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ABSTRACT

The residual radicnuclide 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.

Emphasis has been placed on measuring the lTong-1ived radionuc] ides
which are of special concern from a low-level waste management standpoint,
including 60co, 59Ni, 63Ni, 90sr, %Nb, 997c, 1291, 137¢s, and alpha-
emitting transuranic radionuc'lides with half-lives greater than five
years. The measurement of these radionuclides is specifically required
in 10CFR61, "Licensing Requirements for Land Disposal of Radioactive
Wastes," to establ ish waste classification and subsequent disposal op-
tions.

The results of this study indicate that the most abundant long-ived
radionuclides associated with contaminated piping, hardware and concrete
for a gf gg about 1? ;o 20 yers after shut<>wn generally in-
cluded o Ni, and variations in the relative
concentrations of these radionucHdes ex sted 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‘"ntegntg and the corrosion product
deposition processes. Cobalt-58 n, and 5Zn were frequently abundant

Cfri -1ived radlonuclides at the time of shutdown. Occasionally, 106py,

44ce and 110mag were also presen% Coanination residues normally
contained very low concentrations of #*Sr, 7%Nb, and isotopes of Pu, Am,
and Cm. lodine-129 and 99Tc, being very soluble long-1ived radionu-
clides, were generally not associated with residual radionuclide con-
tamination to any significant degree. Cobalt-60 and 137Cs will be the
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 a-fgz of the plant
where radioactive 1iquids have spilled. Cesium-137, Cs, and "Co are
the most abundant radionuclides in surface contaninated concrete.
Cesium-137 and 134Cs are preferentially sorbed onto bare concrete



reiative to other radionuclides due to the ability of cesium to ion
exchan?e 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 uCi/gm have been observed in
some of the most contaminated concrete. The decrease in radionuclide
concentrations with depth in the concrete was dramatic and gererally
amounted to about 3 orders of magnitude over a depth of only 1 cm.
Radioruclide concentrations in the neutron activated concrete directly
below the pressure vessel extend several tens of centimeters deep, bgt at
low concentrations, e.g. about 1100 pCi/gm of 60Co, 2600 pCi/gm of 152Eu,
an' 12,000 pCi/gn of 55Fe at a depth of 8 cm in the concrete below the
Tw <.y 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 137Cs concentrations in the most contaminated concrete slightly
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 digg:sed of as Class A
waste with only one exception. In this case, the i concentrations
(uCi/gm) in the Rancho Seco steam generator were slightly above the Class
A waste ngs. A relatively simple decontamination operation would easily
reduce the °°Ni concentrations below Class A limits for these steam gen-
erators.

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
rsgionucnde concentrations up to several tens to thousands of pCi/g of
60co plus 137Cs. These s0ils would need to be disposed of as low level
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 compositions and inventories measured in this pro-
gram were in reasonably good agreement with the limited data base used in



the earlier conceptual assessment studies of the technology, safety, and
costs of decommissioning a reference PWR (NUREG/CR-0130) and a reference
BWR (NUREG/CR-0672). Thus, the conclusions reached in these conceptual

studies from a radiological standpoint will essentially remain unchanged.



100 lmmucho" .................. L B B B I O B B O L
2.0 PROGRAM OBJECTIVES ...ovvvvvccncnsncnsnans sssssssssesssses
3.0 FIELD MEASUREMENTS PLAN ...... sesssssssssessssessssesssense

CONTENTS

3.1 CRITERIA FOR SELECTING NUCLEAR POWER STATIONS FOR

EXAMINAT ION
3.2 DESCRIPTION OF SELECTED NUCLEAR POWER PLANTS

3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6
3.2.7

Pathfinder ........ A P
Humboldt Bay ....... SESeEERALIL S S EE RS
Indian Point Unft ON@ .ccccvccsccocecsscaccsss
Dresden Unft One . ..ccccvcccccsscncosssscssese
MONEICRIN0 ccvcescsicsvoscrsvencscrsnnsesnsses
Turkey Point Units 3 and & ......cvvvvvnnnnnes

Rancho Seco .....ceve PPy SR e

3.3 SAMPLING AND ANALYSIS OF CONTAMINATED MATERIALS ....

4.0 RESULTS AND DISCUSSION ....ivvnvannvnnsscnnnnns seksesuanns

4.1 RESIDUAL RADIONUCLIDE COMPOSITIONS ............ seesss
Piping and Hardware - Generic Observations ...
PWR Piping and Hardware ....... R
4.1.2.1 Indizn Point Unit One ..... ssessssssee

4.1.1
4.1.2

4.1.3

4.1.2.2 Turkey Point Units 3 and 4 ...........

4.1.2.3 Rancho Seco Muclear Generating Station
4.1.2.4 Summary of PMR Piping and Corrosion

FIIMB .cocevvesccsee sesssssssssnssnnss
BWR PIPING AND HARDMARE ...........covvvennnns
4.1.3.1 Humboldt Bay ............ vesvsssessene
4.1.3.2 Dresden Unft One  .......ccco0vvnnnnnes
Q1. 3.3 MMEIEBIIN soecncivovocnsssosscsnssene

L

S

W W W N N N NN OO e

e e e
a o O N

16
17
17
17
17



5.0

6.0

7.0

8.0

8.1.3.8 PRRMPINGRr .cccovcncscvsccsssssosnossvansnes
4,1.3.5 Summary of BWR Piping and Hardware ........
4.1.4 Contamination Residues in Concrete ............... e
4.1.5 Contamination Residues in Soils and Sediments ......

4.2 DISTRIBUTIONS AND INVENTORIES OF RESIDUAL CONTAMINATION
4.2.1 Residual Radionuclide Distribution in PWR's ........
4.2.2 Residual Radionuclide Distribution in BWR's ........

4.2.3 Radionuclide Inventories in the Nuclear Power
PREBEE. i obsrtrnniednessss s adsshs S EE SN T e

4.2.4 Changes in Radionuclide Inventory with Time after
SLOONR  cossscrsccsrsnscssstsnscsesonsnssrsnesrannn

4.3 RELATIONSHIP OF SOURCE MATERIALS AND RESIDUAL NEUTRON
ACTIVATION PRODUCTS ..coccccccscsccnsonssssosscsssessscssssns

8.3.1 Iron-55 Production ....ccccscceccnccocsccnssocsscons
4.3.2 Cobalt-60 Production ......cecevevvesesscncsnnannsnns
4.3.3 ZInc-65 Profduction ....csevceccsicconcsncossssscsrse
4.3.4 Nick21-59, 63 Production ............ sessssessessens
4§.3.5 S1lver-110m Production ..cccccessccscssccncsoscsacss
4.3.6 Cobalt-58 and Manganese-54 Production ..........ceue
4.3.7 Niobium-94 Production ....... Serens casesabossssEI e

RESIDUAL RADIONUCLIDE CORRELATIONS FOR 10CFR61 WASTE
CLASSIFICATION ..ococovovscoscccscosssvssssssecencssvrosssovesses

IMPLICATIONS FOR DECOMMISSIONING ....covvvvvnnvennnnnncsnnonnnns
6.1 WASTE CLASSIFICATION AND DISPOSAL ..ccvvvevnvnssssnsnnnnnns
6.2 ALLOWABLE RESIDUAL LEVELS OF SOIL CONTAMINATION ...........
ADDITIONAL RESEARCH MEEDS ...ccvcceccvvcescvsvssncssosossssassns
7.1 EXPANSION OF DATA BASE .cccccoscsccosssscsssscssssssnsscssse
7.2 EFFECTS OF RECENT TRENDS AND INNOVATIONS ....ovvvvvvnvncnns
REFERENCES .ovvvconcsoscinscsssscovonsesonsosnssssssssssssassnns

18
18
18
25
25
28
32

37

40

a1

49

50
51
51
52

53

58
63
66
66
67
68



Al
A.2

A.3
A.4

A.S

APPENDI X A

ON-SITE AND LABORATORY SAMPLING AND ANALYSIS METHODS

SAMPLING PROGRAMS AT THE NUCLEAR STATIONS ........

SAMPLING PROCEDURES .......
A.2.1 Hardware Samples ...
A.2.2 Concrete Samples ...

R R R R

I L

O R

A.2.3 Soil and Sediment Samples .....cccvevvvacnnsnsnns

On-Site Measurements ......
Laboratory Procedures .....
A.4.1 Hardware ...........
A.4.2 Corrosion Films ....
A.4.3 Concrete Cores .....

A.4.4 Soils and Sediments

ANALYTICAL MEASUREMENTS PROGRAM ....ccvvvvrnnansnnns

A.5.1 Direct Gamma Ray Spectrometric Measurements

A.5.2 Radiochemical Separations ......ccevenee

A.5.3 Separation Procedures

ix

P ..

A.l
A.l
A.2
A.2
A.3
A.3
A.4
A.4
A.4
A.5
A.S5
A.5
A.6
A.6
A.6



APPENDI X 8
SAMPLE INVENTORY OF CONTAMINATED PIPING, HARDWARE ,
“CONCRETE, SOTLS AND OTHER MI:

STELLANEOUS SAMPLES

oooooooooooooooooooooooooooooooooooooo



c.1
.2
c.3
c.4
c.5
C.6
c.7

APPENDI X C
RADIONUCL IDE CONCENTRATIONS AND INVENTORIES
~IN PIPING, WARDWARE, CONCRETE, AND SOILS

“FROM THE SEVEN NUCLEAR POWER STATIONS

PAT”I"“R IE R R R EEEEEEEEEEEEEEELEEEELEIEEEER] L A N

HUMBOLDT BAY ...ccvevvcnenccnes
DRESDEN UNIT ONE ...........
INDIAN POINT UNIT ONE ..........
MONTICELLC ...cccvcvvocccavessnes
TURKEY POINT ..cccccccocscscecacsne cosssssssssans
RANCHO SECD ..cocvvonconcesne




APPENDIX D

SUMMARY OF PREVIOUS RESIDUAL RADIONUCLIDE INVENTORY ESTIMATES

D.1 REFERENCE BWR AND PWR POWER STATIONS ....cuivevvvennnsnnnnnnnes

D.1.1 Reference BWR .......

D.1.2 Reference PWR ........

R

L R L ..

D.2 RADIONUCLIDE INVENTORIES IN PREVIOUSLY DECOMMISSIONED

REACTORS

D.2.1
D.2.2
D.2.3
D.2.4

RE FERENCES

I R

Ames Laboratory Research Reactor ........cevveecscscnnse

Elk River Reactor ....

Fermi-1

North Carolina State Uniwve:r sity Research and
Training Reactor .........

xii

0.1
D.1
0.2

0.3
0.5
D.5
D.5

D.5
D.6



‘.l

a.2

4.3

‘.‘

‘IS
4.6

4.7

4.9

4.10

4.11

4.12

4.13

FIGURES

Cesium-137 Depth Distribution in Concrete Cores
from the 5' Level of the Reactor Building at
lM‘.n Point- 1. "‘y 1”2 R R R R R R R R R AR

Depth Distribution of 60Co in Concrete Cores
Collected Directly Under the Pressure Vessel .......cevvcvvnnaes

Depth Distribution of Neutron Activation Products

in a Concrete Core Collected Directly Under the

Pressure Vessel at Turkey Point Unit 4. Corrected

BB IR EPPY s crtns ot a s se st tastninsbrsidt st anitesittertontinssanes

Pressurized Water Reactor (PWR) Schematic
I1lustrating the Primary, Secondary and
T"ti‘rycw‘mt Loops L RN

Reactor Coolant System in a Four Loop PWR ....cvevvrnnnnnnnnnnns

Comparison of Steam Generator Tube Co-58
Surface Activity Versus EFPY Calculated
from this Research with Previous Data ....ccevevcvevonensnnnsnes

Comparison of Steam Generator Co-60 Surface
Activity Versus EFPY Calculated from this
Research with Previous DBE .cicececvooscsssesssensasssccsonsesns

Nuclear Power Generation System for
& Dofling Water Reactor (BMR) ccoocvevsssvnvscosncoresssnasescnse

Inventories Versus Unit Size and Years of
Operation for Seven Reactors and the
R“e"nce P* P TN R R T R R R R O R R R )

Pathf inder Nuclear Generating Station.
Radionuclide Inventory Versus Time After
smtm L I N N N O O B I O B L R B A B A I

Humboldt Bay Nuclear Generating Unit.
Radionuclide Inventory Versus Time after
smtm LR B N B IR B O N N B I O B B IR I A N N B I I L O L A

Indian Point Station, Unit One
Radionuclide Inventory Versus Time After

Shutdm LI R B B B U N R R I R N N N B N B N N N R R N LR B B N R R N N N
Dresden Nuclear Station, Unit One Radionuc)ide
Inventory Versus Time After Shutdown ........ccovvnnes AP RP——

111

21

22

25

29

33

35

39

4]

a2

43



4.14 Monticello Nuclear Generating Station.
Radionuclide Inventory Versus Time After
Sampling, Assuming Unit Shutdown .........

4.15 Turkey Point Station, Unit Three.
Radionuclide Inventory Versus Time After
Sampling, Assuming Unit Shutdown .........cc00uee

4.16 Rancho Seco Nuclear Generating Station.
Radionuclide Inventory Versus Time After
Sampling, Assuming Unit Shutdown ..... ..ocvvvvnvnnvanenns




3.1
3.2

4.1

4.2

4.3

4.4

4.9

4.10

4.11

4.12

TABLES

Nuclear Power Stations Examined ........c.vvvvvvunns
Sample Inventory from the Nuclear Power

st.tims Exuimd (LA R R R R R RN EEEEEEEENEEEEEEEEEESEIEEEEEER]

Long-1ived Residual Radionuclide Compositions
in Total Plant Inventories at Seven Nuclear

em.tin’ St“ims LR R RN L L N R ) L B LR

Concentration Ranges of Radionuclides in Corrosion
Films on Piping Exposed to Primary Reactor

cw].‘t LA R R R EEEEEEEEEEEEEE R EEEEEEEEEEEEEEEEEEEEEEENE:E:R] L .

Concentration Ranges of Radionuc)ides in Cerrosion
Films Internally Deposited in Piping and Hardware

Exposed to Liquid Radwastes and Secondary Coolant ...

Concentration Ranges of Radionuclides Associated
with Concrete from Highly Contaminated Areas

Within Selected Nuclear Generating Statfons .........

Removal of Radionuclides from Concrete Surface

by Stripping Paint Coatings .........oue. sesonsseses

Humbo 1dt Bay Concrete Bioshield Samples

Activity at Shutdown and 30 EFPY (pCi/gm) ...........

Concentration Ranges of Radionuclides in
Contaminated Surface Soils (0-4 cm) from Radiation

Controlled Areas (pCi/gm) ...... sessssne SRS SR NAEI IS

Distribution of the Radionuclide Inventory Estimates

for Three Pressurized Water Reactors ......cevvvvvnns

Steam Generator 98Co and 60Co Concentrations

Measured or Calculated at Four Reactors ......cevvves

Distribution of the Residual Inventory Estimate in

Three Boiling Water Reactors ....... sevsssssssII LS

Comparison of Tota)l Residual Radionuc)ide
Inventories ana Operating Parameters for the

Seven Nuclear Generating Stations Examined .........

Relationship of Total Inventory at the Nuclear

Generat ing Plant to Selected Operating Parameters ..............

iy

10

13

14

19

23

27

31

32



5.1

5.2

503

6.2

6.3

Activity Ratios Normalized to 60co in Piping
Exposed to Primary Coolant (Decay Corrected
to smtm Dneorsm‘i"g Dn‘) LA A A O I I I I B I O 5‘

Activity Ratios Normalized to 137Cs in Piping
Exposed to Primary Coolant (Decay Corrected
to Shutm D.te or Sml‘"go‘te) IR R EEEEEEREEEREENENRNENRERNEEZENEEEEEN] “

Activitg Ratios Normalized to 239-240py in

Piping Exposed to Primary Coolant (Decag

Corrected to Shutdown Date or Sampling Date) ......covvvvinnnnns 57
Comparison of Disposal Limits for Class "A"

Waste with Radionuclide Concentrations Observed in

Contaminated Primary Loop Piping ....... P — R P P |

Comparison of Disposal Limits for Class “A"
Waste with Radionuclide Concentrations (uCi/gm)
for Entire Steam Generators ....cceeevcvcsvsnns R S g L 61

Comparison of Disposal Limits for Class “A"
Waste with Radionuclide Concentrations Observed
in Contaminated Concrete ....... Py W . P T ARG NN ny - B

Allowable Residual Contamination Level Values

for Individual Radionuclides in Soil at the

Shippingport Atomic Power Station Based on

10 mrem/yr to the Maximally-Exposed Individual ......ccovvvvuvnes 64

xyi



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 conceptua’ly 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 decommissionings of sey-
eral small reactors have also previously taken place. The radiological
anal yses available fram these are reviewed and summarized 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 decommissioning, 2) developing the most
desirable decommissioning and waste hand1ing methodologies for various
decommissioning alternatives, and 3) gaining a better understanding of
the long-term disposal problems potentially posed by the generated radio-
active wastes. However, empiricail data relating to the compositions,
distributions, and quantities of residual radionuclides associated with
piping, hardware, equipment, and comtrete surfaces within nuclear power
plants have been extrem ly meager, and theoretically calculated or esti-
mated quantities have been used in most cases for previous decommissioning
acsessments.

To provide 2 more statistically valid data base for the residual
radionuclide inventori s in nuclear power statioms, Pacific Northwest
Laboratory was contracted to conduct an extensive sampling and measure-
ments program at a number of nuclear power plants. This final report
summarizes the results of the radionuclide characterization studies con-
ducted at seven nuclear power stations from a decommissioning assessment
viewpoint. Individual, detailed report? o{ ;he investigation at each
station Fave previously been published,(6-12



2.0 PROGRAM OBJECTIVES

This program was designed to provide NRC with a data base and decom-
missioning assessment of the residual radionuclide compositions, distribu-
tions, ang quantities at commercial 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,
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 components associated with the
reactor pressure vessel and its internals, but rather has focused upon
the residual radionuclides transported fram 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 campanion program con-
ducted at PNL has assessed the problems posed to reactor decommissioning
by the long-lived neutron activation products formed in reactor pressure
vessel construction materials, es 13}1y the highly radicactive components
inside the reactor pressure vessel.

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

been placed not only on measuring the abundant radionyclides shortly
f&:r sﬂ&’f"‘“ {S‘g. 51 r, o%n, §5F5:o§§Co. ggCo, 58Co. ggZn. 3OSr,
u, - Ag, ]s. 137cs, 14lce, : Ce) but also deteminingg:he 8g:n-
nces ra uc w xtremely long half-lives, e.q., i, 5
g’Nb. 987c, ﬁg;'. ?3353. %3‘5‘8%. leAm. and 2‘lﬁm. cnny of which are
important for 10 CFR 61 waste classification purposes.(l4) These radio-
nuclides are of interest since they pose special environmmental 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 fram the

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

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.



The third goal of the research program has been t) 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 accamplished
through the field studies at seven different nuclear generating stations.

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



3.0 FIELD MEASIREMENTS 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, an 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, and the radionuclide identification and quan-
tification techniques are presented in detail in Appendix A.

3.1. CRITERIA FOR SELECTING NUCLEAR POWER 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 oxtensive field sampling might be conducted which wouid be directly
applicable to that process. Secondly, these older units have a longer
operational history, thus allowing for increased production of long-1ived
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 were 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 Plant, the Humboldt Bay Nuclear Unit, Indian Point Station
Unit One, and Dresden Nuclear Station Unit One.

Arother factor influencing site selection was the desire to include
nuclear power stations of differing types and designs, including both
boiling water reactors (BWR's) and pressurized water reactors (PWR's).
This factor was especially important for the operating units. Thus, the
operating units chosen included the Monticello Nuclear Cenerating 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
sanple acquisition purposes.

A final factor influencing our site selection was the cooperation
and interest of the operating utility toward participation in the program.
Participation by the operating utility entailed not only making available
the nuclear facility for sampling but also a commitment of manpower before,
during, and after 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 desiagn 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.



In most instances after 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, 1964. The plant was operated intermittently through
a testing period of 42 months; and in September, 1967, was shut down due
to failure of the steam separatorc 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 Pacif ic
Gas and Electric Company. Construction was completed in late 1962, and
initial criticality was achieved on February 16, 1963. The plant operated
commerc ially from August 1, 1963 until July 2, i976. 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
dismant lement.

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 thor ium oxide as
fuel. After three years this core was replaced by a General Electric



Station and Location

TABLE 3.1.

Utility

Pathf inder,

Sioux Falls, South Dakota

Humbo 1dt Bay,
Eureka, California

Indian Point-1,
Buchanan, New York

Dresden-1,
Morris, I1linois

Monticello,
Monticello, Minnesota

Turkey Point,
Homestead, Florida

Rancho Seco,
Herald, California

Northern States
Power

Pacific Gas
and Electric

Consolidated
Edison

Commonwealth
Edison

Northern States
Power

Fiorida Power
and Light

Sacramento Public
Utility District

58

63

265

2lv

550

690

930

Nuclear Power Stations Examined

Reactor Type
and Designer

BWR
Allis Chalmers

BWR
General Electric

PWR
Babcock & Wilcox

BwR
General Electric

BWR
General Electric

PwR
westinghouse

PWR
Babcock & Wilcox

Startup and

Shutdown Dates Date Sampled

1964 1967 May and June,
1980

1963 1976 April,
1981

1962 1974 May,
1982

1960 1978 August,
1982

1972 Operating fpril, May,
Nov., 1981

1972 Operating October,
1981

1974 Operating March, June,
1983



Company designed core which utilized slightly enriched uranium fuel.
Another unique feature of the plant was the use of fossil-fired super-
heaters. 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, I1linois, approximately 100 km southwest of Chicago.
The nuclear unit was designed by General Electric and is rated at 210 Mie
(700 MWt). The unit operated commercially 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 Mie (1670 Mit), boiling water reactor designed by General
Electric. The plant has been in comercial 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 o0i) 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 Mie (2200 Mit), which
reached operational status within one year 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 Municipal Utility District (SMUD). The
unit is rated at 935 Mie (2770 Mit) and began commercial power operations
in late 1974.

3.2, SAMPLING AND ANALYSIS OF CONTAMINATED MATERIALS

The details of the sampling and analysis procedures, employed 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 samples col-
lected at the plants during this study. A summary of the sample types
goglected for radiochemical anal yses during this program is given in Table



TABLE 3.2. Sample Inventory from the Nuclear
Power Stations Examined

Number of Samples

Piping & Corrosion Concrete

Station Hardware  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 a
Turkey Point 1 6 16 2 11
Rancho Seco B 5 2 1 8

Briefly, the chjective 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 bufildings, 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 spectrometry 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 decommissioning standpoint. Emphasis was placed on
measuring t?ose 1on Hved ;adionuclides which would be associat 5:1"'

e re c an on te to th 0 rg, 2.8, e,
BCQ’ g;%gﬂj ms ' S, 939] ﬂuﬁy ISf’S ‘U. gm 1”toms
of Pu, Am, and Cm. The concentntions of these. and all other shorter-
lived radiomcli s detected by gamma-ray spectrometry, have been reported
as microcuries/ or microcuries/gm of contaminated material, so that

;:timtes of the curie contents of the various contaminated systems could
made.



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 present,
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 conplete dis-
cussicn of the inventory construction process is presented in Section
4.2, The inventories estimated for the seven plants are based upon a
limit:d number of samples and data points. The greatest uncertainty in
these inventory estimates is associated with the sampling process; if
large 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 accurat? tf ’nhin
+50%, based upon comparisons with other inventory studies

4.1. RESIDUAL RADIONUCLIDE COMPOSITIONS

The relative radionuclide composition of contaminated materials ob-
served at the seven reactor sites ranged considerably. The range in com-
positions was influenced by numerous factors including: 1) the elapsed
time fram the last reactor operations; 2) rated generating capacity;

3) materials of construction for the operating systems; 4) reactor type
e.9. 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,

4,1.1 Piping anc Hardware - Generic Observations

The relative radionuc 1ide compositions for the total plant inventor-
fes of contaminated piping, equipment, and hardware estimated for the
sever sites sampled are shown in Table 4.1. These inventories include
only the radicactive contamination deposited on corrosion film and crud
surfaces of the various plant systems, and do not include the highly
activated components of the pressure vessel,

The most abundant radionyc i in leg two to t months old
or older gcmnll{ 1ncluded°gxﬂn.d§gfe. m. 8(’Co. and 25:.1 71inc -65
was present in relatively high concentrations in BWR corvg;&o« 'HS
”Tples. Tnces of tnnsuranic radionuclides, including u, 239-240p
Cm, and 284Cm, were also observed in the residues. Other long-
vﬁ”ad&gmﬂdn 1nurest from a waste management standpoint, such
c, and 1 I, were frequently below their limits of detection;
Sr was always present in extremely low concentrations. The 88S



0l

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

Radionuclide Pathfinder Humboldt Bay Dresden-1 Monticello Indian Point-1 Turkey Point-3 Rancho Seco
Mn-54 - 3 0.9 1 ] 0.4 4
Fe-55 0.36 % 28 67 3 28
Co-57 - -— . - - 43 24
Co-60 1.0 + 4 1 15 24 18
Ni-59 2 x 104 - 0.09 - 0.02 0.004 0.1
Ni-E 0.03 0.2 - 0.04 2 0.1 19
In-65 98. 6% - 19 o4 1 1 0.09
Sr-90 <1 x 104 0.004 0.007 0.02 0.0007 0.0008 <0.01
Nb-94 <3 x 106 <0.004 <0.003 <0.1 0.0008 <0.004 <0.004
Tc-99 <1 x 10-5 3x 104 4x10 8x105 8 x 10-% 0.008 <0.005
Ag-110m - - - - - - 4
1-129 - <3 x 10°6 <1x10°% «<1x 106 2 x 105 <0.003 <1 x 10-%
Cs-137 3x 104 0.5 0.04 2 0.5 - 0.4
Ce-144 - - 1 - - 0.2 <0.04
TRys** 3x 106 0.00% 0.1 0.008 0.002 0.006 0.001
Total Plant
28.'5‘:2')’ s7(a) 596(b) 23s0lc) a4s(d) 1070(e) 2s80(f) 4460(9)

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

**At time of station shutdown, 557n was the overwhelming contributor to the total residual radionuc)ide
inventory at Pathfinder, but hac all decayed during the 13 years between shutdown and our sampling and
analysis program. The relative uli.ncl“:s sition and tota' inventory in this table was
reconstructed from our data and a measured ratio made by NSP shortly after shutdown.

se*Transuranic alpha-emitting radionuc]ides with half-lives greater than 5 years, including 238,239,280p,
21pg, M3ag and "My,

{a) on September, 1967 (c) on October, 1978

{(b) on July, 1976 (d) on November, wl;
includes 12 18gy

(e) on October, 1974
(f) on Octuber, 13981

(g) on June, 1983; also contained
1.88 125%p



99r¢, and 1291 were generally very soluble and did not accumulate in any
significant degree in corrosion product deposits. Although 94Nb may be
produced in relatively large quantities in the reactor vessel by activa-
tion of Srsci niobium impurities in stainless steel pressure vessel com-
ponents( sl 3), its concentrations in corrosion produc;t depg:i:: ue;e
extremely low. This may Le the result of the extr n yo

ni 1w.y Occasionally, radionuclides such as fog.mmsﬁ?'ll‘ce. and

were detectable in the corrosion films.

As shown in the table, the relgaive radionuc 1 ide composition was
quite variable. However, 85Fe and 60Co were the two most abundant radio-
nuclides in all cases except Monticello and Pathfinder. These two radio-
nuclides constituted over 95X of the estimated inventories at Humboldt

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
estimated inventory. Although 55fe and 60Co accounted for the major ity

of the inventory (greater than 60% at five of the seven stations), the
relgtionshi between the two radionuclides was quite variable. The ratio
of 55Fe to 60co at the six generating stations where 55Fe and 60Co consti-
tuted the majority of the inventory ranged from 15 go 1 at Humboldt Bay

to 0.36 to 1 at Pathfinder. At Monticello, where 65Zn constituted 90% of
the total inventory, the 55Fe to 90Co ratio was even lower, 0.09 to 1.

This large variability was presumably due to differences in: 1) the parent
element composition 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 radionuc)ides, and 3)
differences in operating history which affect the production ratios since
the radionuc]ides have an approximate factor of two difference in nalf-life.

The transuranic radionuclides (238py, 239-240p, 241pm 242¢m  and
284cm) S:nsututcd percentages of the total inventory ranging from
3 X 10-°% 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 fue)
failures during this brief period. Considering the other six stations,
the total transuranic component of these inventories ranged a factor of
fifty, from 0.002% at Indian Point Unit One to 0.1% at Dresden Unit One.

The lggest r s, a5 a percentage of the total inventory, were
noted for n and i, which showed ranges of 1090 and 630, respectively.
This wide range was related to the conposition of the materials of construc-
uon used in the primary systems of the reactors. The large amounts of

In observed at Monticello, Dresden Unit One, and Indian Point Unit One
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 operat ing
systems at the time of our sampling. Pathfinder ﬂzg utilized admiralty
brass heat exchangers, and at the time of shutdown ©57n accounted for
over 98% of the total radfoactivity. Humboldt Bay power plant also initi-
ally utilized admiralty brass heat exchangers which resulted in generating
relatively large amounts of 657n during carly reactor operations.
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The wide range in 63Ni was due to a relatively high percentage abun-
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% g;ckel) in the
primary system of this reactor. 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 more oxidiz-
i:g enviromment of the BWR primary coolant loop. Excluding Rancho Seco
and Monticello, the relative abundance of 63Ni ranged a factor of 50,
from g.ll of the total inventory at Turkey Point Unit-3 to 5% at Dresden
Unit One.

The highest concentrations of radionuclides in corrosion films were
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 corrosion films attached to piping from primary
coolant systems. These data were synthesized from individual measurements
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 0S¢ and
137¢cs and the transuranic radionuclides (Pu, Am, Cm), on piping are di-
rectly related to the fuel integrity during the operating history of the
plant. At power stations where fuel element failures were relatively
frequent or severe (e.g. Humboldt 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 free from failures.

Secondary coolant loops in PWRs and condensate systems in BWRs con-
tained much lower radionuclide concentrations than observed in primary
Toop or feedwater samples. Typically, radionuclide concentrations were
approximately two orders of magnitude lower in the secondary system samples.
Table 4.3 contains concentration ranges and average concentrations observed
in the corrosion films from nonprimary loop samples. 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 hardware data from the seven sites, based upon reactor
type, are discussed in detail below.

4.1.2. PWR Piping and Hardware

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

12




TABLE 4.2.

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

Radionuclide Halflife (yr) COHCQ?tr§§ ga Range Av!rlg% %%953;* ation

Mn-54 0.854 0.028 - 4.4
Fe-55
Co-60
Ni-59
Ni-53
In-65
Sr-90
Nb-94
Te-99
1-129
Ls-134
Cs-137
Pu-238
Pu-239,240
Am-24]
Cm-242
Cm-244

(a) Decay corrected to date of shutdown for terminated reactors or
sampling date for operating units.

2.7
5.27
75,000

100

0.67

28.%
20,000
2.13 x 105
1.57 x 107
2.06

30,2

87.8
24,400

433

0.447

18.1

0.039
0.16

<5 x 10-5
0.003
0.0005

<3 x 10-5
<l x 10-5
4.5 x 10-6
<1 x 10-6
0.019
0.003

2.4 x 10-6
1.5 x 10-6
1.8 x 10-6
7.2 x 10-6
2.2 x 10-6

Generating Plant, which was atypically low.

Average value for two BWR units.

149
23
2.6 x
5.8
8.4 x
5.0 x
5.6 x
4.3 x
0.046
0.17
4.5 x
4.4 x
8.3 x
2.4 x
W

10-2

10-3
10-4
10-4
10-6

10-3
10-3
10-3
10-1
10-3

33

6.4

6.6 x 10-3
0.80
5.6(b)

3.2 x 10-3
2.2 x 104
1.5 x 10-4
1.4 x 10-6
0.030
0.056

i.1 x 10-3
9.8 x 10-4
1.8 x 10-3
7.2 x 10-2
6.8 x 10-4

Excludes data from Pathfinder




TABLE 4.3.

Radionuc]ide

Mn-54
Fe-55
Co-60
Ni-59
Ni-63
In-65
Sr-90
Nb-94
Te-99
Sb-125
1-129
Cs-134
Cs-137
Ce-144
Pu-238
Pu-239,240
Am-24]
Cm-242
Cm-244

Concentration Ranges of Radionuclides in Corrosion
Films Internally Deposited in Piping and Hardware
Exposed to Liquid Radwastes and Secondary Coolant

Halflife (yr) Concentration Range
(pCi/cm?)
0.854 2 - 8,70 x 105
2.7 710 - 7.1 x 106
5.27 64 - 2.74 x 105
75,000 0.63 - 15
100 3 - 10,000
0.67 <0.4 . 27,400
28.5 <0.009 - 260
20,000 <0.1 - 100
2.13 x 105 <0.0§ - 0.2
2.77 9.3 - 1,200
1.57 x 107 <0,0006 - 0.9
2.06 <0.3 - 1,900
30.2 <0.6 - 4,000
0.78 <0.6 - 2,000
87.8 0.0014 - 51
24,400 0.0012 - 24
433 0.0009 - 41
0.447 0.0013 - 3,600
18.1 0.0015 - 58

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.

14

Average
Concentration
(pCi/cm2)
160,000 (3)a
1.0 x 106 (7)
42,000 (7)
6.2 (5)
1,900 (6)
14,600 (2)b
88 (3)
420 (3)
860 (5)
7.4 (7)
3.6 (7)
7.3 (6)
820 (5)
12 ()



Babcock & Wilcox unit, and Turkey Point Units 3 and 4 are 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 radioanal ytical
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 radiocactive sample was a scraping from
the p~imary side of one of the nuclear boilers (boiler No. 14). The most
atundant radionuclides at the time of sampling, in order, were 55Fe, 60Co,
62Ni, 137Cs, and 5MWi. Although 65Zn and 5%n were minor constituents of
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?S the seventeen scraping samples obtained at Indian Point, the
134¢¢/137Cs ratio (corrected for decay to the shutdeown date) ranged from
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
tranig?rt gnd cycling throughout the different plant systems. For example,
the 137Cs/60Co ratio was quite variable in the suite of samples from
Indian Point Unit One, ranging from 2.024 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.
Theﬁ observations indicate that 60Co deposition is more rapid compared
to 137cs, and the greater the transport or recycling of the contaminated
liquids, the higher the 137Cs/60Co will be in the corrosion films.

The 238py/60Co and 239-240py,/60co ratios for the Indian Point Unit
One hardware samples were much more consistent, except for one sample.
The ratios averaged (: gns 819::0) 3.2 ¢+ 2.3 x_10-5 for 238P8 and
5.0 £ 5.0 x 10-5 for 239-240py, The 2339u/137C2 and 239-240p,/137¢
ratios were not nearly as consistent as the Pu/60Co ratios. For the six
hardware samples analyzed radiochemécany, the satios ranged over five
orders of magnitude, from 2.3 x 10 to 2 x 1079, Thus, ?i appears the
transuranium radionuclides xacre deposited into the cg rosion films in a
manner somewhat similar to 0, Since the ratio to BCo was relatively
consisteg&c, while the cesium was deposited in an irreqular fashion rela-
tive to o or plutonium,
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The secondary loop at Indian Point Unit One contained relatively
high levels of contamination compared to Turkey Point and Rancho Seco.
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 were obtained. Detailed radiochemical analyses
are given in Appendix C. Three of the samples were related to primary
coolant systems. These included an alumina grit sample from the steam
generator primary side decontamination process, and two_scrapings from
the steam generator bowls after decontamination. The 37Cs/g°Co ratios
were extremely variable, ranging from 0.0077 to 3.8. Bssause of the very
low radiocesium content in the corrosion films, 134Cs/137Cs ratios could
not be calculated. The 238py/60Co ratios in five of the six samples ama-
lyzed radiochemically averaged 3.3 *+ 1.4 x 10-5. If the sixth sample,
with a somewhat higher ratio is included, the ratio was 3.8 ¢+ 2.2 x 10-5,
As was the case tt Indian Point Unit One, the Pu/60Co ratio was much more
consistent than 137Cs/60co, The residual radionuclide concentrations
associated with the corrosion films on secondary loop surfaces were ex-
tremely Tow, indicating very 1ittle leakage from the primary loop.

4.1.2.3 Rancho Seco Nuclear Generating Station. Ten scraping and hard-
ware samples were obtained at Rancho Seco. Detailed radiochemical analy-
ses are given in Appendix C. Four were associated with the primary system,
and the other six were from secondary components or scrapings fg boron
residues from leakages of slightly contaminated liquids. The 137¢s/60Co
ra;ios were quite variable for the seven samples in which both 60Co and
137Cs were detectable. The ratios ranged fram 0.006 to 10. The high
ratios were both associated with boric acid residues associated with pri-
mary coolant leakage (0.63 and 10), while all other primar{ and {ssondary
corrosion films contained ratios much less than 1.0, s/13/Cs
ratio, where both radionuclides were detectable, were considerably greater
than at Indian Point One. The two samples of primary system corrosion
fim had ratios of 0.21 and 0.22, while the four 3550"(’%” samples ranged
frem 0.48 to 1.2, and averaged 0.68 + 0.35. The 238py/60Co ratio for the
five samples anal yzed r’diochemicaﬂy was 3.7 + 4.2 x 10-5; again, much
more 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 PWR Piping and Corrosion Films. The radionuclide
contents of the corrosion ?i Tms from the three PWRs sanpled were quite
variable in composition. Ratios of 134Cs/137Cs were variable from reactor
to reactor, but more consistent within a reactor site. Ratios of 137¢Cs/60¢,
5§e %Brc'emely varfable from system to system within a reactor site. The
Pu o0 ratios were quite cons istent both within camponents of a speci-
fic reactor site and also from site to site. Based upon sixteen samples
of corrosion fiims from both primary and secondary systems, the average
ratio for 238py/60Co was 3.6 + 2.8 x 10-5. This rather consistent ratio
would indicate that the plutonium is incorporated or substitukaccj into the
primary loop corrosion films in a manner similar to that for 0.
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4.1.3. BWR Piping and Hardware

Four BWR's were sampled, including Humboldt 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 Humboldt Bay nuclear unit are older BWR's which
are currently shut down and may be decoomissioned in the near future,
mimticepo is a newer, larger BWR and is more typical of present genera-
tion units.

4.1.3.1. Humboldt Bay. Detailed radiochemical analyses of the Humboldt
Bay samples are given in Appendix C. Humboldt Bay piping and hardware
samples contai higher 55Fe concentrations, relative to other radionu-
clides, than observed at other sites. The 134Cs/137Cs r;tios observed in
Humboldt Bay components ranged from 0.08 to 2.4, The 137Cs/60Co ratios
were also extremely variable, ranging fram 0,0001 to 110. The highest
ratios were associated with the fuel pool area samples and the offgas
system samples. This was expected since the radiocesium might well be
enhanced in the fuel pool areas due to leakage from failed ?uﬂ elements
stored in the_ pogol, tng in the offgas system due to leakage of the gaseous
precursor of 137Cs, 13 Xf The components associated with feedwater or
steam systems had lower 37Cs/ Oco ratigg tyg1ca'ny approximately 0.002,
and ranging from 0.0013 to 0.010. The 8u/60Co ratios at Humboldt Bay
ranged fram 0.00011 to 0.0091, and averaged 3.3 ¢+ 2.9 x 104 for the thir-
teen samples analyzed radiochemically. This ratio is approximately a
factor of ten higher than observed for the three PWR's, and is due to the
fact that extensive fuel element failures occurred in the early operations
of the Humboldt Bay reactor.

4.1.3.2. Dresden Unit One. As was the case at Humboldt Bay, Dresden Ore
had been in shutdown status prior to our sampling (3.8 ws). Residual
radionuclide levels in &ontanimted piping and hardware at Dresden Unit
One were daminated by 60Co, followed by 55Fe, 657n and 63Ni, Long-lived
fission product concentraif s ﬁl)'e lower at Dresden compared to Humboldt
Bay. At Dresden One the Cs/43/Cs ratios were m?r’ cons istent , ranging
from 0.25 to 0.46 and averaging 0.38 ¢+ 0.08, The 137Cs/60Co ratios at
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 camal, as
observed at other plants, Lower ratios, g 05 0.005, were associated
with the steam and turbine systems. The 3 u/60Co ratios observed at
Dresden One, for the six samples anal yzed radiochemically, averaged

9.1 ¢+ 5.8 x 105, This average ratio was a factor of 3 lower than ob-
served at Humboldt Bay and within approximately a factor of 2 of the aver-
age ratio for the three PWR's sampled,

4.1.3.3. Monticello. The Monticello station is a relatively new BWR,
having operated approximately 10 years at the date of our sampling. The

residual radiggucHgBClevﬂs 19 contaminated piping and hardware were
dominated by ©9Zn, 60Co, and 137Cs, Relatively higher concentrations of

fission products were observed in the corrosion deposits caompared to Hum-
boldt Bay and Dresden. The piping and hardware corrosion films at Monti-
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cello contained 134Cs/137Cs ratios which ranged from 0.01 to 0.16 and
averaged 0.08 ¢ 0.05 for the ieven samples in which both cesium radio-
nuclides were detected. The 137Cs/60Co ratios ranged from 125 in the
g;f as system to 0.012 in the condensate deminera r filter. The

88u/63Co ratios for the seven samples in which 238py was present in
detectable concentrations averaged 7.7 ¢+ 11.8 x 10-5. This ratio is very
similar to that observed at Dresden and within approximately a factor of
2 of that for the three PWR's.

4.1.3.4. Pathfinder. The residual radionuclide composition of contami-
nated corrosion fi1ms at Pathfinder were uniquely different due to its
shorter operating history and the fact that no fuel element 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 were present. At shutdown,
the most abundant radionuclide, by far, was 65Zn, which originated from
neutron activation of zinc corrosion products leached into the primary
coolant from the admiralty heat exchangers in the condenser. At the time
of our sampling (13 years after shutdown), the 652n had decg&d away and
the residual radionuclide composgs:‘m was_primarily due to o, with
tenfold lower concentrations of 63Ni and 5

4.1.3.5. Summary of BWR Piping and Hardware. The ratios of 134Cs/137Cs
were variable at the three u‘ﬁgs sampled, both fram system to system within
a site and between sites. Same of the variation was due to uncertainties
associated with the date of deposition of the radionuclides, since two of
the vg,ctogachad been shut down for several years prior to our sampling.
The 137Cs/%0UCo ratios were also variable fram system to system at a given
site. Higher ratios were associated with the offgas systems and the fuel
storage pool areas, where one might expect radiocesium concentrations to

be elevated compared to 5083 Lg&r ratios were observed in the steam

and turbine systems. The 8Pu/ 0 ratigs at the three BWR's were higher
than obsegved at the PWR sites, 1.3 x 10=% for 2% BWR samples versus
3.6 x 102 for the PWR samples,

4.1.4 Contamination Residues in Concrete

Radionuclide contamination of concrete in nuclear power plants was
of two tyes: 1) surficial contamination resulting both from spills of
radioactive materials and/or deposition of radicactive aerosols and
2) contamination produced in-situ by neutron activation of concrete near
the pressure vessel. Concrete areas subjected to neutron exposure within
the plants were limited primarily to the bioshield and the sump area di-
rectly beneath the reactor vessel. Surficial contamination, although
patchy in nature, was more widespread throughout the plants but generally
limited to areas of spills or to high radiation areas where maintenance
work had been conducted. Table 4.4 contains the observed ranges of radio-
nuclide concentrations and an average concentration associated with con-
crete surfaces for a number of long-lived radionuclides. The concrete
cores selected for inclusion in this table were the most highly contami-
nated from each site. Thus, these data represented the worst cases en-
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TABLE 4.4. Concentration Ranges of Radionuclides Associated
with Concrete from Higily Contaminated Areas
Within Selected Nuclear Generating Stations

Average
Radionuc]ide Halflife (yr) Concentration Range Concentration
(pCi/cm2) (pCi/em?)

Mn-54 0.854 35 - 21,000 6,200 (5)a
Fe-55 2.7 2,200 - 830,000 200,000  (5)
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)
Ru-106 1.0 <30 - 190 -

Ag-110m 0.686 54 - 3,600 1,800 (2)
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)
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) MNumber of reactor units included to calculate the average value.
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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
some component 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 contamir at ion 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 samples 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 cnating surface,
and the majority of the radionuc)ides could be removed by stripping the
coating material, as illustrated in Table 4.5. As shown in the table, 46
to 99.8% of the ‘°Co could be completely removed from the concrete sur-
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 60Co contamination on the concrete. Where surface scratches or cracks
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 concentrat fons
with depth in thf soncretq is very pronounced. As shown in Figure 4.1,
the decrease in 137Cs concentration with depth for three concrete cores
for the sump floor of the reactor building at Indian Point Unit One amounted
to approximately three orders of magnitude between the surface and a depth
of 1 cm. The increase in concentration of 137Cs at a depth of approxi-
mately 4 cm is associated with an interface between two layers of con-
crete poured at different times. The top layer easily separated from the
rest of the core during the coring process. Apparently, a small amount
of contaminated liquid migrated vertically to this layer and then spread
out horizontally at the interface. This subsurface maximum could not be
the result of thermalization of neutrons escaping the pressure vessel and
fissioning the trace uranium impurities in the concrete. Neutron thermaliza-
tion and uranfum activation should occur over a broader region and extend
to a greater depth than observed in this core.

Cesium-137 and 134Cs are preferentially sorbed onto bare concrete
relative to other radionuclides since cesium has the ability to uniergo
fon exchange onto minerals associated with the concrete matrix. The pref-
erential adsorption of radiocesium was only noted for uncoated concrete
or surfaces which had lost integrity in the paint coating. Operating
nuc lear power plants would be wise to insure that paint coatings on con-
crete surfaces exposed to potential radionuclide contamination be care-
fully maintained to minimize subsurface contamination of the concrete.

The concrete cores collected directly under the pressure vesse)
showed the effects of both surface contamination and subsurface neutron
activation of stable elements present in the concrete. Figure 4.7 shows
the depth distribution of 60Co in cores collected under the pressure ves-
sels at the Pathfinder, Indian Point Unit One, and Turkey Point Unit 3
reactors. The initial rapid decrease in 50Co concentration with depth
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TABLE 4.5. Removal of Radionuc!ides from Concrete
Surface by Stripping Paint Coatings

% Activity Removed by

Concrete Stripping Paint
Core Surface Contamination 60co 137
PCC-2 Thick Epoxy Coating 99.8 80
PCC-3 Clear Sealer; Smooth Finish 0 »
PCC-6 Thick Epoxy Coating % 100
PCC-7%* Gray Paint; Smooth Finish 68 0
PCC-9 Chipped Gray Paint; Clear Sealer 13 .
PCC-12 Clear Sealer; Smooth F inish 0 .
PCC-15 Thick Epoxy Coating 46 .
PCC-19 Gray Paint; Smooth Finfsh 77 *
PCC-20 Gray Paint; Smooth F inish % 27

* 137Cs concentrations too low to give an accurate number.
** This core is cwposed of mildly neutron activated concrete and
contains Co incorporated in the concrete with depth.

from the surface to about 2 an‘gepth indicates the presence of surficially
deposited contamination. Co concentration below a depth of approxi-
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
fs also the possibility that some of the 0 at depth results from cross
contamination during the coring md/gccon segnent ing process. Each of
the cores show subsurface maxima of 0 at a depth 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 thermal
outgas capture by stable cobalt in the concrete at this depth results ir
o maximum, Ot noutron tivation products detected in these

concrete samples were 152Fy and 154fy (see Appendix C). The core col-
lected from beneath the Turkey Point Unit 4 pressure vessel was obtained
within a day of unit shutdown and analyzed as quickly as possible after
rcce;u: 1nftht laboratory. As a result, ;dditionol activation products
resulting from neutrqn actjyation of s e e!!nnt in the ete were
detected, including nSc. “r glcn mco. In, gGco and 120y, The
depth distribution of these radionuclidu is shown in Fiqure 4.3. The
concentrations have been projected to what would be expected after Turkey
Point Unit 4 had operated the equivalent of 30 effective full "’;!' years
(EFPY). After 30 EFPY the most abundant activation product vn Fe,
whose concentration (-I'lg 000 pC1i/gm) remained fairly umgg zodopth

at ;gst 7 cn. -”Fe was followed in abundance Eu, %o,

Sc, u. Concrete samples collected from the
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IGURE 4.3. Depth Distribution of Neutron Activation Products in

a Concrete Core Collected Directly Under the Pressure
Vessel at Turkey Point Unit 4, Corrected to 30 EFPY,
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Humboldt Bay bioshield showed the presence of both surface contamiration
m in-situ neutron activation products (see Table 4.6). The 1527y and
Eu are primarily derived from in situ neutron activation, with the
highest concentrations being 309 pCi/gm and 32 pCi/gm, respectively after

correction to 30 EFPY,

4.1.5. Contamination 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
examination in this program focused upon locations within radiation con-
trolled areas and where spills of radioactive materials (mostly 1iquids)
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-
tanination. As would be expected from the intent of the sampling, resid-
ual radionuclide contamination was usually present; however, the levels
of contaminaticn were usually below a suggested residual radionuc) ide
cont amination level which would result in an annual dose of 10 mrem/yr.(15)
However , several small patches of sgils and ”Ming pond sediments at
several of the stations contained %0Co and 137Cs concentrations up to
several tens to hundreds of pCi/g (on a dry weight basis). Table 4.7
shows the ranges for the detecta }s amma eﬂ;t}madionuclwu in exclu-
sion area surface soils, and for and . in Pathf inder and
Humboldt chuciusl%crea soils. The most abundant radionuclides were

typicall d ith i t of othe i
nchl‘i:;csyinclgdi.r:g 13‘C:: g%o.ogs;:.ofaﬂu:.“o’l.:‘.nihﬁ. ndrlr e?.

4.2. DISTRIBUT IONS AND INVENTORIES OF RESIDUAL CONTAMINATION

A significant part of this research program was the determination of
distributions and inventories of residual radionuc!ide contamination within
the various operating systems at the PWR's and BWR's examined. This pro-
cess entailed utiliz n? the residual concentrations, as defined by the
smling 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, 1t was necessary
to determine total surface areas present in the various systems upon which
the contaminated corrosion films were deposited. The total surface area
estimates were constructed by efither: 1) using the surface area estimates
from the reference PWR or reference BWR studies, corrected by a scalin
factor, or, whenever possible, 2) through the use of the specific plan
fsometrics and prints for the various systems and subcomponents. The
radionuc!ide 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 signif icant differences between
the operating systems of BWR's and PWR's, and thus significant differ-
ences between the radionuc) ide distributions throughout the plant.
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TABLE 4.6.

Humboldt Bay Concrete Bioshield Samples
Activity at Shutdown and 30 EFPY (pCi/gm)

Sdwun S5fe  60co 63cs 125 134¢; 137¢cs 152, 154g, 155gy
2.7 ire 0.45 8.2 199 188 11.6 2.2
5.7 821 1.67 30.1 475 309 18.1 3.61
39.7 7380 303 55 1.41 51.0 544 63 4.9 0.80
176 16600 1308 4] <0.7 153 72 293 31.6 $.3



[

4.7. Concentration Ranges of Radionuclides in Contaminated Surface

Soils (0-4 cm) from Radiation Controlled Areas (pCi/g)

Radiomclide  PatMfinder!  Wumbolt Bay?  Dresden’

Sl @0.005-0.06 0.45-5.5 0.@-0.23

LN <«.Mm-1.7 26-377 1.3-161

108g, @.1-0.% <0.0@-<0.05 <«0.07-0.2

125q o.® <0.44.9 <«@.08-<1

13¢, 0.008-0.M  1.56.1 <0.00-6.3

137¢ce 0.15-2.9 25-91 0.4%-260

184c, <.08- @.3-1.3 <0.08-1.5

238, 341 1 108 8.2-1% x 103 e

239-240p, 642 1 104 9.5-230 1 103 e

1. Fourteen soil samples

2. Five soil samples

& Four sot! samples; b t observed cont mination
was & a depth of 15-30 cm in D-S5-258

4 Four soil samples

5. Six sot) samples

s. Seven soi] samples

AN Not measwred

Mont ice)lo®

Rancho Seco®

<0.003-0.27
0.012-11
<0.03-<0.09
<0.006-0.7%
0.01-0.9%
0.05-4.9
<.®

LN N
LR



4.2.1 Residual Radionuclide Distribution fn PWR'Ss

In order to clarify the discussion regarding radionuclide distribu-
tions and inventories within PWR's, the operating ;ctm in a PWR, ”
shown in Figures 4.4 and 4.5, will be described. re are three different
coolant loops utilized during power production in a PR, as shown in F igure
4.4, The first loop is the primary coolant loop. This loop provides
heat transfer from the reactor core to the secondary (steam producing)
loop. The primary loop is pressurized such that negligible boil ling occurs
during the heat transfer process. The primary loop gwu W its heat at
the steam gererator. This is the interface between the primary and secon-
dary loops. The secondary loop, or steam loop, provides the steam for
the turbine and consequent electrical rmnum. After puur through
the turbine, the secondary steam loop Interfaces with the tertiary loop
in the condenser. Here the excess heat fram the secondary loop s re-
moved and the condensate in the secondary loop proceeds back as feedwater
to the stean gemerators. The heat acquired by the tertiary loop is then
rejected to the environment. The advantages of the PWR system for power
gereration are: 1) additional isolation of radiocactive byproducts fram
the environment as a result of the three loops, and 2) slightly increased
efficiency of operation since the prh.r{ loop can be operated at higher
temperatures and pressures than in a boiling water reactor. From a decom-
missfoning standpoint, this type of system should offer more confinement
of the radicactive residuals, almost totally within the primary system
unless major lnur between the primary and secondary loops occurs,

Howe ver, the greatly increased surface area of the primary loop contalned
in the stean gererators provides for much greater radioactive corrosion
product deposition compared to a BWR,

Figure 4.5 shows a more detalled schematic of the primary reactor
coolant s(sta. The figure 11lustrates a four-loop primary coolant system;
the actua’ number ranges from 2 to 4 for rewer PHR's, This figure 111us-
trates the various subcamponents in the primary coolant loop, including
the steam gererators, the coolant pumps, the pressurizer and pressurizer
relief tank, and the coolant piping. Another subcamponent not 1 1lustrated
in detall 15 the chemical and volume control system (CVCS) which, as the
title indicates, 15 utilized to provide volume control and maintain proper
primary conlant water chemistry, The chemical controls entall the main-
tenance of appropriate boron comentrations, optimal pM, and removal of
nondesfrable soluble and particulate species, Including activated corrosion
products and fission products.

As an initial approximation, one would anticipate that the bulk of
the residual radionuclide contamination translocated free the pressure
vessel would be present in the steam gererators for two reasons, First,
the surface area presented by the steam generators represents the over-
whelming portion of the total surface area in the primary loop, Secondly,
the heat transfer process occurring within the stean gemerators tends to
increase corrosion product deposition processes, thus also temding to
increase the residial radionuclide inventory contained on surfaces in the
steam gererators.
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The actual distribution of the total residual radionuclide inventory
measured throu t 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 94X 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.

TABLE 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 explanatory section regarding the
inventory calculations for the steam generators is included below.

5“5 gggggﬁ 1n!entg;¥ Estgmgtg!. For the Rancho Seco and Turkey
Point ons, radionuc mentories in the steam generators were
calculated using dose rates assorfated with the steam generator tubes and
the relative radionuclide composition as measured in other primary loop
samples, Average residual radionuclide concentrations in uCi/cm? were
calculated using: 1) the measured relative radionuc)ide 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
steam ?”cntor. This was accomplished using the ISOSHILD Il computer
code. ( For Indian Point One, deposited radionuc!ide concentrations
were based directly upon a scraping sample obtained from the primary side
of the No. 14 nuclear boiler. The measured or g leulated radionuc ide
concentrations are shown in Table 4.9 for both g4:0 and "YCo at the three
reactor stations.
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TABLE 4.9. Steam Generator 58Co and 60Co Concentrations
Measured or Calculated at Four Reactors

Reactor 58Co uCi/am? 60Co uCi/am?
Turkey Point 3A 4.0 3.0
Turkey Point 4A 2.8 2.1
Indian Point 1B . 2.4
Rancho SecoA 2.6,3.2 3.5,4.3

ACalculated from dose rate conversions
sured directly from corrosion film scrapings

For Rancho Seco, two values are shown since the dose rates were known

in each of the two steam gererators. Thus, the values shown represent
the surface concentrations present in the two steam gererators. These
values can be compared to previous data obtained from the primary side of
PWR steam rators. We Ma nplot&ag the data of Bergman, Roesmer,
and Perone showing both *Co and 0 concentrations versus the number
g years of operation, adding the points from our study. The data for

Co from our study fall well within the range of previous measurements
as shown in Figure 4.6, The 60Co data as shown in Figure 4.7 are on the
low side of what might be expected for reactor operation periods at the
stations examined, but well within the range ” an extrapolation of the
CORA calculation, The CORA computer program(17) incorporates the more
fundamental as s of transport, activation and other crud-related mecha-
nisms in a nuclear power plant, and predicts several parameters of interest,
including radionuclide concentrations in crud hrrs. crud weight, crud
specific activity, and gross radiation levels. This reasonably good agree-
ment lends add'tional credence to the steam gererator inventories presented
herein, and is of note since the steam gererator inventories are such a
significant fraction of the total PWR inwentory. As noted earlier, we
feel the accuracy of our estimates is within #50%,

4.2.2. Residual Radionuciide Distribution in BWR's

Four boiling water reactors were examined during this program., These
included Pathfinder, Humboldt Bay, Dresden Unit One, and Monticello, The
Pathfinder reactor was an early experimental unit having a nuclear swer-
heater. Dresden Unit One was a dual cycle system using both direct primary
steam for electrical power generation and also incorporating steam gerera-
tors for secondary steam production., Humboldt Bay and Monticello are of
a conventional BWR design. The power generation system for a typical BWR
fs shown in Figure 4.8, This system contains only two heat transfer loops,
in contrast to the three loops present in a PR, There 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
disadvant of the BWR is the use of radfoactive primary steam, although
the most u:t radionuclide is normally the short-1ived neutron activa-
tion product (7 sec halflife).

One would anticipate that the major residual radionuc)ide reposito-
ries, outside of the reactor vesse! 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 inventor fes estimated in the various operating components
for the three BWR's sampled in this program (Humboldt Bay, Dresden Unit
One, and Monticello) are 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. Differing reactor designs are respon-
;:b:oizuo:’mch of the variation observed in the residual radfonuc!ide

str on.

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

Operat ing System Nuwo!“ldt yorri.;d.gg"! Mont icello
Main Steam L ines 0.7 «0.1 1
Condensate 38 17 «0.1
Feedwater System «0.1 61* 19
Reactor Cleanup System k1) 5.2 n
Radwaste System 23 17 10

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

Humbo | dt h‘.vm an early design BWR and used natural feedwater recir-
culation, thus the feedwater system is a relatively smaller component
compared with other BWR's. The large percentage of the total inventor

in the condensate system at Mumboldt Bay 1s a result of two factors: {) the
large tota) surface ares associated with this system, and 2) the com-
binatfon of a less efficlent reactor cleanup system lcmcrod to current



' standards) coupled with less corrosion resistant materials than ae present-
! ly employed in newer BWR's,
I

Dresden Unit One also has unique features associated with the design
of its operating systems which account for the residual radionuclide distri-
_ bution observed. esden Unit One employed a dual cycle steam system in
- which primary steam was fed directly to the turbine, and secondary steam
7 was also produced in steam generators. The secondary steam gener ation
| component 1s 1isted in Table 4,10 as part of the feedwater system, since
the primary water exiting the secondary steam generators was recycled to
the reactor vessel. The secondary steam gener ators account for must of
the inventory in the feedwater system. The relatively large percent age
: of the total inventory in the condensate system at Dresden Unit One 1s
| probably due to the same reasons noted for Hrmboldt Bay.

‘ Monticello is the only recent gener ation BWR examined in this research
; program. The inventory distribution observed at Monticello 1s similar to
what might be anticipated for a typical BWR. The reactor cleaup system
contains by far the largest percentage of the total residual radionuc) ide
fnventory (70%). The feedwater system contains the next largest fraction
of the total finventory (19), followed by the radwaste system (10X). The
total inventory at Monticello is also considerably lower than observed at
the other BWR's when differences in unit sizes 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 1s so
different from that observed at Mumboldt Bay and ‘rnm Unit One.

| 4.2.3 Radionuclide Inventories in the Nuclear Power Plants

Table 4.1]1 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,

|
r
% Except for Pathf inder, the ational periods ranged from 8 years
| for Turkey Point Unit 3 to slightly over 18 years for Dresden Unit One.

As a first approximat fon, one would expect t the residual radionuc) ide
E inventories would be related to unit size and length of service and that

8 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 al) seven sites ad
again for five of the sites (excluding Pathfinder and Monticello which
appear anomalous).

1)




TABLE 4.11. Comparison of Total Residual Radionuc) ide
[nventories and Operating Parameters for the
Sevei, Nuclear Generating Stations Examined

Total Inventory* Years of
{Curies)

—Stations Mée  Reactor Type
Pathf inder 57 3.5 58 1
Humboldt Bay 600 13 63 Al
Dresden-1 2350 18.3 210 AW
Montirello 514 10 550 LW
Indiar Point-1 1050 11 10 Pl
Turkey Point-3 2580 8.3 660 W
Rancho Seco 4470 8.8 95 2
* [nventory “xlms radionuc | 1des with half-1ives greater than
245 days (%2n),

TABLE 4.12. Relationship of Total Inventory at the Nuclear Generating
Plant to Selected Operating Parmmeters,

Curies Curies
Mean and Std. Dev. Mean and Std. Dev.
J— A AL ] (7 Sites) (S Sites)*
Inventor y/ Mie 7.12 ¢ 3. 12 §.2 4.2
Inventory/ (MWe x Yrs operation) 0.4 ¢ 0.20 0.5 ¢ 0.10

*Excluding Pathf inder and Monticello

The first relationship normalizes the total radionuc) ide inventory
strictly to the unit size in Mie. The relationship appears more applicable
for the seven sites than when excluding Monticello md Pathf inder, as
evidenced by the lower stadard deviation about the mean. The second
potential correlation Is a nearly Vinear relationship developed when the
total radionuc!ide inventory 1s normal 12ed by the product of unit size

) ;d lnrh of service ({lm). This 15 also shown graphically in

fgure 4.9, For the seven site comparison, this relationship s "
good as that developed when normalizing the investory to just the unit
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size. However, when Pathf inder and Monticello are deleted, the relation-
ship improves greatly, having a standard deviation about the mean of only
1. The exclusion J Pathf inder can be arqued justifiably, since 1t 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, relatively 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 wil! have lower residual
inventories. An & can be made for this point based upon yearly
radwaste shi ts. BMR's, on the average, ship offsite some 5 to 6
times as much radwaste as do PWR's in the form of spent resin wastes.

Thus PWR's may be accumulating relatively more waste over an extended
perfod of time, whereas BWR's are shipping this inventory offsite in the
form of rad-waste. Also, BWR's undergo more frequent primary system chemi-
cal decontamination operations relative to PWR's, which would further
reduce the residual radionuc) ide inventories.

4.2.4, Ch n Radi i n ith T4

Since the residual radionuc! ide contamination 1s a mixture with vary-
iu? half-1ives, the relative composition of the radionuclides present
will change, along with the decrease in absolute concentrations, as radio-
active decay occurs uth tlr dw shyutdown., Initially, significant
radionuc ) ides, e.9. o, Fe, 0,

In, will 1d compar |-
son to radionuc)ides with longer half livn.'o.g.?&.l{.'nm.,dyu.

The relative abundances of radionuc) ides versus time af ter shutdown
at the seven reactor sites examined in this research :o'n are shown in
Figures 4,10 through 4,16, It should be noted that these decay plots are
for the total estimated residual radionuclide inventory after shutdown,
nd as such they reflect to a great degree the primary coolmt sg:nn.
since the majority of the inventory 15 present in this system, her
systems may show somewhat d{“{oﬂn’ bﬂ,viw. especially the radwaste and
!wl poo! areas, since the s Cs are typically enhanced in these
systems,

Severa) importat conclusions can be reached from examination of the
seven decay plots. The range in inventories and concentrations of the
individual radionuc) fdes concern covers many orders of ftude &t a
given station. Iron.55, 0, md at some BWR stations, " 72n are typi-
cally the most atundant radionuc! ides present shortly af ter shut down,
The concentrations of these mmm, sbundant radionuc)ides decreases )
to 5 orders of magnitude, typically from thousmds or hundreds of curies
to tens of cuuu or less, in the first fifty years after shutdown,
Although the 95Fe concentrations we relatively high, they are prac-
tically Inconsequential from a decommissioning standpoint, since the 55f e
concentrations associated with contarinated piping and hardware would
lhuyt’r considerably below the 10 OFR 61 Class "A" waste 1imit; md
since 95Fe emits only o 5.9 keV Xoray, 1t would contritute negl igibly to
the external whole-body gamma dose rate. The major contritutor to the
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external whole-body gamma dose rate from residual 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 rs after shutdown. After 20
io 60 years time the major dose rate contributor would generally become
37Cs. Nickel-63 would became the most abundant radionuclide in all cases
except Monticello after a period of 20 to 40 years. However, like 55Fe,
the 53Ni concentrations would not be a significant radiological factor
affecting decommissioning since: (1) it's concentrations would always be
below Class "A" disposal limits, and (2) it decays by emission of only 67
keV (max.) beta particies which would not contribute significantly to the
gamma dose rate.

Only after hundreds of years would the transuranic radionuclides

became the most abundant radionuclides. Howewer, their concentrations
would be extremely low, and always below Class "A" waste disposal limits.

4.3 RELATIONSHIP OF SOURCE MATERIALS AND RESIDUAL NEUTRON ACTIVATION
PRODUCTS

The primary factors influencing both the magnitude of the total resi-
dual radionuclide inventory and the relative radionuclide abundances within
the inventory are: 1) the elemental composition and purity of materials
used in construction of the reactor systems; 2) the general desi?\ 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 power level; and 6) the length of operation.

ihe significant long-lived residual radionuclides produced by ngutron

g&éiva&éﬂm of source materialf at the seven stations examined were 9°Fe,
0, 2INi, 63Ni, 65Zn, and 110mig, Although 99Nb has been shown to be

produced in relatively large amounts in neutron activated stainless steel
camponents 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 unit: examined in this study are discussed below.

4.3.1. Iron-55 Production

This radionuclide is produced by neutron activation of the 5.8 percent
abundant stable iron isotope, 5% e, After 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 are more susceptible to corrosion
than stain]egg steels or nickel alloys such as inconel under typical reactor
conditions, 99Fe should be more abundant in the translocated inventory in
reactors employing larger relative amounts of carbon steel in the primary
coolant Toop. BWR units employ larger relative amounts of carbon steel
than do PWR's, and thus typicail contain more 55Fe in the corrosion films.
The abundance of translocated 55Fe will also be affected by the chemical



controls maintained in the coolant loop, e.g., pH and oxygen levels, sincu
these influence corrosion rates. Finally, the type and effectiveness of
the reactor water cleanup system will also be a determining factor in the
residual 55Fe abundances.

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

The relatively small inventory of 55Fe at Dresden One may be a ref lec-
tion of its unique design, and the use of materials such as admiralty
brass, muntz, and monel in the primary loop which resulted in higher rela-
tive abundances of other radionuclides. Also, the fuel elements as well
as parts of the fuel swport structures were clad with zircaloy-2. Dresden
One was a dual cycle reactor system which contained camponents typical of
a BWR and a PWR. Thus, there was more stainless steel present than in
g her BWR's of the s?ve vintage. This would also tend to increase the

o in relaticn to 55Fe. Dresden One also had admiralty brass (Cu-Zn),
monel (Ni-Cu-Co), muntz (Cu-Zn), and copper-nickel alloys present in the
reactor system. These metals are somewhat more prone to corrosion. Corro-
sion of these alloys and translocation of the corrosion products through-
out the reactor operating systems, coupled with neutron activation of
corrosion products transported into the core regign, resulted in higher
relative abundances of radionuclides other than 55Fe in the residual in-
ven tory.

The 55Fe abundance at Monticello was very low, which may be ref lec-
tive of several factors. It is a newer BWR employing more modern corro-
sion controls, zircaloy-2 clad fuel, and a reactor water cleanup system
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 management practices.

S
sentative of the levels in large, modern PWR's. The 55Fe relatiwe abun-
dances at these stations were both close to the mean °°Fe abundance, 44%,
calculated for all seven stations.

The abundances of 55Fe at Turkey Point and Ranchg eco could be repre-
55

4.3.2. Cobalt-60 Production

Cobalt-60 is produgsg by neutron activation of the 100% abundant
stable cobalt isotope, o. 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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tively)(13), Cobalt is also present in inconel and monel. After 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
e‘fectiveness of the reactor water cleanup system, and 3) radwaste manage-
ment practices.

The inventory of 60Co at Humboldt 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 60Co
inventory at Dresden One was significantly higher than at Humboldt Bay
for several reasons. First, Dresden Ore 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 Dresden Ore
unit was a dual cycle system and incorporated more stainless steel than
at Humboldt Bay. Finally, the longer operational history of Dresden One
g ould have resulted in a higher relative abundance of 60Co compared to

Fe and other shorter-liwd radionuclides, due to saturation effects.

The 60Co inventory at Monticello undoubtedly reflected the increased
use of sgsinless steel in newer BWR units, while the lower relative inven-
tory of 60Co at Indian Point One reflected the elevated concentrations of
other trace metals introduced from the carbon steel and admiralty brass
canponents of the secondary system.

The larger relative abundance of 60Co at Turkey Point reflected the
larger proportion of stainless steel in more recent PWR systems, while
the relatively 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 Production

This radionucﬁdg is produced by neutron activation of the 49% abun-
dant stable isotope, 647n, and appeared in significant concentrations in
early BWR units which employed heat exchangers containing admiralty (29%

In) or muntz metal (40% Zn). These are exemplified hy Pathfinder, Humboldt
Bay, Monticello, and Dresden in the seven reactors examined in this program.
The use of an adniralty brass heat exchanger at Indian Point One is apparent
in the residual 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 contamination into the primary reactor loop where
the stable zinc became neutron activated.

4.3.4, Nickel-59 and 63Ni Production

These two rg&onucﬂ zre produced by neutron activation of the
stable isotopes i and i, which have stable isotopic abundances of
68% and 4%, respectively. Nickel alloys, monel and copper-nickel, were
used in heat exchangers in some early reactors. More recently, inconel
(60-80% nickel) has received extensive use in reactor systems, both for
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reactor intermals and heat exchanger surfaces. The inventory at Dresden
One reflected the latter application, with the use of both monel (67%
nickel ) and copper-nickel (30% nickel) heat exchanger surfaces in the
reactor feedwater heating system.

The relatively large 63Ni inventory at Rancho Seco reflected the
more recent trend of extensive use of inconel for the reactor internals
and also in the steam generators as a heat exchange surface. At Rancho
Seco this extensive use has resulted in 63Ni becaming the third most abun-
dant radionuclide after 55Fe and 60Co. Nicke1-63 constituted 2% of the
total inventory at Rancho Seco.

4.3.5. Silver-110m Production

The only reactor unit in which 110mAq was a significant contributor
to the overall inventory was Rancho Seco. This radionuclide is produced
by neutron activation of the 48X abundant stable isotope, 109Ag. The
large relative abundance of 110Mig in the Rancho Seco inventory is explain-
ed by the presence of silver-indium-cadmium control rods. Like other
reactor camponents, the control rods are subject to corrosion and erosion
proiihsmes which can lead to contamination of the primary coolant. Traces
of g were also observed at Monticello associated with a silver alloy
gasket used for sealing the head of the reactor pressure vessel. Silver-
108m (tl%- 130 y) is also produced by thermal neutron capture on 52%
abundant 107Ag. However, its low cross section (0.33 barns) and long
half-life 1imit its production. Nevertheless, the use of large unts
of silver in PR control rods will result in a large inventory of 108maq
in these camponents.

4.3.6. Cobalt-58 and 5%n Production

Cobalt-58 and 5%n are both produced by fast reutron reactions with

grent elements contained in the rgactor core_structural materials. The

Co is primarily produced by the °Ni (n,p) *®Co reaction, which has an
average cross section in_a fission neutron spectrum of 100 mb. The target
isotope, 67.8% abundant °Ni, is present in the inconel (60-80% Ni) and
stainless steel (8-12% Ni) used in the pressure vessel and primary loop.
Although the half-1life of 58Co is short (71 days), it is one of t{e most
abundant radionuclides in corrosion product residues immediately after
reactor shutdown .

The 5%n is produced primarily by the 54Fe (n,p) 5n reaction, which
has an average cross section in_a fission neutron spectrum of 53 mb. The
target isotope, 5.84% abundant 5% e, is present in the steel construction
materials of the pressure vessel, fuel support structures, and the primary
loop. Corrosion of the steel components can transport iron to the fast
neutron flux region of the reactor where the "Mn is produced.
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4.3.7. Niobium-94 Production

Niobium-94 (ty,2 = 20,000 y) is pro%:ced by thermal neutron capture
fram the 100% abundant 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
?amas of 703 and 871 keV each results. The presence of relatively high
evels of niobium in stainless steel (5-300 ppm) and inconel (390-50,000
ppm) wgﬂd lead to production of sign fis;ant amounts of the very lm?-
lived 94Nb in reactor core materials.(13) For long deferral intervals
prior to decommissioning, 94Nb may in fact represent the principal contri-
butor to personnel exposure during dismantlement of the reactor pressure
vessel. However, the extreme insolubility of niobium does not permit
significant translocation from the pressure vessel and deposition in other
plant systems. Therefore, 94Nb has been a very minor constituent of the
residual radionuclide deposits in plant systems.
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5.0 RESIDUAL RADIONUCL IDE 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, DAW, etc.) being prepared
for dispesal. This is usually accomplished by perfoming comprehens ive
sampling and radiochemical analyses of these waste forms on enough samples
to prov?de reasonably valid correlation factors for those radionuclides
not measurable by gamma-ray spectrametry, Once adequate correlatiun fac-
tors have been established relat ncto some easily measurable gamma emitting
radionuclide (e.g. 60Co, 137Cs, e), the waste stream samples can be
analyzed by gamma-ray spectrometry. and the non-gamma emitting radio-
nuclide concentrations can be estimated fram the established correlations.

However, the typical waste streams of resin, sludge, evaporator bot-
toms, or DAW do not have the same relative radionuclide concentrations as
the residual 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 factors devibcped when normalizing the concentrations of
10 CFR 61 radionuclides to 0, which is generally the most readily mea-
sured gamma emitter in contuninated primary loop piping and hardware. As
shown in the table, the ggrrﬂviog&nn highly variable. The best corre-
lation observed was the Pu/%YCo ratio, which gave gn average value
and associated standard deviation (lo) of 8.3 ¢+ 6.8 X 102 for the six
contaminated piping samples. This cosgsl,ﬁon factor could &v:-ove useful
for estim ing the conc&i;ati Pu relative to 60Co
average OCo and o ratios were 15 ¢+ 15 X 10-5 and 9. 0 *
9.3 x 10-5, resnectively. Thus, the transuranic radionuclide concentra-
géons could be estimated to within about an order of magnitude from the

Co concentrations.

ly other potentially useful correlations relative to 60Co were
for the /68(20 and ésﬂ o ratios. If the atypically low 55Fe/60Co
value for the Monticello sample, M-101, is excluded, the five other g;vples
give an average 55Fe/60Co ratio of 3.8 ¢ 2.7. This would allo t

to be estimated within a factor of about five to ten from the 60Co measure-
ment. If the atypically high 63Ni/60Co ratio for the Rancho Secg sample,
RSH-2, is excluded, the five other samples give an average 93N1/60Co ratio
of 0.060 = 0.063.

Cesium-137 and 99Tc do not correlate well with 680Co, and 90Sr correla-
tioni yre 88" slightly better. Not enough positive values for the 94Nb/60C
1/60Co ratios were available to determine if adequate correlations
existed between these radionuclides, tut a rangeggf less-ig n ratios could
prove useful for estimating less-than values of 4Nb ' in individual
nuclear plant piping and hardware samples.
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TABLE 5.1. Activity Ratios Normalized to 0Co in Piping
Exposed to Primary Coolant (Decay Corrected
to Shutdown Date or Sampling Date)

19 3 239- 241
Cs/80c "w‘;t. w600 “Fe/b0rg  6Ini/60co l’-""ﬁf 129 /60¢, N::!‘;'u An/ 5090

Sample (o) aed) el (ries; @ (x 10-5)

wa-22l0 1) 0.50 6.1 4.8 0.15 0 19 3.3 1.4

woes-26(8F 1.0 .3 <4 6.7 0.043 2.5 <7 20.0 3.0

rs-2C) 13 <20 <2 5.6 1.4 <2 <1 5.5 4.4

n-101{0) J48 20 <0 0.056 0.0046 3.3 <10 13.0 3.0

rarll) o 0.3 <0.9 1.3 0.0044 27 <8 5.5 1.5

p-sc-18(F) g a8 0.53 <0.4 0.61 0.098 0.038 <0.2 2.7 4.1
MERAGE ¢ 10 --- - - 3.822.7 0.06020.063% --- - 8.3%6.8 15218

A Corrostom film scrapings from Indiam Point-1 steam gemerator

B Regenerative heat ewchanger piping from Humtolat Bay

€ Corrosion file depusits on HEPA filter used in steam generator repair

D Reactor water cleanup piping from Mosticelle

E Alamina grit used for decontamination of Turkey Point Unit ) steam generator

F Reactor steam vent piping from Dresden-l

* Excludes stypically Yow value for sample M-101
** fxcludes atypically high .alue for sample RSKH-2

e b, TR ____,1
|
|
1

9.0:9.3



Table 5.2 lists the correlation factors for 10 CFR 61 radion?clides
for thﬂi samples relative to the gamma-emitting fission product 37¢s.
Since Cs 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 pogr- Not unexpectedly, the %0Sr provided the best correla-
tion with the Cs, and gave an average ratio (tlo) for the six samples
of 0.16 ¢ 0.16 (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 factors calculated rehtws {o 239-2‘0913.
expected the correlations for the other TRU r dionu

239- %’ 440 gy 239-
S,y 1o0 by e By R
rat1o gave an average value of 0.66 = 0.57 X 107, if the at_wical Monticello
sample, M-101, was excluded.

In sumary, generic radionuclide correlation factors for estimating
the concentrations of residual radionuclides in ¢ ng§ ing gnd
hard;are Y”e not proven very consistent. The Pu/ 0, 63N1/60Co

Sr/i37Cs relationships may prove to be most useful During dec om-
missioning it is obvious that rather comprehensive sampling and radio-
chemical analyses of 10 CFR 61 radionuclides will need to be performed at
each retired nuclear power station to establish residual radionuc)ide
concentrations and associated waste classifications for the various wastes
which are generated.
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TABLE 5.2.

Activity Ratios Normalized to 137Cs in Piping
Exposed to Primary Coolant (decay corrected to
shutdown date or sampling date)

1291137y
60go 1370y 905, 130cs Sapy137cy  S5pes137cs  Ednys13¢g 997/ 137¢s (x10-4)  239-200p,,137¢y 20ipg/130cy 204137y

wn-220a) a 0. 0045 0 0%% (¥ 14 0.00056 1.7 0.0030 0. 004G 0.00048
wen-26(d) 100 0.43 <0.4 6700 (5] 0.02% <7 0.20 0.37 0.13
rsw-2{c) n <0.1% <0.01% 430 260 0.0015 <0.08 0.0042 0.0024 0.0029
n-01(9) 1 0.0080 <0.008 0.22 c.018 0.00013 0.08 0.00052 0,0012 0.00010
w-uzle] 5900 8.22 <0.% 7650 % 1.6 <0.005 0.32 0.44 0.26
psc-1lf) 2200 0.12 <0.09 1360 220 0. 00076 <0.0002  0.060 0.091 0.14
AVERAGE t lg -~ 0.1620.16 - 330023500 - 0008620011 - 0.09820 .13 - =8

(excluding (exluding

" 101} ™-u7)
{a) Corresion file scrapings from Indiam Point-! stess gemerator

)
(5] Regemeralive heat exchanger piping from Wumbelet Bay
! Corroston file deposits on WEPA filter used in steam generator repair

(¢) Reactor water cleanup piping from Mesticelle
fe)] Aigina grit used for decontamination of Turkey Poimt Unit J steas generator

(f) Resctor stess weat piping from Dresden-1
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TABLE 5.3. Activity Ratios Normalized to 222 2%0py in
Piping Exposed to Primary Coolant (decay
corrected to shutdown date or sampling date)

1 S5es239-200m,  6ly;,299-240p,

- 905,/279- 240, Sgy, 219-240p, (110%) (110%) 91 239-200m,  129),239-200p,  281pg 239-200n,  204ce/2)9-240p,
w2z 30 18 i 1.5 s 0.19 0.057 1.3 0.16
-rs% s 2.2 < 0.3 0.2 0.13 0 04 1.9 0.65
se2 W <% <t 1.0 & 0.4 <0.002 0.80 0.69
w101 190 . <s 0.0043 0.0 0.2 <0.008 2.3 2.0
™ 1.1 0.8 <@ 0.2¢ 0.080 s <0.01 1.4 0.8
0-Sc-18 17 2.0 < 0.23 1.6 0.01 <0.003 1.8 2.3
AvE RAGE 85418 0.66 + 0.57 0.9 1 1.8 15208 110.8

t o

(a) Correstor film scrapings from Indian Point-! steam generator

(b) Regemerative teat eachanger piping from Mumbeldt Bay

(¢) Corrosion file deposits om WEPA filter used 1n sleam geaerator repa’r

(4) Resctor water cleanup piping from Monticello

le) Mamine grit used for decontamingtion of Turkey Point Umit 3 stesm generator
(f] Heactor stesm went piping from Dresdens- |



6.0 IMPLICATIONS FOR DECOMMISSIONING

This research program has generated a data base describing residual
radionuc 1ide concentrations and distributions throughout the operating
systems of seven 1ight water reactors. The results of this study have
implications for future decommissioning efforts, waste disposal of decom-
missioning wastes, and additionally point out areas where data base defi-
ciencies still exist. The long-1ived 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 decommissioning assessments (1-5).

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

6.1. WASTE CLASSIFICATION AND DISPOSAL

The results of this program indicate where typical decommissioning
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 surface 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 uCi per cubic centimeter in column 1, and uCi/g
of steel in column 2. Columns 3 through 8 1ist 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 radionuc)ide 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
ﬂus - u-n M1 1 inati 1
Class 'l" mit illp 00 Indian Point Turkey Poiat
R ronuciide ron or Stee! Humtoldt Bay(l) Oresden Ome(2) Monticella(3) _ Unit Ome(d) _Rancho Seco($)
Aay with half-lite “5 13 (55fe) 0.86 (S5Fe) 0.7 (652) 1.8 (6520 55¢¢) A {55fe,%8cc  0.03 (58Co,55F¢)
Tess thanm 5 years In ,5%0n)
Sigg 700 B9 1.9 0.9 0.09 0.1 0.% 0.003
Sony 2 2.8 <51 10s 0.062 <6 x 106 2 x 104 1.5 % 104 6 108
63w, 1.8 0.44 n.m 0.09 ¢x 108 0.0% 4.5x 1073 0.010
905, 0.04 0.0051 91 104 5 ¥ 105 21w 81 1006 3.0x j0-% <4 % 106
M o.a 0.002% <9 x 100 <3x w05 <0.00! <5 x 10-6 <8 ¥ 105 <23 10-6
bt O 0.2 0.038 5x 108 1x w? 3x w06 12106 3.0 % 1074 <2 1 106
129y 0. 008 0.001 <23 Wb <7 x 108 <1107 <6 1074 <6 x 107 <4 x 109
“ e 137¢y 1.0 0.13 0.002 4 104 0.02 0.006 <2 % w0t <11 106
Alphs Esitting 10 aCi/y W0nci/g 1.8 0.16 s 0.004 2.2 1 104 0.901
Transwranics
e 2000 aifg 2000 nC ifg 9.2 0,003 0.011 N.0. 2.2 08 8x w04

(1) ¥BRS-26; Segen. Meat fxchanger Piping, decey corrected to shutdown date, July, 1978
{2) D-5(-18; Reactor Steam Vent Pipimg, decay corrected to shutdown date, October, 1978
(3) M 101; Reactor Water (leanup Piping; decay corrected to sampling date, November,

(€) W-%-12; Reactor wWater Cleanup Piping, decay corrected W shutdown date, October,

198
19

(5] TP-#-7%; Algming grit from stesm generator decontaminelicn, decay corrected to sampling dete, October, 1981
(6) RS-H-4A; Letdown coder piping, decay corrected to sampling date, March, 1983

8.0, - Net Detectible

*Sime no aﬂ-ry Teop piping was available at Turkey Point, radt

est U)Odmmt‘tdﬂ

p-nur (?.l X

. and using the ratio of

decontaminrtion of m' 500- gnerator .

ted curtes of

1ide concentrations (uli/gs) assectated with an entire Turkey Point | it 3 stess
{675 curtes) in the steam generator by the entire weight
to the other radionuc)ides measured in the sample of aluming grit [TP-H-7) from the

of the sieam



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 lon?-lived radionuclidgg, including 60Co, likewise
did not come close to the Class A limit. The O5Ni in the most contaminated
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 uCi/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 ueight of the steam genergtor. The 1ndiv1dgal steam generator
weights were 7.5 X 10% kg, 2.0 X 10° kg, and 5.2 X 10° 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 concentrg&ion was above the Class A
limit in the Rancho Seco steam generator was ©INi; however, it was only
1.7 times higher than the Class A limit., Rancho Seco has an unusually
high relative amount of 63Ni in the primary loop corrosion deposits due
to the extensive use of inconel (70-80% Ni) in primary loop construction
materials. [t appears that some degree of decontamination of the Rancho
Seco steam generators would be necessary to dispose of them as Class A
waste,

A1l of the nuclear stations examined had contaminated concrete that
would have to be disposed as low-level radiocactive waste if the sites
were to be restored to unrestricted use following decommissioning. To
evaluate the possible waste disposal options, the following comparisons
have been made.

The Class A limits converted to uCi/g for contaminated concrete,
based upon an assumed density of 2.5 gm/em3 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 hfghcia concentration levels for that
site. At Indian Point Station-Unit One 137Cs concentrations in several
concrete cores from the sump floor of the reactor building were observed
to exceed the specified Class A limits by about a factor of 3.5. As gginted
out in Section 4.1.4, concrete has a particularly high affinity for 13/Cs,
since the cesium can irreversibly fon 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

Generators
Radionuclide Concentrat i i for Entire Ste tor
Class “A* Limit Converted
_ Radionuclide to uCi/gn of Steel indian Point-1(A) Turkey Point-3(B) Rancho Seco(C)
m;:;:ﬁn;x;m. 89 2.4 g:f.lggcz:) 2.9 g::'ﬂs:‘; 2.3 QS:S 58co
60co 89 0.43 0.92 0.7
59N 2.8 4.9 x 10-4 1.5 x 10-4 4.8 x -3
63w, 0.44 0.057 4.5x 10-3 0.76
05 0.0051 2.1 x 10-5 3.0 x 10-5 <5 x 10-4
b 0.002% 2.5 x 10-5 <8 x 10-5 <l x 10-4
991¢ 0.038 2.4 x 10-6 3.0 x 10-4 <1 x 10-5
129, 0.0010 7 x 10-7 <6 x 107 <7 x 10-7
137¢¢ 0.13 4.6 x 10-3 <2 x 10-4 0.013
Alpha Emitting TRU 10 nCi/gm 0.042 2.2 x 10-4 5.4 x 10-3
2820, 2000 nCi/ge N.D. 2.2 x 10-5 7.7 x 10-%

(A) At Shutdown October, 1974
(8) As of October, 1981
(C) As of March, 1933
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TABLE 6.3.

Class "A* 5"'"
—AeCi/cmd)

Any with half- 200
life less
than 5 years
60go 700
9w 2
LR 3.5
905, 0.04
Y 0.02
9 0.3
129 0. 008
137y 1.0
Alpha Emitting 16 nCi/g
Transuranics
Half-life »5 yry
W2y 2000 oCi/g

Concrete

Class "A® Limit
Converted to
¥E1/g Concrete 1ot Bay(l)  Dresden One(?)

280

8.8

1.4
0.016
0.0080
0.12
0.0032
0.®

10 nli/g

2000 nlirg

1.6 (55Fe)

0.016
W05
0.003
]
<ot
«mi-S
<me?
0.00%
0.009

N.D.

13 (134
g .. 5%}

0.21
0.00!
0.3
0.001
<
1ne-®
<’
6.10
0.0

0.78

<ixi0-®

LR

(1) WBCC-10, AX Bidg., -66°; WBCL-6, RN Bldg.; decay corrected to shutdown date, July, 1976,

It; BCC-4, Sub-pile Rm.; decay corrected to shutdown date, October, 1978,
3) WCC-B, MKVPR, decav corrected to sampl ing dete, November, 1981,

(4) 1P-CC-5, W-CL-6, IP-CL-9; decay corrected to shetdown dete, Octoder, 1974,

(S) TCC-9, TPCC-12, TPLL-1S; decay corrected to sampli
(6) RS-CC-1; decay corrected to sampling date, March, |

N8 = non-detectible
BN - ot measured

:3..". October, 1981.

lmu(:’m Turkey mn

Comparison of Disposal Limits for Class A Waste with
Radionuciide Concentrations Observed in Contaminated

tided) &

0.029
61105
0.004
o110-5
110-6
3.4x0-7
2.mwe?
1.4
sx10-4

Bein® feces

0.007
mie4
wio-s
11107
<ie-s
oo’
<mio-?
0.01
wio-4

2.5m00-5%

Rancho Seco(6)
0.00077 (134¢s)

2.910-4
NN,
N,
N,
M,
TN
M,
0.0056
LR

LR

U R L N T ey ——



concrete, The contaminated concrete cores collected at the other stations
did not exceed the Class A 1imit., However, since very few contaminated
sump areas were sampled, particularly at the operating plants, it is likely
that some contaminis’d concrete areas from other plants will exceed the
Class A limit for Cs. However, the disposal guidelines are written

such that highly contaminated concrete could be disposed as Class A waste
if it were diluted with concrete having 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 recidual radionuclide contamination
of concrete has been noted to decrease typically several orders of magni-
tude in the first two centimeters, removal >f several (4 to 6) centimeters
of concrete from the contaminated surface wiuld result in an average radio-
nuc lide 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 b globa! fallout. These concentrations typically ranged from
less than { o over 100 pCi/g of soil or sediment (see Table 4.7). A
suggested allowable residual contamination level (ARCL) specifies that
the total concentrations of radionuclides do not contribute to f ?ose
rate exceeding 10 mrem/yr to the maximally exposed individual.(19) However,
the conversion from concentration in pCi/g to dose in mrem/yr is not a
straightforward one. Currently, there are several groups actively develop-
ing methodology which allows thlz conversion. These include groups at
the Pzgigic 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 w?th 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 si?nificant exposure pathway are incorporated mathematically, the
allowable residual concentration? g,n be back-calculated for any radio-
nuclide mixture, Kennedy et al.(19) have performed an analgsis to deter-
mine the allowable residual contamination in s0ils 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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Radionuc | ide

Allowable Residual Contamination Level Values for
Individual Radionuclides in Soil at the Shippingport

Atomic Power Station Based on 10 mrem/yr to the
Maximally-Exposed Individual (from Kennedy, et

144c04p
lSZ[u

15‘{0

235940
23840
237Np+D

238py
23%y
240py,

2‘1Ph
Z‘IA”

Unconf ined Soil

e

5.96+7(b)

1.2E+5
5.9E+0

1.0E+5
4.4E+4
9-1E’l

2.3E42
1.96+1
9015.1

1.7€+3
2.6E+1
4.6E+]

1.“’0
3.7€+2
5.96+0

1.86+0
1.1E43
3.7€+0

7.7€42
2.0E+0
1.8€+0

2.0E+1
2.3[*1
1.4E+1

1.6E+2
1.1€42
1.1E+2

2.8E+4
7.16+1

a1.(19))

(a) Eased on the residential/home-garden scenario.

(b)
(c)

Where 5.9€+7 = 6.9 x 107
+D means plus short-)ived daughters
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at the decommissioned Shippingport Station wes present after 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 thece sites except Monticello exceeded the suagested 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 1imits.
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7.0 ADDITIONAL RESEARCH NEEDS

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
basz, 2) effects and implications of recent innovations in operations
parameters and materials, and 3) attention to specific problem areas.

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., [t 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,
s‘nce this reactor t is rare in the U.S. However, there is incrtasing
interest in this tocg::logy 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 signi?icant differences observed in radionuclide compositions and
residual inventories, Additional site examinations would reinforce or
refute these generalization:. Generic statements hypothecized 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
of service versus total inventory 15 indeed appropriate over a larger
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 opt imum
information could be best obtained during an actual reactor decommission-
ing, during which adequate samples for radionuclide characterization would
be available. For example, the upcoming decommissioning and dismartling
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 conglctod 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.



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 radionuc)ide
inventories. Radionuclide compositions are also subject to change with
the introduction of newer materials  Two examples of this effect are:

1) the relatively large amounts of 53Ni in the Rancho Seco inventory pro-
duced by more extensive use of inconel in the reactor systems, and 2) the
large amount of 65Zn at Monticello due to the presence of admiralty brass
heat exchangers. Utilization of admiralty brass in reactor systems is
decreasing ause of the tendengy toward corrosion, with the consequent
production large amounts f{ 65Zn. In contrast, the increased relative
amounts of 63N and perhaps 110mAg at Rancho Seco may reflect the use of
newer materials, with both lower stable cobalt concentrations and lower
corrosion ratcz These newer materials are being employed to decrease
production of 6(:0. the largest contributor to dose rates in operating
systems, as well as corrosion product formation and translocation through-
out reactor systems,

There are several other trends and innovations in reactor operations
which wili 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
Toop water, Improved control of water chemistry tends to minimize corro-
sfon 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 commercialized, 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
resfdual contamination inventories may be the growing practice of periodic
primary system chemical decontamination,
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APPENDIX A
ONSITE AND LABORATORY SAMPLING AND ANALYSIS METHODS

A.1. 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. Sampling 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.l,
The table details the number and types of samples, e.g., hardware, soils,
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 samples obtained
during the field sampling operations phase of this research procram are
contained in Appendix B. Appendix B also contains a listing by site and
sample type, as well as other documentation regarding the samples, such
as dose rate and origin,

TABLE A.1, Sample Inventory from the Nuclear Power Stations Examined

Corrosion
Piping and Film Concrete

Station Hardware Scrapings Cores Misc. Soil
Pathfinder 52 0 22 6 10
Humboldt Bay 5 12 27 12 16
Indian Point-1 8 10 15 3 0
Dresden- 1 2 12 8 2 8
Monticello 9 2 10 1 4
Turkey Point ) 6 16 2 11
Rancho Seco 4 5 2 1 8

A.2. SAMPLING PROCEDURES

A sampling 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.
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A.2.1. Hardwere Samples

Components from operating systems made available for our sampling
purposes were sampled in onz of four ways. The first option, if the
component was small enough, was taking tae whole item intact. Alter-
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 ol the component was mandatory. The deposited
corrosion film was removed from the surface of interest using a paint
or razor blade scraper. A predetermined surface area was scraped and
the loosened corrosion film gathered into a polyethylene 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 componcnt 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 altermatively, 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 exprussed by plant personnel that the coring might
affect the integrity and strength of the floor.

The coring system 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. After coring
operations were completed, the remaining hole was dried of excess mois-
ture, refilled with concrete, and the surface finished by trowe1ling,
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At the Pathfinder, Dresden Unit One, Humboldt Bay, and Indian
Point U:nlt One nuclear units, concrete samples were also obtained from
the biological shield surrounding the reactor vessel. This sampling
was accamplished using a hamer and chisel at the Pathfinder station,
or using a portable, powered rotary hammer and spalling bit at Humboldt
Bay, Dresden Unit One, and Indian Point Unit One.

A.2.3. Soil and Sediment Samples

Soil samples 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 fram more distant locations were also obtained.

A large surface area coring device or a shovel was used to remove the
soil fram a 0.1 square meter area, and the soil was screened through a
nominal No. 20 mesh sieve to remove large aggregate. All soil samples
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 fram cooling canals or processed
water effluent streams were also obtained. These were collected using
a hand-held coring device which sampled the upper 10-15 on of sediment.
Upon sample retrieval, the surficial water was carefully decanted from
these sanples and the sediment packaged into plastic bags. The sediment
was then double bagged, the outer bag appropriately labeled, and the
sample piaced 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 MEASUREMENTS

A number of onsite measurements were made at five of the plants
using a portable intrinsic germanium gama-ray spectrameter and a beta-
gamma detector. The instrumentation was set up in a Tow background
area at each site, and a lead shield was constructed around the detec-
tors. Samples were then brought into this low Lackground 2rea for
preliminary analyses of gama and beta emitting radionuclides. These
measurements served as a quide during the sampling program.

The intrinsic germanium detector (a 30% efficient Princeton Gama-
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 interfaced to the multichannel
;nalyzer to provide data storage and/or omsite printout of the spectral
ata.

The bet a-gamma detector (Eberline) was used primarily for monitor-
ing smearable contamination levels on floors and equipment. At the
Pathfinder site, measurements were made using the intrinsic germanium
detector in a portable mode in order to characterize an area of concrete
floorine in the fuel cask loading facility which was known to contain
residual contamination.
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The floor area was subdivided into equal area components and the sub-
areas surveyed using the spectrometer. The detector face was placed
vertically over the floor area being surveyed. A cylindrical lead
collimator and shield were fastened in place around the detector during
the floor survey.

Measurements were also made at the Pathfinder site of hot spots
in the secondary piping and condenser area 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 reactor site to the laboratory,
the samples were prepared for analyses. These preparations depended
upon physical parameters and analytical needs. The samples, where
physically possible, were subjected to nondestructive gamma-ray spectro-
metric analysis prior to any sample dissolution and radiochemical separa-
tions. After sample dissolution by acid digestion or further subsampl-
ing, aliquots were again analyzed by gamma spectrometry. The procedures
for sample preparation are detailed below by sample type.

A.4.1. Hardware

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 were not contaminated (e.q. exterior walls
of piping) since increased concentrations of dissolved stable elements
could potentially interfere 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 finzlly sub{ected to a rinse in
hot defonized water for a period of one hour. A1l leaching and rinse
solutions were filtered, combined, and brought to a final volume of 1
liter by evaporation. The final filters were analyzed by gamma spectrom-
etry. Less than 10% of the total sample activity was retained upon
the filter. DNose rates and/or count rates on the hardware components
were also measured before and after the leaching procedure. Typically,
greater than 280-90% of the measured activity was solubilized during
the leaching process.

A.4.2, Corrosion Films

Corrosfon films scraped from reactor system surfaces were subjected
to hot concentrated hydrochloric acid digestion in the same manner as
hardware components., For corrosfon 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 after receipt
and subjected to gama spectrametric analysis. The whole cores were
analyzed with the original surface of the core facing the detector.

The concrete cores were later cut into 1 on segments with a di anond
bladed lapidary saw. After segnenting, each slab was packaged and
analyzed for gama-ray emitting radionuclides in order to determine
radionuclide contanination as a function of depth in the concrete.

Selected concrete core segments were subjected to the acid dissolu-
tion procedure since analyses were desired for beta, alpha and 1ow-
energy photon emitting radionuclides. The dissolution procedure was
similar to that utilized for hardware and corrosion film samples. Initial
acid addition was performed in small aliquots and at room temperature
due to the vigorous reaction with the carbonate fraction 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
dissolution. After the initial vigorous reaction ceased, the samples
were heated, the volume brought to 500 m1 of acid and the sample refluxed
for one hour. As with hardware and corrosion films, successive leaches
were conducted, twice with hydrochloric acid followed 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 volume of one liter by evaporation.

A.4.4. Soils and Sediments

Upon receipt in the laboratory, soil and sediment samples were
placed into large evaporating dishes and oven dried at 1059 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 sfeved. An aliquot of
the <200 mesh material was then analyzed fn the same geometry used for
soils.

A.5. ANALYTICAL MEASUREMENTS PROGRAM

The analytical measurements for all samples were conducted using
direct gama-ray spectrametry and a combination of radiochemical analy-
ses for non-gamma-ray emitting radionuclides of interest. The direct

and radiochemical analytical procedures are described below.




A.5.1. Di Ganma-R rometric Measurements

A1l samples were analyzed using Ge(Li) or intrinsic germanium
(16) detectors and the resultant gamma-ray spectra subjectea to a com-
puter-ass isted data reduction program. The sample counting intervals
were dependent upon overall sample count rates and radionuclide composi-
tion. Often, two counting intervals were 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, ganma-
ray employed for analyses, and any potential interferences.

The computer-assisted data reduction program is performed on a
comparative basis, using NBS traceable calibrated radionuclide mixtures
prepared into the same counting geometries as utilized for the samples.
A calibration curve for the specific geometry of interest is prepared
using the standard and the absolute disintegration/count (d/c) for the
radfonuc 11des in the standard. The counting efficiency for the radio-
nuzlides of interest is then determined from the calibration curve for
their specific gamma-ray energies. In all cases, Compton corrections
are applied, and activities are decay-corrected back to the date of
samp 1ing. Volumetric corrections are also applied so that data can be
reported in pCi/ or pCi/q of material, as applicable.

A.5.2. Radiochemical Separations

For those radionuclides of interest not emitting gamma-rays, radio-
chemical separations foglond t;y measurement of either beta, a p:u. or
X~rays was necessary. ca parations were conducted for
sgum'\g r”lomcu she“”; 33’01, 55Fe, 90sr, 9gc. bgl. h‘?u.

Pu, 241aAm, 282Cm, and 2%4Cm. Selected samples from Humboldt
Bay ncre analyzed for uranium fsotopes, selected samples from Pathfinder
for , and 3elected samples from ndhn Point, Turkey Point, and
Dresden 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 radionuc)lides subjected to radiochemical separa-
tions, the yleld tracers utilized, the detection method emplord. and
the specific emission and 1ts assoclated energy are shown in Table
A.3. The detailed chemical separation procedures are contained in
this Appendix. After radiochemical purification, the separated radionu-

clides were analyzed by appropriate instrumentation, e.g. gas proportional
detectors, intrinsic germanium detectors optimized for low energy photons,

or surface barrier alpha energy detectors., The instrumental methodoloqy
is also detailed in this Appendix.

A.5.3 Separation Procedures

The an* i ;% cal procedures employed for radiochemical separation
and purification prior to analytical determination for the radionuclides
of interest to this research program are briefly described below. We
have also indicated the instrumentation used for final radionuclide
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TABLE A.2.

2

Radionuc!ide rs)
Na-22 2.60
Cr-$1 9.6
54 B.888
Co-%7 0.7%0
Co-58 0.1%
{o-60 .2
Im-£% 0.668
L 20,000
Ry 102 8.108
Ry 108 1.8
Ag- 108w 127
Ag- 110w 0.686
- 12¢ 0.168
°- 125 2.n
Se- 126 150, 000
s 198 2.8
(s 137 ».!
Ce- 142 e.m9
(e 182 .m0
fu- 192 2.4
o154 8.5
Eo 158 9%
Ho- l6be 1206
Ra- P28 K- 2200 s.N
A 781 432

Radionuclides Determined by Gamma-ray Spectrometry
Nuclear Data Relating to Spectrometric Analysis

Gamma ray
kev)

1275

172
a1
1nn
1nis

0.%
0.0%
1.0
]
v 95
0n.99%
0.4%
1.9
0.9
0.099
0.%
¢.343
0.50
8.2%
e.a
0.8
0.84
4.8
6. 108
0.314
o.y?
0,288
0.550
.11
2.3%3

151

Alternate
Samme-roy

1332

610

17

1808 245
1008

AlL. Gamma/Disiot.

0.085

0.063

0.243, 0.072
0.1%

Potential

Eu- 154

Eu- 152, Eu-154

fu- 152, Sc-46
Ag- 110m

Ga-153, - 17Mm
56- 124, fu- 154
Sb- 12¢

Eu- 155, Dy- 159



TABLE A

Radionuc) i de

c-14
Fe-55
Ni-59

Ni-63

Sr-90
Te-99
1-129
Pu-238
Py-239
Am- 241
Cm- 242
Cme 244

Radionuclides Determined After Radiochemical Separations.
Description of Yield Tracers, Analytical Instrumentation,
and Type of Emission Detected along with Its Associated

Energy.

Yield/Tracer __ Detection Method _  Iype and Energy of Emissior
- Gas Proportional Counter Beta 0.2 Mev
Stable Fe Intrinsic Ge Detector Mn x-ray 5.9 Kev
Stable Ni Intrinsic Ge Detector Co x=ray 6.9 Kev
or Ni-65

Stable N AC, Shielded Gas Beta 0.07 Mev
or Ni-65 Proportional Counter

Sr-8%5 Gas Proportional Counter Beta 0.5 Mev
Tc-95m Gas Proportional Counter Beta 0.3 Mev
1-131 Intrinsic Ge Detector Xe x-ray 0.3 Mev
Pu- 242 Alpha Energy Spectrometer Alpha 5.5 Mev
Pu- 242 Alpha Energy Spectrometer Alpha 5.2 Mev
Am- 243 Alpha Energy Spectrometer Alpha 5.5 Mev
Am- 243 Alpha Enerqy Spectrometer Alpha 6.1 Mey
Am- 243 Alpha Energy Spectrometer Alpha 5.8 Mev



quantification as well as the internal tracer utilized for quality
assurance and yield determination,

Carbon- 14

Carbon- 14 is separated by either acid disti)lation in the case of
inorganic carbonates or by oxidation at high temperature in the case
of organic carbon compounds or carbides. The cistilled carbon dioxide
fs trapped in either instance in a caustic solution. Analytical yields
are determined gravimetrically using a barium carbonate precipitate,
Carbon-14 is quantified using a windowless beta proportional counter,
and beta absorption curves are determined on all samples to confimm
the carbon-14 measurement

ron-5%

The analytical procedure utilized for iron-55 entails initial
separation by precipitation as the hydroxide in the presence of stable
fron carrier and an fron-59 yield tracer. The hydroxide is *hen dis-
solved into strong hydrochloric acid and the solution passed through
an anfon exchange column, where the iron chloride complex is retained,
Iron is eluted from the exchange media using strong nitric acid. This
solution is evaporated to dryness, the residue dissolved in acid, and
the iron electroplated from an oxalate-sulfate media onto a copper
disc. The fron-55 is quantified using a thin window intrinsic germanium
diode via the Mn x-ray. Analytical yields are determined simul taneously
using an iron-59 gamma-ray,

Nickel-59 and Nickel-63

The nickel separation entails initial precipitation of the hydroxide
and additional purification using dimethy glyoxime, After destruction
of the nickel dimethyl gl yoxime separate, the nickel is electropated
onte a stainless steel disc from a basic sulfate solution, Nickel-59
is quantified using a thin window intrinsic germanium diode via the
cobalt x-ray emitted during decay. Nickel-63 is determined using a
Nal(T1) anticoincidence shielded windowless beta proportional counter.
Absorption curves are determined for al) samples to confirm the nickel-
63. Nickel-65 is utilized as an internal tracer for quality assurance
and yield determination,

Strontium-89 and Stront{um-90

Strontium fsotopes are separated by consecutive precipitation of
the basic carbonate followed b;oprec!ptution in fuﬂn? nitric ssid.
After an ingrowth perfod, the 905r is then calculated from the 20y
daughter measurements, Strontiu!-“ is d!;omined by difference., A
measurement of total strontium (90Sr and B9Sr) 15 made immediately

ter separation via fuming nitric acid. The 905y determined after

Y ingrowth is subtracted fr% the total strontium measurement to
give ©95r. The yield for the 90y separation after ingrowth is deter-
mined gravimetrically,
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Niobium-94

Niobium was separated from other radionuclids by precipitation of
niobic oxide from an acid fum during dissolution of the solid sample.
Both niobium carrier and 95Nb were present during dissolution. Niobium-
94 was measured by gamma-ray spocgoutrlc techniques and radiochemical
yield determined by tracing with ¥oNb.

Techneti

The technet ium-99 separation procedure entails initial purificat ion
using repeated co-precipitation with iron hydroxide followed by separa-
tion onto an’ m exchange resin. The technetium is eluted in the presence
of 9 M ammon,um nitrate in a strongly acidic solutfon. The separated
technet ium is then electroplated from a basic solution onto a copper
disc. Technetium-99 is quantified using a thin window beta proportional
detector. Absorption curves are determined for all samples to confirm
the presence of technetium-99. Technetium-95 is used for quality assur-
ance and determination of analytical yield during the separation and
purification procedure.

lodine-129

lodine-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 fodide is then co-precipitated with cuprous chloride.
Todine-129 1s quantified using a thin window intrinsic germanium detector
through measurement of the xenon x-ray. lodine-131 is utilized for
quality assurance as a yield tracer during the purification procedure.

Neptun fum-237

Neptunium-237 is separated from the sample onto anfon exchange
resin from a strong nitric acid solutfon. The anifon exchange column
is then washed with strong hydrochloric acid containing ammonium iodide.
The neptunium is then eluted using hydroch!oric-hydrof?uor1c acid,
evaporated to dryness with nitric acid and subsequently electropls ed
from a weak sulfuric acid solution. The separated and purified 23/Np
is determined using an alpha enerqgy spectrometer. Neptunium-239 is
utilized during the separation procedure for yleld tracer and quality
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-
ammon fum fodide solution, The plutonium is then electroplated from a
weak sulfuric acid solution onto a stainless steel disc. Plutonium-
242 1s used for quality assurance purposes as a yield tracer and pluto-
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nium isotopes determined via alpha energy spectrometry. Plutonium-242
is used as !‘gield tracer for two ws”ons. F;r;th&m alpha emission
energy for 242py is lower than for ¢38py ang 239- ; thus there is

no potential for interference in the analytical peaks of interest
Sccmdlh the half-1ife is longer than the other possible tracer mvu.
Use of 242Pu thus reduces recalibration requirements and decay correc-
tions. This also makes the quality assurance process easier maintain.

rici rium-2 Curium-244

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
solution by filtering through anion resin. The americium and curium
in the filtrate are then co-precipitated at pM 3.0 using 1 mg of calcium
carrier and oxalic acid. The americium and curium fsotopes are then
electroplated from the dissolved oxalate precipitate in a weak sulfuric
acid solutfon onto a stainless steel diec, Americium-243 s used for
analytical yield determination and isotopic concentrations determined
using alpha energy spectrometry,



APPENDI X B

SAMPLE INVENTORY OF CON AMINATED PIPING, MARDWARE,
CONCRETE, SOILS AND CTHER MISCELLANEOUS SAMPLES
COLLECTED AT THC NUCLEAR POWER STATIONS
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*EONCRETY - SOTLS AND OTRE R MISCELARE 0L SARPLE

FOLLECTED AT YHE WUCLEAR POWER S TATION:
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B.6
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{omcrete Core %, |
Comgrets Core N, 7

L B

PATHF INDER SAMPLF INVENTORY AND DISPOSITION--SAMPLED JULY 1980

. SepleBecrigtion 000

3 112" dia. S5 pipe from reactor water
purification line .end with 1™ pipe
welded in at % __pipe stored i reactor
builthing

Same a5 Mo, l--eest 6% lomg piece of
straight pipe

Seme a5 M. 1mest §° long piece of
stratght pipe

1 3™ gia. nele saw plug from B™ dia.
pipe from carbom steel reactor feedwater
pmp suctton- pipe stored in reactor
butlding

7* #ia. hole saw plug from 2™ dia, pipe
from carbon steel reactor feedwaler
tine. pipe stored e reactor building

Seme a8 Wo. &

, See scompanying 15 L ing

2* #ia. e saw plug from " dia. carbon

stee! pige from main siesm Dypass )ime

sampled ¥t second level of steam chase §°

ahove grating. reactor building
Same 25 W, %
Same 5 %0 9

Exterior Surface Activity (6R-d/m)

R, S500 thru pipe
40 000 at open end of pipe

80 000 at open end of pipe

45 000 at open end of pipe
<200 owtside surface

inner surface of pipe
pipe

30,000 at
25 through

50000 at inmer surface of pipe

17,000 at ismer surface of pipe
15,000 at inmer surface of pipe

—— Bispesitien

fut into fol pieces
300A-7 ..LI
I0A- 8 0083
Given to J. R, Divine

Archive sample

Directly counted on Ge{l1)--leached for
radiochemistry

Directly counted on GeflLi)--leached for
radiochemistry

Directly counted on Gell i)--sent to
J. B, Diviee

Directly counted on Ge(L1)-- leached for
radiochemistry

Directly counted on Ge{li)

Directly counted on Gelli) -sent to
J. K. Divine
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“H

13

"

17

s

ke

P}

8

RBLL-A

PR oa

P08
FER A

SPr-A

_ Sample Description

7% dia. hole saw plug from 8" dia.
reactor feedwater line. sampled from Jrd
level _f steam chase 3° sbowe grating in
reactor building

Same a5 No. 12

§* long section of 2 38" dia, pipe

reactor liguid level column (lower leq)--

from reactor bufiding
Same a5 W0, 16

Strip of 5SS cut from tool rack om south
side of bottom of shield pool. reactor

Duilding
Same a5 No. 18

End of ~4° dia. S5 drain pipe from
bottom of shield pon! (N side of
shield pool)- . reactor building

Same s . @

? 1i2* dia. 5S pipe section from fue!
shoot support strut at Bottom of
shield pocl -reactor butlding

3 12" #va. SS pipe from fuel storage
pon! ¢ieanup line  samplied at hasement
of fue' handitng Duilding - line from
battom of fuel stor basin to Filter--
demin. ¢loanup n asement

Exterior Serface Activity (@0 d/w)

45,000 on inside surface of plug

S5.000 on inside surface of plug

S5.000 on inside surface of plug

25,000 on inside surface of plug

100.000; 61 » rad; 1 sR ot
end of pipe

Same as Mo 16
100 c/m thru plastic bag

1,900 c/m thry plastic bag

1,800 c/m thru plastic bag

1,500 c/m thru plastic bag

0 cim thru plastic bag

Disposition

Birectly counted on Ge(L i) leached for
radiochemistry

Counted directly on Ge{Li)--sent to
J. R, Divine

Directly counted on Ge{Li) -leached for
radiochemistry

Directly counted on Gel(li)--sent to
J. R, Divine

Not cut up--ieached for radiochemistry

Sent ta J. R. Divine
Sent to J. R. Divine

pilece 12* long » 3" wide x 1/4*
into four pieces 3*
nuts and washers labeled TRE-NW

287

Seat te J. R, Bivine

14" long piece cut into 1 pleces

4" long plece sent to J. R. Divine

¢* long piece for leaching for
radiochemistry

4" long piece for archives

fut into two pleces 2-3° long for leaching
for radiochemistry
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Samp le 10
Bumber Number Semple Description Exterior Surface Activity (GM-dfm) Disposition
24 P8 Same as Mo, 23 80,000 Sent to J. R. Divine
L ) 2* dia. cardbon steel from pesl water 20,000 Sent to J. R. Divine
cleanup pump—discharge to Series 11 -
poo! water for storage basin and shield
pocl to inlel of Mo. Il prefilter  sampled
from fuel nandling bullding basement
» L Seme 25 M. 25 20,000 4" long piece- not cut un-leach as is for
radiochemistry
27 L U ) 2 8™ dia. SS pipe from inlet to demin. 2,000 Cut into three [ieces
im0 8 taken) for water from storage and shield pools - 5" long piece for archive
sampled from fuel handling building 3 1/2° long piece seat to J. R. Divine
basement 3 172" long piece for leaching
28 fOL-A 2" dia. S5 pipe from inlet to dewmin. 15,000 Cut into three pieces
(mo 8 taken) for storage and shield pools  sampled 4" long piece for archive
in SE cormer of basement of fuel 3* long piece sent to J. R. Divine
handling building Q’hugmm into two 2* lomng pieces
for leaching
» SPCB-A 3 112" dia. carbom stee] pipe from shield 7 500 Cut into two plec
(mo § taken) poel coolant bypass water from shield long piece nut to J. R, Divire
pool te filter demin. . sampled in SE 4" long piece for leaching
corver of basemert of fuel hand'ing
bytlding
0 IS ) 2* @ta. S5 pipe from concentrated waste 1" long piece--not cut up--leach as is
tank discharge line. sampled from
basement of fuel handling building
n W7D 8 Same 2s W0, W -~ Sent to J. R, Divine
w | 1 3/8" dta. 2 7™ long SS pipe from spent -— Cut in half
resie tank discharge line sampled from 3 1/2* Yong piece sent to ). R, Divine
basement of fuel handling building 3 172" long piece for leaching
n WM 2= dia. 5S elbow pipe from high solids Cut into two pieces
hoidup tank —just upstream of suction 3° long straight piece sent to J. R. Divine
pump- inc lodes resin and black crud 4* long elbow for leaching- crud removed from
trapped in hend sampled “rom hasement elbow and bagged
of fyel handling building
M e 3 12" dva. x 12° lomg 55 pipe from - Tut into three pleces
inlet lime to filter. _demin. purification 3 long plece sent to J. R, Divine
system.  sampled from Dasement of fuel 3" long piece for archives
Randling building 4 ltong piece for ing




v
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B A i B

a5 8

SRR

i 8

fRR.A

Brass valve in PUC pipe from high salids
amifold Tine to radiation sonitor -
cumpled from sezranine leve! of fuel
nanding buflding

1 78" dia. 55 Vine to reactor Sump-pump- -
samplad al bottom of reactor sump chase -
harizont 3! section before going to 114

nd pump

Rlack iren elbow commecting 1 7/8° SS

Py o lime going to filter and pump of
réactor sump--sampled at bottom of reactor
samp chase just dowsstress from RS.A and B

2 12" #va. hole saw plug from 1/2° thitk
carhon steel waite gas pressurizer tamk
(Yarge steel tank )  sampled from mezranmine
leve! of fuel handling building where
tank stored

8 172" x 12" section of 716" thick
galvmmized iron reactor air vent duct -
sampled from mezzanine lewe! of furl
Randiing building where ducts stored

1" #ha. 55 tube from cluster used for
storing superbeater fuel slements -
wampled from bundie So. 1 in fyel
stavage bDasie

Same 2= . 8

Same 25 No. 80, swcept taken from
bandlie No. 7

7 S/ dia. mole saw plog fram aaie
staam Time 6" long piece stored in
fusl starage dasin

S s . 0
Plece of S foel rack fram fuel storage

hasin - tep plece 7 dia. x 5* long plece
from east end of rach

Exter for Surface Activity (GM-d/s)

>100,000 c/m
5 mRemitr
75 wit/hr at comtact

1,000 at end of pipe

0,000 at end of pipe

3,000

70,000

To.000
20,00

Cut into three pieces 3-4" lomg for
lexching

Sent to J. R. Diviee
Cut into six pieces 2-3° long for
learhing

Counted directly on Ge(Li) and then leachod
for radiochemistry

Sent to J. R. Divine
st into two 2° long pie 25 for leaching




Dispesition

Sent te J. R, Divine

Exter lor Surface Activity (GM-d/m)
0,000
a5 000

Sample Bescription

Same a5 Mo,

FASE-8

Same as No. 85, except cut from west

end of rack

0,000 Sest to J. R. Divine

15,000

Same s N @

4* x 5° S5 piece cut from chule near
joining ear —sampled from fue!

Piece of fuel tramsfer chute -
storage basin

Not cut--leach as is

Fim

ESan






n 1 rating Plant Uni

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 (PGAE)
Humboldt Bay Generating Station located near Eureka, California.

An extensive study was conducted at this site since PGAE is currently in
the process of deciding the future status of the Humboldt nuclear unit which
has been non-operational for approximately six years, The staff at the nu-
clear station were extremely helpful in delineating appropriate sampling lo-
catfons 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-
ples from areas surrounding the generating station both outside the perime-
ter fence (seven) and inside the perimeter fence (five), four sediment cores
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, pleces
of metal from several reactor systems, ana concrete from the hiological
shield,

TIF ICAT VENTOR

Samples were designated by a letter code detalling the origin or sample
type as follows:

HBCC -~ Mumboldt Bay concrete core

HBRS -« Mumboldt Bay reactor system

HBSG -~ Mumboldt h‘ sofl grab

MBSC-0 -« Mumboldt Bay soil core from areas inside the perimeter fence

HBSC <~ Mumboldt Bay soi) core from areas external to the perimeter

fence
HBSed -- Mumboldt Bay cooling water canal sediment

Humboldt Bay Concrete Cores (MBCC-)

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 § cm to over 20 cm, Below is a Visting of
coring locations in the Mumboldt Bay Generating Station,
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Lore Core Location

HBCC- 4" thick concrete pad used for sandblasting an old turbine,

HBCC-2 Hot Machine Shop. Near floor drain in curbed drain area
between railroad tracks.

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

HBCC-4 Rad-waste Tank Area. Taken along (over) crack in the con-
crete--next to concentrator drip tank

HBCC-5 Rad-waste Tank Area. Taken 2-3 feet away from WBCC-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' level outside step-off pad at the

bottom of the man-1ift.
HBCC-9 Reactor Buflding. -66' level inside step-off pad and in-

-‘ side exclusion fence.

' HBCC-10 Reactor Building. «66' level directly under pressure

‘ vessel.

i HBCC-11 Reactor Building. -34' level in the center of the con-
crete floor area. Near suppression chamber hatch cover
plate.

MBCC-12 Reactor Building. +24' level in the center of the con-
crete floor area.

HBCC-13  Concrete roof over CWT and ROT vault.

HBCC-14 Asphalt. Taken through asphalt in area where spill had
occurred and had been painted over with sealer,

MBCC-15  Condensate Demineralizer Room. Core taken in hallway
near drain.

MBCC-16 Condensate Demineralizer Room. Core taken over crack in
floor in the regeneration room.

HBCC-17 Condensate Uemineralizer Room. Core taken over solid floor
near MBCC-16 in regensration room .

T
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HBCC-18

HBCC-19

HBCC-20

HBCC-21

HBCC-22

MBCC-23

HBCC-24

HBCC-25

HBCC-26

HBCcC-27

1

Condensate Pump Room. Core taken in the middle of the
concrete floor area.

Turbine Building. Core taken directly under the turbine
near floor drain.

Turbine Building. Core taken in the pipe tunnel between
old admiralty brass heat exchangers.

Turbine Building. Next to the condenser a’ the bottom
of first flight of stairs near condensers.

In Yard. Core taken on concrete pad near stack and 11d
to the offgas filter system.

In Yard, Core taken on the north side of condensate
storage tank.

Afr Ej.ctor Room. Core taken on the northeast end of
the rcom near floor drain.

Reactor Building Refuel Level. Core taken between rail.
road tracks by the large double doors on the northeast
corner of the building.

Background sample. Clean core taken on pumping platform
at water iIntake canal,

Access Control. Core taken beyond step-off area in the
aisle on northwest end of the room,

‘ -

Reactor system samples were of several types. These included scrapings
of corrosion films from the inside surfaces of several reactor systems, water
samples from the spent fuel storage pool and steam suppresion chamber, and
pleces of hardware when such was avallabie. The scrapings were taken using a
paint scraper and a sample obtained by scraping a specified surface area. The
samples are listed below by number and the origin ard type of sample specified,

Sample
HBRS -1

Location Description
Spent Fuel Storage Pool. Scrappings from the side of
the pool basin, Scrapings from 8 x 25 c¢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,




HBRS-2 Spent Fuel Pool. A sectfon of cable from which the feed water
sparger was suspended for storage in the spent fuel pool.

HBRS-3 Spent Fuel Storage Pool. 1 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.

HBRS-5 Steam Suppression Chamber. A smear of approximately 900 cm’
was obtained from the suppression chamber wall just above
the ambient water level in the chamber.

HBRS-6 Steam Relief Valve. An area of approximately 65 cm” was
scraped on the inside surface of the relief valve.

HBNS-7 Main Steam Condenser. A smear of the sludge on a horizontal
surface inside the condenser was obtained. Smear area was
approximately 25 cm” .

HBRS-8 Main Steam Condenser. An area of approximately 25 cm’
was scraped on a vertical plate inside the condenser

HBRS-9 Emergency Condenser. An area of approximately 400 cm’
was scraped on the inside of the condenser,

HBRS-10 Gland Seal Exhauster-Condensate Outlet. Scrapings were
taken from the orifice plate which had an 8" 0.0. and
65" 1.0. 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 .

HBRS-12 Offgas HEPA Filter Assembly. Scrapings were taken from a
horizontal plate inside the offgas vault from a 25 cm area.

MBRS-13 Offgas HEPA Filter Assembly. Sludge was obtained from
a small pool of standing water inside the filter assembly .

HBRS-14 Alr Ejector. A Y-strainer was obtained from the air
ejector cvstem,

MBRS-15 Afr 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,
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HBRS-16

HBRS-17

HBRS-18

HBRS-19

HBRS-20

HBRS-21

HBRS-22

HBRS-23

HBRS-24

HBRS-25

Control Rod Drive Hydraulic Filters. Scrapings were

taken from the inside surface of an inlet filter. Con-
densate was used as the hydraulic fluid for the control

rod drive system 25 cm‘ area was scraped.

Control Rod Drive Mydraulic Filters. Particulate matter
(crud) was tapped from the CUNO filter assembly for the
inlet hydraulic fluid (condensate).

Reactor Feedwater System. A sparger clamp bracket was
obtained which had been in the feedwater system.

Reactor Feedwater System. A short section of reactor
feedwater 1ine was obtained from a previously discarded
section of 1ine in storage on the refuel level.

Sump Orains. Sludge collected from the sump drains at

the -66' level was sampled. The sludge was being stored in
barrels.

Sump Drains. Another aliquot of sludge was sampled from

a second storage barrel .

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 hammer .

Biological 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 .

Biological Shield. Concrete from the upper corner of one
portion of the removable upper shield ring was sampled
using a rotary hammer. Sampling was conducted at the re-
fuel floor level .

Biological Shield. Concrete from the lower corner of une
portion of the removable upper shield ring was sampled
using a rotary hammer. Sampling was done at the refuel
floor level.

Regenerative Heat Exchanger. A short elbow was cut from cne
of the old regenerative heat exchangers .
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Humboldt Bay Soil Grabs (iBSG)

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 sandb'asting pad. Soil taken to 2.5
cm.

Humboldt Bay Soil Cores Inside the Perimeter Fence (HBSC-O

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:

Samp le 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 c¢m) 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 hil)
to the storage area. It was sectiored into approximately 5 cm
intervals,

Humboldt Bay Soil Cores Outside of Exclusfon 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




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
irtervals 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

HB-Sed. 4

A grab samples of the surficial 10 cm of sediment was col-
lected from the intake platform.

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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SAMPLE INVENTORY FOR DRESDEN NUCLEAR POWER STATION UNIT ONE

During the period August 2 through August 11, 1982, a sampling program
was conducted at Commonwealth Edison's Dresden Nuclear Power Station Unit No.
A

An extensive sampling 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 c'rrently 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.

Samples obtained during the onsite work included five surficial soi! 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 INVENTORY

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-5ed - Dresden, Sediment Core

ORESDEN 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



5 cm to approximately 20 cm. The table below gives a detailed listing of the
coring locations and dose rate data associated with the surface face of each
core.

Dose Rate

PNL - ID Y B Location

DCC-1 12 R /hr 12 mRad/hr Dow Chemical Spill Area - 529'
Containment

pcC-2 -- 300 Secondary Steam Generator Room "B" - 529'
Containment

DCC-3 -- <1 Hall in Front of Accumulator Room - 488'
Containment

DCC-4 20 420 Sub-pile Room - 488'
Containment

DCC-5 -- <1 Clean Makeup Demineralizer Room - 515°'
Turbine Bldg.

DCC-6 -- 22 Condensate Pump Room Pit
Turbine Bldg.

occ-7 4 230 Unloading Heat Exchanger Room - 517'
Containment

DCC-8A 2 32 Rad Waste Bldg. Basement Top of Core - 490'

DCC-88 -- -- Rad Waste Bldg. Basement Bottom of Core -
490'

pcC-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. These “amples were obtained by scraping the interior sur-
face of the various systems as made available by plant operations personnel.
The 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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Dose Rate

PNL - ID Y g Location
D-SC-10 13 mR/hr 30 mRad/hr  Fuel Storage Pool Wall 517"
pD-SC-11 4 9 Fuel Pool Water Circulation
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

Room A 502
D-SC-16 4 12 Fuel Transfer Chute

Bottom of Fuel Canal -
D-SC-17 4 Kl Fuel Canal Scrapings 559°
p-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 e
D-SC-22 - -- Steam Line Piping -

DRESDEN SOIL AND SEDIMENT SAMPLES

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 cnres were obtained from the canal bank

using a plastic corer attached to a long hand held aluminum extension.

PNL 1.D. Depths gcm! Location
D-SS-23 ' 0-7.5 North Side of Containment Sphere

near Equipment Transfer Hatch

D-SS-2& 0-7.5 East Side of Containment Sphere
near Equipment Storage Area
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D-55-25

D-SS-258

D-SS-26
D-S§5-27

D-Sed-28
D-Sed-29

0-15

15-30

0‘7.5
0-7.5

0-20

B.

17

Rad Waste Area - in front of
building doorway

Rad Waste Area - in front of
building doorway

Rad Waste Storage Tank Area

South Side of Containment Sphere
near refueling building

Inlet Canal Sediments
Outlet Canal Sediments






Sample Inventory for Indian Point Station, Unit One

The Indian Point Station, Unit 1 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 1ist 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 the 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
5/24/82

1PCC-8

5/24/82

IPCC-9

5/24/82

1PCC-10

5/24/82

IPCC-11
5/24/82

IPCC-12
5/24/82

IPCC-13
5/24/82

IPCC-14

5/24/82

IPCC-15
5/24/82

Concrete core collected on east side of pit floor under the
reactor on the 5' level in the Vessel Containment building (near

IPCC-5).

Concrete core collected on north side of pit floor on 5' level
in the Vessel Containment building (near IPCC-6 and 9).

Concrete core collected north side of pit floor under the
reactor on the 5' level in the Vessel Containment building
(near IPCC-6 and 8).

Concrete core collected on floor in secondary valve gallery on
33" level in the Nuclear Service buildin~.

Concrete core collected on floor in contaminated waste drain
equipment room on 33' level in the Nuclear Services building.

Concrete core collected on floor by No. 10 drain tank on 33'
level of the Chemical Services building.

Concrete core collected on floor by No. 12 sea water and primary
makeup pumps on the 14' level in the Chemical Services building.

Concrete core collected on floor in the secondary blowdown
purification pump room on the 33' level of the C'emical Services
building.

Concrete core collected on floor by clean water transfer pump
on the 14' level of the Chemical Services building.




02'g

IPCC-1
IPCC-2
IPCC-3
IPCC-4
IPCC-5
IPCC-6
1PCC-7
IPPC-8
IPPC-9
IPCC-10
IPCC-11
IPCC-12
IPCC-13
IPCC-14
IPCC-15

Date

5/21/82
5/21/82
5/21/82
5/21/82
5/21/82
5/21 2
5/24/82
5/24/82
5/24/82
5/24/82
5/24/82
5/25/82
5/25/82
5/25/82
5/25/82

Table C1.

Ve
Ve
vC
vC
Ve
vC
Ve
Ve
vC
NSB
NSB
cs8
cS8
CSB
CSB

VC = Vessel Containment building
NSB = Nuclear Services building

cs8
ND

Chemical Services building
Not detectable

Survey Data of Concrete Core Samples

53'
70'
n
15°*

SO
50

5
33
33
33!
14'
33
14¢

Smear

20,000
40,000
50,000
2,000
200,000
100,000
10,000
5,000
200,000
1,000
3,500
1,000
1,000
1,500
50,000

Survey Date of Sample_

i

@ contact

mrad/hr

8823

64
1

8

240
200

ND
160

2400

<1
<1
<1
1
100
25
14
2
50
<1
<1
0.5
<1
1
21

ks

er

<0.1
<0.1
<0.1

0.1

0.5
0.2

<0.1
<0.1
<0.1
<0.1
<0.1



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
Containment 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 cm?)
5/26/82 collected from the 108' level of the Vessel Containment
building.

IPH-6 Scrapings from the annulus /containment sphere) wall (929 cm?)
5/26/82 collected from the 70' level of the Vessel Containment
building.

IPH-7 Scrapings from the annulus (containment sphere) wall (929 cm?)
5/26/82 collected from the 53' level of the Vessel Containment
building.

IPH-8 Scrapings from the annulus (containments sphere) wall (929 cm?)
5/26/82 collected from the 33' level of the Vessel Containment
building.

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.
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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 ID X 40 in, stainless steel tube).

IPH-12 Pipe going to reactor valve SA250 from cell No. I1! on the 53' level of
5/26/82 the Nuclear Service building (0.5 in ID 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-18  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 SD253 in the secondary valve gallery on
§/26/82 the 33' level of the Nuclear Service building (40.5 em?).

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
§/27/82 room on the 14' level of the chemical services building (81.1

em?).

IPH-18 Scrapings f. om line No. 13, purification transfer pumps, located
5/27/82 on the 14' level of the Chemical Service building (122 em?).

IPH-19 Waste outlet filter scrapings from the exterior surface of the
5/27/82 filter housing 1ine located on the 33' level of the Chemical
Services building (155 em?).

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



IPH-21
5/27/82

IPH-22
5/28/82

IPH-23

IPH-24

in long with 1.5 in ID X 4 in reducing elbow).

Scrapings from the wall of the fuel storage pool (3" X 3") on
the 70' leve! of the Fuel Service building (58 cm?).

Scrapings from boiler No. 14 stainless steel marway located on the
70' level of the vessel containment building (103 cm?).

Scrapings from boiler No. 14, manway diaphragm, stainless steel,
located on the 70' level of the Vessel Containment building

(103 cm?).

Floor tile from a hot spot in the Vessel
Containment building (522 cm?).
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TABLE C2. Survey Data for the Hardware Samples

Survey Data of Sample

10 Date Bldg. Eloy. S e W w

el @ contact el
IPH-1 5/25/82 Ve 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, .00 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
1PH-7 5/26/82 vC 52° NA ND <1 <0.1
IPH-8 5/26/82 Ve 33 NA ND <1 <0.1
IPH-9 5/26/82 vC k5 A NA 20 <1 <0.1
IPH-10 5/26/82 vC 88’ 3,700 ND <1 <0.1
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
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IPH-15
IPH-16
IPH-17
IPH-18
IPH-19
IPH-20
IPH-21
IPH-22
1PH-23
IPH-24

vC
NSB
cs8
FSB =

ND

TABLE C2 (continued).

5/26/82
5/217/82
5/27/82
5/27/82
5/27/82
5/27/82
5/21/82
5/28/82
5/28/82

Date

CSB
cse
cs8
CS8
FSB
vC
Ve
vC

Vessel Contaimment building
Nuclear Service building
Chemical Service building

Fuel Service building

Not analyzed
Rot detected

Survey Data for the Hardware Semples

'
14
14*
14*
33!
14'
70*
70°
70"

Smear
Tdpm/100 cm?)
NA
NA
NA
NA
NA
NA
NA
NA
NA

Survey Data of Sample

mrad

520

100

280
70

—RI

@ contact

<1
50
<1

75

0.3
0.2

10
0.2

D A
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Samp le

M-100-6
M-100-5
N-100-3
M- 100-4

M-100-2
M-100-1

M-106-7

M-CC-1
M-CC-3
M-CC-8
n-CC-9
M-CC-7
M-CC-10
M-CC-4
M-CC-5
M-CC-2
M-CC-6

MONTICELLO STATION SAMPLE INVENTORY AND DISPOSITION
4-9 May 1981 Sampling

Hardware

Dose Rate (mR/hr) or

GM counts/minute of
B L t=alyzed somple
C sate n. ter assembly
Spring seats, 50 each, 0.5 mR/hr 1100 cpm (0.5 mR/hr)
Springs, 7 each, <0.2 mR/hr 1100 cpm (<0.2 mR/hr)
Extension nuts, 12 each, 0.2 mR/hr 1000 cpm (0.2 mR/hr)
Guide rods, 3 each, <0.5 mR/hr 400 cpm (<0.5 mR/hr)
Feedwater heater #14A impinger plate
10 to 15 cm long pieces of 1.9 ca tubing cut off plate, 2000 cpm (<1 mR/hr)
3 each
Two corners of the plate (8 cm x 8 cm) cut off, 2 each 8000 cpm (1.5 mR/hr)

Silver plated metal O-ring from reactor pressure vessel head

About 122 cm long piece cut into ~10 cm lengths 9500 cpm

Concrete Cores (1U cm diameter)

Building Elevation Location

Reactor Bldg 1001°2* elev Tool decon area

Reactor Bldg 1001°2" elev Tenl decon area

Reactor Bldg 962'6" elev Reactor water cleanup ™ump room
Reactor Bldg 985'6" elev Reactor radwaste pump room
Reactor Bldg 10278 elev Refuel floor

Reactor B8ldg 985'6" elev Snubber mainten. shop

Radwaste Bldg 935'0" elev Shipping area

Radwaste Bldg 935'0" elev Compactor area

Turbine 8ldg Operatirg floor Near feedwater heater
Turbine Bldg Operating floor Condensate demin. work area

Sample Disposition

Analyzed 17 each
Analyzed 2 each
Analyzed 4 each
Analyzed | each

Analyzed | piece
Analyzed | piece

Analyzed 88 cm
section

:

m:r.:o":é;;zzuvw
i Lot S
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M-55-2
M-55-1
M-55-4
M-55-3

West of Reactor Building
Northwest of Reactor Building
East of Reactor Building
South of Reactor Building

Soils (0.1 m" area x 3 cm deeg)

<200 cpm
<200 cpm
<200 cpm
<200 cpm

Analyzed 200 g of
each soil



8289

MONTICELLO STATION SAMPLE INVENTORY AND DISPOSITION

Samp le
Number Sample Description

19-20 November 1981 Sampling

Piping and Hardware

®-101 9.2 cm diameter (0D) reactor water cleanup line (inlet to
demins.), |1 years in service, 985’ pump room, 4 pieces
cut 15 to 30 cm long

M-102 2.5 cm diameter steam drain piping, 6 years in service,
constant flowing, 3 pieces 15 cm long each

M-103 25 cm diameter condensate piping, 11 years in service,
2 pieces about 15 cm long each

M-104-L 1.3 cm diameter instrument lines, condensate, 11 years

M-104-v in ser.ice, little flow several feet cut into 20 cm

long sections, plus short pieces of misc. pipe and

valve M-104V = Valve
M-104L = 1/2" pipe
M-105 Turbine diaphram scrapings, scraped 2 diaphrams, 160 cm’

area each and combined scrapings, turbines ani diaphram
11 years in service

M- 106 Sample of sand blasting grit used for blasting turbine
and turbine diaphrams, 0.9 kg

M- 1074 Condensate storage water valve, & months in service,

M-1078 valve normally in closed position

M-107C M-107A = valve

M-1078 = valve
M-107C = piping

M- 108 Screen from filter at exit of condensate demin/filt

Dose Rate (mR/hr)
or GM cpm

100 mR/hr

2000 cpm

200 cpm

1.5 mR/hr

500 cpm

<1 mR/hr

<1 mR/hr

Sample Disposition

Analyzed one 17 cm
long piece

Analyzed one 8.3 cm
long piece

Analyzed one 10 cm
long piece

Analyzed valves
and 58 cm long
piece of pipe

Analyzed 100 gm
aliguot

Analyzed each
valve and all
piping

Analzyed whole fi't

e T



Pump from rad-waste drain from off-gas drains

M-109

e T
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SAMPLE INVENFORY FOR TURKEY POINi

During the period October 12 through October 22, 1981, a sampling program
was conducted at Units 3 and 4 of the Florida Power and Light, Turkey Point

Generating Station loc ated near Homestead, Florida.

Unit 3 was in the midst of a steam generator replacement outage and Unit 4

began an outage for the same purpose during the time of our sampling visit,
Since these were both operating units, our sampling was limited to samples of
opportunity, i.e. components removed 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
discharge canal. Sixteen concrete cores were obtain:d from areas throughout
the rad waste building (six), the auxiliary building (seven), and containment
(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 crigin of the type
of sample as follows:

TPCC Turkey Point Concrete Core
TP-H Turkey Point Hardware
TP Turkey Point Soil

TP-Sed Turkey Point Sediment from the Cooling Canal

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
surface activity as measured by GM meter or dose rate mete .
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Core

TPCC-1
TPCC-2
TPCC-3
TPCC-4

TPCC-5
TPCC-6
TPCC-7
TPCC-8
TPCC-9
TPCC-10
TPCC-11
TPCC-12
TPCC-13
TPCC-14
TPCC-15
TPCC-16

Location

Decon area floor, Rad. Waste Bldg.
South filling room floor, Rad. Waste Bldg.
South filling room gutter, Rad. Waste Bldg.

Pipe and Valve Room (above pipe tunnel), Rad.
Waste Bldg.

Pipe tunnel, Rad. Waste Bldg.

Waste evaporator room, Rad. Waste Bldg.
Boric Acid Evapor. room (No. 4), Aux. Bldg.
Gas stripper room, Aux. Bldg.

Concentrate tank holding room, Aux. Bldg.
Hallway (next to drain sump), Aux. Bldg.
Spent fuel heat exchanger room, Aux. Bldg.

Regenerative heat removal (RHR) room, Aux. Bldg.

Fuel storage basin walkway, Aux. Bldg.

Reactor circulation pump floor, Containment T ldg.

Reactor sump floor (Unit &)
Reactor sump floor (Unit 4)

TURKEY POINT REACTOR SAMPLES

Reactor samples were of several types.

Surface Activity
or Dose Rate

<200 cpm
<200 cpm
4,500 cpm

1,500 cpm
1,500 cpm
300 cpm
3,500 cpm
600 cpm
8,000 cpm
1,000 cpm
2,000 cpm
4,500 cpm
800 cpm
300 cpm
6 mR/hr
2 mR/hr

They included scrapings of

corrosion films fram surfaces of several reactor 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.
a paint scraper over a specified area.

The scraping samples were taken using
The samples are listed below, and the

table contains pertinent information regarding source, area represented or
weight, and radiation level as measured by a GM meter or dose rate meter.
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Sample Source (em?) (g) Activity
TP-H-1 Steam Dryer - 2 pieces of

pipe and plate 580 765 <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 Scrapin? from control rod

ventilation ducting 290 - <200 cpm
TP-H-6 Secondary blowdown 1ine 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
TP-H-9 Scraping from "C" steam
generator bow! 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
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,
nosted 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
fallout background.

Finally one sediment sample was obtained from the cooling effluent canal
from the site.
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The samples, their identification and locations and the depth intervals
sampled are tabulated below.

Depth Intervals

Sample Location

TP-1 30 yds E. of Unit 3

TP-2 30 yds E. of Unit 4

TP-3 30 yds W. of Unit 4

TP-4 200 yds E. of Unit 3

TP-5 500 yds NE. of Unit 1

TP-6 100 yds W. of Unit 3

TP-7 400 yds N. of Unit 1

TP-8 50 yds SE. of Unit 4 (fenced, posted, controlled
area); NW Sector

TP-9 50 yds SE. of Unit 4 (fenced, posted, controlled
area); NW corner

TP-10 50 yds SE. of Unit 4 (fenced, posted, controlled
area)

TP-11 Sediment from discharge canal
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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.

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

Reactor System Samples

Both pieces of hardware (5) 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 surface area.
Hardware samples were obtained from pieces made available as a result of
system modifications.

Hardware Samples

PNL
Ident. Dose Rate Description
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
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PRL

Ident. Dose Rate Description
RS-H-3 - Chevron baffle plates from main steam
reheaters (original equipment).
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
0SG-B, near inside top of manway (10 c¢m x 10 cm
area).

RS-Sc-2 Scraping from secondary side of steam generator
0SG-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 c¢m 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 e¢m x 30 cm area).

RS-Sc-5 Scraging 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.
Sediments were obtained by scraping the sides or bottom of the concrete
surface in the retention basin or spray po~”
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Surficial Soils

PNL Area
Identification Dose Rate Description

RS-SS-1 2000 uR/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-SS5-3 140 Grab sample obtained from the east side of
the demineralized reactor coolant storage
tank. The sampling procedure followed 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

PNL Identification

RS-Sed-1

RS-Sed-2

RS-Sed-3

RS-Sed-4

wall, 60 feet north of Reactor Building.

Sediments

Description

Sediments removed from the bottom of the South
retention basin

Residue scraped from the discharge piping in the
South retention basin

Sediments obtained from the South water retention
basin

Sediments removed from the spray pond

B.36



Concrete Cores

Only two concrete cores were obtained at Ranchc 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

RE-CC-2 Core approximately 1 meter south of RS-CC-1

B.37
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TABLE C.1.2. Carbon-14 and 99Tc Concentrations
in Pathfinder Piping

Sample
Main Steam Line
Reactor Feedwater Lines
Shield Pool Coolant Line
Reactor Feedwater Line

Concentration (pCi/am?)

14¢ 9971¢
1.6 £ 0.5 < 0.3
< 0.3 < 0.3
< 0.3 < 0.3
< 0.3 < 0.3

TABLE C.1.3, Strontium-90 Concentrations in
Pathfinder Piping

_Sample

Main Steam Line

Reactor Feedwater Line

Reactor Water Purification Line
Pool Water Clean-up Line

High Solids Holdup Tank

Fuel Storage Rack (Storage Basin)

C.7

905y entration
o

<0.9 (<0.06)

<2 (<0.2)
<0.2 (<0.04)
45 (18)
796 (325)

0.20 (0.10)
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TABLE C.1.4.

PCC-1
PCL-2

PCC-3

PCC-98
PeC-11
peC-12
PCC-13
PCC-14
PCC-1%
PCC-16
PCC-17
PCL-18

PCC-19

PCC-20

peC-21

Surface
Londition

clear sealer,
rough surface

thick epoxy
coating

clear sealer,
smooth

clear sealer,
smooth

thick epoxy
coating

thick epony
coating

gray paint,

smooth

chipped gray paint,
clear sealer

chipped rcy paint,
clear sealer

chipped gray paint,
clear sealer

clear sealer,
smooth

clear sealer,
Smooth

clear sealer,
rough surface

gray paint,
clear sealer

thick epoxy
coating

gray paint,
smooth

gray paint,
“mooth

gray paint,
Mmoo th

gray paint,
Moo th

gray paint,
Moo th

ay paint
42

Radionuclide Concentrations in Top Two Centimeters of Concrete
Cores Collected at Pathfinder, September 1980

peijen’ (¥
137 152 1
oeptn (om) %o Mg W Bl Mgy
0-1 87.8 4.37 782.0 <004 <0.04
1-2 <«0.0 «0,08 0.28 <0.03 <0.04
0-1 153.0 «0.27 5.59 <«0.23 «0.23
1-2 «0.02 <«0.01 «0.01 <«0,02 <0.01
0-1 5.6 <0.01 0.05 0.032 <0.02
1-2 0.05 <0.05 0,03 «0.03
2-1 1.4  <«0.02 <0.03 0.036 «0.02
1-2 0.08 <0.08 <0.08 <0.03 <0.02
0-1 2.12 <«0.01 <0.02 <0,02 «0.02
1-2 <0.08 <«0.05 <0.04 «0.02 «0.03
0-1 in «0.09 0.050 <0.03 <0.02
0-1 466.0 «0.08 0.29 0.27 «0.,08
1-2 8. «0.02 «0.02 0.086 0.031
0-1 477.0 «.08 0.46 1.3 0.23
1-2 10.6 <«0.,02 «0.02 1.3 0.22
O-1 350.0 «0.09 «0.36 «0.18 <«0.09
0-1 294.0 «0.01 0.39 0.3 <«0.06
0-1 2.» <«0.01 0.072 «0.01 «0.02
0-1 2.39 <0.01 0.072 <0.,01 <«0.02
1-2 <0.03 «0.03 «0.03 «0.02 <0.02
0-1 6.2 «0.01 «0.09 <«0.02 <«0.02
1-2 <«0.05 «0.04 .04 «0.02 «0.03
0-1 0.14 «0.02 «0.06 «0.04 «0.02
1-2 «0.02 <0.,01 «0.01 <«0,01 «0.01
0-1 5.09 «0.01 0,17 «0.09 «0,02
1-2 «0.02 «0.01 <«0.01 «0.01 «0.,01
0-1 «0.045 <0.01 0,032 0.008 «0.02
1.2 «0.0% «0.0% «0.04 «0.02 «0.03
0-1 0.98 «0.01 0.14 0.038 «0.02
1-2 «0.06 «0.08 «0.04 «0.,03 «0.03
0-1 1.16 «.01 «0.0% 0.020 0.034
0-1 1.28 <0.,01 0,045 0.01 «0.02
1.2 «0.,02 «0.,02 «0.03 «0.01 «0.01
0-1 9.08 «0.02 1.91 0.47 «0.02
1.2 «0.0% «0.0% «0.04 «0.02 «0.03
0-1 0.3 «0.01 0.068 0.017 <0.02

137 Yo Convert to pCifg, multiply pCi/em? by 0.472

C.B



TABLE C.1.5. Dpepth Distribution of Radionuclides in Concrete Cores
Collected at Pathfinder, September 1980

pCi/cmb (a)
Core  Depth (cm) 0o 1dcs g 9%, 154,
PCC-7 0-1 466 <0.08  0.29 0.272 <0.08
1-2 8.90 <0.02 <0.02 0.08 0.031
2-3 8.09 «<0.01 <0.02 0.065 «<0.01
3-4 1.2 <0.01 <0.02 0.030 <0.01
4-5 6.63 <0.01 <0.02 0.03¢ <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 0.03% <0.009
9-10 0.26 <0.009 <0.02 0.027 <0.009
10-11 0.12 <0.009 <0.01 0.035 <0.008
11-12 0.23 <0.01 <0.02 0.037 <0.009
PCC-8 0-1 447 <0.08 0.46 1.33  0.23
1-2 10.6 <0.02 <0.02 1.3l 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 3.06 <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
1.76  0.26

| 8-9 2.03 «<0.02 <0.02

(a) To convert to pCi/g, multiply pCi/cmz by 0.472,

.9
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Radionuclide Inventories in Pathfinder Piping and Components, September 1980

TABLE C.1.7.
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1

TABLE €.1.8. Total Pathfinder Radionuclide Inventories

Inventory at(b)
Half-life 1980 Inventory(a) 1967 Shutdown
Radionuclide (yr) (millicuries) (millicuries)
239-2 100.41 x 104 105. 00022 56, 300.00022
o 5.27 105 580
63N 100 14.2 15.5
55re 2.7 7.95 224
137¢s 30.2 0.12 0.16
59 8 x 104 0.10 0.10
108maq 130 0.0036 0.004
152gy 13.4 0.0019 0.0038
238py 87.7 0.00081 0.0009
239-240p, 2.41 x 104 0.00023 0.00023
241am 432 0.00022 0.00022
652n 0.668 56, 300
Total 127 57,100

(a) Excluding pressure vessel, bioshield, and concrete
surfaces, and condenser now in use.
(b) Includes the radionuclide inventory of the condenser.
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TABLE C.2.2. Residual Radionuclide Concentrations in Humboldt Bav
Reactor System
pCuem?  ipCugl

Cima S Soc, L™ S, omag ™Y 4, g, Veice 198g,, 28y
CABLE FROM S T e Y 3780 ; 801 “3 <m0y - 80 <180 (7140900 217.700: 3000 1700 (<8O <1908
SPENT FUEL POOL
AR EECTOR 0 S 38100 ; 300 130 <200 <o 100 ; 50 <30 100 ; 30 <re WO:30 <300
v STRAMER W2 S0 1 (1319005 10000  (<ASO) (<700 <400, (380 3 YOOI 100 380 + 1001 (<2400 (380 1000 (<1000
SPARGER CLAMP % 80,20 1 380 . T <100 - 80 <300 <20 <20 SO 400 (34181 (180
SRACKET
FEEDWATER UNE <20 <30 23,300 ; V40 180 <100 50, 40 70,20 <%0 <30 <230

28 ] ~a (1280 3 YO0 < L 3:2 Mgw 3 e “
R GENERA TIVE <3200 200700 118700 M00:37000 234° 48,094 s000 20700: 4700 <4000 <8000 st
HEAT EXCHANGER <3000 WSRO .80 N oedf.00 W 200 ;33000 21001 41005 800N <S40 1900 400! €100 <580 I 45001
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TABLE C.2.4.

Radionuclide Concentrations in Bioshield Concrete
at Humboldt Bay Unit 3

oCi g

o St ®©co W2, e 108, ‘%5 TMce gy o g, sy, e N
BOTTOM INSIDE 77208 073:008 18331 <027 <003 <10 012:;007 40201 922:08 <0.% 90:1 55:09 091:008
EDGE - 86 n
BOTTOMOUTSIDE 73:09 044,005 354:1 <047 0084:;0040 <17 045:0% 55:02 2201 <023 148:1 86:09 15:01
EDGE 86 n
TOP OUTSIDE EDGE 77:05 068:008 13131 <021 0036:0027 <11 038,013 93:02 282:7 020:076 30:7 23:05 033:00
REFUEL FLOOR
TOPINSIDEEDGE 45:09 30:0090 S64:7 <045 <008 <23 <020 281 3341 <028 14021 1541 22:01



TABLE C.2.5. Radionuclide Concentrations in Centimeters
of Humboldt Bay Concrete Cores
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029

HBCC-4

HBCC-10

HBCC-16

TABLE C.2.6.

0-1em

0-1cm

0-1cm

55Fe, 63Ni, 90Sr, 997c. and 1297 Concentrations in Selected

Concrete Cores from the Humboldt Bay Nuclear Unit

DR ..

6.0x106
+0.1x1086

93.0x106
+0.1x108

451x1086
+ 1x106

pCi/kg

.. 2

1.9x104
+0.6x104

2.5x106
+0.1x106

4 5x105
+0.2x105

<950

5.1x104
+0.4x104

8.8x104
+0.5x10°

et

1.9x104
+0.5x104

<2.3x104

<0.7x104

129y

<60

<100

<80



HBCC-4

HBCC-10

HBCC-16

TABLE C.2.7. Transuranic Radionuclide Concentrations

0-1 cm

0-1 cm

0-1cm

in Selected Humboldt Bay Concrete Cores

pCi/kg
238py, 239-240py, 24°Am 244Cm
10+5 39+4 <30 <40
3000 + 50 3700 + 60 1770+ 80 360 + 30
2050 + 60 1620 +50 1250 + 80 470+ 50
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TABLE C.2 8. Removal of Radionuclides from Concrete Surfaces by Paint Stripping

———— ———

% Activity Removed

Location Core #  Surface Removed  Removal Process 60co  137¢s
Rad Waste Building 6 Clear sealer stripper 3 2
mild abrasion 44 30
66 ft. Reactor Building 9 grey paint stripper 39 4
grey paint mild abrasion 72 25
black sealer abrasion 92 61
Cond. Demin. Room 17 grey paint stripper 83 66
black sealer mild abrasion 94 74
Cond. Storage Tank 23 clear sealer stripper 33 24
mild abrasion 68 45

Refuel Level Reactor Building 25 grey paint stripper 98 98
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TABLE C.2.10. Transuranic Radionuclides in Selected Onsite
Soils Near Humboldt Bay Generating Station

pCi/kg
238py, 239-240p,, 241pm 2420m 244Cm 238p,,/239-240p,,
HBSC-1-1 O-1ecm 064 +0.18 29+ 0.2 20+ 3 <3 82+18 0.219
HBSC-14 O0-1cm 1.1+ 02 118+05 10+2 <2 36+09 0.096

HBSC-1-6 0-1cm 0.55 + 0.14 544+04 41+14 <0.5 <0.5 0.101
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TABLE C.2.11.

DEPTH

SAMPLE TYPE (cm)
HBSG 01 SOIL GRAB
SAMPLE
HBSG 0 3 SOIL - GRAB
SAMPLE
HBSG 0 3A SOiL GRAB
SAMPLE
HBSC 011 CORE 02
HGSC-01-2 26
HGSC 014 610
HGSC-01 6 1014
HGSC- 018 1418
HGSC 0110 12.22
HGSC-01.12 2226
HGSC 0114 26 30
HGSC-0116 3034
HGSC 0118 3438
HGSC 0120 38 az
HGSC-01-22 4248
HGSC 01 24 46 50
rBSC 020 CORE o4
HGSC 022 as
HBSC 024 812
HBSC 02 6 12.18
HBSC 028 18-24
HBSC 0210 2428
HBSC-0212 28-32
HBSC 02 14 3238

ox
174

127
143
169
203
2013
165
‘58
"n2
144
145

128 <

1s
12

13
107
962

6§30 <
$26 -

749

7.08 «

mn

LA

<2

<$
<2
<2
<2

<1
<2
<1
<1
<1

<2
<2

-8

<9
<5

<3

<3

Radionuclide Concentrations

in Selected Exclusion Area

Soils at Humboldt Bay, July 1981
pCi/gm

Sipmn  S8c, 80c, 85z, 957, 96y, 103R, 106R, 128gp, 134c, 137c, VeIce 4dc, 182, S4g, SSg,
0621 <02 330 <02 <02 <02 <02 <07 <04 165 246 <02 <03 <07 <06 <02
391 <04 2900 172 <06 <06 <04 499 250 47 725 <05 <07 <1 <2 <04
549 <04 3770 0861 0708 <0.7 <06 <2 490 60 9086 0768 13 <2 31 <08
442 <03 3060 114 0656 <06 <04 <2 337 61 889 <08 <07 <1 21 <04
0968 <C2 678 <04 <04 <04 <03 <1 <08 12 214 <03 <04 <09 <09 <02
0121 <01 180 <02 <02 <02 <02 <1 <03 022 486 <02 <03 <08 <06 <02
<007 <01 791 <02 04 <02 <01 <06 <03 <008 271 <02 <02 C©€7 <04 <01
<008 <01 830 <02 <02 <02 <02 086 <03 01<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>