <1 <1 <0.6 <0.8 <0.1

o IP-0C 5 0 13' 31 <800 15400 t 300 <2000 <400 - <9000 . <8000 <3000 <6000 <700*
1-2.5 246.1 0.72 2 0.16 76.8 2 0.3 1.4 <0.07 ~ <3 <3 <0.8 <2 <0.2-

,

IP-CC 6 0-1 114.9 80212 4820 t 10 <30 <6 <200 <200 <40 <150 <201-2 141.2 <0.08 6.8 1 0.1 <0.3 <0.04 <2 <2 <0.4 - <1 <0.2x 2-3 211.8 <0.07 9.0 1 0.1 <0.3 <0.03 <2 <2 <0.3 <1 <0.2i 3-4 119.7 <0.04 2.84 1 0.06 <0.1 <0.02 <0.7 -<0.7 <0.2 <0.5 <0.06
'

4-8 106.2 <0.1 11.7 2 0.2 <0.5 <0.05 <2 <2 <0.6 <1 <0.2
IP-CC 7 0-1 145.6 121 t 15 5390 t 20 <40 <8 <200 <300 <60 <90 <201-2 172.4 0.17 t 0.07 15.0 2 0.1 <0.3 <0.03 <1 <1 <0.4 <0.3 <0.083 2-3 125.6 <0.04 3.02 2 0.07 <0.2 <0.02| 3-5 279.8 0.58 2 0.20 51.8 2 0.4 <0.9 <0.07 ^ <0.5 <0.04 <0.2 <0.03

'<0.2
<0.04

<3 <2 <1 <25-6 162.4 0.15 * 0.06 1.75 2 0.09 <0.3 <0.03 <1 <1 <0.36-7 144.8 <0.04 1,46 * 0.05 <0.2 <0.02 <0.6 * <0.6 <0.2
. <0.3 <0.08

<0.2 ~ <0.057-8 80.2 <0.04 1.14 2 0.05 <0.1 <0.01 <0.5 1.3 2 0.4 <0.1 <0.3 <0.04 -8-9 136.7 <0.06 1.49 2 0.08 <0.2 <0.03 <1 <1 <0.2 <0.8 <0.09
' ' 9-10 75.8 <0.04 0.70 2 0.05 ' <0.1 <0.02 <0.6 <0.6 <0.2 <0.4 <0.0510-8 430.5 <0.09 3.1 2 0.1 <0.4 <0.04 <2 <2 <0.4 <1 <0.1

* To obtain pCl/g, multiply by 71.0 cm2 and divide by the neight
a the an area of 13.54 cm2 when determining pCf/g
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TABLE C.4.4. (continued) Radionuclide Concentration in Concrete Core-

Segments from Indian Point Station, Unit One

Core Sample Concentration in pC1/cmR*

qf 134 s 137 s 144 e 152Eu 154 u '155 u 166steo 228ac
*

C C C E E)

IP-CC 1 0-1 114.7 365 t 1 10600 2 30 <4 <0.6 <0.3 <0.9 <0.2 <2
1-2 120.7 <0.02 3.55 * 0.05 <0.2 <0.07 <0.04 <0.05 <0.02 0.86 2 0.15 -

IP-CC 2 0-1 116.2 181 2 1 4600 t 2 <2 -<0.4 <0.2 <0.5 <0.2 <1
1-2 155.6 17.7 2 0.2 706 2 1 <2 <0.2 <0.2 <0.4 <0.1 - <0.8

IP.CC 3 0-1 134.5 1610 t 10 26120 t 40 <8 <1 <0.5 <2 <0.4 <3
1-2 116.5 48.0 2 0.4 736 2 1 <2 <0.2 <0.1 <0.4 <0.09 <0.8

IP-CC 4 0-1 135.6 1150 2 10 38900 2 200 <60 <1 <1 <28 * 13 <1 <10
1-2 199 10.3 2 0.1 521 t 1 <1 <0.1 <0.7 <0.2 <0.05 <0.5

IP-CC 5 0-ta 31 627000 t 1000 230000 2 8000 24000 2 9000 <500 <400 <2000 <500 <2000
[' l-2.5 246.1 228 t 1 2760 t 10 6.7 2 3.0 <0.7 <0.1 <0.6 <0.09 <0.6
tu
" IP-CC 6 0-1 114.9 37000 t 300 583000 2 1000 970 t 100 <8 <7 <20 <8 440

1-2 141.2 52.4 2 0.3 63821 <2 <0.1 <0.07 <0.4 <0.05 1.7 * 0.3
2-3 211.8 80.8 2 0.3 1028 2 1 <2 <0.1 <0.06 <0.4 <0.04 1.8 2 0.3
3-4 119.7 15.4 2 0.1 198 t 1 <0.6 <0.06 <0.04 <0.1 <0.02 1.4 2 0.2-
48 106.2 38.9 * 0.4 511 2 1 <2 <0.2 <0.1 <0.4 <0.07 2.1 2 0.5

IP-CC 7 0-1 145.6 30640 t 40 433000 t 800 1510 t 310 <10 <9 <70 <10 <50
1-2 172.4 17.0 t 0.1 248 t 1 <0.9 <0.1 <0.06 <0.2 <0.04 1.6 2 0.3
2-3 125.6 3.98 2 0.06 54.0 t 0.2 <0.04 <0.08 <0.04 <0.09 <0.02 1.2 1 0.2
3-5 279.8 56.2 2 0.4 725 t 1 <3 <0.2 <0.2 <0.5 <0.1 <0.8
5-6 162.4 9.1 2 0.2 107 2 1 <1 <0.1 <0.07 <0.2 <0.03 1.5 2 0.3
6-7 144.8 7.73 2 0.09 94.3 2 0.3 <0.6 <0.07 <0.05 <0.1 <0.02 1.7 2 0.2
7-8 80.2 5.19 t 0.07 61.8 2 0.2 <0.5 <0.07 <0.04 <0.09 <0.02 1.2 t 0.1
8-9 136.7 12.1 t 0.2 140 t I <1 <0.1 <0.07 <0.2 <0.03 1.5 2 0.2
9-10 75.8 7.76 2 0.09 88.7 2 0.3 <0.6 <0.8 <0.05 <0.1 <0.02 1.5 2 0.2
10-8 430.5 22.2 2 0.2 252 2 1 <2 <0.2 <0.1 <0.4 <0.05 3.7 2 0.4

* To obtain pCi/g. multiply by 71.0 cm2 and divide by the weight
* Use an area of 13.54 cm? when determining pCi/g

. _ _ _ _ _
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TABLE C.4.5. Radionuclide Concentration in Concrete Core
Segments from Indian Point Station, Unit One

core Sample 2Concentration in pC1/ 3 *
(qf*

54 n 60co 65 n 94mb 106Ru 100mga 11(hn, 125Sb 126snc.} R 7

IP-CC 8 0-1 129.4 <30 1320 2 60 <100 <20 < 700 <900 <200 <700 . 80 -<1-2 145.8 < 0. 04 3.69 2 0.07 < 0. 2 <0.02 < 0. 4 < 0.3 < 0.2 <0.2 <0.03
IP-CC 9 0-la 71.1 <100 12600 2 20 <200 <50 <!300 <1400 <400 <1000 <1201-2 !?8.2 <0.07 10.7 2 0.1 < 0. 3 < 0.03 <1 <1 <0.3 <1 <0.12-3 112.5 <0.06 6.4 2 0.1 < 0. 3 <0.03 _

<2 <2 ' <0.3 <1 <0.2
<1 <1 <0.3 <0.8 < 0.13-4 132.1 <0.07 5.2910.09 < 0. 3 <0.03

4-8 415.5 < 0. 4 76.820.5 <1 < 0. 2 <8 <8 <2 <6 < 0. 7

IP-CC 10 0-1 159.1 14.1 2 0.5 49321 <2 < 0. 2 <7 <6 <2 <4 < 0. 6 -1-2 125.2 <0.03 - 1.60 2 0.05 < 0.1 <0.01 <0.3 <0.2 < 0.2 <0.2 <0.02
.

IP-CC 11 0-1 144.4 314 2 13 10110 2 30 <40 <5 <200 <200 <60 <l50 <20,o 1-2 150.8 3.4 t 0.5 47822 <2 < 0. 2 <3 <2 <3 <1 < 0. 2m
o IP-CC 12 0-1 1 72.3 1224 1590 t 10 <14 <1 <60 <80 <20 <60 181 71-2 169.9 6.1 2 0.5 905 2 1 <2 < 0. 2 <5 <4 <3 <3 <0.3

IP-CC 13 0-1 128.6 < 0.1 36.4 2 0.3 < 0. 6 <0.05 <1 < 0.9 <0.8 < 0.6 <0.081-2 187 < 0.03 0.34 2 0.04 < 0.1 < 0.01 < 0.2 < 0.2 < 0.1 so.2 <0.01 |
IP-CC 14 0-1 132.4 74 2 4 1090 t 10 <l2 <2 <70 <90 < 16 ' <70 <81-2 150.9 < 0. 4 28621 <2 < 0.1 <3 <2 <2 <2 < 0. 2

'!IP-CC 15 0-lb 66.5 <200 11300 t 100 < 500 <100 <3000 <3000 <800 <2000 <2001-2 162.1 < 0.1 71.2 * 0.3 < 0. 6 <0.04 < 0. 9 < 0. 6 <0.7 < 0. 5 ' < 0. 05 I
; 2-3 127.1 < 0.1 2.9 2 0.3 < 0. 6 <0.06 <1 <1 <0.6 <1 <0.1 i3-4 146.9 < 0.04 1.98 1 0.06 < 0. 2 <0.02 <0.4 < 0.4 < 0.2 < 0. 3 <0.03 t

<

+ 4-8 541.1 <0.03 7.31 * 0.09 <0.09 <0.02 < 0. 5 < 0. 9 <0.1 <0.6 <0.08

* To obtain pCf/g. multiply by 71.0 cm2 and divide by the welpt
| 8 Use an area of 33.9 cm2 when determining pCi/g
4 b Use an area of 37.7 cm2 when determining pC1/g
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TABLE C.4.5 (continued) Radionuclide Concentration in Concrete Core
Segments from Indian Point Station, Unit One

Core Sample Concentration in pC1/on2*

(c.) (q 134 s 137Cs 144 e 152Eu 1 54Eu 155 u 166mno 228Ac
C C E* #

IP-CC 8 0-1 129.4 6670 t 130 123000 t 100 <1000 <20 <20 <230 <20 <100

1-2 145.8 1.40 2 0.05 20.2 2 0.4 < 0. 3 0.1620.08 <0.05 0.1720.07 <0.02 1.2 2 0.2

IP-CC 9 0-la 71.1 136000 2 200 1640000 2 3000 3700 2 1500 <60 <50 <300 < 70 <300

1-2 128.2 55.8 2 0.2 770 t I <1 < 0.1 <0.06 < 0. 3 <0.04 1.1 2 0.3

2 -3 112.5 25.0 2 0.2 312 t I <1 < 0.1 < 0. 06 < 0. 2 <0.04 1.2 2 0.3

3 -4 132.1 %.220.3 1110 t 10 <2 < 0.1 <0.06 < 0. 4 <0.05 0.9920.27
4-8 415.4 662 2 1 8070 2 20 <8 < 0. 4 < 0. 2 <2 < 0. 2 <1

IP-CC 10 0-1 159.1 2340 t 20 14000 2 100 <6 <1 < 0. 4 <1 <0.3 <2

1-2 125.2 0.85 2 0.04 6.13 2 0.06 < 0. 3 <0.07 <0.04 <0.06 <0.02 1.3 2 0.1

IP-CC 11 0-1 144.4 20120 t 30 223600 2 600 <200 <8 <7 c50 <7 <50

,0 1-2 150.8 10.0 t 0.4 223 2 1 <2 < 0. 5 < 0. 4 < 0. 4 < 0.2 <2

- IP-CC 12 0-1 1 72 . 3 2290 t 10 68200 2 300 <100 <2 <2 <20 <2 <15u,

1-2 169.9 124 t 1 4130 t 10 <4 < 0. 5 < 0. 4 <0.8 <0.2 <2

IP-CC 13 0-1 128.6 5.1 1 0.2 97.2 1 0.4 < 0. 9 < 0. 2 <0.1 < 0. 2 <0.07 <0.6

1-? 187 < 0. 7 2.7120.05 <0.2 < 0. 2 <0.04 <0.06 <0.02 1.3 2 0.1

IP-CC 14 0-1 132.4 3700 t 10 88300 t 400 270 t 100 <2 <2 <20 <2 <10

1-2 190.9 16.7 t 0.3 670 t I <2 < 0. 3 < 0. 2 < 0. 5 <0.2 <2

IP-CC 15 0-1b 66.5 106000 t 100 2050000 t 4000 7600 t 3000 <40 < 30 <700 <200 4600

1-2 1 62.1 3.65 t 0.08 70.3 1 0.2 < 0. 6 < 0.1 < 0.1 < 0.1 <0.06 <0.0

2-3 127.1 1.6 2 0.2 10.0 t 0.6 <1 < 0. 2 < 0. 2 < 0. 3 <0.08 <0.7

34 146.9 2.52 2 0.06 4 7.2 t 0.2 < 0. 4 0.13 2 0.06 <0.04 <0.e9 <0.02 1.4 2 0.2

4 -B 541.1 9.23 t 0.09 236 e I < 0. 4 <0.08 <0.05 < 0.2 <0.03 1.9 2 0.2

* To obtain pC1/g. multiply by 71.0 cm2 and divide by the weight
a Use an area of 33.9 cr.2 .%n determinin9 pCi/g
b use an area of 27.7 cm2 wVn determining pC1/g
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TABLE C.4.6. Radionuclide Analysis of Leachate Solutions for the Concrete Cores

;i

|
3

Sampled Sample Concentration in pC1/cm2 (oci/a)
t Area Mass
j S e ple I.O. (cm2) (4) 54Mn 60 o 652n 94Nb 106au 100 mag 110 mag 125Sb 126SnC

IP-CC-3 (0-1 cm) 90.5 67.3 2.8 t 1.0 234 t 2 <2 < 0. 3 < 10 ' <10 <6 <6 <1
(13.7 2 1.3) (315 2 3) (<3) (<0.4) (<10) (<20) (<7) (<7) (<1)

) IP-CC-9 (0-1 cm) 93.2 74.6 99 2 31 7330 1 40 200 t 60 <10 <500 <800 <100 <400 <50
| (120 t 40) (9160 2 50) (250 t 80) (<10) (< 700) (<900) (<200) (<500)' (<70)

} IP-CC-15 (0-1 cm) 80.4 55.8 <50 7540 t 70 <100 <10 <1000 <1200 <200 <900 <100
; (<70) (10900 t 110) (<140) (<20) (<1000) (<2000) (<400) {<1000) (<100)

: P
| cn

N Sampled Sample Concentration in pC1/m2 (pegfq)
Area Mass

Sample I.D. dem2) (4) 134cs 137cs 144c, 152 u Ib4Eu 155Eu 166mH0 228Ac-E

| IP-CC-3 (0-1 cm) 90.5 67.3 309 2 8 4590 t 10 <8 <1 <1 <2 <0.4 <4
(414 1 10) (6170 2 10) (<10) (<1) (<!) (<3) (<0.6) (<6)

IP-CC-9 (0-1 cm) 93.2 74.6 82800 e 100 980000 2 1100 <400 <80 <30 <100 <10 <100
j (103000 2 100) (1220000 t 1000) (<500) (<90) (<40) (<150) (<10) (<100)

|t IP-CC-15 (0-1 cm) 80.4 55.8 49100 2 200 943000 2 1200 <600 <100 <60 <200 <20 <200
(70800 2 400) (1360000 2 2000) (<900) (<100) (<90)

I
.(<400) (<40) (<400)

j I

!
I
i
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TABLE C.4.7. Radiochemical Analysis of Selected Concrete Core
Segments at Indian Point Station, Unit One

Sampled S led Concentration in pC1/cm2 (pC1/q)

Sample ID (c.2) (q) 55r, 59mg 63nt 90 r 99Tc 12915

[P.CC 3 (0-1 cm) 90.5 67.3 <2 -1 2 1 30 2 3 2.1 2 0.2 . 0.21 2 0.04 0.13 2 0.04
(<4) (-2 1 2) (4124) (2.9 t 0.2) -(0.28 * 0.06) (0.18 * 0.05)

IP-CC 9 (0-1 cm) 93.2 74.6 315 t 30 30 t 3 2980 t 330 46 2 3 0.27 2 0.02 :0.17 t 0.08
(390 2 40) (37 t 4) (3700 t 400) (58 * 3) -(0.34 * 0.03) (0.2 2 0.1)

IP-CC 15 (0-1 cm) 80.4 55.8 1060 70 38 2 4 2240 t 220 1921 <0.09 0.27 * 0.11
(1530 2 110) (55 2 6) (3220 2 320) (27 2 2) '(<0.1) (0.39 2 0.16

Sampled Sampled Concentration in pCi/cm2 (pC1/a)
Area Mass

Sample 10 (c.2} (q) 237mp 238Pu 239-240 u 241 m 244Cm'P Ag
'

m IP-CC 3 (0-1 cm) 90.5 67.3 0.0035 t 0.0014 0.014 2 0.002 0.022 2 0.002 0.051 2 0.011 <0.02W
(0.005 2 0.002) (0.019 2 0.002) (0.030 2 0.003) (0.069 2 0.015) (<0.02).

IP-CC 9 (0-1 cm) 93.2 74.6 0.013 2 0.002 0.051 t 0.004 0.089 e 0.005 0.13 2 0.01 0.09 2 0.01
(0.016 2 0.002) (0.064 t 0.004) (0.112 t 0.007) (0.17 2 0.01) (0.11 2 0.01)'

IP-CC 15 (0-1 cm) 80.4 55.8 <0.005 0.020 2 0.002 0.023 2 0.002 0.043 2 0.000 0.014 2 0.005
(<0.008 (0.029 2 0.004) (0.033 2 0.004) (0.06 2 0.01) (0.020 2 0.007)-

_ _ _ _
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TABLE C.4.8. Samples Used for Radionuclide Inventory

System Sample Used for Inventory Estimate

A. Primary Coolant IP-H22

8. Seal water and primary makeup IP-H3, IP-H14

C. Main steam line IP-H11, IP-HIS

D. Condensate and condensate return IP-Hil, IP-HIS

E. Spent fuel facility IP-H21

F. Radwaste IP-H18, IP-H20

C.54

_ _



TABLE C.4.9. Residual Radionuclide Concentrations Used for Calculation of-
Radionuclide Inventory at Indian Point Station, Unit One, May 1982.

CONCENTRATION W pC1/cm2

5%sn soCo es2n % *Ru '88"Ag "8"Ag tasSb *Sn *Cs WCs " Ce 152Eu *Eu

A. PReMARY COOLANT

IP H22 15002200 90128 540330 140260 <1000 <S00 <1200 <400 <50 18402100 22.1002100 <400 5901170 <200

8 SEAL WATER AND
PRIMARY MAKEUP

IP H3 <3 1.1810 01 2427 <0 8 <30 <40 (20 <20 <3 1640210 21.1002100 - <20 <4 <3

IP M14 <2 1 18 t 0 01 <5 (08 <20 <20 <10 <7 <1 449,8 15 000t100 <100 <2 <2

AVG <2 1.18 24 < 0. 7 <25 <30 <15 <13 <2 1044 18.400 <15 <3 <2

C MAN STE AM LINE
*

IP M11 <0 7 0 32120 002 7.721.7 <0 2 <5 1323 <5 <2 <0.2 73.120.7 8502100 <2 <0 5 <2m
IP M115 <0 2 0 290t0 002 <0 7 <01 <2 <S <1 <2 40 5- 152t1 3390t10 <2 <0 5 <0 2

AVG =04 0306 7.7 =01 <3 13 <3 <2 (03 112 2100 <2 <0 5 <1

D CONCENSER AND
CONDENSATE RETURN

(USE AVG FROM C3 <04 0 306 77 <0 1 <3 13 <3 <2 <0. 3 112 2100 <2 <. 0. 5 <1

E. FUEL STORAGE AREA

IP H21 <3 0R59 0005 1727 < 0. 7 30tto <S <15 <3 . <0 7 2422 300110 <1 <3 <3

E L13UIO RADWASTE

# M18 <70 482202 6302170 (20 < GOO <S00 <400 <400 <50 20.400280 330.00021000 <300 <70 <70

IP H2O <2 3640t01 63t4 <0 4 <10 <10 <10 (10 20 e 1.1 87322 20.900 t 200 <S <2 <2

AVG. <36 206 375 < 10 3 - <305 <305 <205 (205 2.8 10.000 175.000 <150 <38 <35

_.



|' 4| i' I' ,; 1)4j| iIlj1I|| 1I!iII' I !i

_

_ s
- n

, s oe e.

e o.
s,2 c

e. e * - -8 . 3 e e 2 a
- a 3 s o n i s n e
. 9 e c o e 3 o s2

1 1 e - - e 8 s e s e

y_ s
_ sfa

oM %
3

7 e
e e.e n* .g

_ . 3 s ra 2
n , 0

s o o s o a 3
1 - e - - 8 e e s e aoe

in
tO ,. o

3
_

- a e. e, -.a 3 e r -*lt m 3 r ag
s

- ui a 7 o o o s e
7 - e - - O e o . e 4cn

_ lU na o
oC', ,. s, _.

_
n s - * -

e
i

r .
. ro n

2

n i

e o s 3

o s s sa e e _

oi 4
_

ft 4 - e - e e e . e 2

- a
-
. dt 3
_ - eS .-.

s , - s s

- Ut in i o o
- 3 e .o e

_
s e n c o s .n a n o o o o u .

t o c o o
.ac_ si e n e o o o

o e
. no .

o e e e0 L

_ oP
. - < - - < < < 8 - e .<

o.

i s
r t

_ tn o i

., om. aa ,

3 -

s s i e e,
,

,

.
_ s n - - -ri s n

. td a i o u t i a s 1et o o o s n 2
=nn n 3 s o c n 3 o :.

u 4 - - e - - e e e . c e ,.

.
eI s.. c~_ c.

.

nt w , s.

c F o w o
_ oa a e

* e
o. e, c.C m ** e * - -

6 s w3 i 0 o s s a cy n s 0 c e , a .. e
- er o l - - e - - e e e , e ei

.
r .

_ do a e
_ it a ov 2
. l n s .

e - 3 r r e,
*s. e a 3 3 a ece c e 3

n
v a e on e suv o s - - e - e e e_ 3nn c

_ oI e
.

_ o.
- i 0

o
de e e

.aRi iin
2ad 2 o3 c 2s o

_ 2, e .0
_ l 0 o .

l c e e * - - o c .e e
t i _ ,e c

2 r. e sau 3 r.- - S s , 2 e
.

un a
.

do e m_

.
ii M oo c

_ sd i,

s.:s

e 9 s e
s,e e_ ea o - * o 2 .-

. RR P . s m .2 - - 3 ~ - e e 2 e i

.
o
o e .)
tad _ .

ce ,. o -.osu e o. e. e e os,- -n s
r.o * - o o o

t

i e o e e o i s s -
- s t e s s 3 u o- t t - - 2 - - S s i . 2 ,s
- n -_ . so a o 1

_ e w
,

-
c m o e, e

1 r e
( 4 < < a

2 2 2 2 i _t ,
_ s < * 4 < < . < <

-. ,
9

-
- 3 e z 2 2 2 .e o e, .

.
8 , a e e e

.

4 ^< 4 < < < -
8 o ,

a.
i

_
< - < < <

.

u- 3e
.

Ln
ee 0 e..

C ? F 7_ 0

e. a a e1 o 2 . .s 4 < < s < < < . <
- E

L ._
.

B n .. n a e- A T u o am or E v m . .T a mu oa u a ,
L a a nn s. r

. o a a oL
e a - as . m_ o an n nr ,

. C sa a ea -

o. c.
r m

-E ss e.

_ m2
av T n= vwa s es a s i . e. e_ 2 n e t

i S nn e t 2
s co

c.
e t

3, m e.
tn , i s aM me n u m w oo s m a

F s, , e a e p e a cc u. w .nam e v
me e a

_
a e C o e . --

_
.

_

_
_

O.U@
t

-
.
.

_

-

-

_

.

_

_
.

: i ,e .14 4 ! ,i' i6 * 1; j)i;q)tI<{'|ii ;f:j. ti!1li, ;



_ _ _ _ _ _ _. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - _ . _

. . . . .
* 5

t. t. t. t. k.
'

5[ ? .
? 7 7 7 0

. . . . .

2 ;
t. t. t. t. t n

2 * .
- * . -; ; ;.

. , . . .
g

t. t. t. t. g
-

. .
- - " * ~ .

.

s j
t.

2 3 s
t.

3
: ; -.

.

. . . .

f 2 2 2 2 2
Ic eu -

m co : :*

- m
- = .

. . . .v-
c . . . . .

| 9~> ^ 9 9 9
t.E

% - .
. ~ ..

.'
' ' ,

.'
o *
% *

. . .

y$
.f

o
'

t. t. t. t. t, 33
ua . .

* 7 *
O ?

'

u +a
c- . . . . .
OC I E

t. .'. .'.
2

t.
-

* * 8>D i
- .

- .

. .
. .

.c
a ::

. . .

C
0o a . . . . .

.V "p F*
3 .

t.
.

t. t.
* * *

e
. .o) ^ " ' "

y 7 * *

:s m
* * * *04 . .

1 . 2 t.- c 3 .

D *" 7 : :. : :
.

.
*

mo
CC CL

- , .

. . . . ,

I t. t. t. t. t. I.

o * ** ? ? 7 ?
.

4 . . . . .
*

O g 2 2 9 t
t.

t |g . .
&

. .
. . . . .

J
. . . .m
t t I t =< a .

F- 3 3- * * * .
. . .
. . M

. . . . .

g t.
2 2 9 6 g

't. I. I. I. t. 't..

I a 3 3 8 3 3
. . n ~ .

5 |
.

i i t

g .c ..

5. e li E c
I n i 11 : la,

. . .

. . . . . .

C.57

. _ _ _ _ _ - . . _ - . . - -. _ _ . _ _ .- . . - , .-. . -_.



- - - _ _ _ _ __ _ _ _ _ _ _ . _ _ _ _ . - _ - _ - _ _ . . - . . _ _ _ _ _

W = . n . ? . g
- m e d h a o *o * o o o a e

* . . . . . .
~

? ? ? * ? I= . . . . .

: . . - n - o

;. . . . .

-J
3 2 8 ? ?

. g8 . . .
5 * *o e n n

*
~ . . . e>

[ | ?.
? ? ? ; g
. . .em , * * * '' N *,

.e CO
.

mm *De . . . .

- - - - ?.
RR o o e o

.C. x E. 8 . . . .

gh * * *o e n o e

O
% * . . p p p a

,*G o o o o o a
.S . .

.me - - - -
. . . .no *~ e ~ a n, n, -o < -

ge
C'

$ 5"
. . .. .

.? ? ? ? A? ?
,. .

g5. . .

.c. *
.

-.
g =n n . .ne

y ,OG
. - . - .,E .,
? * * * **.c= 4 g

I?
-

. =n m
ua 5

. .
* a

- . o-=am o
*c . .

; ; ; ?0 "c t * *
a a I- - - - - -

. .o au- . . .

|
* * *eO * = n

2 0.
. ~ *

"?
o o

'. *; 2 *
i g ~

n
. . ** nn , ,
" "O - =

a -c . . . . *
8,.m o o e o+

1
.

-
,-- -a . .c o . , ,

" " " *O e
v
v *

s a. s 2 s. -

t
.

- o . g-

e
.

1

. . . . -q
t 8 ?

?.
? ? ? 8

v o . . . . o

w . s -

M** @ M e n

J
ca . . . . .

< [ ? * ? W ? |>- . . . . .

.
* *e n. n* m,

. . . . .

* ? ? ? ? ? |
- |a,r . . . . . o< - n e -

V

| *

3
]l I 9ir I h

-

| .: ; e s *d

528 3 3,3 5 ? g-* . - , .
3 53 ww % **

| 48 5 !X !" |gNf a ou S
e e u o .

C.58
1

l

- __, _ _ _ __ _. . _ _ . _ _ _ _ _ _ . _._ _ _. __ _ _ , _ _ _ _ _ . . . , . _._



TABLE C.4.ll. Total Residual Radionuclide Inventory
aat Indian Point Station, Unit One

Inventory (Curies) <

Half-life Sample Collection Shutdown

Nuclide (yr) (May 25, 1982) (Oct. 31, 1974)

55 e 2.7 103 720
F

60C3 5.27 60 160

63Ni 100 22 23

137 s 30.2 4.4 5.2
C

134 s 2.06 0.38 4.8C

59Ni 7.5 X 104 0.18 0.18

54Mn 0.854 0.094 44

65 n 0.668 0.045 115Z

152Eu 13 0.037 0.055

94Nb 2.0 X 104 0.009 0.009

90Sr 28.8 0.0065 0.0078

241Am 433 0.0065 0.0066

108 mag 127 0.0053 0.0055

239-240Pu 2.41 X 104 0.0049 0.0049

238 u 87.7 0.0029 0.0031P

99Tc 2.14 X 105 0.00091 0.0009

244 m 18.1 0.00078 0.0010C

1291 1.6 X 107 0.00027 0.0003

Total (Curies) 190 1,070

aExcluding neutron-activated pressure vessels and internals, biological shield,
c;ncrete surfaces, residues, sludges, and resins in tanks and sumps, and spent fuel.

C.59

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE C.5.1. Residual Radionuclide Concentrations on Hardware from
Monticello Nuclear Generating Plant, November 19, 1981

Concentration - pCi/cm2 (pCi/gm)

5.we
W -Ideattftcation - _ca _.Ca _.la ,% u5% se n as n m i.in. ...., . . .my ...,..

4 101 teactor bater Clean p 79800 <17000 690000 5780000 <9000 <180000 <41000 104000 27700 <7800 <12000 5300u
Ptptng (9900) (<2200) (85700) (718000) (<1100) (<22000) (< 5000) (12900) (3400) (<900) (<1600) (660)

5102 Steae Drain Ptaing <24 <14 52.1 <10 <2 <130 <1400 <80 < 30 <2 <12 <7
(<1.9) (<1.1) (4.27) (<0.9) (<0.2) (<11) (<120) (<6) (<2) (<0.7) (<1) (<0.6);

4103 Condensate Ptatng <0.30 <1.0 26.7 102 < 0. 3 <8 <1 <5 <2 < 0.7 <0.8 27
(<0.03) ( < 0.1 ) (3.6) (13.7) (<0.04) (<1) (<0.1) (<0.7) (<0.2) (<0.1) (<0.1) (3.7)

i 5104-L Condensate Sampling <0.6 <2 19 20.8 <0.4 < 30 <5 <12 .4 < 0. 8 <2 <1
Line to Instrumentation (<0.41 (<2) (13) (14.6) (<0.3) (< 20) (<4) (<9) (<3) (<0.5) (<1) (<1)

4104-v Valve from Condensate < 0. 6 <2 18.1 5.3 <0.3 <20 <5 <12 <8 < 0. 5 <2 <1
Sanpitag Line (<0.05) (<0.2) (1.73) (0.51) (<0.03) (<2) (<0.5) (<1) (<0.A) (<0.05) (<0.2) (<0.1)

.O * 105 Turbine Diaphree <17 470 5960 27400 <60 <500 <140 <200 <100 .40 <54 <30
cn Corroston Ftin Scrapings (<70) ( <300) (26000) (119000) (< .00) ( <2300) (<590) ( :900) (< 400) (<180) ( <230) (< 130)
O

* 106 Sandtlasting Grtt Used for - - - - - -- - -- -- - -- -

Cleantag Turbine (<2) (410) ( 264) (1280) (<40) (<T2) (419) ( < 32) (<14) (<10) ( < 7) ( < 3)

51074 Valve from Condensate 19.8 <10 238 82.7 <2 <190 <20 <66 <18 <9 <9 <7
5tarage Water Line -- -- - - -- - -- -- - -- -+ -

51078 Valve from Condensate 4.5 <4 49.9 24.3 <0.7 <30 <8 <28 <8 <4 <3 <3
Storage water Line -- - - - -- - -- -- - -- -- -

4107C Ptping from Conesate 4.6 <2 49.5 20.6 <0.4 <12 <3 <7 <2 <0.8 <1 < 0. 7
Storage mater Line (1.2) (<0.4) (13.3) (5.53) (<0.1) (< 3) ( <0. 9) (<*) (<0.6) (<0.2) ( < 0. 3) ( < 0. 2)

* 108 Filter Screes from Con- 7.5 3.3 181 79.1 <1 <7 <2 <3 <1 <0.9 17.3 <0.2
densate Desta Filter (45) ( '01 (1093) (477.8) (<7) ( <40) (<10) (<16) (<7) (<5) (104) (<1)

* 109 Pune from saamaste Drain <0.8 <4 102 43.8 <1 <33 <8 490 <20 470 <3 <9
d from Cff-Gas Oratas -- - - -- -- - - .. - -- .. --

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ -

- - - - -
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TABLE C.5.1. (continued) Residual Radionuclide Concentrations on Hardware fromMonticello Nuclear Generating Plant, November 19, 1981

Concentration - pCi/cm2 (pCi/gm)

Sample
Ikster Identificatic, easg, n.g g s ugg a.ag, n .g, n.gw 3 "f u aasga sang,

5 101 8eactor Water Cleanup <7800 26900 172000 <100000 <16000 <5100 3300 <3300 <16000

Piping (<900) (3340) (21400) (<13000) (2000) (<630) (4IO) (<400) (<2000)

5102 Steam Drate Piping <2 5.1 170 <290 <18 <0.8 <6 <14 <16

(<0.2) (0.42) (14) (<24) (<1) (<0.06) (<0.5) (<1) (<1)

5103 Condensate Pfptag <0.7 5.9 77.1 310 <2 0.046 <0.9 < 0. 4 <1

(<0.1) (0.79) (10.4) (42) (<0.2) (0.006) (<0.1) (<0.06) (<0.1)

5104-L Condensate Sampitag <0.8 <5 52.5 <33 4.4 <0.2 <0.8 <2 <3

Line to Instrumentation (<0.5) (<3) (36.7) (<23) (3.1) (<0.1) (<0.6) (<2) (<2)

4104-V valve from Condensate *0.5 <3 32.5 < 30 <3 < 0.1 < 0. 8 <2 <3

Sampling Line (<0.05) (<0.3) (3.11) (<3) (<0.3) (<0.01)(<0.08) (<0.2) (< 0.3)
O

5 105 Turbine Diaphree <40 <11 <F 5120 <33 <36 <10 <11 <69*

Corroston Film Scrapings (<180) (<49 ) (< 32 ) (22341 ) (<140) (<160) (<44 ) (< 47 ) (< 300)e
s-=

|
.- .. - - .. - ..

5 106 Sandblasting Grit Used - --

(21.3) (<27t ) (< 6 ) (<1.5) (<2) (< 4 ) (<10)for Cleantag Tarbine (<10) (<2 )

41074 Valve from Condensate 49 125 1377 <140 <11 <1 <3 <3 <11

5torage Water Line - .. .. .. - ..

41078 valve from Condensate <4 63.7 634 <60 <5 <0.4 <2 <3 <4

Storage hater Line - .. - - - .. .. ..

i 5107C Piping from Condensate < 0. 8 8.5 97.5 <16 2 <0.3 < 0. 4 <0.9 <2

l Storage Water Line (<0 2) (2.3 ) (26.1 ) (<4 ) (0.54 ) (<0.08) (<0.1) (< 0.2 ) (< 0.4 )

5 108 Filter Screen from Con- <0.9 <0.1 2.22 2970 <0.5 <0.9 <0.1 <0.2 <1

densate Domin Filter (<5) (< 0.8 ) (13.4 ) (17900) (< 3) (<5) (<0.9) (<2) (<6 )

4 109 Pump from Radweste Drain <70 135 12500 <180 17.9 <0.6 <5 <2 44

i from Of f-Gas Oratas .. - ..

I

1
I

I

|
|
|



_ _ _ _ -- ... .- . . . . . - _ -- . . . . ~ .

:
) TABLE C.5.2. Residual Radionuclide Concentrations in Piping and Hardware
{ from Monticello Nuclear Generating Plant, November 1981

Radionuclide Concentration - pC1/cm2 (pCi/gm) in parentheses
i

55 e 63mi 90 r 99 c 1291
Sample Identification F S T

M-101 Reactor Water Cleanup 38,900 2 390 3150 2 110 1400 2 64 23 2 10 <1; Line (4,830 2 48) (390 2 13) (170 2 8) (2.9 1 1.3) (< 0.1)
'

M-102 Steam Drain Piping 1,500 2 87 <18 <39 <01 <10
(123 2 7) (<2) (<3) (<6) (<0.8)

M-103 Condensate Piping 1,520 2 18 5.1 1 1.4 <1 <6 <0.4
,

i
(220 2 2) (0.6920.19) (<0.1) (< 0.8) (<0.06)

M-104L Instrument Line Conden- 3,030 2 150 4.6 1 0.3 <5 <53 <3sate Piping (2,020 2 110) (3.2 1 0.9) (4) (<37) (<2) .
M-104V Instrument Line Conden- <36 <2 <5 <26 <0.9sate Valve (<3) (<0.2) (<0.5) (<3) (<0.08)i n

i , M-105 Turbine Diaphram 223 2 22 5.7 2 1.9 <3 <12 <0.7 i

.

i

! m Scrapings (970 2 97) 25 8 (<11) (<50) (<3) ',

M-106 Sandblasting Grit from i-- -- -- -- '

Turbine Cleaning (1,9602240) (<8) (<8) (<40) (<0.9)
--

| M-107A Condensate Storage Water 166 2 50 5.0 2 1.9 <10 <15 <0.4| Line - Valve -- --

4
-- -- --

'
M-1078 Condensate Storage Water 42 2 15 <6 <10 <46 <1Line - Valve - -- -- --

)
--

M-107C Condensate Storage Water 5229 9.023.0 <2 <7 <0.4j Line - Piping (14 2 3) (2.4 1 0.8) (<0.5) (<2) (<0.1)
! M-108 Screen from Condensate 1.7 2 1.2 <0.2 0.4720.11 <2 <0.01
'

Demin. Filter 10 t 7 (<1) (2.8 t 0.6) (<10) (<0.08)

{ M-109 Pump from Rad-Weste 89 2 26 <1 312 1 9 <9 <0.4q Drain (Off-Gas) ',-- -- --' -- --
i -)
!

'

!

_- . .- - . _ - -
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TABLE C.S.3. Residual Radionuclide Concentrations in
Piping and Hardware from M0nticello
Nuclear Generating Plant, November 1981

,

Radionuclide Concentration - pCi/cm2 (pCi/gm) in parentheses

Sample Identification 238PJ 2M-240 u 8''Am 8**Cm 8*8CmP

N-101 Reactor Water Cleanup 8722 8722 216 2 6 182 2 6 86.7 2 10
Line (11 2 0.2) (11 t 0.2) (28.8 2 0.8) (22.6 2 0.7) (10.8 t 1.2)

4102 Steam Drain Piping <0.09 <0.07 1.820.6 <0.7 <3

|
(< 0.007) (< 0.006) (0.1520.0:i) (<0.05) (<0.3)

l 5103 Condensate Piping 0.049 2 0.010 0.012 2 0.005 0.35 2 0.05 0.28 2 0.04 < 0.2

| (0.0066 2 0.0013) (0.0016 2 0.0007) (0.047 2 0.007) (0.038 2 0.006) (<0.02)

M-104L Instrument Line Con. <0.02 <0.01 0.4120.12 <0.06 <0.6

| densate Piping (<0.02) (<0.01) (0.28 2 0.08) (<0.04) (:0.1)

.O *104V Instrument Line Con- <0.03 <0.02 < 0. 3 < 0.1 < 0.8
cn densate Valve (<0.003) (<0.002) (<0.03) (<0.01) (<0.08) ;

s.s

M-105 Turbine Diaphres 0.42 2 0.04 0.46 2 0.04 0.74 2 0.10 0.25 2 0.06 <0.4
Scrapings (1.8 2 0.2) (2.0 2 0.2) (3.2 2 0.4) (1.120.3) (<1.7) i

1

.
4106 Sandblasting Grit from -- -- ---- --

| Turbine Cleaning (<0.06) (<0.04) (0.39 2 0.14) (<0.1) (<1) }

W107A Condensate Storage Water <0.01 <0.01 0.24 2 0.05 < 0. % <0.3
Line - Valve -- --

-- -- --

5107B Condensate Storage Water <0.009 <0.006 < 0. 5 <0.2 <1.6 4

Line - Valve -- --
-- -- -- !

W107C Condensate Storage Water 0.0086 2 0.0025 0.0049 2 0.0019 < 0.1 <0.06 <0.6 >

'

Line - Piping (0.0023 2 0.0007) *0.0013 2 0.0005) (<0.03) (<0.02) (<0.2)

5108 Screen from Condensate 0.0035 2 0.0004 0.0028 2 0.0003 0.011 2 0.0004 <0.003 <0.03
Demin. Filter (0.021 2 0.002) (0.017 0.002) (0.006 2 0.21) (<0.02) (<0.2)

5109 Pump from Radmaste 0.21 r 0.01 0.15 * 0.01 0.18 2 0.04 < 0.1 < 0. 5

Drain (Off-Gas) -- - -- -- -.

I t

t

!
t
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TABLE C.5.4. Residual Radionuclide Concentrations on Hardware
from Monticello Nuclear Generating Plant, May 4,1981

Concentration - pCi/cm2 (pCi/gm)
Sanoit

Ce 2n ** Nb 3 " Re I" Re 3" %g 3 3 %g'5% seer Identtftcation Cr % " Co '8*1

*100-1 Feedmater Heater #144 108 3.76 2.09 744 5859 * 0. 9 7.79 71.9 * 0.2 *2
tapinger plate (55.8) (1.94) (1.08) (385) (3030) (*0.5) (4.03) (37.2) (*0.1) *1

*100-2 Steel tobin9 from 297 5.86 7.03 566 1537 * 0.2 3.98 7.87 * 0.2 3.2
#144 Feediater (926) (7.30) (8.76) (705) (1914) (*0.3) (4.%) (9.80) 60.3) (4.0'
kenter taptager
plate

5100-3 Estenston nuts from 1.75 0.90 *0.04 36.0 7.39 *0.03 *0.05 0.56 *0.04 * 0.2
Condens Oemia Ele- (0.626) (0.25) kO.01) (12.9) (2.65) P0.01) P0.02) (0.20) P0.02) P0.06)
ment Assembly

*100-4 Guide Rods from * 0.2 0.23 =0.02 4.86 0.403 *0.01 *0.03 * 0.2 =0.05 *0.06
Condens Demia (<0.2) (0.23) *0.02 (4.90) (0.405) (*0.01) (<0.03) (*0.7) P0.02) P0.06)
Element Assently

5100-5 Spriags fron Con- 10.0 0.14 * 0.04 13.3 10.0 *0.03 *0.06 * 0.4 * 0.04 * 0.2
dens Desta Ele- (11.9) (0.16) (*0.04) (15.7) (11.8) (*0.04) (*0.07) (*0.5) (*0.05) P0.2)
ment 4ssemely

*100-6 Spring Seats from 2.7 1.55 0.12 42.1 7.74 *0.04 *0.07 1.5 =0.05 * 0.2'
Condens Demia (5.3) ( 3.02) (0.23) (81.7) (15.0) (*0.08) P0.1) (2.9) (*0.1) (* 0.4 )n
Element Assesely.

m
A * 100-7* 5tleer plated gasket 53.0 344 598 2908 429 * 0.4 7.27 * 4.0 * 0.3 *2

seal for Reactor (29.8) (193) (337) (1637) (241) (*0.2) (4.09) (*2.0) P0.2) *1
tessel Head

!

1265, Ip i s.cg Istrg 3 3 c, t**c, Is2Eu II' Eu IssEs 2*t ,3

' 5100-1 * 0. 3 24.5 * 0.7 2.06 1428 10.2 *1 * 3.0 1.74 2.91
(*0.1) (12.7) (*0.2) (1.06) (739) (5.26) (*0.5) (*3.0) (0.902) (1.51)

m-100-2 = 0.3 17.8 1.7 0.68 692 0.91 *1 * 4.0 1.1 0.25
(*0.4) (22.2) t. 1) (0.85) (862) (1.14) (* 1 ) (*5.0) (1.3) (0.31)

m-100-3 *0.05 1.7 8.95 76.7 15.6 0.28 *1 * 0.5 0.078 0.27
P 0.02) 0.62 ( 3.21) (27.5) (5.61) (0.10) P0.04) P0.2) (0.028) (0.098)i

l' 4100-4 *0.02 0.97 4.2 37.0 *J.03 0.20 *0.06 * 0.2 *0.04 *0.05
(<0.02) (0.98) (4.2) (37.3) P0.03) (0.21) (<0.06) (*0.2) (* 0.04) P0.0')

E100-5 *0.04 4.8 2.2 20.5 53.3 * 0.3 * 0.1 * 0. 5 * 0. 2 0.14
(*0.06) (5.6) (2.6) (24.2) (62.9) (< 0,4) (<0.2) P0.6) P0.2) (0.16) j

*108-6 *0.06 1.2 8.3 75.6 13.6 * 0.2 * 0.2 * 0. 7 * 0.1 0.021 I

(*0.1] (2.4) (16.3) (147) (26.4) (* 0.5) (50.3) P 1) (*0.2) (0.040) I

l*100-7 * 0. 3 * 0.9 * 0.4 5.26 3.48 3.93 *1 *6 * 0.6 2.2 i

(*0.2) P0.5) P0.2) (2.96) (1.96) (2.21) (* I) P 3) P0.4) (1.3) |
I

I
i

*$asele 5100-7 cortained 255 pC1/ce2 and (143 pct /an) of I'!!.,

I

J

'1

|

|
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| TABLE C.5.5. Residual Radionuclide Concentrations on Hardware
! from Monticello Nuclear Generating Plant, May 4,1981

Concentration - pCi/cm2 (pCi/gm)
!

|
|

Sample
Number identification 55Fe ''Ni 2 "Pu 28'-2''Pu 8'8Am 8'2Cm 2''Cm

| M-100-1 Feedwater Heater #14A 1450 13 2.70 2.23 2.59 0.031 0.65

Impinger Plate (750) (6.7) (1.39) (1.15) (1.34) (0.01 6) (0.34)
'

M-100-2 Steel Tubing from #14A 4200 18 0.56 0.52 0.32 0.0085 0.089

Feedwater Heater Im- (5240) (22) (0.70) (0.65) (0.40) (0.011) (0.11 )

! pinger Plate

M-100-3 Extension Nuts from 294 <1 0.46 0.10 0.12 0.0030 0.11

Condens Demin Element (105) (<0.5) (0.16) (0.038) (0.043) (0.0011) (0.040)
n

Assembly-

.
,

M-100-4 Guide Rods from Condens 122 <0.1 0.017 0.0065 0.012 0.0010 0.015

Demin Element Assembly (123) (<0.1) (0.017) (0.0065) (0.012) (0.0010) (0.015)

| M-100-5 Springs from Condens 51 <0.6 0.13 0.061 0.069 0.0042 0.070|

! Demin Element Assembly (60) (<0.7) (0.15) (0.072) (0.081) (0.0050) (0.083)

M-100-6 Springs Seats from Con- 727 <1 0.069 0.037 0.036 0.0017 0.026

dens Demin Element (1410) (<2) (0.13) (0.073) (0.070) (0.0033) (0.051)

M-100-7 Silver Plated Gasket 17600 67.6 0.16 0.11 0.15 0.13 0.16

Seal for Reactor Vessel (9880) (38.1) (0.092) (0.061) (0.086) (0.073) (0.092)J
'

1

|

|
|

|

|

|
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TABLE C.S.6. (continued) Residual Radionuclide Concentrations in Monticello
Nuclear Generating Plant Concrete Cores

|

2Concentration in pCi/cm *

l Core
i Deetn

I Ideatification lcai ' " Sa '''Cs 8 "Cs ""Ce "#fu "*f u 3"fu " '"Ho a n Ac

TC1 Reactor 81dg. 10C)*2" 0-1 <0.66 192 e 6 1750 e 10 6.8 e 3.6 <1.4 5.0 r 1.0 <1.4 *1 5.5

E'ev. Tool Decon Area 1-2 <0.047 0.064 <0.065 <0.40 0.38 t 0.24 0.14 <0.16 < 0.053 1.4 t 0.4

KC-2 !=reine slag. Operat- 0-1 0.043 <0.063 0.77 r 0.09 <0.40 <0.24 0.14 0.16 <0.052 1.3 r 0.4
tag Floor, near 1-2 <0.041 <C.063 <0.062 40.41 <0.20 <0.15 <0.17 <0.058 2.1 < 0.5
Feedw ter Heater

MC-3 Reactor 8149. 1001'2* 0-1 -0.27 10.4 e 0.4 122 e 1 4.7 < 1.7 40.94 <1.0 2.1 r 0.6 <0.43 < 3.7

| Elev. Tool Oecon 1-2 <0.040 <0.063 <0.067 <0.39 *0.30 <0.1* <0.15 <0.090 1.1 r 0.5

| hm
I

'ICC-4 Radu ste Biog. 935*0* 0-1 <1.0 550 r 2 104'1 r 10 <5.1 <1.8 <0.56 <2.0 <0.48 < 3.1

Elev Shipping Area 1-2 <0.046 0.12 e 0.06 0.33 r 0.08 <0.39 <0.20 <0.14 <0.14 <0.060 0.86 t 0.47

'ECC-5 Radw ste Biog. 935*0* 0-1 < 0. 32 39.3 r 0.6 474 e 2 <1.7 <0.44 0.39 2 0.25 <0.64 <0.16 <1.3

O Elev. Cmqpactor 1-2 <0.044 <1.8 <0.067 0.41 <0.22 < 0.13 0.16 t 0.15 0.13 r 0.06 1.8 r 0.5
* Arta,

TC-6 Turtine Eidg. cperat- 0-1 40.056 0.38 2 0.08 39.2 r 0.2 40,41 <0.30 <0.14 <0.16 <0.054 2.5 r 0.5
tag Floor. Coeden- 1-2 <0.036 <0.060 0.16 e 0.05 < 0. 38 <0.22 <0.12 <0.14 0.14 r 0.04 1.1 < 0.4
sate Desin born Area

'4C0-7 Reactor 81dg. 1C27*8* 0-1 < 0.10 2.8 r 0.2 23.0 r 0.4 40.68 <0.40 40.22 <0.26 <0.14 <1.1

Elev. Ref el floor 1-2 <3.044 <3.061 <0.063 <0.43 0.42 r 0.26 <0.16 <0.16 <0.065 1.6 ? 0.4

'4CC-8 Reactor Sidg. 962*4* 0-1 <1.3 69.5 r 2.7 545 e 3 26 * 8 9.3 e 4.7 1517 + 3.4 10 t 3 <2.3 <21

Elev. Reactor Water 1-2 < 0.19 2.9 r 0.4 24.1 < 0.5 1.8 e 1.3 <0.46 <1.0 0.87 r 0.50 <0.31 <2.6

Cleanup Pump Room

EC-9 Reactor 81dg. 985*6* 0-1 <0.50 50.4 r 0.7 493 e 2 <1.8 <0.50 0.40 2 0.30 1.8 e 0.7 <0.21 <1.6

Elev. Reactor Red- 1-2 <0.044 0.060 0.21 0.07 <C.40 <0.22 <0.15 <0.15 <0.055 1.2 r 0.4
maste P e Room

'Itt-10 Reactor 61dg. 985*6* S.1 <0.C55 0.64 t 0.13 6.4 ? 0.2 <0.45 <0.25 <0.12 <0.16 < 0. 0t. ) 1.4 r 0.5

. Elev. Sauteer 'tair- 1-2 <0.044 <1.8 <n.064 <0.43 <0.23 <a ' 4 <0.16 <0.C.5 2.5 e n 4
ten. Shop

.

To octain pCitge. ==1tiply (pC1/cm ) ny 71 a'st te divide ey the =ei9nt.2

|
|



TABLE C.5.7. Radionuclide Concentrations in Surficial Soils at
M0nticello Nuclear Generating Plant, May 6,1981

Concentration (pCi/gm)

Sample
Mumber Location 'Be ''K "Cr s'Mn seco seco ssZn esZr esNb 888Ru 8''Ru
M-SS-1 20s NW of Plant 0.33 11.2 <0.05 <0.004 <0.004 0.083 <0.01 0.14 0.28 0.047 <0.0/

M-SS-2 20m W of Plant 0.25 11.6 < 0.1 <0.004 <0.005 <0.006 <0.01 0.11 0.24 0.034 <0.05
M-SS-3 20m S of Plant 0.42 12.8 <0.07 <0.024 <0.006 0.446 <0.02 0.19 0.42 0.042 <0.07
* SS-4 20c E of Plant 0.25 12.7 <0.06 < 0.005 <0.006 0.094 <0.01 0.15 0.31 0.054 <0.06

i

. : ssb 3''Cs 8 "Cs stic, **c, is Eu 35'Eu 355Eu seTh 88'Ra 22 era

M-55-1 20s NW of Plant <0.02 <0.005 0.29 0.G3 0.11 < 0.04 <0.03 <0.02 0.45 0.48 0.52
M-SS-2 20m W of Flant < 0.02 < 0.004 0.068 0.03 0.083 <0.04 <0.03 <0.03 0.32 0.25 0.39
M-SS-3 20m S of Plant <0.03 0.16 2.05 0.04 0.17 <0.06 <0.04 <0.02 0.37 0.30 0.46

M-SS-4 20e E of Plant < 0.03 < 0.005 0.25 0.03 0.13 < 0.05 <0.03 <0.02 0.33 0.27 0.40

i

_ _
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TABLE C.5.8. Residual Radionuclide Concentrations Associated with Major

Piping and Hardware Used for Inventory Estimates
2Concentration - pCi/cm

Pistas System 54pm 55F, 60 e 63ng 65 n 90 r 103nu 106ag
t 2 5

neactor Water Ptytag(a) 0.080 0.039 0.69 0.0032 5.78 0.0014 0.10 0.028

SteamPfplag(b) <1.7 I 10-5 2.3 1 10-4 0.0060 5.7 I 10-6 0.027 <3 I 10-6 <2 I 10-4 <1 I 10-4

CondensatePiping(C) 2.5 1 10-6 8.4 X 10-4 3.1 1 10-4 7.0 m 10-6 6.2 1 10-5 <1.5 I 10-6 <6 I 10-f <2 I 10-6

ree M ter Heaters (d) 4.9 I 10-6 2.8 I 10-3 6.6110-4 1.6 I 10-5 3.7 I 10-3 <1 I 10-8 5.9 I 10-6 4.0 1 10-5-
(est.)

b

(a) Derived from analyses of reactor mater cleanup Itne (Sample 4101).

(b) Derived from analyses of turhine diaphram scrapings (Sample 4 105).

(c) Derived from averaging the analyses of condensate piping (Sample M-103),
and condensate storage mater Itne (5 1079).

(d) Dertved from everestag the analyses of feedsater heater ispinger plate
(Sample 5100-1) and ptptog from the imptager plate (Sample 5100-2).
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TABLE C.5.8. (continued) Pesidual Radionuclide Concentrations Associated with Major
Piping and Hardware Used for Inventory Estimates

2Concentration - pCi/cm

125sb 134cs 137 s 155 u 230pm 239-240pm 24th 244C E 0
Reactor Water Pfptng(a) 0.0053 0.027 0.17 0.0033 8.7 I 10-5 8.7 I 10-5 2.2 I 10-4 1.8 I 10-4

Steam Piping (b) < 3 I 10-5 5.9 I 10-6 7.7 I 10-5 <1 1 10-6 4.2 I 10-7 4.6 I 10-7 7.4'I 10-7 2.5 I 10-7

Condensate Piping (C) 1.4 I 10-5 7.2 I 10-5 8.8 I 10-5 <1 1 10-6 2.9 I 10-8 8.5 I 10-9 6.8 I 10-7 1.7 I 10-7

Fees.ater Heaters (d) 2.1110-5 1.2 I 10-6 1.3 I 10-6 1.1 3 1.6 I 10-6 1.4 I 10-6 1.5 I 10-6 2.0 I 10-6
155 uE

1.4 T Ig-6
.

5

(a) Derived from analyses of reactor water cleanup line (Sample M-101).

(b) Derived from analyses of turbine diaphram scrapings (Sample M-105).

(c) Derived fram averaging the analyses of condensate piping (Sample M-103).
. and condensate storage water line (M-1078).

(d) Derive,1 from averaging the analyses of feceseter heater layinger plate
(Sample M-100-1) and piping from the layinger plate (Sample M-100-2).

_ . _ - _ _ _ _
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TABLE C.5.10. Total Residual Radionuclide Inventory at(a)Monticello Nuclear Generating Plant-1981 |

Radionuclide(b) Half-Life lyears) Inventory (curies)

65 n 0.668 370Z

60 o 5.27 45t

137Cs 30.2 11
55Fe 2.7 6.5
103 u 0.108 6.2R

54Mn 0.855 5.0
106 u 1.01 1.8R

134Cs 2.06 1.7
125Sb 2.77 0.67
63Ni 100 0.22
155 u 4.96 0.21E

90 r 28.5 0.085S

241 m 432 0.016A

244 m 18 0.012C

238Pu 87.7 0.0072
239-240 u 24,110 0.0069P

Total 448

(a) Excluding neutron activated pressure vessel and internals,
biological shield, concrete surf aces, residues, sludges and resins
in tanks and sumps, and spent fuel.

(b) Other
e.g., g'Nb, gMc and 12v1, were not included in the inventorygng-1 yed radignyclides, specifically listed in 10 CFR 61,
because of their insignificant concentrations in the residual
radioactive corrosion films in the plant piping and equipment.

C.72
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TABLE C.6.1. Residual Radionuclide Concentrations in Turkey Point
Reactor Hardware Corrosion Films, October,1981

2Concentrations in pCi/cm
' ( ) in pCi/g

, - . .
<<

Sampi, 54mn
,

60co 65 n 94mb 106a. _ ' 108 mag 110 mao 1255b
'

2

TP-H1 2.6 * 0.7 188 e 2 10 t 2 <0.1 <3 <1 <3 241 2
Stem Dryer (2.0 t 0.5) (142 2 2) (8 a 2) (<0.08) (<3) (<0.8) (<3) (183 2 2)

TP-H2 <0.9 121 e 1 4s2 <0.1 <5 <1 12 2 5 5t1
Steam Dryer (< 0.1) (18.3 2 0.2) (0.7 e 0.4) ( < 0.2 ) (< 0. 7) (<0.2) (1.9 2 0.7) (0.8 2 0.2) .

TP-M3 2: 1 193 s 1 7t2 <0.1 <F <2 47 221
Main Steau Line

TP-H4 <0.7 4221 3t2 <0.1 <3 <1 <F <1
o Secondary feed-

water Line.

"
TP-H5 <0.3 4.3 a 0.3 <1 <0.07 <2 <1 <2 41
Control Rod
Venttiation Duct

TP-H6 <0.2 37.5 t 0.3 1.9 t 0.6 <0.03 <1 <0.4 <1 0.9 t 0.4
Steam Generator (40.06) (10.9 0.1) (0.6 t 0.2) (< 0.009) (<0.3) (<0.1) (<0.3) (0.3 e 0.1)
81oudoun Line
Secondary

6TP-H7 (20200 t 700) (1.15 1 106 3 0.ac3 g 10 ) (49,000 a 2,000) (<100) (13,000 t 3,000) (<1,000) (<4,000) (4,000 t 1,000)
Alwetna grit

TP-MS 100 t 40 2520 t 10 90 e 10 <1 <20 <10 <20 <10 )
*C* Steme

|Generator
i

TP-H9 =0 t 5 1860 a 10 110 a 10 <1 <20 <10 <30 <10 j
*C' Steam ,

Generator j

i

i
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TABLE C.6.1.- (continued) Residual Radionuclide Concentrations in Turkey Point
Reactor Hardware Corrosion Films, October,1981

Concentrations in pCi/cm2
()-inpCi/g

i

|

.

Sapole 126sn 134cs 137cs 144c, 152 u ~ 154tu 155Eu 166aHe 228acE

TP-H1 <0.09 <0.3 <0.2 <1 <0.3 <0.5 <0.2 <0.1 . <2
Steam Dryer (<0.07) (<0.3) (<0.1) (<0.9) (<0.3) (<0.4) (<0.1) '(<0.1) . (<!)
TP-H2 <0.1 <0.7 1.3 2 0.3 <2 <0.5 <0.5 <0.5 <0.2 <2
Steam Dryer (<0.02) (<0.1) (0.2020.05) (<0.4) (<0.07) (<0.07) -(<0.07) (<0.3) (< 0.4)

TP-H3 < 0.1 . <0.7 1.5 t 0.3 <2 <0.7 <0.7 <0.3 <0.2 <2
Main Steam Line

TP-H4 <0.1 <0.7 1.2 t 0.2 <2 < 0. 7 <0.7 + 0.3 < 0.2 <2.O Secondary Feed-
g water Line

TP-H5 <0.1 0.59 0.03 16.3 * 0.3 3a2 <0.7 <0.7 <0.3 <0.1 <1Control Rod
* Ventilation Duct

TP-H6 <0.04 <0.2 1.32 s 0.00 <0.4 0.5 t 0.2 0'.4 2 0.2 <0.1 <0.05 <0.6
steam Generator (<0.01) (<0.06) (0.38 t 0.02) (<0.2) (0.1320.04) (0.11 0.05) (<0.03) (<0.02) (<0.2),

81oudoun Line
Secondary

TP H7 (<100) (<400) (<200) (9.000 t 1.000) (600a400) (<500) (<300) (<200) (<2,000)
Alumina Grit

TP-H8 <0.5 5t2 <1 <10 <2 <2 <1 <1 <10-"C" Steam
Generator

TP-N9 <1 <3 <2 <10 42 <3 <2 <1 <10*C" Steam
.

Generator 1Q
<

sg

__ . . , , _ _ . _ _ _ _ _ _ _ _ _ . _ . _ .
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TABLE C.6.2. Residual Radionuclide Concentrations in Turkey
Point Reactor Hardware Samples, October,1981

Concentrations in pCi/cm2
( ) in pCi/g

I

;

55 e 59Ni 63 i 90Sr 99 c 1291F N T

TP-3
Main Stem 63 i 8 <0.2 1.9 i 0.3 <0.01 <0.09 <0.04
Line

TP-4
Secondary 1,500 i 200 0.8 1 0.1 33 2 3 <0.008 0.08 1 0.01 <0.09
Feedwater Line

n
'u TP-5

Control Rod 621 0.05 i 0.02 0.24 2 0.02 0.025 0.004 0.05 0.01 <0.08*

Ventilation Duct

TP-7
Altmina (1.49 X 106 1 0.09 X 10 ) (180 1 10) (5,100 2 400) (42 2 3) (310 1 20) (<0.9)6

Grit

TP-8
"C" Stem 430 2 30 0.81 i 0.08 2.1 t 0.2 0.39 1 0.03 0.50 1 0.03 <0.1
Generator

TP-9
"C" Stem 1110 t 80 <4 200 2 20 0.076 1 0.008 0.34 2 0.07 <0.09

,

Generator !

- _ _ _ _ _ _ _ _

i



TABLE C.6.3. Residual Transuranic Radionuclide Concentrations in
Turkey Point Reactor Hardware Samples, October,1981

Concentrations in pCi/cm2
( ) in pCi/g

237mp 238 u 239.240 u 241 m 242c. 244 mP P A C

TP-3
Main Steam Line <0.0008 0.0048 2 0.0006 0.0031 t 0.0004 0.0074 i 0.0006 <0.009 0.0017 2 0.0005
TP-4
Secondary Feed- 0.0028 2 0.00009 0.0021 2 0.0004 0.0027 2 0.0004 0.0073 2 0.0015 <0.003 0.0013 0.0009Water Line

TP-5n
Control Rod Ven- 0.0017 1 0.0004 0.0006 0.0003 0.0014 2 0.0003 0.0019 t 0.0006 <0.002 0.0005 t 0.0003

-

m t11ation Duct

TP-7
Alimina Grit (0.09 1 0.01) (90 2 4) (63 2 3) (86 t 4) (28 2 5) (51 2 3)'

TP-8
"C" Stean 0.0013 ! 0.001 0.056 2 0.003 0.043 i 0.003 0.15 2 0.02 0.03 2 0.01 0.091 2 0.007Generator

'

TP-9
"C" Steam 0.0014 2 0.0005 0.058 2 0.003 0.047 2 0.003 0.14 2 0.009 0.09 2 0.04 0.074 2 0.006

4

Generator

|

_ - -_____
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| TABLE C.6.5. Radionuclide Concentration in Turkey Point Cores
Collected from Beneath the Reactor Vessel

(Concentration in pCi/cm2)

, .y.. - =. m. a n m im. i=. iw. . i=. ma %
,

9
i . . . . . .. .. .. . .. . . .o i,... .. ... -.. , . u .n ..

i ., .. ... . . .. u.. ... .. ..
. , .. .. . .. ,. . .. . . . .. . . . .. .... ... n.. ..; 5. ., n... .. . .. . . .. n,.. - . . ... .. . , . . . ... . . . ..<
. . n... . i. . . . ., . . . - . . . . . . . .. .. . . . ... .

i .-. u. , - . . ... . .. . .. .. .. .. .... ... u.. ..4 , n, . . . . . ... . .. . .. ... ... ... .. . . . . ... ..

a. .. n. ., u. .... . ... m.. , . . . ... .. ,,. . n
.., . .. -.. . . . . ., ... ... ... .. ... ...n ... . .. ... . . .. . ., .. .. ... .. .. ..y ,. . . , . . . ... . .. . . ., .... ... .. .. ... ..
. .,, . ... ... . .. ., u. . . , , . . .. . . . . - . . . . . ..w - . . . .. =.a . .. . .. . . . .. . . . . . .. ... . ..., i n.. .... ... . . ,. , .. ... . . . ..... i. . .... .. . . . .. n. . . .. .. .. .. ..

. . . , . . . , . . .

4

d
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TABLE C.6.6. Turkey Point Unit 4 Concrete Core (TP-CC-15)
Taken Directly Beneath Vessel Activity at
Shutdown and Projected to 30 EFPY (pC1/gm)

~ Concentration (pCi/ge)

0-1 cm 1-2 cm 2-3 cm 3-4 cm 4-5 cm 5-6 cm 6-7 cm

46 c 1001 1350 1390 1380 1360 1450 1300*

S

51 r 8140 4830 1835 626 580 440 450
C|

54Mn 76 3.1 3.1 4.0 1.8 <1.8 <1.8

58 o 165 19 22 19 17 23 25
C

.
59 e 670 780 820 780 780 810 720

F

60 o 10100 1700 1400 1420 1430 1540 1320'

C

<1663Ni

65 n 630 61 53 54 59 52 50
Z

94Nb <3 <2 <2 <2 <2 <2 <2

108 mag <3 <2 <2 <2 <2 <2 <2

110 frag 13 <5 <5 <5 <5 <5 <S

i 124Sb 49 20 19 17 12 8.5 12.5

134 s 500 188 116 85 80 72 58
C

137 s 6550 1610 772 471 353 224 133
C

141 e 63 98 85 80 80 89 54
C

152 u 2490 4010 4170 4090 3860 4210 3670
E

154Eu 346 470 470 390 370 440 350

155 u <13 <42 <30 <27 <27 <33 <33
E

166mHo <6 <20 <14 <13 <13 <16 <16

C.79

1
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TABLE C.6.7. Turkey Point Unit 4 Concrete Core (TP-CC-16) |

Takan Directly Beneath Vessel (TR-J) Activity !
at Shutdown and Projected to 30 EFPY (pC1/gm)

Concentrations (pCi/gm)

0-1 cm 1-2 cm 2-3 cm 3-4 cm 4-5 cm 5-6 cm 6-7 cm 7-8 cm

46 c 1024 1266 1323 1560 1190 2203 1502 1703S

51 r 3667 1390 760 890 580 670 490 850C

54Mn 49 <2 2.7 <2 7.6 12.5 8.9 <1.8

59 e 680 740 780 890 2120 4510 2850 950F

60 o 8090 1590 1540 1708 3300 6226 4310 1710C

65 n 2420 79 83 83 80 84 84 100Z
'

94Nb <1.7 <0.6 <0.6 <0.5 <1.1 <0.6 <0.6 <0.6

108 mag <0.8 <0.6 <0.6 <0.6 <1.1 <0.6 <0.6 <0.6

110 mag <10 <8 <5 <7 <7 <9 <7 <5
,

124Sb 72 31 21 22 12 17 17 22

134Cs 530 115 77 86 53 57 67 67
,

137 s 3190 165 90 76 32 28 35 27C

141 e 54 63 67 38 76 103 98 72C

152 u 3041 4440 4080 4870 3400 3730 4370 5280E

154 u 810 1100 950 1170 740 775 980 1100E

166mHo <13 <20 <23 <20 <23 <33 <10 <15 ,

C.80

;

.- _ .



. _. - .- . . .-- _ .. .. . - _.-- - -. ..

TABLE C.6.8. Residual Radionuclide Concentrations in Turkey Point
Concrete, October,1981 (Concentration in pCi/cm )z

55 e 59Ni 63Ni 90Sr 99 c 129IF T

TPCC-9 0-1 cm 1250 i 90 4 11 39 i 5 0.24 1 0.02 1.9 0.1 <0.4

TPCC-15 0-1 cm 28,000 1000 150 1 10 - 1.6 t 0.1 2.2 1 0.3 <0.3

1-2 cm 36,000 2 2000 <3 7017 0.57 i 0.05 2.4 0.3 0.4 t 0.3*

.

m 2-3 cm 31,000 1 2000 2.7 t 0.7 19 1 2 0.56 i 0.04 1.0 i 0.1 <0.5

3-4 cm 34,000 i 2000 <3 1.0 t 0.1 0.72 i 0.08 0.5 t 0.3-

3

i

1

$

. -.
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TABLE C.6.9. Residual Transuranium Radionuclide Concentrations-

in Turkey Point Concrete, October,1981'

.

2_(ConcentrationsinpCi/cm)

!
,

i |

237Np 238 u 239,240 u 241 m 242 m' 244 mP P A C C'

i

TPCC-9 0-1 cm 0.027 i 0.01 0.040 i 0.005 0.012 2 0.003 0.015 1 0.006- 0.04 1 0.02 0.023 0.006

!

TPCC-15 0-1 cm 0.010 i 0.002 0.025 2 0.005 0.54 0.03 0.10 1 0.01 0.06 i 0.03 0.05 2 0.01
!

i

1-2 cm 0.010 2 0.003 0.004 2 0.003 0.61 i 0.02 0.029 i 0.009 <0.03 0.011 i 0.005 |n

b
2-3 cm 0.008 2 0.002 0.002 2 0.001 0.42 t 0.02 0.013 1 0.006 <0.04 0.014 1 0.005,

I

3-4 0.016 i 0.004 <0.002 0.41 1 0.02 0.011 i 0.007 <0.04 0.232 1 0.009 |

|

|
i

l
-|
|+

1 i

I
'

_ _ _ _- _ _ _- - , _ _ _ _ _
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TABLE C.6.ll. Radionuclide Compositions Used
for Inventory Calculations

Radionuclide Canposition A Composition B

F Mn-54 0.25 uci/cm2 2 pCi/cm2

Fe-55 18.74 780

Co-60 14.46' 120

Ni-59 0.002 1

Ni-63 0.064 20

Zn-65 0.62 5,

hb-94 <0.001 <0.1

Sr-90 0.0005 <0.01

Tc-99 0.004 <0.1
3

Ru-106 0.16 <5

Ag-108m <0.01 <2

Ag-110m <0.05 <7

~Sb-125 0.05 60

Sn-126 <0.001 <0.09

I -129 <1 x 10 e-5 <0.09

Cs-134 <0.005 <0.7
Cs-137 <0.003 1.3
Ce-144 0.11 <2

Eu-152 0.008 <0.7
Eu-154 <0.006 <0.7
Eu-155 <0.004 <0.3
Ho-166m <0.003 <0.2,

Ac-228 <0.03 <2

Np-237 1.1 x 10 e-6 <0.0008
Pu-238 0.0011 0.0035
Pu-239,240 0.0008 0.0029
Am-241 0.0011 0.0074
Cm-242 0.0004 <0.009
Cm-244 0.0006 0.0015

2

C.84
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Estimated Surface Areas for
.

| TABLE C.6.12.
Turkey Point Reactor Systems

System Surface Area (m2)

Steam generators 1.4 x 10 e4
Pressurizer 8.7 x 10 el
Piping (except RCS) 1.1 x 10 e3
RCS Piping 1.4 x 10 e2
Secondary 2.3 x 10 e5
Radwaste 1.4 x 10 e3

C.85



TABLE C.6.13. Total Estimated Inventory for Turkey Point
Unit 3* by Radionuclide-October,1981(a)(b)

Concentrations in Curies

Radionuclide Total Inventory

Mn-54 10

Fe-55 790

Co-58 1110

Co-60 610

Ni-59 0.1 )
Ni-63 3 I

Zn-65 26

Sr-90 0.02
Tc-99 0.2
Ru-106 7

Sb-125 2

Cs-134 <0.2
Cs-137 <0.1
Ce-144 5

Eu-152 0.3
Pu-238 0.05
Pu-239,240 0.03
Am-241 0.05
Cm-242 0.01
Cm-244 0.03

Total Estimated Inventory - 2580 Curies

* Unit 4 inventory can be estimated by multiplying figures in the
table by 0.7.

(a) Excluding neutron activated pressure vessel and internals;
biological shield; concrete surfaces; residues, sludges and resins
in tanks and sumps; and spent fuel.

(b) Other lggNb 129 ) were not included in the inventory because of
g-lived radionuclides specifically listed in 10 CFR 61

(e .g . , 3 1

their insignificant concentrations in the residual radioactive
corrosion films in the plant piping and equipment.

C.86
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C.7 RESIDUAL RADIONUCLIDE CONCENTRATIONS
AND INVENTORIES AT RANCHO SECO

,
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TABLE C.7.1. Radionuclide Concentrations (pCi/cm2 and pCi/g)
Associated with Rancho Seco Reactor System Hardware
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2TABLE C.7.2. Residual Radionuclide Concentrations (pCi/cm
and pCi/g) Associated with Rancho Seco Reactor
Secondary Scarping Samples
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TABLE C.7.3. Radionuclide Concentrations (pCi/cm )*

in Rancho Seco Concrete - March,1983
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TABLE C.7.5. Radionuclide Concentrations (pCi/g)
in Rancho Seco Sediments - March, 1983
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TABLE C.7.6. Radionuclide Compositions Utilized
for Inventory Construction

Radionuclide Systems Secondary Systems

54Mn 0.69 pC1/cm2 27 pCi/cm2
55 e 4.8 710F

57C0 0.057 1.0 |

58C0 4.0 110
'I

60 o 3.0 64C

59Ni 0.020 120
63Ni 3.2 120
65 n 0.02 <0,4A

90Sr <0.002 <0,009

106 u <0.04 <4R

108mAJ <0.002 <0.3
110mA9 0.78 .<2

,

125Sb 0.31 9.3
129I <2 x 10-6 <0.0006
134Cs 0.012 <0.3
137 s 0.057 0,4C

141 e <0.008 <4C

144Ce <0.008 <0.6
238 u 6.5 x 10-5 0.0023P

-

239,240 u 3.3 x 10-5 0.0012P

241 m 6.5 x 10-5 0.0009A

242 m 3.3 x 10-4 0.0013C

244Cm 6.9 x 10-5 0.0015

,

C.92
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TABLE C.7.7. Estimated Surface Areas for
|

Rancho Seco Reactor Systems
!

,

System Surf ace A' ea (m2)r

j Pressurizer 8.7 x 101 '

| Piping (except RCS) 1.4 x 103
RCS Piping 1.9 x 102

: Secondary System 2.3 x 105
I Radwaste 1.4 x 103
<

I
J

l

>

*
,

i

-|
z

J

1

1

!
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TABLE C.7.8. Estimated Radionuclide Inventory Associated
with Rancho Seco Operating Systems-March,1983

,

1

! (Inventory in curies (a,b) |
1

I Steam non-RCS
i Nuclide Generators Pressurizer RCS Piping Piping Secondary Radwaste
i

; 54Mn 170 0.60 1.3 3.0 X 10-4 0.062 9.7 '

| 55 e 1180 4.2 9.1 0.0078 1.6 67F

; 57 o 14 0.05 0.11 1.1 X 10-5 0.0023 0.80- |
C

58 o 990 3.5 7.6 0.0012 0.25 56
!

C

60Co 740 2.6 5.7 7.0 X 10-4 0.15 42

|59Ni 5 0.02 0.04 6.9 X 10-6- ~0.0014 0.28
63Ni 790 2.8 6.1 0.0013 0.28 45 i

65 n 4 0.02 0.038 <4 X 10-6 <9 X 10-4 0.28 I2n
90 r <0.5 <0.002 <0.004 <1 X 10-7 <2 X 10-5 <0.03

-

S

106Ru <9 <0.03 <0.08 <4 X 10-5 <0.009 <0.6
j 108 mag <0.5 <0.002 <0.004 <3 X 10-6 <7 X 10-4 <0.03
j 110 mag 1900 0.68 1.5 <2 X 10-5 <0.005 11

125Sb 75 0.27 0.58 1.0 X 10-4 0.021 4.3;

1 1291 <0.0005 <2 X 10-6 <4 X 10-6 <7X 10-9 <1 X 10-6 <3 X 10-5
| 134 s 3 0.010 0.023 <3 X 10-6 <7 X 10-4 0.17C

| 137 s 14 0.050 0.11 4.4 X 106 9.2 X 104 0.80C

|
!

! (a) Excluding neutron activated pressure vessel and internals, biological shield, concrete surfaces,
; residues, sludges and resins in tanks and spent fuel.
t

(b) Other long-lived radionuclides specifically listed in 10 CFR 61(13), e.g. 94Nb, and 99 c were notT
included in the inventory because of their insignificant concentrations in the residual radioactive,

corrosion films in the plant piping and equipment.j
,

i
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TABLE C.7.8. (continued) Estimated Radionuclide Inventory Associated !

with Rancho Seco Operating Systems-March,1983
.

(Inventory in curies (a,b)'

-i

Steam non-RCS
| Nuclide Generators Pressurizer RCS Piping Piping Secondary Radwaste
,

j 141Ce <2 <0.007 <0.02 <7 X 10-6 <0.001 <0.1.

j 144 e <2 <0.007 <0.02 <7 X 10-6 <0.001 <0.1
C

| 238Pu 0.016 5.7 X 10-5 1.2 X 10-4 2.5 X 10-8 5.3 X 10-6 9.1 X 10-4

| 239-240 u 0.008 2.9 X 10-5 6.3 X 10-5 1.3 X 10-8 2.8 X 10-6 4.6 X 10-4
P

| 241 m 0.016 5.7 X 10-5 1.2 X 10-4 9.9 X 10-9 2.1 X 10-6 9.1 X 10-4
A

1 242Cm 0.080 2.9 X 10-4 6.3 X 10-4 1.4 X 10-8 3.0 X 10-6 4.6 X 10-3

244 m 0.017 6.0 X 10-5 1.3 X 10-4 1.7 X 10- 8 3.5 X 10-6 9.7 X 10-4
Cn

i

Total 4190 15 32 0.011 2.4 240'

(a) Excluding neutron activated pressure vessel and internals, biological shield, concrete surfaces,
|

residues, sludges and resins in tanks and spent fuel.
99 c were not(b) Other long-lived radionuclides specifically listed in 10 CFR 61(13), e.g. 94Nb, and T

included in the inventory because of their insignificant concentrations in the residual radioactive
corrosion films in the plant piping and equipment.

.

.

;

1

I

!

i

!
I
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TABLE C.7.9. Total Estimated Radionuclide Inventory at
Rancho Seco Nuclear Station-March,1983

Concentrations in curies (a,b)

Radionuclide Half-life (years) Inventory

54Mn 0.855 180
55 e 2.7 1260F
57C0 0.739 15
58C0 0.194 1060
60 o 5.27 790C
59Ni- 75,000 5
63Ni 100 850
65 n 0.668 4Z

90 r 28.5 <0.5S

109 u 1.01 9R

108 mag 127 <0.5
110 mag 0.686 200
125 b 2.77 80S

134 s 2.06 3C
137 s 30.2 15C
144 e 0.779 <2C
238 u 87.7 0.016P
239,240Pu 24,100 0.008
241Am 432 0.016
242Cm 0.446 0.080
244 m 18.1 0.017C

Total 4460

(a) excluding neutron-activated pressure vessel and internals,
biological shield, concrete surf aces, residues, sludges and
resins in tanks, and spent fuel.

(b) Other long13[J, e.g. WNb, 99Tc, and 129I were not included
l ved radignuclides specifically listed in

10 CFR 61(
in the inventory because of their insignificant concentrations
in the residual radioactive corrosion films in the plant piping
and equipment.

C.96
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APPENDIX D

SlNMARY OF PREVIOUS RESIDUAL RADIONUCLIDE INVENTORY ESTIMATES
^

D.1. REFERENCE BW AND PWR POWER STATIONS

Previous residual inventory assessments have been limited in number
,

and have been extrapolated fran a data base calculated from a theoretical
standpoint, or from very limited data generated from the analysis of a;

single sludge sanple. The two primary inventory estimates to date are
~ ''

published 'in NlREG/CR-130 (D1) and NLREG/CR-0672 (02), which are decommis- o

sioning assessments for a reference PW and a reference BWR, .respectively.
The PW characterized was a single unit station of Westinghouse design,:

rated at 3500 MWt or 1175 MWe. The reference BW was also a single unit
station rated at 3320 Wt or 1155 We. The findings of these two assess-
ments are suninarized briefly by reactor type below.

D.1.1. Reference BW

The total residual radionuclide inventory estimate associated with
internal surfaces of piping and equipment at the reference BW was 8500
curies, with 6300 curies associated with internal equipment surf aces and
the renaining 2200 curies associded with internal piping surfaces. Of

, the 2200 curies present in piping, approximately 56% was calculated to be4

fassociated with the reactor water piping and 44% associated with the con-
densate piping. For the residual inventory of 6300 curies internally
deposited in equipment, an estimated 30% was associated with equipment in

j the reactor building. The primary repositories were the reactor vessel
corrosion film and the corrosion films in the residual heat renoval heat'

exchangers. Nineteen percent of the radionuclide inventory internally
; deposited in equipment was in the turbine building, mainly associated

with the condenser and the feedwater heaters. Approximately 51% of the
';

internally deposited inventory was associated with equipment in the rad-
| waste and control building, primarily with waste tanks.
:

The radionuclide inventories were calculated for equipment and piping
in the reference BW using a radionuclide composition which included the
nuclides shown in Table 0.1. The conposition of the mixture was based
upon a single BW sludge sanple which the authors indicate was similar to

inventory at shutdown was due to two nuclides, 6uCo and b'nt of the estimated
primary loop raditastes fran other BWs. Eighty-itx perce:

Mn. The euco!

contributed almost half (47%) o the total radionuclide composition.
Although the authors indicated g5 n can be an abundant radionuclide at

j
Z

BWs, this nuclide constituted only 0.61% of their radionuclide canposition.

The radionuclide composition also only took into account the gamma
enitting nuclides contributing to the external ganna dose. Th us , beta ,
x-ray and alpha emitting radionuclides were not included in the inventory

iy signifiCAnt 1 ng-lived contributors
to the overall inventory such as qFe, DJNi, bvNi, vuSr and the transu-
estimates. This excluded potenti L

o

! ra ni cs .
,

j

I

D.1 ;
,

i
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TABLE D.1. Radionuclide Composition Utilized for Estimating
Reference BWR and Reference PWR Piping and Equipment-

_ Inventories. (Relative Abundances in percent of'

~

total at Shutdown)
s

Radionuclide BWR Composition PWR Composition

[ 51Cr 2.1 26.9-

54Mn 39. 4.21
59Fe 2.5 1.7

-

58C0 0.93 50.1
-

60Co 47. 8.2
[ 65Zn 0.61

'

; 95Zr 0.41
sg 95Nb 0.40

103 u 0.23
'

R
i 106 u 0.28R

134Cs 1.9h 137 s 3.4C

141 e 0.30C

p 144Ce 0.81
.

\-- D.1.2. Reference PWR

The total radionuclide inventory associated with the interior of the
reference PWR reactor system was estimated to be 4800 curies. The steam-

generators were estimated to contain approximately 90% of the total depos-,

( ited inventory, or 4400 curies. The corrosion films associated with the
- reactor coolant system piping and the reactor vessel internal surf aces

each constituted 3% of the total surface-deposited inventory. The piping
' other than the reactor coolant system contained slightly over 1% of the-

total estimated inventory. The radionuclide composition at shutdown uti-
L lized for the reference PWR inventory estimates is shown in Table 0.1-

and, as shown, was very limited in scope. Only three of the five nuclides
I_

jICrandjsted in the table were actually utilized in the inventory construction.
59Fe being excluded from consideration because of their short:

-

hal f-li ves . Because this inventory was estimated based upon external
gama dose rates, a substantial ntaber of potentially significant radio--

^

_ nuclides Wre not included in the reference PWR inventory. These include
- 59Ni and DJNi which, because of the extensive use of inconel (80% N1) in
L PWR primary systems, will be relatively abundant. Also excluded were

55 e, 90Sr, and the transuranics. An additional shortcoming for theFp
-

reference PWR inventory is that it contains no estimate for the radioactive
residue which would be contained in the chemical and voltne control systs.
It might be expected that a significant fraction of the inventory, at==

- least 10%, should be associated with this systen, especially since the
radwaste system in the reference BWR constituted such a large portion of
the total inventory. '

-

'-

D.2
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D .2. RADIONUCLIDE INVENTORIES IN PREVIOUSLY DECOMMISSIONED REACTORS

Although no large commercial nuclear electric generation f acilities
have been renoved from service and dismantled to date, substantial decom-
missioning experience has been gained at several smaller facilities includ-
ing early denonstration units such as Elk River (D3) and Pathfinder (04),
as well as research reactors such as the Ames Laboratory Research Reactor
(DS) and the North Carolina State University Research and Training Reactor|

(D6). The Enrico Fermi liquid metal demonstration unit has also been
decommissioned and placed into a safe storage condition (07).

The residual radionuclide inventories associated with the decommis-
sioning of four f acilities are shown in Table D-2. The composition shown
is in percent of the total inventory and the total inventory in curies
for the radwaste generated during the decommissioning is also shown in
the table. ,

TABLE D.1. Radionuclide Composition Total Inventory
Associated with Radwastes Generated During
Decommissioning of Four Reactors. (Camposi tions
in percent of the total and total inventory
in curies.) ,

Radionuclide Elk River Ames Lab N.C. State Fermi-1

3H - 1.1 --

54 n 0.34 -

M
--

55 e 55 53 0.01 68 i

F .

60 o 42 40 6.1 29
C

63Ni 2.3 4 30 1.8

65 n 0.9 -

2
-

-

108Ag 0.6 - - -

- - t

110 mag - 0.5

109 d - 0.2 0.3 -

C

133 a 2 -

B
--

152 u 0 62 -

E -

Total Inventory

i n curi es 10,000* 6, 900 * 2.3* 5,200**

* Includes reactor pressure vessel and internals
** Waste f rom only a partial decommissioning

D.3
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The North Carolina State University Research and Training Reactor
was ananalous in conparison to the other three reactors presented in Table
D .2. The total inventory was unusually low (2.3 curies), and the radionu-

152 u which represented over 60% ofEclide composition was daninated by
the total inventory.

The other three reactors shown had similar residual radionuclide
campositions in the radwaste generated during decommissioning. Iro n-55
was the most abundant radionuclide in all three, ranging from 53 to 68.

percent of the total and averaging 59%. The second radionuclide in abun-
dance in these three reactors was 60 o, which ranged from 29 to 42% ofC

the total and averaged 37%. Nickel-63 was the third most abundant radio-
nuclide, which ranged f rom 1.8 to 4% of the total inventory and averaged
approximately 3%. These three radionuclides, 55 e, 60Co, and 63 i, con-F N

stituted over 95% of the total reported in the Elk River, Ames Laboratory,
and Fermi-1 radwastes generated during reactor decommissioning.

A comparison of inventory versus unit rating and years of operation
is shown in Table D.3. The total inventories associated with these four
reactors do not scale well with the product of years of operation and the
unit size on a MWt basis. However, this is not surprising since these
were experimental reactors of highly variable design and materials of
construction which would greatly affect the radionuclide camposition and
amounts produced. The four units ranged f rom 10 kW, in the case of the
N.C. State University Research and Training Reactor, to 430 MWt in the
case of Fermi-1.

TABLE D.2. Camparison of Total Inventory Associated with
Radwaste Generated During Decommissioning with
Unit Size for Four Reactors

Total Inventory of
Unit Size Years of Decommissioni ng

Reactor Facility (MWt) Operation Waste (curies) Curies /MW yr

N.C. State Univ. 0. 010 13 2.3* 18

Ames Laboratory 5 10.5 6, 900 * 131

Elk 58 5.2 10,000* 33

Fermi-1 430 9 5,200** ---

* Includes pressure vessel and internals
** Represents waste from only a partial decommissioning

Fermi-1 was only partially decommissioned, it was only placed into
long term safe storage, therefore the inventory generated and presented
in Table D.3 obviously does not represent the total radionuclide inventory
associated with this f acility. The four reactors are described briefly
below along with the decommissioning activities.

D,4
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D.2.1. Ames Laboratory Research Reactor

The Ames Lab reactor was a heavy water moderated facility which uti-
lized 93% enriched uranium. It operated in the full power research mode
from June,1966 until the end of December 1977. Decommissioning was
initiated immediately after shutdown and Is described in several documents
(IS-4789) (08), NUREG/CR-3336 (DS), and Link and Voigt. 1982) (09). Total
wastes generated during the decommissioning amounted to 6900 curies , of
which over 5500 curies was associated with the thermal shield. Primary

63 1.i activities associated with the shield were 60 o, 55 e and NC F

!

D.2.2. Elk River Reactor

The Elk R?ver Reactor Power Station was completed in 1960 as a part
of the AEC reactor demonstration program. The reactor was a BWR of Allis
Chalmers design, rated at 58 MWt. Initial criticality was in November,

1962, and final shutdown was :t the end of January,1968. Decommissioning
was conducted in three phases: 1) Planning, 2) Dismantlement, and 3) Facility
Closecut. The overall decommissioning cost was approximately $6 million
in 1972. Decommissioning entailed total dismantlement, with the site
being returned to conditions as existed prior to reactor installation.
An estimated 10,000 curies were disposed of during the decommissioning
a cti viti es . Included in the total were the reactor vessel and internals.
The decommissioning activities are described in two reports, C00-651-93
(D10) and NUREG/CR-2985) (D3).

D.2.3. Fermi-1

The Fermi-1 reactor was an experimental demonstration liquid metal
fast breeder which started operations in 1963 and terminated operations
in 1972. Decommissioning of the f acility entailed placement into safe
storage, during which approximately 5000 curies of radwaste were disposed
of. Total decommissioning costs incurred were slightly over $7 million
in 1974 dollars.

D.2.4. North Carolina State University Research and Training Reactor

This reactor operated from March,1960, until mid-February,1973,
and was rated at 10 kWt. The decommissioning entailed total dismantlement
and removal of the reactor facility. The radionuclide content associated
with the waste generated during decommissioning was minimal due to the
small size of the reactor. The decommissioning activities, schedule and
costs are contained in NUREG/CR-3370 (D6) and other technical reports
available from North Carolina State University.

D.5
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"DW'FMfdG81'Yadionuclide concentration stributions and inventories at seven nuclear
p;wer plants (four shutdown and three ope ting) have been investigated to provide a
data base for use in formulating policie trategies and guidelines for the eventual
decommissioning of retired nuclear power pl ts. This study has addressed radionuclides
(both activation and fission products) rans rted from the reactor pressure vessel
and deposited in all other contaminat syste of each nuclear plant.

Emphasis has been placed on measurin the long- ived radionuclides which are of special
concern from a low-level waste mana ment standp int, including 60 o, 59 i, 63Ni,C N

Nb, 99 c,129 ,137 s, and 1pha-emittin ransuranic radionuclides with half-90 r, 94 T 1 CS

lives greater than five years.
The total residual radionuclide i entories (exclud g the pressure vessel) at the
s ven nuclear plants examined in his study appear t be proportional to the product
of the unit power level (megawa age) and the length operations in years. Thus,
extrapolations of the radionuci de inventories at othe: nuclear plants may perhaps be
made. For the most part, the dionuclide compositions nd inventories measured in
this program were in reasonabl good agreement with the mited data base used in the
earlier conceptual assessment tudies of the technology, fety, and costs of decom-
missioning a reference PWR (N' REG /CR-0130) and a reference 4R (NUREG/CR-0672). Thus,
the conclusions reached in th :se conceptual studies from a Ladiological standpoint
will essentially remain uncha iged. i
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