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1.0 INTRODUCTION

The decommissioning or dismantling of a nuclear reactor is one of the
tasks facing every holder of an AEC license for operation of an utiliza-
tion facility, After the facility has completed its useful life, the
iicensee may apply to the AEC to surrender its license as covered in
Section 50.82 of Title 10 of the Code of Federal Regulatioms (1), which
outlines the requirements for termination of the license.

The major fequirements include: 1) safe disposal of radiocactive
material, 2) decontamination of the site, 3) assuring that the dismantling
and disposal of material will not be inimical to the common defense, and
5) providing that the dismantling will be accomplished in accordance with
the rules and regulations of the commission.

This study will investigate the factors which affect the economics of
deccmmissioning Pressurized Water Reactor (PWR) and Boiling Water Reactor
(BWR) power generating stations. In order to discuss the problems that
are generic to all nuclear.power stations, a hypothetical 1000 MW(e) PWR
(Plant X) with initial operation in 1980 will be used as a basis for pro-
perly assessing the magnitude of the costs of the various dismantling
options as well as the consequences of scheduling variations. Though each
individual plant is confronted with unique problems when decommissioned,
the economic factors which affect the decommissioning of a nuclear power

generating facility are common to all plants.



2,0 DECOMMISSIONING - THE REASONS

2.1 Major Plants Decommissioned to Date

In the reactors dismantled to date, many factors have contributed to
the decision to decommission the facility. In each case, one of the primary
reasons or the deciding factor was the inability of the facility to be
operated eécnomically or to be justified on the basis of operating experience.

Of the reactors decommissioned to date, most were either experimental
reactors or first or second generation demonstration reactors built and
licensed under the AEC Reactor Demonstration Program., No reactors built
with the primary purpose of generating electric power have been decommissioned
to date.

The power reactors decommissioned to date, CVIR, Piqua, Elk River,
Pathfinder, BONUS, and Hallam, had relatively small power outputs, and the
reactors had either encountered technical difficulties or had completed
their test programs.

The Boiling Nuclear Superheater (BONUS) Power Station was a joint
project between the AEC and the Puerto Rico Water Resources Authority
(PRWRA) who operated the reactor which was located on the western tip of
Puerto Rico. The plant was a 50 MW(th) boiling water reactor with an
internal superheater. The reactor was decommissioned because the "back-
fitting of the safety systems to comply with the 27 design criteria (now
50 plus design criteria) of the ALC, poor economics, low availability,
combined with the decrease in AEC interest in pursuing the Superheater

Program resulted in a joint decision of AEC and PRWRA to terminate the



contract... (2)." The decomnmisgsioning plan (3) included: 1) removal of
all special nuclear material (SNM) from the site, 2) entombing the reactor
pressure vessel, its internals and a limited quantity of highly contam-
inated or activated equipment, and 3) decontaminating those systems and
areas external to the entombment, After the plant was decommissioned,
PRWRA utilized the decommissioned reactor as an Exhiﬁilion Center where
the general public could tour a nuclear power plant.

The Carolinas Virginia Tube Reactor (CVIR) was constructed under the
provisions of the third round of power demonstration reactors by the
Carolinas Virginia Nuclear Power Association (CVNPA) and the AEC. The
reactor facility was located at Parr, South Carolina, approximately 25

miles northwest of Columbia. The CVIR was a 54 MW(th), D,0 - cooled and-

2
moderated pressure tube reactor, The experimental program of the CVTR was
completed after approximately four years of operation and a decision to
decommission the reactor was made (4). The CVIR decommissioning plan
entailed: 1) shipping fuel and heavy water off-site, 2) disabling the
reactor control drives, 3) storing radiocactive equipment within concrete
buildings and vaults, 4) establishing a double security barrier om all areas
containing radioactive material, and 5} decontaminating certéin areas of
the site to allow unrestricted access to those areas. The plant reactor
and containment buildings will be used for long time storage of the radio-
active material under Byproduct Material License Number 39-08625-02 (5).
This long time storage will require periodic inspection by CVNPA to assure
that the material does not impose a hazard to the general public.

The Piqua Nuclear Pewer Facility (PNPF) was built by the AEC as part

of the AEC Power Demonstration Program. The ecity of Piqua, Ohio operated



the plant for the AEC. The steam generated by the plant was mixed with
steam from other plants and was used both for process steam and to generate
electricity. The reactor was a 45 MW(th) organic-moderated and cooled
power demonstration reactor. When decomposition of the reactor coolant
resulted in the formation of coke-like material in the reactor, distor-

tion of certaim reactor components occurred. The AEC reviewed the situation
and concluded that the PNPF technology had limited potential use in advanced
reactor concepts and decided to terminate operation of the facility (6).

The PNPF Dismantlement Plan (7) was based on storing radioactive materials
within the confines of the biological shield., All fuel, excess radio-
active material, and special nuclear material were shipped off-site for
disposal. The organic moderator was drained from the reactor and burned.
The reactor vessel and vessel cavity, including radicactive material stored
therein, were sealed within a waterproof membrane covered by a concrete

slab to prevent water intrusion and personnel access. The remainder of

the site was decontaminated and used as office and warehouse facilities by
the city of Piqua.

The Hallam Nuclear Power Facility (HNPF) was a jolnt venture between
the AEC and the Consumers Public Power District (CPPD) at the Sheldon Station
near Hallam, Nebraska. The nuclear steam generating portion of the plant
was owned by the AEC, while CPPD owned the conventional facilities of the
site including the turbine generator. The reactor was a sodium-cooled,
graphite moderated reactor with an output of 256-MW(th) (54-MW(e)). When
moderator elements of the reactor became defective in 1964, the reactor was
shutdown, and the AEC decided to decommission the reactor. The decommissioning

of the Hallam facility was based on the HNPF Retirement Plan (8).



The plan included: 1) removal of all fuel from the site, 2) removal
of all bulk sodium, 3) reaction of residual sbdium.to insure that 1t was
essentially inert, 4) shipment of radioactive materials for off-site burial
or storage of wastes within three isolation areas, 5) decontaminaticn of
accessable areas, and 6) demolishment and removal of all reactor complex
buildings from the site. The radioactive material is‘éntombed within the
three isolation areas; the reactor vessel, one of the fuel storage pits,
and one pof the moderator element storage cells, The site, though not
abandoned, does not require surveillance, and CPPD has been released from
all licensing obligations.

The Pathfinder Reactor located at Sioux Falls, South Dakota was owned
and operated by the Northern States Power Company (NSP). It was the first
power reactor to be decommissioned which was not owned at least partially
by the AEC. The Pathfinder Reactor was a 50 MW(e) direct cycle boiling
water reactor with an integral nuclear superheater. When the reactor
reached initial full power, it was discovered tha the steam separators
which were located around the periphery of the core had failed and would
have to be replaced. Due to the small electrical output of the facility
and the cost of repairing the reactor, NSP decided to replacé the nuclear
steam system with three package boilers and use the fossil fueled boilers
to drive the turbine (9).

After the plant was converted to fossil operation, NSP decided to
dismantle the facility to the extent where it was no longer necessary to
maintain a Part 50 license on tﬁe facility. A decommissioning plan was

generated (10) which included: 1) The reactor building and lower levels



of the fuel handling bullding were sealed. 2) All unused systems within
the fossil plant were removed. 3) The reactor was deactivated by disabling
the control rod drives and filling the reactor with gravel. 4) The
isolation area penetrations were sealed, 5) The fuel storage pool was
sealed by a reinforced concrete slab, 6) The portions of the facility
which were accessible were decontaminated to allow unrestricted access.

The facility will serve as a storage site for radioactivity under a Part 30
license and NSP will conduct perioedic inspections to insure that the storage
areas remain safe (11).

The Elk River Reactor (ERR) Power Station was built by the AEC at the
town of Elk River, Minnesota, The reactor was owned by the AEC and operated
by the Rural Cooperative Power Association (RCPA) (now named the United
Power Association (UPA)). The ERR was an indirect cycle boiling water
reactor with separate fossil fuel superheater with a total thermal output
of 73 MW(th) (58.2 MW(th) for the reactor). Upon expiration of the operating
license between the AEC and RCPA, RCPA waived its option to purchase the
plant, and the AEC was required by the terms of the contract to make the
site useable without undue danger to the public health and safety. The
dismantling plan required that the AEC dismantle the ERR and remove the
entire facility to approximately one foot below grade level. The resulting
cavities were to be filled with clean earth or with clean rubble topped with
clean earth (12,13). When the dismantling is complete, the site will be
returned to its original condition except for the subgrade foundations which
will be left in place. All radiocactivity will be removed from the site

and no license or monitoring will be required.



There are presently plans underway to decommission other reactors
including the Saxton Nuclear Power Facllity (14) and Peach Bottom Unit #1
{15). The Marviken reactor in Sweden was decommissioned due to control
stability problems and the containment was used for safety testing (16).
It was the highest output reactor decommissioned so far with a 140 MW(e)

generating capability,
2.2 Economic Incentives for Decommissioning

The operation of any utility power system is based on the premise that
the newer plants with lower incremental power cost will be operated first
or will displace older plants in the system base load. The more efficient
plants will be loaded prior to the "older" and hence less efficient plants,
This premise is offset by such factors as plants designed specifically for
peaking with rapid start-up capabilities and the need to assure that the
system is capable of adequate response to emefgency outages, unscheduled
maintenance requirements, refueling outages, and other nontypical condi~
tions, Due to the need to maintain adequate power under all circumstances,
utilities assess a capacity charge credit on the capability of each generating
unit on the grid. As a result, older units which might be shutdown and
demolished are left in standby status to be brought on line as needed.
Typically on a fossil unit, standby status requires only a skeleton
operating and maintenance crew and as much fuel as might be required by
any possible contingency. This standby philosophy typical of fossil units
encounters problems when applied to a nuclear unit. At the end of the
forty year operating life of a nuclear reactor, several factors will in-
fluence the decision of whether to decommission the reactor oy let it remain

in standby status,



One factor is the cost of maintalning an adequate staff at a nuclear
facility. 10 CFR 55 (1) deals specifically with tﬁe licensing of reactor
operators, As the number of nuclear plants increases, the shortage of
trained operators, engineers, technicians, and health physics personnel
will increase (17,18). The cost penalty of maintaining a complete staff
at a standby plant due to AEC regulations, when these personnel could be
used in new plants, is significant. An example of the stringent requirements
for staffing nuclear plants is given in Regulatory Guide 8.8 i1ssued by the
AEC in July 1973 (53) and titled "Information Relevant to Maintaining
Occupational Radiation Exposure as Low as Practicable (Nuclear Reactor)."

It provides minimum guidelines on the requirements of reactor health physics
staffs, Regulatory Guide 8.8 suggests that the health physics chief at a
reactor be capable of being certified by the American Board of Health Physics
(ABHP) and their requirements for certification are stringent (19). The
staff at any reactor will require many highly trained professionals and
personnel with adequate qualifications will be in high demand.

The fuel costs of a nuclear facility are based on more of a capital
fixed charge rate than on fuel costs as encountered in fossil plants,
Typically, the utility will purchase yellow cake and will pay for enrichment,
conversion to uranium oxide, and fuel fabrication, This requires a large
investment prior to loading the fuel in the reactor. Typically fuel con-
tracts (including first replacement cores) let now for 1980 units (1000
MW(e)) may require fuel cost investments of $32,000,000 (20). This is
based on yellow cake costs of 318,000,000, separative work charges of
$7,000,000 ($36/SWU), and fabrication charges of $7,000,000. Fixed charges

on this investment at 15% will run near $5,000,000 annually. A standby



plant not generating power 1s thereby penalized by the "use'" charges
involved with the fuel.

The operating and maintenance costs of a standby nuclear unit will
not be significantly different from the costs of an operating plant., The
maintenance costs will increase as equipment wears out with age. The costs
of repairing radioactive components and equipment is higher than costs
associated with repairing noncontaminated equipment, In addition to AEC
requirements on staffing, operator training, and health physics monitoring,
the AEC through license Technical Specifications ("Tech Specs") and other
regulations requires continuous monitoring of the facility status. 1In
addition, the AEC annual licensing fee, though an insignificant cost to an
operating plamt, becomes a cost penalty based on unit capacity if the unit
is not genmerating power.

In perspective, even if the nuclear unit is shutdown and the fuel unloaded,
the AEC regulations and license requirements will remain in effect until the

unit is decommissioned or until the license is modified to allow '

'possession
only" status with appropriate modifications to the Tech Specs. Therefore,
the licensee has an incentive to decommission the facility as soon as it

is uneconomical to operate, This assumes that due consideration is given

the capacity charge credit if the unit is capable of operation when needed.
2.3 The Decommissioning's Objective

The objects of the decommissioning are to: 1) alter the reactor so
it is incapable of generating special nuclear material (SNM) which might

be inimical to the public safety, 2) dispose of the radioactive material
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located on the site or render it harmless so it is incapable of harming the
public health, 3) minimize license requirements consistent with items 1)
and 2), 4) free qualified personnel for work at other facilities, 5) mini-
mize future facility surveillance requirements and costs, and 6) leave the
facility in a safe condition with consideration given to such possible
factors as vandalism, acts of terrorism, and natural disasters such as
earthquakes, floods, and tornadoes.

These objectives are constrained by the overriding requirement that
they be accomplished as economically as possible. Furthermore, it is de-
sirable to handle the decommissioning in a manner so that it will not cause

public opposition.
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3.0 STATUS OF THE PRE-DECOMMLSSIONED FACILITY
3.1 The Physical Site-PWR

Pressurized water reactor (PWR) nuclear steam supply systems (NSSS)
are presently marketed in the United States by Westinghouse Electric Cor-
poration, Combustion Engineering, Inc., and the Babco;k and Wilcox Company.
Though each vendor's design is unique in some respects, the designs have
common or generic systems. A typical PWR site plan is shown on Figure 1,
while Figure 2 shows a section through the reactor building.

The PWR plant site shown in Figure 1 is based on the Middletown Nuclear
Power Generating Station, a hypothetical PWR used in WASH - 1230 (45) to
generate PWR construction costs. Modifications to the site structures have
been made to include recent design guides but the structure components
remain essentially as listed in WASH - 1230, Figures 3, 4, and 5 show
details of the Calvert Cliffs Nuclear Power Plant. Though individual
stations may include more or fewer buildings and a different arrangement,
certain characteristics are common to all, Five buildings common to all
are the reactor céntainment, the turbine generator building, the control
building, the primary auxiliary building, and the fuel handling building.
Other buildings may include the feedwater heater building, the diesel
generator building, the service and maintenance building, and the waste
treatment building. PWR's are indirect cycle units, thus radioactive con-
tamination of the feedwater and main steam systems occur only when leakage
takes place in one of the steaﬁ generators. The turbine generator and the
steam and condensate systems therefore are not constrained by radiation

protection or contamination considerations.
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The auxiliary systems common to the PWR NSSS include, in addition to
the primary system, the Chemical and Volume Contrcl Systems (CVCS), the
Safety Injection Systems (SIS) (which includes the various ECC systems),
the Residual Heat Removal System (RHR), the Spent Fuel Storage and Cooling
System (SFSCS), the Containment Cooling Systems, the Closed-Loop Cooling
Systems, tﬁe Service Water Systems, the Ventilation Systems, and the Rad
Waste Systems (21). The remaining systems are similar to those found in
a conventional power plant and include Condensate System, Feedwater System,
Extraction Steam System, Heater Drip System, Bearing Water System, Plaunt
Air System, etc. A typical power generating station may have as many as
60 distinct systems to provide adequate operating conditions.

At the end of 40 years of operation, many of the plant components
will be worn out and will be suffering from the effects of fatigue, corro-.
sion, and erosion. They will require conside;ably more maintenance than
comparable new equipment would require. For the components presently being
manufactured under the rigid Section III requirements of the ASME Code,
there is no valid information as to reliability at the end of life. Any
conjecture about significant improvements in reliability and decreased

maintenance requirements is not supported by data.
3.2 Radiological Status of the Site-PWR

The continuous operation of a nuclear plant over 40 years will result
in the generation of large amounts of radioactive materials. In addition
to the fission products which will escape from penetrations in the fuel

cladding, the primary loop will be contaiminated from fission products
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generated from "tramp uranium" located outside the fﬁel cladding. Activation
of the reactor vessel, thermal shield, fuel support structures, and bioclegical
shield will result from neutron capture. In addition to the activity in-~
duced in the reactor structural components, large amounts of corrosion
products suspended in the primary coolant will be activated when they pass
through the core. These corrosion products are typically referred to as
"erud." The crud will circulate through the various reactor systems (the
CVCS, RHR, SFSCS, rad waste systems, ete.) and will depo;it in stagnant
areas of the systems. The corrosion products will also plate out on the
system's internal suffaces. The result of crud deposition is activation
of all the reactor auxiliary systems. This activation may increase to the
point where radiation levels are dangerous to operating personnel, A plant
maintenance program which includes periocdic decontamination of the contami-
nated systems coupled with adequate design of the reactor systems should
minimize the exposure of operating personnel,

A general summary of the hypothetical specific inventory for Plant X,
a hypothetical PWR, is shown on Table I. This summary is based on the
plants decommissioned to date (3,4,10) and on calculations of the activities
resulting from a 40 year operating life. Factors such as decontamination
schedules and system components (component material and corrosion resistance)
willl have a large effect on the radiocactive isotope inventory at the end of
a plant's 1life. Table II lists the long-lived nuclides of importance in
activation of the reactor vessel and components. In order to calculate
the activation of the reactor components listed in Table I the Unit Oper-

ating History shown in Figure 6 was assumed. (The calculational procedure

is given in Appendix A.)



TABLE I HYPOTHETICAL INVENTORY OF PLANT X

AFTER 40 YEARS OPERATION

1. Reactor
a, Lower Support Plate . . . + + « &
b. Upper Support Plate . . . . . ..

c, Core Shroud ., . &+ v ¢ o ¢ « ¢ o »

d. Thermal Shield . v o « o « « « « &

e, Core Barrel . . ¢« & ¢« s ¢ o o o &«

f. Vessel and Accessories . . . « + &
2, Primary Cooclant Loop + « « s+ & « & «
By CVEB & » m % s & » @ % & 8 s & @ w % 8
4, Safety Injection System . . + « « &+ &
5. Residual Heat Removal System . . . . .
6., Spent Fuel Cooling System . . « « « «
7. Rad Waste System . . « .« & R
8. Spent Fuel Storage Pool . . . . . . .
9., Concrete . « « v o o« « o s « ¢ o o o

10, Miscellaneous . . o + ¢ « o o » = o »

Refer to Appendix E for basis of inventory calculations.

Curies
1.96 x 10’
1.65 x 10°
3.04 x 107
3.35 x 10°
§.61 % 10°
3.1 x 10°
1.6 x 10°
20

1

2

2
55
40
1500
10

19
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The crud circulated in a reactor is principally spinel RBOA’ where
the R may be irom, nickel, or chromium, Crud formation in a large
reactor may run as high as 50 to 100 g/day (22), Table II includes the
half-lives of the long-lived radioactive isotopes found in the crud.

The 6000 isotope 1is the most critical due to its long half-life (5.3 years).
Immediately after startup or shutdown, the short-lived isotopes (Slcr,

59Fe, 5800, etc.) contribute significantly to the total gctivity in the
system. In addition to the activation of corrosion products, the PWR can
be contaminated by activation of the primary water and the pH control
reagents, The behavior of contamination, both crud and fission product,

is treated in depth by Berry (22}, Ayres (23), and Cohen (24). A typical
analysis of crud is given in Table III.

The radlation levels generated in a nuclear power generating station
are controlled by many interrelated parameters. Primary system corrosion
resistance, the operation of the CVCS, the frequency and success of decon-
tamination attempts and the design of the particular facility. Table IV
lists the typical radiation levels one might expect to encounter in a
generating station at the end of 40 years (Plant X).

The decontamination of any systém has the primary goal of reducing the
radicactivity and is assessed by the Decontamination Factor (DF) defined
as the ratio of initial to final radicactivity. The procedures and chemicals
used for decontamination are in general modifications of those used for
pickling or descaling. Typical decontamination solutions and penetration
rates are given in Table V. The decontamination of unit systems can result

in DF's which vary from 1.5 to 60 (23) depending on the nature of the

contanination.



TABLE II LONG-LIVED RADIONYMCLIDES CONTRIBUTING SIGNIFICANTLY
TO ACTIVATION

Decay
Half-Life, Constant, Parent Nuclides
Nuclide yr. zr.”l " and Reactions
13mg 0.323 2,145 L2s it 55
_ 1145n(n,2n)
1283 | 0.353 1.962 L2 ciitn )
45cq 0.446 1.553 #cata,m)
46Ca(n,2n)
19q, 0.685 1.018 8y itn v
120Sn(n,2n)
119 a0
110, 0.712 0.974 R T
5700 * 0.7447 0.931 5SNi(n,Zn)
58Ni(n,d)
i # 0.854 0.812 Pyl 2
54Fe(n,p)
49 0.904 0.767 20p i, 503
5OCr(n,d)
H8eg 1.242 0.558 1125, ta,0)
e 2.4 0.289 pailn, )
56Fe(n,2n)
SBNi(n,a)
224 2.6 0.267 2 altn  2n)
1255b 2.7 0,257 lzasn(n,y)
60¢, = 5.24 0.132 o (a,y)
60Ni(n,p)
61Ni(n,d)
3y 12.26 0.0565 2 e
M 14 0.0495 16g (n,0)
12 25 0.0277 Y20 tn, ¥
83y1 « 92 0.00753 8 iita, )
64Ni(n,2n)
64

Ni{n,d)



TABLE II (Continued)

Decay
Half-Life Constant,
Nuclide yI. C__yr. 1
Logm,, 100. 0.00693
Fnr 270. 0.00257
140 ) 5730. 0.000121

*Isotopes commonly found in the crud.

Parent Nuclides
and Reactions

107A8(H,Y)
‘logAg(n,Zn)
42Ca(n,a)
39K(n,p)
l3C(n,*r)

l70(n,a)

22
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TABLE III TYPICAL CRUD ANALYSIS -~ PWR/BWR

Percent of Sample - Chemical Composition of Oxide

Element A B c
Fe 68.1 43.1 49.9
Ni 9.9 7.10 22,6
Cr 0.88 1.57 4.9
Co 0.275 0.0420 13:3
Mn 0.51 0.21
Nb 0.017
Ag 0,0028 0.0330
In 0.099 0.0420
cd 0.008 <0,0150
B 0.0010 0.0080 5.8

A. Yankee Core I fuel assembly corrosion product deposit (22).
B. Yankee main coolant circulating crud chemical composition (22),

C, Chemical composition of crud in Dresden Reactor Steam generator (22).
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TABLE IV HYPOTHETICAL RADIATION LEVELS IN PLANT X AFTER 40 YEARS OPERATION

Area Dose Rate (mR/hr)*
1. Operating Floor of Contaimment . « .+ o« & s ¢ 4 & s & 12,5 - 60,0
2. Steam Generator . « o« o o o s 5 8+ o s 2 s s o o« o« 30.0 - 80.0
3. Reactor Coolant PUmp . + + o ¢ 4 « ¢ o o ¢ o o o o« & 50.0 - 175.0
4. Pressurizer Quench Tank Area . « « ¢« « « « ¢ s « « o « 24,0 - 120.,0
5. Spent Fuel Pool Service Platform . « 4 « « o o o « « & 12.0 - 30.0
6. Spent Fuel Pool Cooling System Pump Room . . « . « « & 35,0 - 120.0
7. Volume Control Tank . . . . . . ; « % i 8 €em oaw 5 3  A0:.0=  100,0
8. Shut-down Heat Exchangers .« .« « + « « +- ¢ o « o o s 15.0 ~ 50.0
9. Waste Gas Decay Tanks . . ; A R 15.0 - 120.0
10. Radicactive Laundry Tank . ... o w ow tg e m o w w w w 25,0 - 70.0

11, Residual Beat Removal Heat Exchangers . + « « s o« o s 15.0 ~ 50.0

12, Liquid Rad-Waste System . « « o+ o o « s o s o o o o & 40,0 - 2,500,0

*Dose rates are constant doses from various pieces of equipment. In general
area dose rates will be at least a factor of four lower than contact dose
rates. Hot spot readings may exceed the contact dose range by a factor of
100. (46,47,54,55) were used to generate relative dose levels.
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TABLE V CORROSION RATES IN REACTOR DECONTAMINATING
SOLUTIONS (22)

Penetration rate, mils, for solution indicated

ABF,

Steel apac®  apac® CrSOA(c) kap{®  apace(®
Al1S1 4340 - - - .4 ~—
ASTM A212 0.12 - - - —_

Grade B
AlS1 Type 410 - 0,018 —— 0.34 0.008
A181 Type 302 - e —-— — 0.005
AlS1 Type 302, - - - - 0.015
Sensitized i
AlS1 Type 304 0.0014 0.0017 - 0.015 0.002
AlS1 Type 304 0.0047 - - 0.045 0.002
Sensitized
AlS1 Type 304L - - 0.16 - 0.003
AlS1 Type 308, 0.0048 - - — -
Sensitized
AlS1 Type 316 - 0.0016 0.02 — —
AlS1 Type 318 - —_ 0.02 - -
AlS1 Type 321 - —— 0.06 — 0.002
Al1S1 Type 347 - 0.0016 0.13 0.018 —

Inconel 600 -_ 0.001 — 0.009 —

(a) 2 hr in 10 wt percent NaOH - 3 wt percent KMnOy at 103° C plus 2 hr
in 10 weight percent dibasic ammonium citrate at 98° C. (APAC Method -
alkaline permanganate-ammonium citrate,)

(b) 30 min in 18 wt percent NaOH - 3 wt percent KMnO, at 105° C plus 15
min in 10 weight percent ammonium citrate at 100° C (APAC Method.)

(c) 0.32 M CrS0y - 0.65 M H,S0, at 85° C circulated for 4.4 hr. (CrSOy
Method.)

(d) 3 to 5 hr in 1 wt percent ammonium bifluoride - potassium acid
pthalate at 60° to 77° C. (ABF-KAP Method.)

(e) 2 hr in 18 wt percent NaOH - 3 wt percent KMnO4 at 105° C plus 2 hr
in 12 oz/gal ammonium citrate - 0.7 oz/gal 1 phenyl-2 thiourea
circulated at 85° C. (APACE Method.)
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The calculation of induced activity in the reactor vessel and.components
containg several conservative assumptions. Iﬁ genéral, peak flux values are
used for average fluxes throughout each component. Figure 7 shows the
operating history of the Pathfinder Reactor and the model used to calculate
‘the activity is shown in Figure 8.

The total megawatt hours of operatiom of the Patéfinder plant were used
as the basis for generating Figure 8. The hours were broken into four
groups to minimize computer time while still evaluating the relative .decay
of the radicactive nuclides formed. Using the model of Figure 8 and the
program contained in Appendix B, the inventory of the Pathfinder reactor
vessel and internals was checked to 15 months after the reactor was shut-
down. The results of the calculation were compared to data NSP generated
by physically measuring radiation 1evels; 0f the eight components inventories
checked, the activities calculated were found to be within a factor of
four of the activities measured (25). The same type calculations were
made for the ERR plant. In the ERR calculations, the vessel and internals
were divided into discrete zones to generate a more accurate estimate of
the activity (12). Appendix G contains a comparison of the calculated
and measured radiation levels in the ERR. The calculated acﬁivities of the
major radionuclides found in the reactor vessel, the steam separators and
the grid piate of the Pathfinder Plant are given in Figures 9, 10, and 1l.

If Pathfinder had operated for 40 years, the activities would have been as
shown on Figures 12, 13, and 14, The high content of Ni-63 in the grid plate
and steam separators will result in a rather long-lived high activity. Nickel-
63 decays by emitting a .077 MeV beta particle (92 year half-life) and as

such it is only harmful when ingested. Though the total activity of the
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Ni-63 is high, the specific activity is low (ratio of Ni-63 to non-radiocactive
nickel). Therefore, if the entire body burden of nickel were replaced with
the nickel in the reactor component {(the standard man contains 0,01 grams

of nickel), the component could be considered "safe" when .01 grams of the
component nickel had an activity less than the maximum permissible body burden

(MPBB) for nickel (26).
3.3 Utilization of Plant Facilities for Decommissioning

To minimize the cost associated with decommissioning a nuclear facility,
use should be made of the existing plant equipment and facilities. The rad
waste system of the plant including solidification and packaging equipment
should be used as long as possible, The maintenance decontamination pro-
cedures and facilities should be utilized. If DF's of 10 to 16 can be
reached by decontaminating the plant systems, the radiation levels should
be reduced by an order of magnitude. This reduction will simplify working
with the contaminated materials.

During the dismantling, extreme cleanliness will be required to insure
that contamination spills can be cleaned with a minimum of cost. Recycling
of the cleaning water through the demineralizers and plant clean up systems
will minimize the quantity of low level liquid waste generated, Utilization
of rad waste systems and demineralizers will contribute to lower costs.

At some point in the dismantling work it may be necessary to dismantle the
plant systems themselves and then temporary systems for waste handling
will be required. Use may also be made of the plant's radiation monitoring
and health physics facilities during the dismantling work. During the
actual dismantling, sources will have to be.kept at the site for instru-

ment calibration.
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3.4 Physical and Radiological Consideration-BWR

The only vendor presently marketing a BWR NSSS in the United States is
General Electric Company. The GE BWR 1s a direct cycle unit and as such
the turbine generator and associated steam and condensate systems become
contaminated due to radioactive contaminates in the steam generated in
the reactor.

A hypothetical BWR is shown on Figures 16 and 17 (51). The main plant
buildings consist of the reactor building (which includes the contaimment
and much of fuel storage facilities), the turbine building, the feedwater
"heater and demineralizer bay, the control building, and the rad waste
building. In lieu of the primary loop found on the PWR, the BWR has a
recirculation system which consists of a recirculation pump which furnishes
water to multiple jet pumps located in the periphery of the reactor vessel,
These jet pumps furnish the forced circulation of coolant water in the
reactor. The auxiliary systems found in a BWR are similar to the systems
of a PWR, though there are distinct differences., The BWR demineralizers
are full flow units located in the feedwater lines and a CV(CS system is not
needed.

Since the BWR is direct cycle, the main steam, reheat, extraction steam,
condensate, heater drains, and feedwater systems will be contaminated from
radicactive particles suspended in the steam system. Radiation levels in
the systems may range from 5 to 250 mR/hr even after shutdown. Hot spot
readings as high as 2R/hr can be found. Actually, the contamination levels
of the turbine and associated systems have been found to be very low due to
the excellent steam-water separation factors that are encountered in the

BWR reactor at the steam interface. Concentrations of radionuclides may
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be 104 to 106 times higher in the water than in the steam (23). The
radiation levels of the steam and feedwater systems will also be affected

by decontamination efforts and by the material constituents of the systems.

In the initial BWR's constructed, extensive use of cupro-nickel, Monel

and Admiralty brass in the feedwater systems resulted in considerable
corrosion products in the reactor due to those materials. In particular,

the Monel and cupro-nickel resulted in formation of Co-58, while the Admiralty
brass resulted in Zn-65, Later units and units now under construction use
stainless steel tubes in the feedwater systems and this reduces the concen-

tration of Co~58 and Zn-65 being generated im the reactor.
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FIGURE 17 - BWR Reactor Building - (Over-Under)
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4.0 DISMANTLING OPTIONS

The options available for dismantling a nuclear power plant can be
broken into three distinct types. The AEC, in Regulatory Guide 1.86 (49),
has listed the options as 1) Moth-balling, 2) In-Place Entombment, or
3) Removal of All Radioactive Components and Dismantling., The AEC has
identified a fourth option which is Conversion to a New Nuclear System or
a Fossil Fuel System. The probability of utilizirg a new steam supply, such
as was done with the Pathfinder Power Plant does not appear likely for
lérge power stations, as will be discussed in Section 7.5. The other three
options: Mothballing or "Storage,”" In-Place Entombment or "Internment,"
or complete "Removal" span the options available from past experience, pre-
sent review of the situation, and from the position of the Regulatory branch

of the AEC.
4,1 Storage

Utilization of the site structures for storage of radioactive com-—
ponents in their operating configuration is the "minimum" dismantling
effort which is acceptable under present AEC regulations. The containment
structures were designed to provide adequate safety for the public health
during reactor operation and they should therefore be adequate for storage
of radioactive materials once the plant has been shut-down. However, even
with this minimum option there are certain work items which must be com-
pleted prior to modification of the facility license.

In order to proceed with minimum or "storage' dismantling, the licensee

must remove all special nuclear material from the site, and the reactor must
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be deactivated and made incapable of being operated. All contaminated
piping systems must be decontaminated, drained, and then sealed to prevent
future spreading of contamination. The fuel storage pool, waste storage
tanks, and demineralizers must be handled in the same manner. Open tanks,
such as the fuel storage pool, may require covering with a concrete slab
or they may be decontaminated by sealing the radionuclides to the tank
surface by péinting those surfaces. Painting the surface of a contami-
nated component will only be allowed after the licensee has demonstrated
that adequate steps have been taken to decontaminate the surface and that
the surface has resisted those efforts (49). Whether painting alone is
adequate depends on whether a secondary boundary is available to control
contamination spread. All radioactive resing and wastes must be shipped
off-site for burial. All areas of high radiation, such as around the
reactor vessel, must be sealed to prevent access and water intrusion.
Monitoring facilities must be installed in the facility low spots to
detect any water leakage into the storage areas. The storage areas must
be sealed by welding shut all pipe penetrations, by sealing shut all
windows, doors, electrical and other penetrations except for one access
door and a storage area pressure equalization line. The equaliéation
line must prevent storage area overpressures by letting the area breath
through a filter.

In a PWR, the radicactive systems must be confined primarily to the
reactor building, the primary auxiliary bﬁilding, the fuel handling building,
and the rad waste building though other buildings may contain stored activity
depending on site layout. Those buildings which are not used as storage

areas must be decontaminated to below levels required for unrestricted access
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(27) while the storage areas must be sealed as described above and adequately
locked to prevent unauthorized access. Prior to termination of the operating
license, a complete and extensive survey of site radiation and contamination
levels must be made so that future surveys will reveal any spread of radio-
active materials, The licensee must instigate periodic radiation surveys

and must keep the site under surveillance to prevent unauthorized personnel
from gaining access to the storage areas.

During the initial dismantlings of CVTR, BONUS, Piqua, and Pathfinder
(5,2,6,11) the AEC terminated the Part 50 or Reactor License and issued a
Part 30 or Byproduct Material License for the radiocactivity stored on site,
Recent plans to decommission the Saxton Reactor have shown a shift in AEC
policy and the Saxton Nuclear Experimental Corporation will maintain the

"possession only" license.

Saxton site after dismantling under a Part 50
Listing the high inventory of radiocactive material on the site as the deter-
mining factor, the AEC has decided that all dismantled reactor sites which
are used for storage or disposal of radioactive material will be required

to maintain Part 50 licenses unless the licensee makes application to the
State (if an Agreement State) for a byproduct materials license.

Advantages of the "storage' concept are minimization of cost and mini-
mization of the worker's occupational radiation exposure. At a latter date
the site can undergo a more permanent solution such as burial or complete
removal of the radioactive materials. By undertaking the storage option a

' Costs of the "storage" dismantling

utility is "leaving its options open.'
for a hypothetical 1000 MW(e) PWR is shown on Table VI. The schedule for
the decommissiong work is given in Figure 18. The much shorter dismantling

time results in savings for the licensee. In addition, the actual work,
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such as decontamination of the plant systems and buildings, can be done by

plant maintenance personnel using standard maintenance procedures.
4,2 Internment

The "internment' dismantling option entails using the plant site as
a burial ground for radioactive material. The actualvburial will use those
portions of the reactor building, primary auxiliary building, fuel handling
building, and rad waste building. which are below grade to serve as tombs
or storage vaults. The radioactive components will be stored in the lower
recesses of these burial buildings, and then the upper portions of these
structures will be leveled, the tombs covered with earth, and the radic-
active material permanently buried. When estimating the costs of the
"intermment" dismantling, it was assumed that the turbine generator building,
the control building, and other auxiliary buildings which are not contaminated
or do not contain significant amounts of radioactive materials will be
decontaminated and modified to serve as warehouses or office space. This
modification entails removal of all equipment, piping, and power wiring and
altering the building as necessary to utilize as much of the facility as
is practical. The turbine generator and condensers may be di5posed of as
scrap depending on the economics of complete removal at the time of dis-
mantling.

Specific work items required by the dismantling include removal and
sealing of all contaminated pipe and equipment. The radiogctive components
will be stored in the burial vaults or shipped for burial off-site, while
the non-contaminated material will be disposed of as scrap. The upper
portion of the reactor contaimment and the other storage or burial struc-

tures will be razed to below grade level. The storage areas of the burial
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vaults shall be filled with concrete to prevent access and contamination
spread. The burial vaults must be covered with a water impervious membrane
to prevent water intrusion and the membrane must be covered with backfill
and the area graded and planted in grass. In the Hallam dismantling, the
water impermeable membrane was Amercoat Nob-Lock and Amercoat 40 mil Plain
Sheet and all joints were sealed using Amercoat No., 22 Adhesive (28). The
membranes must be resistant to water (fresh, salt, or brackish), fungus,
bacteria, dilute organic acids, dilute solutions of alkaline chemicals, and
highly corrosive salts. Site ownership must remain with the licensee, and
he must conduct periodic environment radiation surﬁeys to assure that the
site does not prove inimical to the public health.

In assessing the safety of the "internment" dismantling option, several
items must be considered. The sanctity of the vault must be maintained for
from 120 to 200 years. At the end of this time, the radiation levels will
have decayed to levels below those requiring restricted access. Assuring
that the site will remain imperviocus to corrosion and leaching is dependent
on groundwater flow, water table level, soil conditioms, concrete type used
and cathodic protection provided for the burial structures. The groundwater
may be passive or corrosive depending on its constituents. Groundwaters with
high sulfate contents are particularly detrimental to most concretes. The
mechanism of corrosion and leaching of.concrete are not completely under-
stood though the various concrete manufacturers, the National Bureau of
Standards and the American Concrete Institute are doing extenslve research
to investigate the factors which affect concrete deterioration (29,30).
Concrete type V which is low in tricalcium aluminate has demonstrated the
best resistance to sulfate groundwater attack. The safety analysis of

the entombed activity must demonstrate that the radisactive material remains
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safe even though the walls of the wvault are breached. In addition, the
environmental surveys conducted by the licensée must include analysis of
water from wells located in the vicinity of the site to assure that no
radioactivity is entering the water supply. A passive cathodic protection
'system utilizing sacrificial anodes may be installed to prevent rapid deterio-
ration of the steel containmment shell but it will not be practical to main-
tain an impressed voltage cathodic protection system on the containment for
the 125 to 200 years necessary to insure that the burial vault remains
unbreached. In the safety analysis, typically no credit is taken for the
cathodic protection.

The actual dismantling work of the "internment" option will require
careful scheduling to assure minimization of costs and effective use of
all workers. By careful scheduling of work it will be possible to utilize
plant facilities as long as possible (the rad waste system, etc.), and
the storage of radivactive components in the burial vaults will proceed
under careful guidelines to maximize the on-site storage and minimize the
radioactive material which must be shipped off-site for burial, thereby
saving shipping and burial costs.

The comparative schedule for the dismantling is shown on Figure 18

" as demonstrated by

while costs are summarized on Table VI. ''Internment,
the Hallam Dismantling (31), is a "permanent solution" to dispose of
radioactive materials at a power plant site. Though the burial is by no

means irretrievable, the possible reclaimation of the buried material would

only be attempted under the most extenuating circumstances.
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4.3 Removal

The removal dismantling option entails removing all vestiges of the
powef plant from the site and returning the site to 1ts original condition.
Complete removal can be considered an "extreme" option,but the dismantling
of the Elk River Reactor has shown that it can be done. At the ERR, all
vestiges of the plant except the lower foundations of the major buildings,
will be removed from the site. The foundations will be checked to insure
that all radicactive concrete has been chipped out and shipped off-site for
burial. Once it is assured that all nonnatural radicactivity has been
shipped off-site, the foundations will be filled with rubble, covered with
top soil, and planted with vegetation.

The actual dismantling will require extensive work in radiation fields.
Since all radiocactive components must be removed, it will be necessary to
remotely dismantle the "hot" items such as the reactor vessel and internals.

The dismantling of the ERR reactor (32,33) demonstrated the capability
of remotely cutting up a reactor ;essel and internals. The reactor vessel
and the imner and outer thermal shields were segmented remotely using a
plasma arc cutting torch. The inner shield was cut up under water while
the external shield and the pressure vessel were cut up in air. The remote
tools required to operate the plasma torch and other dismantling tools were
designed and fabricated by Oak Ridge Nationsl Laboratory. The inner shield
took five weeks to segment and transfer; the pressure vessel, 15 weeks; and
the outer shield, 10 weeks. Radiation levels were 1300 R/hr on the inmer

thermal shield surfaces.



48

The actual dismantling of ERR progressed from the pressure vessel out.
By working from the highly contaminated reactor internals ocut to the con-
tainment, the dismantling forces made maximum use of existing plant systems
and structures. The ERR pressure vessel contained an estimated 1200 curies
of activity. However, at the end of a 40 year life, a conventional power
plant reactor vessel will be considerably more active. In addition, the
physical size of a PWR or BWR reactor vessel will require that it be cut
into many pieces to allow shipment of the highly radicactive segments in
appropriate shipping casks. Unlike irradiated fuel, which contalns large
amounts of fission products which are capable of contaminating large areas,
the radioactive scrap from a "removal" dismantling will contain little poten-
tial for contamination spread in the event of a transportation accident.
Prior to commencement of the actual dismantling, all SNM will be shipped off-
site, all systems and contaminated areas will be extensively decontaminated
to remove loose contamination., One factor which will increase the efficiency
of pre~dismantling decontamination is the use of strong decontamination
solutions. Since the plant will not be operated again, extremely strong
decontamination solutions can be used. Steps will have to be taken to
assure that the decontamination solutions do not rupture a line and in-
advertantly spread contamination., After the plant iIs decontaminated as
far as practical, all resins, radloactive wastes, and other highly contam-
inated materials will be shipped for burial. At the initiation of dismantling,
the activity left on site will be either induced activity in the reactor
materials, or contamination (probably corrosion products) which could not
be removed by the decontamination solutions. These two types of radio-

active material, though hazardous to personnel working with the equipment
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in which the material is found, are not potentially hazardous to the public
health, 1In transporting the radioactive material to burial, the only dangers
will result from the high radiation fields from the reactor vessel and com-
ponents and the possibility of contamination due to the "crud" located in
the piping system. Therefore, it will be necessary to ship the reactor
component segments in shielded casks designed to minimize external gamma
radiation,ﬁand the piping and equipment intermal surfaces which are con-
taminated will have to be sealed. In most cases, taping the pipe openings
shut will be sufficient to prevent the spread of contamination from the
pipes.

Two large tasks required by the dismantling will be the removal of
the reactor biological shield and the dismantling of the containment
buiiding. If the containment inner surface can not be decontaminated, it
can be painted to fix the radiocactivity to the building. As this pro-
cedure has been used extensively in handling contamination from accidents
(23), it should be capable of preventing contamination spread while contain-
ment sections are shipped for burial. The dismantling of the biological
shield will result in the production of large quantities of highly contaminated
airborn dust., It will be necessary to protect the dismantling forces and
prevent unnecessary spread of the dust.

The actual magnitude of the transportation and burial activities will
be significant factors in the cost of the dismantling. Location of the
nearest AEC licensed burial ground and the condition of roads leading from
the site to the burial ground as well as railroad connections, will have to

be taken into consideration.
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The complete removal of radloactive material from a site results in
no future surveillance or licensing requirements, but offset against this
"ideal" end result is the cost and the exposure of the working force to
radiation. The transporting of the radioactive material to a central AEC
burial ground allows large quantities of contaminated material to be kept
under surveillance by a small work force. The radiocactive materials will
still have ﬁo be kept under surveillance until the radiogctivity decays to
insignificant amounts. The schedule for the removal dismantling option is

shown on Figure 18 and the costs are included in Table VI,
4.4 Overall Scheduling Consideration for Dismantling Work

The scheduling of the dismantling work should be optimized to minimize
the cost of the entire decommissioning effort. Many factors, such as local
public sentiment, availability of trained personnel, interest rates, and
current AEC regulations must be considered by a utility in selecting the
dismantling option to use in decommissioning a nuclear facility. Any of
the options presented or a modification of them may be selected by a licensee
upon consideration of the alternatives open to him at termination of his
facility operating life or license. In every case there are certain scheduling
considerations which will affect dismantling costs for the utility. The
overall considerations such as fuel costs, maintenance costs, licensing
requirements, and manpower shortage costs have already been mentioned.

Since the major problems confronting the dismantling workers in each option
are the presence of radioactivity and contamination and the necessity of
working in a radiation field, possible methods of reducing these problems

should be evaluated. The AEC has accepted as regulations the National
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Commission on Radiological Protection recommendations for the maximum
permissible occupational exposure to ionizing radiation., Table VII lists
the present NCRP radiation dose limits (50).

Recently, along with the AEC's limitation of nuclear reactor radio-
activity releases to as "low as practical," the AEC and others have begun
to examine the possibility of reducing the maximum permissible dose limit
for occupational exposure from its present limit of 5 rems in one year to
some smaller value. Regulatory Guide 8.8 is directed toward minimizing
occupational exposure as "far as practicable." Dr. Karl Morgan of Georgia
Institute of Technology has stated that the NCRP is reviewing the basis
of the present occupational dose with the intentrof lowering the limits
if possible (34).

Reducing the occupational exposure limits will increase the cost of
all dismantling work activities. Extensive use of additional shielding
and remote work tools will be required for work tasks done in radiation
fields. The length of time for remaining in any work area will be lowered
due to the smaller allowable dose.

A second factor affecting radiation levels and radioactivity on site,
is the decay of the radioactive nuclides. Immediately after the reactor
is shutdown, the activity due to short half-life isotopes will contribute
significant radiation levels. By letting the plant "cool" from two to four
years, most of the short-lived radionuclides will have decayed to 1lnsigni-
ficant levels. Figures 9 through 14 show typical decay curves and their
constituents for the reactor vessel and internals of the Pathfinder and a

hypothetical similiar unit that has operated for 40 years.
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TABLE VI

COST ITEMS
{evaluated at pres-
ent dollar worth)

Labor

Materials and
Equipment

Overhead

Subtotal

Engineering, Field
Management and
Contingency

Total

Present Worth of
Surveillance and
Maintenance

Evaluated Total
Costg¥®k

Cost estimates are "rough order of magnitude"

DISMANTLING OPTION COSTS

STORAGE

$

402,000

161,000

140,000

703,000

450,000

1,153,000

318,000%

1,471,000

INTERNMENT

$
4,021,000

1,407,000

1,357,000

6,785,000

1,900, 000

8,685,000

212,000%%

8,897,000

33

REMOVAL

8,490,000

3,306,000

2,972,000

14,858,000

4,458,000

19,316,000

19,316,000

*Annual Cost of $15,000 escalated - 7% per year and present worthed at
7% per year for 20 years.
**Annual Cost of $10,000 escalated - 7% per year and present worthed at

7% per year for 20 yea

rS.

*%*No consideration has been given escalation, inflation or other economic

factors.

See Appendix ¥ for breakdown of labor cost item.
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NCRP RADIATION DOSE LIMITS
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Category Value
Maximum permissible dose equivalent for
occupational exposure
Combined whole-body occupational exposure 5 rems in any one year
Retfospective anmmval limit 10 to 15 rems in any one year
Long-term accumulation (Age - 18) x 5 rems
Skia 15 rems in any one year
Hands 75 rems in any one year (25/quarter)
Forearms 30 rems in any one year (10/quarter)
Other organs, tissues, and organ systems 15 rems in any one year (5/quarter)
in gestation period

Fertile women (with respect to fetus) 0.5 rem

Dose limits for the public, or occasionally
exposed individuals
Individual or occasional 0.5 rem

Students 0,1 ren

Population-group dose limits* (total
exposure from "man-made"” radiation above
and in addition to natural background
which averages about 0.1 rem per year)

in

in

any one year

any one year

Genetic 0.17 rem average per year

Somatic 0.17 rem average per year

Emergency dose limits (life saving)
Individual (older that 45 years if

possible} 100 rems

Hands and forearms 200 rems, additional
(300 rems, total)

Emergency dose limits (less urgent)
Individual 25 rems

Hands and forearms 100 rems, total

Family of radicactive patients

Individual (under age 45) 0.5 rem in any one year

Individual (over age 43) 5 rems in any one year

*Average for population group is intended to assure that no individual exposure

exceeds 0.5 rem/ycar,
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The cost of continued license possession must be evaluated against
the savings received from delaying the dismantling work to wait until the
short-lived radionuclide have decayed te Iinsignificant levels.

The actual scheduling of the decommissioning work reveals that there
are certain items which constrain a CPM schedule of the decommissioning
work. During the initial stages of a decommissioning as the decommissioning
order is being sought, the constraining items are preparation of the Decom-
missioning Plan and Safety Analysis Report, AEC review of these documents,
and preparation of the plans and specifications for the actual work. Once
the order has been received, removal of all fuel from the site and decontamina-
tion of the plant systems constrain the start of the dismantling work. Once
the dismantling work has started, it will generally proceed through several
concurrent "paths,'" any of which could become critical in relation to dis-
mantling completion. The only obvious critical item is to assure that removal

of shielding does not proceed removal of the shielded components.
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5.0 DECOMMISSIONING ENGINEERING REQUIREMENTS

The following engineering requirements are extracted from the informa-
tion available on previous decommissionings. In addition, the AEC has
issued Regulatory Guide 1.86 "Termination of Operating Licenses for Nuclear
Reactors, June 1974" to clarify the regulatory requirements for terminating
an operating license. Though specific documents are identified, these
documents may be combined by a licensee into one document as long as the
relevant information is included. For example, the Dismantling Plan covered
in Section 5,2 may include the Safety Analysis Report mentioned in Section
5.3. Regulatory Guide 1.86 does not specifically require an Environmental

Report but issuance of the same is considered necessary by the author.
5.1 Initial Engineering Considerations

Recently there has been a general increase in concern for the environ-—
ment. The AEC's mandate for control of the licensing of nuclear facilities
was redirected by the Federal Court in the Calvert Cliffs decision to include
complete environmental review of all phases of a nuclear plant's life and to
examine the envirommental impact of each phase in the licensing process. The
AEC has responded in part to this by the issuance of Regulatory Guide 4.2
"Preparation of Environmental Reports for Nuclear Power Plants, March 2, 1973
(35)." Section 5.9 of this guide directs the applicant to "describe its plans
and policies regarding the actions to be taken at the end of the plant's useful
life, Information should be provided on the longterm uses of tﬁe land, the
amount of land irretrievably committed, the expected environmental con-

sequences of decommissioning, and an estimate of the monetary costs involved."
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The guide goes on to request information on the considerations given de-
commissioning in the plant design and the expécted-dismantling steps the
licensee will take, Though not requiring that the decommissioning plans

be finalized, the guide is slanted toward assuring that the licensee appli-
cant consider the costs and problems associated with the decommissioning of
the plant early in the project planning. The Environﬁental Report is sub-
mitted in most cases with or shortly after the PSAR, and therefore, the
decommissioning requirements should be given consideration throughout the
plant design.

At the end of the plant's useful life, the licensee will review the
options available to him and decide on a program for decommissioning the
reactor. The review of options may be made by the licensee's internal
engineering staff, or it may be handled by an architect—engineer (A-E).
Selection of the program will follow a detailed review of the factors
previously mentioned. After the program has been selected, the licensee
will have his engineer prepare a Decommissioning Plan, a Safety Analysis
Report (SAR), and an Environmental Report on the impact of the Decommis-
sioning Plan. These will be submitted to the AEC with a Request for a
Dismantling Order (36), and a Request for Modification of thé Tech Specs.

These documents formalize instigation of the decommissioning process.
5.2 The Decommissioning Plan

The Decommissioning Plan (10,12) formally outlines the program the
licensee has selected for decommissioning the plant. The various dis-
mantling activities are covered in enough detail to demonstrate the steps
taken by the licensee to protect the public health and safety and to assure
the AEC that adequate steps are taken to insure that the job proceeds in

compliance with the appropriate regulations.
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The Dismantling Plan (DP) opens with a review of the plant background.
In addition to covering the plant design, the DP reviews the plant operating
history. Any significant contamination accidents or significant spreads of
radioactive material are summarized. It contains a summary of the current
plant status, the dispostion of all SNM and radioacﬁive sources, and it
estimates the total plant radicactive inventory. The‘inventory contalned
in the reactor components is calculated using the procedure contained in
Appendix A. The calculated inventory is compared to the measured inventory
by measuring the radiation levels and back calculating the source strengths,
A complete description of plant radiation levels is included in the DP as
well as a description of the proposed plant final status.

The DP contains a detailed description of the dismantling activities
including the proposed staff organization, and it delineates the responsi-
bilities and lines of authority for the dismantling work. The health physics
program, the safe work procedures, major work task descriptions, the work
scheduling, and the work contreol procedures are outlined.

The DP is concluded with a review of the safety aspects of the actual
dismantling operations. Control and protection of the dismantling workers,
rad waste procedures, health physics procedures, and dismantiing hazards are

reviewed.
5.3 SAR, FSR and ER

The Safety Analysis Report (SAR) is submitted with the DP to the AEC,
and it covers the safety considerations of the decommissioned plant. It
reviews the structural design of the plant to confirm that it is adequate
for the dismantling option selected. A review of radiological safety con-

siderations is included to support the conclusions of the safety analysis,
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A System Radiologlical Safety Analysis (SRSA) is generated by the Li-
censee's engineer. The SRSA reviews the varibus.aﬁenues of possible
accidents which might occur. The consequences of floods, earthquakes,
tornadoes, hurricanes, and other natural disasters and their interaction
with the dismantled facility are reviewed to examine all possible avenues
of contamination spread. Following the precedent estéﬁlished in operating
license submissions, a worst conceivable hypothetical accident may be
selected as a design basis accident, DBA. The safety analysis of the dis-
mantled plant must confirm the adequacy of the dismantled plant to with-
stand the DBA (3).

The Final Status Report (FSR) is submitted to the AEC at the completion
of the dismantling activities. It includes a description of the site's con-
dition after completion of all dismantling work. A review of the radiological
safety procudures which were followed during the dismantling as well as a
complete review of the current plant radiological status is contained in the
FSR., This includes a complete site radiation and contamination survey. The
FSR concludes with a safety analysis of the plant as dismantled.

The Environmental Report (ER) addresses the environmental consequences
of the dismantling (13)., In addition to a plant history review and a dis-
mantling operations summary, the ER contains a complete analysis of the
environment impact of the proposed dismantling activities. In addition to
considering the impact of the plant final status, the ER considers the
effects of the actual dismantling work including shipping accident considera-

tions. The ER contains an envirommental surveillance program for the dismantled

facllity.
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5.4 Revised Technical Specifications

Section 50.36 of 10 CFR 50 requires that the plant operation be defined by
Technical Specifications (Tech Specs). The Technical Specifications include
safety limits and safety system settings as well as limiting conditions for
operation. They also include surveillance requirements, design features, and
administrative controls as well as operating procedures for the discharge of
effluents (50.36a) from the plant. These Tech Specs define the limits under
which the reactor may be operated by the 1icensee; and they define the checks,
analyses, surveys, and procedures which the plant operations staff must in-
corporate in their operating procedures. Failure to comply with the Tech
Specs can result in the licensee being cited by the AEC, which can result
in fines and other punitive actions. Compliance with the Tech Specs is

' However, the Tech Specs are oriented toward an

therefore "mandatory.'
operating power plant, and they inciude many requirements which are irrele-
vant to a plant being decommissioned. This is particularly true once the
actual dismantling work is started. Therefore, a request for complete re-
vision of the Tech Specs is normally submitted with the DP.

The modification of the Tech Specs can be conditionai. For example,
when all fuel is shipped from the site, the Tech Spec requirements covering
SNM safeguard procedures can be automatically deleted if the AEC agrees.
There are normal procedures for the medification of the Tech Specs but these
procedures are generally time consuming, and if possible, the licensee should
submit streamlined modifying procedures along with the revised Tech Specs.

This will allow the dismantling to proceed with as little delay as possible

due to noncritical license requirements,



61

5.5 Plans and Specifications

Due to the nature of the dismantling work, it is extremely important
to plan the work effectively, Inadequate plans will result in delays caused
by insufficient training, lack of coordination, and inadequate equipment.
Control of the work force and job tasks is necessary to minimize the possi-
bility of ;ontamination spread. The general work program must consider
utilization of existing plant systems, equipment, and facilities as long as
it is practical. The program must also consider minimization of worker
radiation exposure. Materlal control and waste disposal must also be in-
cluded in the work program as well as HP monitoring, record keeping, and
decontamination procedures.

The licensee may not be staffed to handle the dismantling work, or the
licensee may not want to subject his normal work staff to radiation doses
vhich will limit their normal work capacity. The utility can contract the
work to be done by an independent contractor. However, the utility will still
have primary responsibility as licensee to see that the work is accomplished
in accordance with AEC regulations.

In order to procure a meaningful bid from a vendor or contractor for
the dismantling work, the exact work scope, the work management and HP
responsibility interface, as well as all AEC requirements will have to be
called out in the specifications. In addition, such items as decontamination
and contamination removal costs, which vary from plant to plant and therefore
are not easily estimated, will have to be priced on a cost plus basis to
handle the inherent uncertainties in the tasks,

The licensee will probably employ an architect-engineer to generate

the SAR, DP, and speclfications. The specifications will need to cover the
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work scope and the safe work procedures to be followed to insure that the
contractor does not violate the licensee's regulatory requirements. This
inclusion of procedures in the specification is treading on grounds normally
controlled by the contractor management, but the contraints of the AEC
license impose requirements‘on the licensee to assure that the work will be
done according to the regulations. Though the contractor will be responsible
for his work force, it will be necessary for the 1icense§ to assure that they

follow safe work procedures,
5.6 Dismantling Supervision

As licensee, the owner of the facility has prime responsibility to the
AEC to assure that the dismantling proceeds in accordance with AEC directives
and regulations. Though the licensee may delegate his authority for job
control to persons outside his organizations, the responsibility is still his.
The actual dismantling work should be under the direction of a qualified pro-
ject manager. Typical supervisofy personnel are listed below.

The project manager must be familiar with construction work in radiation
fields, health physics, monitoring, waste disposal procedures, and AEC regula-
tions, in addition to being qualified-to handle construction or.demolition
work, His primary function will be to plan and coordinate all phases of the
dismantling so that the work proceeds as smoothly as possible.

The health physics chief will be responsible for monitoring radiation
levels and establishing radiation areas. He shall assist the project
manager and contract supervisor in preparing safe work procedures, and he
shall provide data for work permits., He shall also be responsible for
maintaining radiation exposure records and for developing effective de-

contamination procedures to deal with abnormal contamination problems.
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The contract supervisor will have primary responsibility for issuing
work permits for the iIndividual work tasks and for getting the work dome.
He will be directly responsible for labor relations and work productivity.

Assisting these supervisory persomnel will be a safety committee com-
prised of the plant superintendent, the plant health physics supervisor,
and the various plant engineers and other qualified individuals, This
group, some of whom must be completely familiar with the.plant, will re-
view the work progress, Tech Spec modifications, and work procedures to
monitor independently for possible safety problems. They will report any
findings to the project manager.

These supervisory personnel will have to be‘éssisted by a highly
trained staff to assure that the work is done expeditiously. Shortage of
trained manpower may be a definite problem areé. It may be necessary to
institute a rigorous training program for the dismantling staff personnel
to provide the training required.

The breakdown of job supervision into three areas of independent
responsibility (project manager-license, health physics chief-radiation
safety, and contract supervisor-dismantling work) with independent review
of the safety questions, should provide proper control of this job. In

this framework, proper considerations for radiation safety will be possible,
5.7 AEC Regulatory Guides

In addition to the requirements of 10 CFR 50, in particular paragraph
50.82, pertaining to the decommissioning of nuclear plants, the AEC has
issued several regulatory guides which affect the decommissioning of nuclear

plants. Regulatory Guide 1.86, "Termination of Operating Licenses for
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Nuclear Reactors" was issued in June 1974 to clarify the methods and
procedures considered acceptable to the AEC Régulaﬁory staff for meeting
the requirements of 10 CFR 50.82.

In addition, Regulatory Guide (RG) 1.8 on "Personnel Selection and
Training" and RG 1.39 on "Housekeeping Requirements for Water-Cooled
Nuclear Power Plants (3-16-73)" affect the economic considerations relative
to dismantling the facility. Many other guides, including RG 5.20 on
"Training, Equipping and Qualifying of Guards and Watchmen," (which may
be modified due to safeguards considerations) and RG 7.1 on the "Administrative
Guide for Packaging and Transporting of Radiocactive Materials" affect the
cost of dismantling a facility.

The Regulatcry Guides of Division 8 which deal with occupational health
are applicable to the dismantling work. In particular, RG 8.2 "Administrative
Practices in Radiation Monitoring," RG 8.7 "Occupational Radiation Exposure
Records System," RG 8.8 "Information Relevant to Maintaining Occupational
Radiation Exposures as Low as Practicable (Nuclear Reactors)," and RG 8.10
"Operating Philosophy for Maintaining Occupational Radiation Exposures as

Low as Practicable,”

serve as guidelines for proper procedures and control
of the dismantling activities.
In general, the Regulatory Guides as issued and the other regulations

of the AEC combine to provide an adequate picture of what is acceptable to

the AEC in general terms,
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6.0 DISMANTLING ACTIVITIES

The dismantling activities reviewed in these sections result in in-
creasing cost for the dismantling work. The activities are designed to
minimize the consequences of radiation exposure and decrease the possibility
of contamination spread. The activities are based on experience with work

in radiation fields.
6.1 Safe Work Procedures and Work Permits

As the actual dismantling work will require work in radiation areas,
general Safe Work Procedures (SWP's) will be generated for all repetitive
work tasks. Typical tasks covered will include pipe cutting, pipe capping
or closure, equipment decontamination, system drainihg, system decontamination,
and waste disposal., These SWP's will be general in nature and they will de~
fine the procedure that will be followed to accomplish the task. The SWP's
will be generated by the contract gupervisor with assistance from the project
manager and the health physics chief. They will incorporate the procedures
included in the job specifications if the work is done by an independent
contractor.

Each SWP will 1list prerequisites required before the work can commence,
Equipment required will be listed to assure that there is no loss of time
retrieving tools and other equipment after the work commences; The SWP will
specify minimum radiation monitoring and personnel protection equipment
needed. The equipment needed may include respirators, anti-contamination
clething, polyethylene sheets, and tools as required by the work., This list
will be supplemented by the radiation work procedure (RWP) posted at the

work area. The work method will be described in detail with special emphasis
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given to radiation monitoring requirements and cleanup procedures. The SWP's
will include the work control procedures used to monitor the work and will
be approved by the safety committee,

The primary work control will be exercised by issuing Work Permits
(WP). A Work Permit will be issued by the contract supervisor for each
item of work, The WP will refer to a SWP if the work item is typical, or
it may contain a specific procedure to follow., It will cover disposal of
the contaminated material and steps to be taken to minimize radiation ex-
posure, The WP will be issued by the contract supervisor after being
approved by the project manager and health physics chief, After the task

ie done, the WP will be certified by the work group supervisor to show

completion of the task, and it will be returned to the contract supervisor,
6.2 Health Physics

Before a dismantling work task starts, it is necessary to examine the
hazards, monitor the radiation and contamination levels, catalog the area
as to radiation level, select the dress required (anti-C, etc.), and specify
the safety precautions to be followed when working in the area. The health
physics staff will be responsible for these items. After a work area has
been surveyed and the allowable exposure time calculated, the health physics
monitor (HP staff member) will issue a radiatiom work procedure (RWP) which
will be posted at the work area, The RWP will list requirements for special
monitoring equipment, exposure time limits, protective clothing, and pro-
tective shielding. The RWP will be issued before health physics can approve
a WP.

The HP staff will also assist in the generation of SWP's and will assist

in the generation of special decontamination preocedures. In addition to



67

normal instrument maintenance, radiation record keeping, and monitoring
radiation levels, the HP staff will be required to provide radiation moni-
toring for each work group whenever there is a possibility of contamination
spread. When cutting a pipe that is internally contaminated, the HP monitor
will continuously monitor the cut area to detect any large activity releases.
This monitoring will require a large HP staff initially. As the work pro-
gresses, if it is found that the monitoring isn't necessary, the HP work
force can be reduced,

One of the work practices that must be discouraged is "burning out" the
labor force. "Burning out'" consists of letting a worker accumulate his maximum
allowable radiation dose in a short work time byirequiring him to work in high
radiation areas without taking steps to lower the exposure rate, and then lay-
ing off the man because of the limits of 10 CFR 20. This philesophy of "burning
out" the local labor force has long range repercussions that may not be imme-
diately evident., In addition to limiting the local labor force's capacity to
work for the licensee, it alsc could result in a negative public attitude toward
the work and the licensee. Typically, "burning out" is more common when inde-
pendent contractors with no attachments in the area are responsible for the
work., 1In order to maximize the contfact profits, time spent on-shielding and
radiation protection are minimized by the contractor. The AEC, with issuance

of Regulatory Guide 8.8, has already taken steps to discourage this practice.
6.3 Material Control

Once all SNM has been removed from the plant site, the material contrel
program should shift from a dual role of material safeguards and radicactivity

control to one of radicactivity contrel. The safeguards portion of the
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material control program is oriented toward preventing diversion of SNM for
clandestine purposes while the radioactivity control portion of the program
is oriented toward preventing accidental release of radiocactive material
into the environment.

The material control effort during the dismantling should be directed
toward controlling contaminated scrap, tools, and equipment. The work force
may be tempted to pilfer or unknowingly take contaminated material from the
site, particularly since the material is being disposed of as scrap. If the
work force is familiar with the radiation safety aspects of the job, they
may feel that the rigid safety program (material cﬁntrol) is unnecessary.
(An example of such an attitute is the contempt many skilled craftsmen feel
about OSHA regulations.)

The disposal of uncontaminated scrap from a dismantled facility by
local disposal methods (scrap dealers, junk yards, and the local land fill)
can result in unfavorable publicity, particularly if contaminated material
is discovered in the area. To assure that the scrap is not contaminated,
it will all have to be surveyed and checked. That may offset any savings
realized by disposing of the clean material locally. Cost of shipping and
burial at a nuclear burial ground will have to be weighed against surveil-~
lance and checking costs.

The actuval control program will probably utilize an extensive tagging
procedure to control movement of tools and material on the job. Inspection
and tagging of all material removed from a work area will be required to
control the disposal of scrap, reduce the spread of contamination, and assure
that dismantling tools and equipment are utilized as effectively as possible.
Contaminated tocls can be transported from Sne work area to another by en-

closing the toels in plastiec bags, thereby decreasing the need for complete
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decontamination of tools after every work task which would increase the job
costs unnecessarily.

One of the material control problems will be the storage and dispesal
of radiation sources for calibrating detection equipment. These calibration
sources will be needed by the health physics staff until the dismantling is
complete and they should be transferred to another licensee or plant when the.
work is complete,

In order to minimize the spread of contamination, the control of each
work area must be planned and maintained by the working staff., This control
willl include roping off the area, marking it appropriately, confining entrance
and exit to a single location and keeping the area as clean as possible.
Utilization of visquene tarps and sheets to confine the material from pipe
cuts, equipment dismantlings, and concrete removal will assist in limiting in
contamination spread., Utilization of special paints and wall coverings in
the normal plant design will assist in contamination control. These special
paints (37) are designed to prevent penetration of the radioisotopes into the
surfaces on which the paints are applied. Information is still being accumu-
lated on the best material for each application, but as the operating years
accunulate on present plants, the paints will be refined and their radio-

activity penetration resistance will be optimized.
6.4 Waste and Work Items Disposal

Whatever option is selected by the licensee for dismantling the plant,
the actual dismantling will result in the generation of large quantities of
contaminated and radicactive materials, These materials must be disposed

of eilther by on-site emtombment or by shipment for burial off-site. In a
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minimum storage option, the dismantling work will utilize existing facilities
to process radioactive wastes and contaminated material. With each increase
in the scope of work required, the load on the plant facilities will increase
until they are not capable of handling the volume of material generated. If
the work scope is further increased, then temporary facilities will have to

be errected to handle the excess waste material generéfed. On a complete
removal job, these temporary facilities will probably include: Demineralizers,
evaporators, sclidifying equipment, rad waste packaging equipment, decontami-
nation areas and facilities, personnel decontamination facilities, contaminated
clothing processing facilities, storage areas for contaminated and noncontami-
nated wastes, and other facilities required by the working force, These
facilities are required to handle the waste materials generated by the dis-
mantling work. Actual disposal of the radicactive materials will require
collection, packaging, shipping, and ultimate burial in an AEC licensed

burial ground.

Once the plant is shutdown, no additional radicactive wastes will be
generated, but the dismantling must be programmed to collect, isclate, con-
dense, and prepare the existing waste for disposal. The ceollection of
radioactlive materials during the dismantling will utilize boﬁh the plant rad
waste systems, the working area envirommental systems, and the decontamination
fluid handling systems., The scrap materials generated by the work parties
for disposal must also be collected and prepared for disposal. The initial
plant decontamination operations will function to remove radioactivity from
the piping and deposit it on the cleanup filters and ion exchangers. The
plant rad waste systems will serve their normal functions during the dismantling

cleanup, as will the plant decontamination fluid handling systems., The
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working area environmental systems (large blowers venting through filters)
will concentrate airborn contamination on the system f[ilters.

Except for Special Form Radioactive Materials (SFRM), the radioactive
materials collected present a hazard due to radiotoxicity and they must be
handled by special procedures. The SFRM (see Appendix C) are materials
which if released from a package, might present some direct radiation hazard
but would présent no hazard from radiotoxlcity or contam%nation. Such mate-
rials include radicactivity induced in metals or alloys which are not con~
taminated externally. The general rules covering the packaging and shipment
of radioactive materials are found in Part 173, Subpart G "Poiscnous Mate-
.rials and Radioactive Materials: Definition and Preparation,' and Part 178,
"Shipping Container Specifications,” of 49 CFR (38), and in Part 71, "Packaging
of Radioactive Material for Transport,” of 10 CFR. The dismantling force will
be required to package the radioactive materials as covered by 49 CFR 178 and
10 CFR 71. In some cases, this will only require covering pipe ends and
equipment nozzles. However, the highly radioactive core components will have
to be packaged in caskets with adequate shielding to reduce the radiation
levels to the point where they are not hazardous to the transportation workers.
Radiocactive solids produced from the éleanup purification ion eﬁchangers,
evaporator concentrator bottoms, filter cartridges, contaminated tools, rags,
plastics, anti-C clothing, instruments, and equipment will be encased in con-
crete in 55 gallon drums., The liquid wastes will be cycled through filters,
ion exchangers, evaporators, and separators until the liquid contamination is
concentrated, then they will be solidified by treatment and placed in 55
gallon drums for off-site shipment. Eventually the wastes will be either
stored on-site or shipped for burial. The various radiocactive materials may

be shipped off-site by truck or train.
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6.5 Cost Effectiveness

The actual cost effectiveness of the dismantling work is affected by
the requirements of working in a radiation area. Factors such as HP require-
ments, rad waste disposal, material control, and allowable doses result in
é decreased productivity factor for individual work. The SWP's contain
detailed work procedures which insure that the work is done safely, but
these procedures consider cost only as a secondary requirement, The result
is a 10 hour job in a contaminated area which could be done in one hour in
a nonradioactive plant, Since the health physics staff is required to moni-
tor work tasks which might result in contamination spread, an additiomnal
nonproductive worker is included in every work crew., This requirement may
be relaxed as work progresses but the radiation monitors remain nonproductive
personnel. The stringent material control and waste disposal requirements add
additional cost. The familiarity of the worker with radiation safety proce=-
dures will decrease the cost slightly but the basic extra costs associated
with radiation work can't be reduced. Depending on the task, the cost of
labor for each dismantling task in a well controlled job will be from two to
five times the costs of the same work in a nonradiation job. In addition, the
cost of packagiﬁg and shipping radioactive material off-site for burial adds
to the costs of the dismantling. Local burial rates at ERR for noncontami-
nated scrap were $1.75 per cubic yard while burial rates for the radiocactive
material were $19.50 per cubic yard to which the cost of shipping had to be

added (39).
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7.0 FUTURE INDUSTRY DECOMMISSTONING REQUIREMENTS
7.1 Postulated U.S. Dismantling Requirements

Forecasts of future nuclear reactor growth in the U.S. predict that
1000 nuclear power plants will be in operation in the year 2000. The AEC
projection in "Nuclear Power 1973-2000," dated December 1, 1972 (4) forecast
that by 2000 there would be 1200 GWe of installed nucleaxr power capacity as
a "most likely" figure for future planning. The energy crisis, shortage of
gas and oil, the proposed strip mining ban in estern states, and the in-
Creaéing costs of envirommental controls on fossil plants have further
enhanced the competitive position of nuclear powe%. These factors will
result in a rapid increase in the number of nuclear generating statioﬁs.
Figure 19 is a graph of the projections of "Nuclear Power, 1973-2000" (4).

Nuclear plants decommissioned to date or plants that are being con-
sidered for decommissioning (CVTR, BONUS, Piqua, Pathfinder, ERR, Saxton,
and Peach Bottom 1) are small prototype demonstration reactors with minimal
electrical output. These reactors were decommnissioned because it was not
economical to operate them or it was too expensive to repair defective equip-
ment or upgrade the plant safety systeﬁs. Experimental plants and demonstra-
tion reactors will provide the plants that need to be decommissioned until
the present generation of power reactors are ready for dismantling. Assuming
that a nuclear plant has an operating life of 40 years and that the plant will
then be held in "possession only" status for an average of five years to allow
short—~lived radiocisotopes to decay, the decommissioning market will come of
age in 2015, The increase in the number of expected dismantlings per year is

shown on Figure 20. Until that time, decommissionings will be limited to
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demonstration plants or to plants that are unable to meet "ratcheting" safety

reguirements due to early design features.
7.2 Growth of Nuclear Service Vendors

The rapid growth of nuclear power plants will result in the formation
of companies which provide special services to the nuclear industry. One
major work area open to new vendors is the repair, maintenance and modifica-
tion of radicactive systems in nuclear power plants, This maintenance and
modification work will require special remote operated tools and repair
equipment. Union Cafbide of ORNL and other companies are presently developing
tools and procedures for providing the capability of undertaking normal mainte-
nance functions (pipe cutting and welding) remotely (41). ORNL developed the
plasma torches and procedures which were used to dismantle the ERR reactor
vessel and components remotely. The cost of the specialized tools required
for remote repair and maintenance would preclude their being owned by any but
the largest utilities,

The heavy work load of the plant health physics staff during a large
maintenance task or a dismantling would probably exceed the capability of the
staffs of all except the larger utllities., Extra staff members can be hired

' or the entire

for the duration of the work from health physics "body shops,'
job can be contracted to a health physics contractor who will then assume
responsibility for the health physics aspects of the job. These HP contrac-
tors should develop expertise in handling contamination control and waste
disposal.

The necessity of decontaminating the plant system prior to maintenance

or dismantling activities will encourage the growth of decontamination con-

tractors. At present, many contractors are offering these services including
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the two largest chemical cleaning contractors, Dow and Haliburton. However,

it will be several years before adequate expeéiencé in the work is gained

by the commercial vendors which can be applied specifically to power reactors.
The ability of a utility to develop inhouse capability to handle the

activities required by a dismantling will probably dep;nd on the utility's

size., The larger utilities which are oriented toward inhouse engineering

and design capability will probably develop the expertise required,
7.3 Transportation - Rail/Truck

The transportation of radiocactive material will be an o©ld industry when
the shipping of appreciable amounts of radioactive material from dismantled
plants becomes a significant factor in the transportation market., The pack-
aging and shipment of radioactive materials is under the regulatory juris-
diction of both the AEC and the U.S, Department of Transportation (DOT). The
Atomic Energy Act of 1954 and the Transportation of Explosives Act of 1960
provide for this dual jurisdiction. The DOT regulations can be found in
Parts 173 and 178 of the Title 49 of the Code of Federal Regulations while
Part 71 of 10 CFR contains the AEC rules for "Packaging or Radioactive
Material for Transport." The cooperative working relationship between the
AEC and the DOT (42) has been exemplified by the AEC-DOT Memorandum of

"enhance the development of consistant

Understanding, which was issued to
regulations and to avoid duplication of effort." The latest Memorandum of

Understanding which was signed in March 22, 1973 dealt with the approval of
shipping containers for radioactive materials, and the AEC will now be pri-
marily responsible for licensing the containers or packages used by all

shippers of fissionable materials and intermediate or large quantities of

other radiocactive materials. DOT individual approval for packages used for
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large quantities of radicactive materials will no longer be required. The
AEC has issued ammendments to 10 CFR 71 to cover new regulations regarding
the containers used for the shipping of radioactive materials., This shift
in regulatory function indicates that the AEC will be taking a much more
active role in the packaging requirements of future dismantlings. In the
ERR dismanpling, the packaging of radiocactive materials was done under 49
CFR 173 and 49 CFR 178,

At preseﬁt, the transportation of radicactive materials is an infant
industry. New cask designs and transporting rigs are constantly being sub-
mitted to the AEC for approval. By 2020, the ruleé and regulations should
be explicit, and the industry should be capable of handling the low risk
transportation of radioactive scrap from a dismantling.

The actual transportation of radiocactive material may be by rail, barge,
or truck, Since only one-half of present reactors under plan or in operation
have rail facilities, the transportation of radioactive scrap from a reactor
will probably be by truck. The lack of rail facilities at burial grounds
and the general problems in railroad transportation will shift the trans-
portation to truck. The transportation by truck can go by overweight truck
transport (OWT) (exceeding 73,000 lbs. gross vehicle weight) or by legal
weight truck (IWT). The OWT is subject to restrictions on nighttime, holiday,
and weekend travel in various states and several states require special per-
mits for the heavier trucks. Therefore, though the OWT can decrease the
number of shipments required by 50%, the restrictions and problems of special
permits can reduce any advantage in using OWT's (52).

While a LWT can carry a 25 ton payload and an OWT can carry a 35 ton

payload, it is possible to load a 100 ton payload on a rail car. The problenms
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associated with rail transportation limit its effectiveness in transporting
radioactive materials. Trains are designed so that a single engine (or
series of locomotives) will pull a large number of cars. Some railroads
require separate locomotives for cars contalning radioactive materials and
the rates for special trains are expensive. Typical of the problem is the
dialogue underway between General Electric Company and Santa Fe Railroad
on GE's spent fuel railroad car (43). The comparative evaluation of costs
for rail versus motor freight from ERR to Sheffleld, Illineois averaged 1.5
times more for the railroad cars than the trucks. A revamping and re-
vitalization of the rail industry in the next 40 years could improve their
competitive position, but at present, truck transport appears to have an

edge.
7.4 Radioactive Material Disposal

The ultimate disposal of radiocactive material appears to be either in
place, as in the "internment" option, or remote burial, as in the "removal"
option. In any dismantling option, certain rad wastes including demineralizer
resins, filter cartridges, and evaporator sludges will be solidified, packaged,
and shipped for burial.

There are three commercial radicactive waste disposal companies in opera-
tion in the U.S. at present, and they maintain six burial sites. The near-
surface burial utilized in these six sites is designed for handling low-level
radioactive wastes and SFRM. The Nuclear Engineering Co. maintains burial
grounds at Richland, Washington; Beatty, Nevada; Sheffield, Illineis; and
Morehead, Kentucky. .Nuclear Fuel Services maintains a burial ground at West
Valley, Wew York; while Chem-Nuclear Services, Ine. has a burial site at

Barnwell, South Carolina.
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These burial grounds receive a wide varilety of waste materials, and
except for the prohibition on burial of liqui&s an& limitations on radio=~
nuclide content of the waste, there is little or no restriction on what
may be buried in these sites. Practically any material which can be pack-
aged under DOT and AEC regulations for transportation can be buried at these
sites. |

These burial grounds are licensed by the AEC or by an Agreement State
(an Agrecment State has signed a contract with the AEC where it takes. over
certain responsibilities for regulation of source, byproduct, and limited
amounts of SNM within the state), and are subject to the requirements of
10 CFR 20.302. Section 20,302 requires that a complete analysis of the
site be made, that specific procedures for burial be approved by the AEC,
that a safety analysis of the site be performed, and that the site be owned
by either the State or the Federal government., (All six of the existing
sites are owned by the State governments). The last requirement assures
that the site will be maintained as the States have agreed to be responsible
for perpetual care of the burial grounds if and when the burial operations
are terminated (44). Particular care is given in the site investigation
to the geology and hydrology of the site. The ion exchange properties of
the soil, the movement of ground water, and the possibility of contamination
of water supplies are examined extensively to preclude any possibility of
hazard to the public health.

The disposal of high level radioactive waste i1s not a problem associated
with the reactor decommissioning. The only high level wastes will result from

the fuel reprocessing, and they will be handled at the reprocessing plant

under normal operating procedures,
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The cost of burial at an AEC licensed burial ground has been $.80 per
cubic foot, f.o.b. the burial site. This is based on a maximum surface
radiation level of 200mR/hr and a maximum container weight of 15 tons.
Heavier containers and larger radiation levels can be handled at additional
cost. Packages should not contain explosives or more than specific amounts
of SNM. The materials should be packaged in compliance with DOT and AEC
regulations. Each shipment should be accompanied by the proper forms con-
taining a complete description of the radioactive material contained in the

shipment.
7.5 EPA, Envirnomental and Dual Site Considerations

Though EFA has been given authority for regulating environmental cencerns,
the AEC still have primary responsibility for licensing power reactors. In
order to implement EPA regulation, the AEC has required that Environmental
Reports be prepared in accordance with Regulatory Guide 4.2, The Envirn-
mental Report, submitted with the PSAR, is required to review the envirou-
mental impact of dismantling. Typically, the environmental impact of a shut-
down facility will be less than the impact of an operating plant. In addition,
an Environmental Report (ER) must be submitted for approval with the Decommis—
sioning Plan. This ER will address the environmental aspects of the dis-
mantled facility, will review the possible impact from transportation acci-
dents involving radioactive material, and will cover such problems as on—-site
radiocactive material storage. In general, the environmental impact of a
dismantled facility will result in an improvement in the envirommental condi-
tion of the site. For example, cooling tower plumes or hot circulating water

discharges into rivers will be terminated. Since the normal maintenance of
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the plant will require periodic shutting down of the facility, the en-
vironmental consequences of such actions will have been analyzed in the
plant ER. They should have little impact if the shutdown is made permanent.

Two factors which will affect the economics of a dismantling are the
future use of the dismantled reactor site and the nearness of a second
facility (power reactor) to the dismantled plant. When a reactor is part
of a multiple plant site, the economics and selection of the option for the
decommissioning will be influenced by the continued operation of the other
plants on the site. Future surveillance costs of the minimum storage
option would be decreased, and the dismantled plant could serve as an equip-
ment supply source in an emergency on one of the‘bperating units. The use
of radiation detection equipment, laboratory and laundry facilities and
other facilities at the operating plants would decrease the cost of the
dismantling. The decreased surveillance and surplus value of the plant com-
ponents would tend to promote the storage option.

The final use of the plant site should also be considered. The oppo-
sition of envirommental groups to new power plant sites, the high cost of
land, the expense of lengthy litigation required to use some new sites for
power plants, and the general attitude of the public to save "unspoiled"
sites in this time of general scarcity, are all in conflict with the rapidly
expanding need for more energy, and hence, more power plants. As fossil
fuels become more scarce (particularly natural gas and petroleum), and as
costs increase, the shift will be toward increased use of electric power,
both nuclear and coal fired. This shift will require utilization of all
available sites for generating stations. As a consequence, the site of a

decommissioned plant will become a viable site for a new generating
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facility. In addition to already owning the land, the utility should ex-
perience minimum opposition from environmentalists in building a plant on
an old site. State and Federal Water Use Permits, Discharge Permits, and
other regulatory permits required for each new plant should receive swift
approval as they will be, for the most part, extensions of already existing
conditions. The utilization of existing substations and transmission lines
should also encourage reutilization of the site. Circulating water cooling
facilities, be they tower, rivers, or lakes can be utilized by the new
plant at considerable savings in plant construction costs,

The construction of a new power plant on the site of a decommissioned
facility will require careful planning and due consideration will have to
be given the effects of the construction activities on the Integrity of the
decommissioned plant. A nuclear power generating station will generally
have enough land within the exclusion zone of the site to locate several
nuclear power plants. The factors which limit the site's generation capa-
bility will be site cooling capability, environmental effects, and local
electric system load. Generally, locating a new power plant "on top" of
an old site will mean that the plant will be next to it. Some items which
might be utilized with a minimum of cost, such as intake structures or intake
canal, the cooling towers (or cooling tower basins), discharge canal, and
electric switching facilities might be used by the new plant. In general,
only those items which are normally passive will be considered for use with
the new plant.

The AEC, in Regulatory Guide 1.86, has listed as an option, the con=-
version of the steam system to a new nuclear or fossil fired steam supply

system. This was done for the Pathfinder Power Plant and initial plans on
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decommissioning the Peach Bottom Unit 1 mentioned a similiar possibility,
However in each case, the plants were first génerafion demonstration reactors
which weren't economical to run. Unless there is a complete moratorium on
the operation of all nuclear plants, there should be no reason to switch
from a nuclear to a fossil fueled plant unless the costs of fossil fuels
drop to an extraordinary degree, The utilization of ;-40 year old turbine
generator in a new $600,000,000 plant (660 million less 60 million TG cost)
does not appear logical., This is true of any used equipment. A power
generating station is a complex plant made up of many small components.
Since even a small component malfunction can shut the unit down and result
in lost revenue, component quality should not be compromized unless absol-
utely necessary. For this reason, the dismantled plant could serve as a
source of replacement parts only in an emergency when new parts were not
available, and the AEC would probably "frown" on using any salvaged parts
in safety related systems.

If land is not available, complete removal of the old plant will
result in a 3% increase in plant cost., However, the delay in construction

start and the increased cost of escavation and piling installation would

probably raise that to a 6% increase in cost.
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8.0 CONCLUSION

The decommissioning of a nuclear power reactor is a job of considerable
magnitude. The costs and work required to obtain the required objectives of
a Decommissioning Plan are done at a time in the 1life of a plant where there
will be no "return" on the investment other then the minimization of costs
for services required by the AEC regulations. These costs, in general, result
from requirements which are not applicable to nonoperating facilities. As a
result, the license will dismantle the plant through economic coercion, and
the AEC is assured of a satisfactory dismantling job.

There seems to be a general shift toward regulations or positions which
will favor minimum "storage" diémantling. A decrease in the allowable occu-
pational radiation dose would increase the attractiveness of the storage option
which would minimize radiation exposure. The proliferation of multi-unit sites
will decrease the surveillance costs of a "storage" dismantling at such a site
and the ability to use instruments and other items salvaged from a storage site
in an emergency would prove a bonus for the "storage" dismantling, Minimiza-
tion of costs, manpower requirements, and a shortened schedule will be
increasingly important factors if the shift toward nuclear power results
in shortages of adequately trained manpower. The effective use of available
manpower may be the deciding factor in the dismantling option selected.

A review of the conflicting factors which arise when a nuclear unit is
shutdown reveals that fhe factors which encourage rapid decommissioning are
artificial factors created by the regulations of the AEC. The factors which
encourage delay of the job, in particular the decay of the short-lived radio-
nuclides, cannot be altered by regulatory changes. A licensee can decrease

some of the AEC requirements by applying for a "possession only" license
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with Tech Specs modifications, but the licensee will still have to comply
with numerous regulations which aren't necessary to assure safety. A possi-
ble solution is the creation of a short term "interim pre~dismantling"
license which could be issued with a minimum amount of work, The interim
;icense would require disabling of the reactor and surveillance of the
facility for any contamination spread. Skeleton maintenance and operating
crews could maintain the plant in hold status until the plant is dismantled,
The interim license would require only minimum decontamination, removal of
all SNM and high level radiocactive wastes, and the only components modified
would be the control rod drives. After a given license period, five to ten
years, the licensee would be required to submit a Decommissioning Plan and
all the supporting documents. Tﬁe interim license would enable the short-
lived radionuclides to decay; and the costs and radiation exposures re-
sulting from the dismantling would decrease significantly, The possibility
of obtaining this change in licensing philosophy is enhanced by the economic
consequences of maintaining the operating license and the decrease in appre-
hension concerning the safety of nuclear power after forty years of reactor

operating experience has been accumulated.
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APPENDIX A - METHOD OF ANALYSIS
OF 1INDUCED ACTIVITY
As shown in Figure 6 the operation of the hypothetical PWR took place
in nine periods, ranging in length from about two to eight years over the
time from 1980 to 2020.
In an qperating period n with average powér Pn and duration Tn’ the
rate of production of radionuclide i1 with decay constant, Ai is given by

dN,

l_ -
ER L R

a

vhere ¢ is the neutron flux per megawatt and Zi is the macroscopic cross
section for production or radionuclide i. This equation is integrated over
the duration of the period to give the number of atoms of nuclide i present

at the end of the period.

P ¢X =i, T
_n i . i'™m
N, = —fiz——-{l e )

A measurement at a time T after the end of period n would show the
number of atoms of nuclide i present as

P ¢ A, T “-A,T

M. Gl [ o B D
S VI

The contributions from all nine operating periods must be summed.
The activity in curies of radionuclide i from neutron interaction in
parent nuclide k in component j in the hypothetical PWR which would be

measured in 2020 as:

9 ﬂli Tn ulitn
E Pn (L - e de

n=1

Roge =% 04 BpagVy
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1/(3.7 x 1010) curies/{(disintegration/sec).

where K =
¢j = neutron flux in component j (neutrons/cm2 - gec - MW)
iji = macroscopic cross section of parent nuclide k in component j to
to produce radionuclide i (cm-l)
Vj = volume of component j in cm3
but iji méy be represented as:
N
L. o==-21 f . p.0
kil Ak k "kj "3 ki
24
where No = 0.6023 x 10”7 atoms/mole

Ak = atomlc weight of parent element k in g/mole

fkj = weight fraction of parent element k in component j

pj = density of component j in g/cm3

Ik = abundance of parent isotope k in parent element
Opq = microscopic cross section for production of nuclide i by neutron

interaction with isotope k.
Finally, with Wj as the weight in g of component j, we have

9 =\, T -A,T

Ik Z | i™n in
A = KN W.f ,-— o, .¢, P (1 -e de
ijk o jkj Ak ki"j n=l n
9 —kiTn —lirn
where z P (1 -e Je
1
n=1

is the power factor.



APPENDIX B - CODE USED TO CALCULATE ‘ACTIVITY = 93
FOR PATHFINDER DECOMMISSIONING

80 CNLUMN LISTING
o u I I 2 2 3 3 4 94 5 5 ] & ? 7 g
! 5 0 5 [s] 5 0 5 G 5 0 5 0 L Q 5 a

(AR R R R R Rl N R N N R NN E N NN NN NN

7/ JOR

/7 FOR

¢EXTENDED PRECISION

*ONE WORD TNTEGERS
-aLIST ALL

STRANSFEKR TRACE
CARTTHMETIC TRACE
SJCGCSICARD, 1403 PRINTER)
s N-29 ACTIVITY CHECK

C S S g W e W T S e B S W S I e M G D SSRGS D G W B SO TR SN G SR S S S WS N A N e O G AR N W A BF W eh e W

C H2YBY = ACTIVITY CHECK

(o T by e B RS e ED N e M RS A S e ke ek dm eGP O e FR S SR S 00 bu RS G RN WSS 1S W TR ey AR W MR W W T W e e b
DIMENSTON XAGULIST XCOIB) 4 XCACIS)aXCOT19) «XCULLISEXCRUIS)XFEL]S)
DIMENRSION Xudl1S o XKUIS s XHULIS) W XNALLG) (XN CLIS) ,XPBLLIS),XSH15)
DIMOERSION XSHEISD )4 XZHIES )y XZRI1S),ITITLI3SY,TYPE(4YS)

DIMENSTON DACTLII3Z2),DACT2032),DACTICLIY)
DIMENSION PERCTULRY,TACCII?]),0ACTY(78)

CIII.
] COMHON AVPOW(4) o XLYTH{4) ,0CTIMI4) yCONS,AVGND ,ADJNWT , SUMPF
—--t.-.'.' <

DATA TYPE /%304 ','55 *¢,¢ HLPI0HLT, TS5 ', T 7,303 V,r55 ¢
ll' ..'315 l.!ss v'I I'IJIALI'I 55 l'l l.lqgg '.'SS I‘
2. I,!l‘:& .|'SS l't 'I"‘?l?ll' GR I..B II'AIQSI'. GR l'
IVIL VLOSPEC',Y OVE',"RIAY®,TA330T, Y GR Y,972 V,'USS ', f1Tey ¢,
gt PLPRL&7Y, Y ENCY,"DNELY ,"CONC',"RETE ", * YAYWATE? ) 'R ',

5! t, . -

DATA Xa6 /70.0000, 00000y Q0000 Q0000 00000y 0NN00, 00000,
I D«D000, Ue00UO, O.0080, L0000, 0+0000, Q«GOGA, 0GOC0s U000/
DATA %C JU«03008y 040003, U015, CaNDI0Y CaUDL3, OeUN0B, NDeUNIS,
1 00033, 00635y 00005, 0«001ISy 0+40N20s BaUUIS, C.C000, 0.0000/
_ DATA XCA /0.8000, 0.0600, 00050, 00030 0+30UCy C«00DD, L0000,
1 Q«0i000,y QeUNUG, TaUDDG, U000, 0N3U0» V«UCUOY V044D, 0.0000/7
DATA XCQ /040020y 040020, De0020, 00020 00020y 040020, D+002Z20
1 U«0001, 00020, 040029, 06UNZ20, 00020y Go0O020, VLU0C0, D.0000/7
DATA XCU 7040000y Qo0 QeB0AN, 0+0DUMN, B«UD00r 00000, 0.G000,
1 C«0000, Us0GGD, D+0030, 00000, 0.0000, D«00UQs 0+00G0, 0.0000/
DATA XCR /U«1900y 0el700y 0418004 045700+ 0¢}700: 01250, 041300,
1 D«0QUUO, Qs0LGU, 022180, 00250y D+0070+ 0+146U0, 0«0000, H-DGOD/S
DATA XFE /0+7700, 047700, U+7900, 07700 U+7500, 08550y U«8500
| 0«FBH0, 0«78HD, U620, 0+9450, 09700, 0+D700 00140, 0.0000/
DATA XH /0.0000, N.N0C00, 0+03000, 00000, Q.0000s 0.0000, 0.0000
1 0«00004 U0CO0, DeUOU0, OsNNN0, 0«0NUCs O0.0000y QeDYOU, Qb1 li/
DATA XX Z0+«000UCy 0«0N00N, D+0ND0y QelUNDs 0«0UIGAYy 00000, 0«UGQGU0N
1 0+000G0, 0-0000, O.UNCO, 0eOODy 00000, TLL00Qy 0«G130, DsLGCOS
CATA XHMN /040200, 040200, U«0200, 002006 D200y 00100 00125,
1 001004 00090y G202%0, 040080, 00100, V210U ﬁ-UGUQ. 0.QGGOL/
DATA XNA /U0«U0GC0y 00000, U0N0Q0, 0+.0000s 0+81000s 0e«UUO0, U-GACD,
1 0.0000, 0.0000, 00,0000, 00000, 0.0000, 00000, 0+0U1460, 0.00Q0/
DATA Xk /0.1000,: N+|1000, U.0%00:s 0»1300s D«1200, 0-,0000+ 00000,
‘i 0.0000. C.0000. 0010UD. 0.0000. 00100 N.7G00. OLAG0O0. O.00AQ7
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, BU COLUMN LISTING
0o o 1 ] 2 7 3 3 4 " 5 5 & ) 7 7
1 s ) 5 n 4 0 5 0 5 0 5 a Y 0 5

R R N R N N N N N NN NN NI NN )

DATA XPUB Z0.0N00, Q.0000, 0«000N, Q000NN Q«NN0D, 00000, 0.0000,
1 U0NUG, VeQOUBY VUGN0N, U+GNG0, O0«0DOUDy O0sUDUUy 00000, 0.00D0/
DATA X5 Z0+0GN3y DeOCU3Y BUND7y 00NN 3y DW0D33y GeDNIIy 00003,
1 00004, 0400054 UedOUIs LINVI, 00005, D.0002, C.Uul00, G OOCOZ
BATA S /000011y DilOGAy Ve3I0UN,y UeN000s De33UUy DGO, G OOUD,
1 Us0000, 0+0N0Us 0.0000, UUOON, JeULTBUY DOLGCY 0.0000, 0 OONDQ/
) DATA XIN /00000, 040000, U000y 000010, 0.0000, 00000, 0 000D,
| D=0000, U000y OG«UDLO, L0DUC, CaDHUO, G.0LU0Dy 0.T000, 0.GDOD/
DATA XZH /0.0000, 0.00060, 00040, Q+DRGO G.0000y C.U0020, 0.0060,
' 0e0000, D2000Ts OGN, DUNBG, 04DRDO, 620000, VL0000, 00060/
DATA DACTL /Z°P =*,% 337 "CR=?, 0 S]v,PAK=1," 37%,°CD=",* 115" 'FE-",
1 S0 PHG=T 2037, VI Il TSR, B9 Y =, RN, IR 95y,
29C0=",% BEY LIS =, 0 JEF ISNa? V|30 SN, 237, P CA=T Y 4L TN,
' 65/
DATA DACT2 /
i '-\'-G-'.'lIE}'.’SN-",'II?'.'CG-',' 57-_';'"?4".' SQI'lV -1 qq|,
ZOCE=' IO b= T 1OG Y G YFE~T Y S5, THA=T Y 220 TL-" Y204 'SN-,
ITLZLIP,TC0=" Y 60U "H =¥, 3P, CD=0, P EAY O NE=Y T A3 PAG-" M08/
DATA 0OACTI /
JOAR=9, 1 390,00 =0 0 4o vChat ¢ gl 90| =0, ¢ JLV,VTR= ;T G338 MPE~0,
2% 10, *PD=-","107"/
po 75 1=1,32
75 DACT(1)=DACTI(])
La 746 [=33,464
76 DACT(1}=DACTZ2(]=32)
DO 77 1=65,78
77 DACTUL)=DACTII]I=64])
Ceess LOGICAL UNIT ASSIGHMEMTS
NR=2
NW=5
CALL OATE LIM,ID.1Y)
900 READI(NR,10§i0) ITITL,NCASE
101U FARMATIISAZ,5X,15)
JFINCASE)FIT999, U
10 READI(NR,IUU0 I (XLVTMIT) 1= ,4), (DCTIMIT) 3 I=1,4)
1000 FORMATITIEBO1X)4E8+01 ' :
i READINR JGUOD) LAVPOWLL )y =0 o4 )4 FFLUX ) SFLUX W TLWT
READINR,1030) PERCT
1030 FORMATIBIFS.0,4% 1))
DO 80 I=1,15
RO PERCTU{II=PERCTILII/Z100.
Cesse AVAGADRU'S NUMBER
) AVGNO=046023E+24%
cll'l . »
CONS=1«0/7(37E+11)
Ceees CHANGE WEIGHT FROM LAS TO GRAMS
ADJHT=453e57eTLWT
EAGT =0«
ECT =0«



95

1

HO COLUMN LISTING
R a t l 2 2 b 3 4 4 % - 5 & b ? ? 3
1 L 0 5 0 5 o 5 0 S 1] 5 Q ] 0 s Q

R N N NN N RN NN N R AN R R N E NN RN

ECAT =0.
£COT =0
ECUT =0,
ECRY =0
EFET =0,
EHT =0
EXT =0
EMNT =D
ENAT =0
ENIT =0
£PRAT =0.
EST ale
ESNT ulls
V EINT =0,
EZRT =0.
DO 20 I=l418

EAGY. 2 EAGT + {PERCT{LIeXAG(I))
ECT = ECT + (PERCTUI}#xXC (1)}
 ECAT = ECAT + (PERCTU{I)eXCALL) 3 i
- ECOT = ECOT + [PERCTIL1exCO(I)
ECUT = ECUT + [PERCT{T)exCUll))
ECHT = ECRT + (PERCTITI*XCRU[))
EFET = EFET » (PERCT(IIsXFELG))
EHT = EHT ¢ (PERCTILII®XH (1)}
. _EKT = EKT ¢ {PERCTIIIsxx 111} B
T EMNT = EMNT ¢+ (PERCT(1)*XMHITH)
ENMAT = ENAT + (PERCT{I)oxNATT))
ENIT = ENIT + (PERCTiD)exni{I)}
EPBT = EPBT + (PERCI(II®XPBIT1)
EST = EST + {PERCTULLI*4S (1))
ESNT = ESHT ¢ (PERCT(I}exShti)) o i } .
TTTTTTTTT U EINT = EINT ¢ (PERCTITISXZNIE))
EZRT = EZRT + (PERCTUI)eXZRUL))

20 CONTINUE .
Ceess SUH TOTAL PERCEMTAGE OF MATERIALS AVAILABLE :
" Ceevs CALCULAIION OF ACTIVITY DUE Ta p =33 "
CALL N2%01 (ID«1%: 0.00G23,0.0013,0+0, 0+065,0+G(N1002,0+0,
T NESTAEST G0y FFLUXGFFLUX, 0Dy TACU| ) ' S
Cenee CALCULATION OF ACTIVITY ODUL TO CR=51 .
CALL H2901 (Ye1Zs De0N1G55,0+00DH498,0401605, 0+00074,159,0+00003,
JEFET JECRT ECHT ,FFLUX ,SFLUX,FFLUX, TAC{2}} -
" Cueese CALCULATION OF ACTIVITY DUE To AR=37
CALL NZ90! (7437 0+02418,0.02381,0+0, 0e0047,0.0002:040,
T JECATEKT 04Dy FFLUXFFLUX)O+0, TACI3Y)
Crevs CALCULATION OF ACTIVITY DUE TO CO-11%
CALL NZYD! (5487 0«0020UB40eN,0+,0, 0e000002:0¢0,040,
TESKT «0a04.0+0, FFLUX 0ol ,00, TaCl4IL1
Coess CALCULATION OF ACTIVITY DUE TO FE=-59
CALL N2901 [5.634 0.0000571,0¢000630%,0:01697 1+01,0.00018,40017
CLEFETENIT ECOT,,SFLUX FFLUXFFLUX, TACIS))
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B0 COLUNN L15TING

0 o 1 1 ? 2 3 3 4 9 5 5 s s 7 7 8
1 s 0 5 o 5 n Y o 5 0 5 o 5 0 5 0

PA P S I 0 s v v d iRt talacseav B et Peridiattadtt e sdod et et to v IO srenibocras

Cewss CALCULATIUN OF ACTIVITY DUL 7O MG-203
CaLL M290L1 (%37 NeD1l2687 003y O0+0000001,0:40:0:0,
TEPBT 4 0elt, Dol FFLUX, 00,00, FTACI&))
Coavr CALCULATION OF ACTIVITY DUE TO [IN-1LY
CALL H290115eD6, 0«00N0ULKZI,0+0000295,040, 0+0003:1000003,00,
JESHT JESHT 0 U, FFLUXFFLUX Uil TACIZ))
Cress CALCULATION OF ACTIVITY DUE TO SK-89 L
CALL N2901 19.02, 0«0N§876,0+0,40+5, 0.0000749,0+0,0.0,
) FIEZRT g0, 0.0, FFLUX Q00,00 TACIH)) '
Coeor CALCULATIOHN OF ACTIVITY DUL TO Y =91 g
CALL N2901 (4414 D+01231,U00[907,0.,0, 0+00028,0.,000001%,0:0,
JEZRTY pEZRT 200, FFLUXWFFLUX,0+0, TACIT)) :
Ceewr CALCULATION OF ACTIVITY QUE TQG 7R=95 .
CALL MZ2901 13489, 0.001907,000030740:0, 0+074,0004,00,
TEZHT GEZRY y0ely SFLUX,FFLUX 0.0, TACIIOL})

"Coese CALCULATION OF ACTIVITY DUE TO CO-58

T T €esee CALCULATION OF ACTIVITY QUE TO SN=tl3

CALL N2901 $3.587, D.014697,0401155,0:0, 0+0002,0:4073,0:0
TECOT JENITalUel, FFLUXZFFLUX, 0.0, TACLIID)} =

Ceses CALCULATION OF ACTIVITY DUE TO 5 =35 . )
CALL N2901 (2.92: 0.0000044,0.0013,040, 0+00017:04270,0+0,
TESTWEST 0D FFLUXSFLUX 00, TACILZ2Y)

CALL NZ901 (2.154 0.000085%1,0.0000573,0:04 0+9,0+0003,0+0,
1ESNT 4ESHT 00, SFLUXFFLUX,040, TACL]3)}

Cooss CALCULATION OF ACTIVITY DUE TO SH=-123
CALL NZ2901 (2403, 0.000399340:000%50863:0+0y C+001:0:002%:0+0,

 JESNTLESNT0+0, SFLUX,FFLUX,0.0, TAC(I4)} .

Cooee CALCULATION OF ACTIVITY DUE TN CA=45 | : :

CALL NZ297G1 11453, 0.0009339:0.000002%,0:0) 0¢67,000028,0+0,
IECAT,ECAT 00U, SFLUX,FFLUX,040, TACI1G1]

Cesae CALCULATION OF ACTIVITY DUL TO ZN=45
CALL H2501 (J«0%y 04007837, 00,040, 0+407:0+0,;0+0,

R |EZ~I.0-U|0-D| SFLUX.U-U.O.U. TACL16))

Ceoee CALCULATIONR OF ACTIVITY DUE TO AG=110
CALL MNZ901 11.02,04004920,040,0¢0y 2445,040,0+0,

JEAGT 400060, SFLUX N0, 0«0, TACI17))

Coesr CALCULATION OF ACTIVITY DUE TN SN-11Y9 .

- CALL NZ901 (1401, DoUGZ00H,04N0275%9,040:901,0+001,040,

 IESNTLESHT Oeil, SFLUX,FFLUX,040, FTACLI&})} :

Ceses CALCULATIUN OF ACTIVITY DUE TO €O=-57 :

CALL M290! (4938, 0:01155,0+0115%,040, 0+073,0.00003,0+02
TEMITENIT 0s0, FFLUX FFLUX,040, TACILI9}) :

Cosss CALCULATION OF ACTIVITY DUE TO HN-SH.

TUTTTT CALL NZ901 {870y 0001824C+0010586,000, 0+0002,0.05]1,0.0%

 JEMET ,EFET,0.0, FFLUX,FFLUX,0.0, TACL20)}

Coense CALCULATION OF ACTIVITY DUE TO v =49 : )
CALL HN290! (2747, 0.000R46,04000846,040; Q000007 :0+01449,0+0
1ECRT ECKT ¢0ely FFLUK(FFLUXQa04 TACL2111

Cowss CALCULATION OF ACTIVITY DUE TO CU=109

"7 CALL N2901 1537, 0.000G085)1 400,040, 0s000085,0:0,0.0,
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N IESNT 000,040, FFLUX NDWU3Del,y TACI221)
Cesse CALCULATION OF ACTEVITY LUE TO SH~12S
CALL M29D1 (43%7, 0sUDLSUAIO0«G, U0y Oel4,0e04,040,
TESHNT ,0«040,s0, SFLUX DU ,0el), TACI23))
Coene CALCULATION OF ACTIVITY DUE TO FE=BS
CALL MHZF01 (4257, U-001096,0eN1439,0.0)155, 2¢8,0.00007,0.0034,
LEFET EFETSRANIT, SFLUXZFFLUXFFLUX, TAC(Z4)}
Cesns CALCULATION OF ACTIVITY DUE TO Na=22
CALL N2901 (244, UaU4348,00,0¢0, 0.000007,0+0,040,
1EMAT ,Gel,0el, FFLUX4D+G,0e0, TAC(2511
Coees CALCULATION OF ACTIVITY DUE TO TL=-204
CALL N2901 (2178, QeLNU0GALD«ON1Z67,0:04 Ga0003,040000801,0:0,
TERPBT EPHT 4 a0, FFLUXFFLUX 040,y TACIZ241)
" Coeve CALCULATION OF ACTIVITY DUE TO &SN~} 21
CALL MN29C1 {2139, 0-002759,0.0003993,0ef0s 0+001,0:0019+040,
TESNT ESNTsQety SFLUXZFFLUY 00, TACI271)
Coene CALCULATION OF ACTIVITY DUE 10 C0=80
CALL NZ901 (e]31y Oe01697,0+004464,0.0002045y 3741 ,0.002,0+00C07,
IECOT ,ENTTENIT, SFLUX,FFLUX,FFLUX, TACIZB))
TACIZBI=TACI28)+(CONSPAVRNOSADJWT*ECUT*0+010H790Q.00074FFLUX®
ISUMPF Y/ «DE+2H4
Cesss CALCULATION OF ACTIVITY DUE To H =3
CALL N2901 (40565, 0«00N19264,0¢0,0:¢0, 00005,0«0,00,
JEHT0aU,0e0, SFLUX U0, 0.0y TACIZYID
Covweoe CALCULATION OQF ACTIVITY DUE TO CO=i13
T CALL NZYOL (0495, 0061203401040ty 0.000NG2L+040,000,
TESNT ,0af1,Datl, FFLUX 08,00, TACI30))
Crass CALCULATION OF ACTIVITY DUE TO Mi=63

CALL R2901 («n0753, G4000167440.00063049,0401087, «00045,15¢0,.00%,

JEMITERETHECUTy FFLUX,SFLUX,FFLUX, TACI3IN)
Ceses CALCULATION OF ACTIVITY DUE 7O AG-108
" OCALL N2Y01 (00693, UeJU4E43,0.00%492,0e0s 1e29:0+C01L 0.0,
TEAGT ,EAGT s00a0, SFLUXLFFLUX 00, TACI3Z21)) :
" Ceess CALCULATION OF ACTIVITY DUEL TO AR=~39
CALL H290! (+00247, 0+.0001597,0+02381,0+0, G+00249,0+024,0:0,
JECAT JENT 00, FFLUXFFLUX, U0, TACI33)) '
Coess CALCULATION OF ACTIVITY DUE TO C =14 _
TTTTTTTT O CALL N290L (.QU00121, 0,00085%,0.000025,00, 0.000798,0+208,0.0,
JECTHWECT,0¢0, SFLUX,SFLUN,0.0, TAC(34})
CCeese CALCULATION OF ACTIVITY DUE TO CA~4]
CALL N290! (&43E=5, 0+0243,0.000153,0.0, 0.00381,0,00004,0:0,
IECAT JECAT s 00, SFLUX,FFLUX,0+0, TAC(3IS)} .
Ceeoe CALCULATION UF ACTIVITY OGUE TO CL=-36 b
TUTTTTT T OCALL NZY0L (e231E=5, 0+0D2381,0+0238)1,0+0;s [.006,0.00381,0+0,
JEKTEKT 00y FFLUX SFLUX, 040, TACI361)
Cosnes CALCULATION OF ACTIVITY OUE Tn ZH=93
CALL NZ2901 [«729E~6, 0.N01B42,0.001853,00, 0+222,0«0033,0.0,
JEZHT ,EZRT 400, SFLUX,FFLUX,0.0, TACI37)}
Cenes CALCULATION OF ACTIVITY DUE TO RE-|D o
T e CALL N2901 (+257E=56, D.0U0BS4,0s0+04¢0, 0+002640:0,0+0,
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H’.'f'l’.f)-U.U-U. FFLUX 004040, TACL3UH)}
ewse CALCULATION OF ACTIVITY DUE To PD=-107?
CALL NZ2901 La99E=7) QeD0YB43,0+040+0y 0«0009,0¢0:0:0,

lEAGT 4 D«0,{10, FFLUXy0+20,0.0, TAC(3I}} -
eese SUMMATION OF TOTAL ACTIVITIES
TOTAL=0.0 )

00 a0 1= ,39
TOTAL=TOTAL+TACIL)
30 CONTINUE
esss WRITE INPUT
WRITE(NW,2000) HCASE TM,ID,1Y,ITITL ?
2000 FORMAT{*]1*,T9,*BLACK AND VEATCH CONSULTING ENGIMEERSY T74,'CASE 7,
113,74 T9,YACTIVITY LEVEL CALCULATIONS (T79,A23% /" yA2,% /" A2,//
2T9,3542,71) - :
WRITEINW,2600)
2600 FOKRMATIZ//7 4 T7,'INPUT PARAMETERS',/ T9,16(1=*))
WRITEINW,26101FFLUX
2610 FORMATIY ', 79,°FAST FLUY (MW", T70,E1244)
WRITF (MW, 2620)5FLUX
2420 FOKMATIY P, T9,"SLOW FLUX [HA]® T704E12e4)
WRITFINW, 26303 (XLYTHOT 1= ,4)
2630 FORMATIY Y, TY,'LIVE TIME (YRI}I", TIB 412X HED03))
NRITE (NW 26401 (NCTINCI) yI=] 41
2640 FORMATIY ', T9,'CECAY TIME [YR)*,T3B,4(2%,EF+3)])
WRITEFINW, 26501 LAVPOWIT) o= ,4)
2650 FORMATI{® *,T9,YAVERAGE POWER GENERATED (MW) ' T368:4(3XeF8e21)
WHITE(NW, 26400 TLWT
2650 FORMAT(Y *,T9,*TOTAL WEIGHT (LB}*sT70,F12¢3)
WRITEINW,2100)
2100 FORMATI'0" , T, "MHATERIALY»T24,"PERCENTAGE* /)
I1==2
DO 50 I=1,1%
[i=ll+]
[2=]1+2
PERCTII}I=PERCTI{I)I®100
IFIPERCTIL)) 50,4 50, 40
o 40 WRITEU(HNW,Z1I0MITYPECS) ydeT] 402} ,PERCTL]Y
2110 FORMAT(T?,3484,T25,F7:31
50 CONTINUE
WRITE(NW,27001)
2700 FOKMAT('0",T9,'CALCULATED PARAMETERS' ,/,T%:21("'=")}
S WRITEANW,3000)
3000 FORMATLIHO, TR, "ELEMENT* 4 Y24, *LEVEL'/)
11=-1
00 300 I=1,139 »
Ti=l1+2
12=11+1
IFITACI11)1310,300,310
310 WRITEANW,J30101(0ACT {J),Jda]1,12),TACt )
3010 FORMATLIH ,T9,283,T21,EL144)
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300 CONTIHNUE
WHITE(HNW,2470)T0TAL
2670 FORMAT(///, 79, "TOTAL ACTIVITY', T67,E15:%)

G0 TO 900
299 CALL EXIT
END
/4 Dup ) .
T eDELETE NZIHY
*¢STORE WS UA  N29BYV '
£/ JOR .
/7 FOR

¢EXTENDED PRECISION
¢ARITHRETIC TRACE
" eTRANSFER TRACE.

#0KE WORD INTEGERS

«LIST ALL

e ACTIVITY CHECK SUBROUTNE

¢ Ll L e e e E E E R E P L L L L]
SUBROUTINE N2901 (XLAMB,RFATARFWTB ,RFWTLZ ) FLUXA,FLUXB,FLUXC,ELMA)
JELHAELMCFLXA FLXB,FLXC,ACTIV)

C e e g e W A S S gy W Y S e e W R e o8 ol TS e e et S A BT mm T TR SR D SR o R SN e S0 R A R W W W N e wh G R e P A AN W BT D AR e e

Ceoses ACTIVITY CHECK SUDROUTINE
DIMENSION APFC{H]
COMMON AVPOW(H) s XLYTHEHE ,OCTIHI%Y ,CONS,AVGNO  ADJWT ySUNPF

127777
SUMPF=0.0
O 100 I=1,4
EXP3= 1o0/LEXPIXLAMBODCTIMITID )Y . ,
APFCUTY = AVPOWE1) & (140=1+U/{EXPIXLAMBeXLYTHITVI)ICEXP]
SUMPF = SUHPF + APFC(I)

‘‘‘‘ 100 CONTI[NUE

¢ :
) ACTVA = CONS*AVGNO®ADJWT*ELHA*RFWTASFLUXA®FLYXASSUMPF
ACTVR = CONSeAVGNOSADJWYSELMACRFWTASFLUXBOFLXB*SUMPF
ACTVE = CONSeAVGNOSADJWTSELMCARFWTC*FLUXC*FLXC®SUMPF
C
TTTTUTTOURETIV =m(ACTVA + ACTVBR + ACTVCI/140E+294
RETURN
o END
/7 JoB
T 47 FoR

oEXTLHMDED PRECISION

TeaME wORD INTEGERS
eLIST ALL
*TRANSFER TRACE
S$ARITHHMETIC TKRACE
¢[0CS{i1403 PHINTER,CARD)
*e N=29 ACTIVITY CHECK

¢ - o e e e S T e e e SR e e e e e e e e e B MRS S W W NS NP W %S S M G e e B AR e e O
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DIMENSIDH TTITLOAG) JAVPOWIY) ,XLVTM{Y) ,DCTINIY}

DIMENSIQN PERCT(20)

DIMENSTON TYPELZ20) )ELEMI100,200,100100+4)4X1KAK(100),FRCSI100)
DIMENSION TRCS{100),1CODELLIOO) +ELTOTL 501 XLAHB(LIODU)

DATA [EQD /tee'/, [BLNK /7 v/ :

DATA TYPE /%304 S55",'3041.55%,'30)3 55,7316 S5',*316LS55",'405 557,
[T416 SSY, AZLIZ~B,"AINS11 !, YOVRLAY®,?A33522°,USS T1,'0=147 *,
2'CONCREY , "WATER ', "AGGREG"/

LOGICAL UNIT ASSIGNHENTS
Hit=2
NW=5

CALL DATE (1M, IDsIY]}
HUMBER OF MATERIALS.
NMATL=16

NUMABFR OF ELEMENTS.
HELEM=30

HEAD MATERIALS INVESTIGATED BY REACTOR ANO TYRACE MATERIAL PERCENTS
D0 75 J=1,NELEM .

READ(NR, 1020} {ELEMIT,JYed=]1,NMATL]

WRITEINwW,2120)1 [ELEMCTI Jladnm] NHATLY

READ NUCLIUVES)IK/AK ,FAST AND THERMAL REACTION CROSS SECTIONS, AND

ELEMENT CODE NUMBERS.

PO 76 1=1,200 ' ‘

READ(NR, 10401 (ID(1,3J)3Jd=]4),XLAMBULI ) o XIKAKIT) ,FRCSET)¢TRCSILY),
11Co0f (1)

IFCIDCTIW1)=TEOD) 74477,74

WRITFE (MW, 900031001+ J)3Jd=1,490 ) XLAMBIT) JXIKAK(]) FRCSII)TRCSIT,
1ICOBELT)

CONTINUE ) i
WRITEINW,2130)

CALL EXIT

NID=]=]

HREAOLNR,1QI0) ITITL,NCASE

IFINCASE ) 99,999, 10O .

READI{NR IO0D VT (ALYIMATI) y 18] ,4),tDCTIN(T)sIx=1, )
HEAD(NH;]UUGIlAV?Ohlllnl“iﬂ]lFrLUX|5FLuxITLWT

READ(HR ,103C) (PERCTIT)l,I=1,HHATL]

DG 80 [I=l ,NMATL

PERCTI1I1=PERCI(I}/[0UN.

AVAGADRO'*S NUMBER

AYGNO=0+6023E+24

CONS=1+4D/13.7E+10)

CHANGE WEIGHT FROM LBS TO GRAMS

CADJUWTEH53 .59 TLWT ; ]
CALCULATE TOTAL PERCENT WEIGHT FOR EACH ELEMENT IN EACH MATERIAL.



A0 COLUMN LISTING

0 0 1 ] 2 2 3 3
| 5 0 -] 0 5 0 5

y
0

4
S

5
o

5
5

b
0

1
s

101

7
0

! a
5 0

(BN NN N N N N N RN NN RN R RN NN NN NN

OO0 20 1=1,NELEM
90 ELTOTYI([)=0.0

Do 100 1= ,.NELEM

D0 100 J=Ii 4NMATL

100 ELTOTLII=ELTOV(I)+ PERCT(JICELENLIT U]}

C T o S5 Se  er e e v e e e e e U N R TR e e e S e Y PR aE e W W W W B Re PR e S N N S e M Y MM MR RS SR W A 4w

Coane ACTIVITY CALCULATIONS
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TACT=0.0

DO 190 I=1,N[D

IFLIDE] L )=TOLNKIL10,175,110
110 WRITE(NW3010) (1001, d1,d31,4)

IFel=-11120,120,150

CO 140 J=1,NMATL
IF{PERCTIJI) 140,140,130

130 PRCT=PERCTI(J)*100+0
WRITE (HW,2110F TYPE(J),,PRCT

140 CONTINUE .

T T WRITEGHW,2700)

WRITE LNW,3000)
GO To 170

150 IF(STACT)II60,19041460

160 STACT=STACT/1.0E+24
WREITE(NW,3020) STACT
TACT=TALT+STACT

170 STACT=040

175 APFC=0.0
DO IR0 Ju=l,Y

EXPl= 1+0/EXPUIXLAHBI[IeDCTIM(U))
180 APFC=AVPOWLJI el la=| o /JEXPIXLAMBIT ) #XLYTMIJIY])*EXPI

"K=1CODE(]} .

120 WRITE(NW,2000) NCASE,[H,10,1Y,§TITL

APFC

SfACT=5FACT*COHS'AVGNO‘AUJWT'ELTOTIK)GIIKAK(ll'FRCSfli°FFLUXCAFFC
STACT=S5TACT+CONS*AVGNOGADJWTSELTOTIK)#XIKAKIIIeTRCSEIIOSFLUXSAPFC

190 CONTIMNUE
STACT=5TACT/I+0E+24
WRITE(MW,3020) STACT

TACT=TACT+5TACT
WRITE(NW,2670)
GO TO %00

999 CALL EXIT

1000 FORMATUIZIEB«Q,1X)E8.01)

1010 FORMATI35AZ,5%,1%)

TACT

1020 FORHATIIDES.O]
1030 FORMATIB(FL4D,,H4X 1)
10490 FORMATINAZZF7+043F10.0]1

2000 FORMAT('L*,T9,"0LACK AND VEATCH CONSULTING ENGINEERS?' ,T74,'CASE
11327, TF,"ACTINVITY LEVEL CALCULATIONS' 3 T74A25"/ " A2,/ " sA2,4//

2T9438402,/7)

2110 FORMATITI2,A6,T29,F7.3)

-

]
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2120 FOR

MAT(?* '.Hl,]lc"f’_

T 2130 FOHMATIY %,'MaRE THAN 200

NUCLIDE CARDS'}

2570 FORMAT(/Z// T, TOTAL ACTIVITY ', T67,E1544)
2700 FCRHATL*O" ) T9,*CALCULATED PARAMETERS' 3/ 4T79,21("'=%))}
3000 FORHATLUIHOT?,"ELEMENT 3T 24, "LEVEL?/)
3010 FORMATIY ', 79,4942}

inz0 FOR

MAT LY 4%, T21,E11.4)

4000 FORMATIL®Y ", 4A2,4(2X,E11+4)

END
"7 DUP
*DELETE
«STORE
7/ JOB

§190E~2
2+5E=2

- L l0eQ0R=2
OsUE-3
l1¢5SE=3
2.0F=2
QebE-2
_0+3F-3
0-3&"‘3
YebE=Y
CeJE=3

L0 RE=3

N29BY
WS UA -NZ2YBY

// XEQ N29BV

19+0E-2 18+0E~-2 |7s0E~2
Os7E=2 1640E~2

I10sDE=2 9«0E=2 |3+DE~-2
{+0E=-2 72.0E~2

GedE=3 |«5E=3 (elE=2
De2E~2 J«SE=3

2«0E-2 2+0E=-2 2¢0E~2
1.0E=2 1.0E=2

De+3E=3 0«7E~3 O+JE=]
U«5E~2 l+SE=%

HeSE=4 D+7E~3 He5E=4

OeH4E=4

Q0+4E~2

YeHFE=2
T 1+3E=2
De«2E~2 Qe 2E=2
0s2E~2
1+6E=2
T U345E=3 0.5E=2
52+9E=2
l+0E=2

12X, 1310

L7+0E=2 12+5€~2

) b41E-5
12.0E-2

Qe¢3E-3 0O.8E~-3

2«0E=2 1«0E=2

0«8E=2

Oedf~=3 OelE~D

YeSE~4 Oe%E=~3
le1E=~3

0+3E=3
38|5E'3
17+4E=3
1»8E=5
2¢5E~2

4.8E-8

JlelE=2

13.0E=2

]+5E=3
12+5E=2
0+3E~3
Ge7E-23

D+6E-2

1+0E-2
Q.4E=3

3«5E~4

J«5E=-3
Q«9g=2
D+5E=3

QeSE=D

21+0E~

100€~

0«5E=
2+5E~
0+ 3£~

QeldE-
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SM=-151
PM=14%
coh=-11i5%
5C=47

TB8=161

© . SN=~125

SR=%1
ND=1H47
P =32

p =33

TCR=S1

AR=37

CD-115#

 FE=59

HG~=203
IN=114M

G

" DeHE=~Y

1292

1ltbes

l1de0
74«4
3667
269
2640
22.8
L7869
1769
769
10,12
1912
F.10
9«10
?410
Te21
721
GeH 9
5.+.89
hedh2
5262
5062
S5e43
506

Q01777
+000397
00257
«0C 1520
+001393
«00D5005
L001%07
001194
0296
«0123
+000237
0013184
+QO0B2Y
+001042
«Diall
0241
«023A
«00257
00202
«00U0591L
«01697
«000s22
«001139
f000D554

L]

" .045

0864

«0NO01H

«225
«Q007
vl :
« 0465

~+0G0002

0000295

+00074
«00002
200467
«002

+ 000002

»0017
+00018
«000001
«QNG1
+ 00003

210.

4,

el

« 7468
«004

2
190
00008
«+002

17

<0025

+ 36

BebE~S

O+3E=-4

2e9E=4

l«5E~S

DelE=b

D«.5E~9

Je7E-S

1elE~6

Y.3E~6

C 2ebE=S

DedE=2

M) RN R
£ BB NG Ww !

Y]

-

w Ay b
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(APPENDIX C ~ CRITERIA FOR SPECIAL FORM
RADIQACTIVE MATERIAL"

To be considered special form radioactive material, the following
requirements must be met:

1. The radioactive material must either be in massive solid form or
encapsulated..

2. Each item in massive solid form or each capsule must have no overall
dimension less .than 0.5 mm, or must have at least one dimension
greater than 5 mm.

3. Each item, or the capsule materlal, must not dissolve or convert into
dispersible form to the extent of more than 0.005 percent, by weight,
by immersion for one week in watar at pH 6-8 and 68°F, and a maximum
conductivity of 10 micro-mhos/cm., and by immersion in air at 86°F.

4, If in massive solid form, the radiocactive material must not break,
crumble or shatter if subjected to the percussion test described

below, and must not melt, sublime or ignite at temperatures below
1,000°F,

a. Free drop — A free drop through a distance of 30 feet onto a
flat essentially unyielding horizontal surface, striking the
surface in such a positicn as to suffer maximum damage.

b, Percussion -~ Impact of the flat circular end of a one-inch
diameter steel rod weighing three pounds, dropped through a
distance of 40-inches. The capsule or material shall be placed
on a sheet of lead, of hardness number 3.5 to 4.5 on the
Vicker's scale, and not more than one-inch thick, supported by
a smooth, essentially unyielding surface.

c. Heating - Heating in air to a temperature of 1,475°F and re-
maining at that temperature for a period of ten minutes,

d. Immersion -~ Immersion for twenty-four hours in water at room
temperature. The water shall be at pH 6-8 with a maximum
conductivity of 10 micro-mhos/cm.
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APPENDIX D - TYPICAL SAFE WORK PROCEDURES
SWP. P-1. PIPE AND METALS CUTTING

Introduction

All existing piping and metals in this plant are considered to be poten-
tially contaminated intermally and/or externally. This contamination must not
be spread in an uncontreolled manner.

This sﬁecification describes the methods and protective measures to be
employed during the cutting of pipe and other metals which are to be altered
during dismantling qf this plant. This specification supplements the require-
ments set forth in the Radiation Safety Safe Work Procedure. The preparation
of new materials is exempted from the requirements of this specification.

This specification may be revised to suit special situations with the
prior approval of the Project Manager. The Contract Supervisor will obtain
his and the safety committee's concurrence_before authorizing any changes.
Each approved change will be entered onto the master copy of this specifica~

tion with specific description of the situations where the change is appli-

cable, and the change will be signed and dated by the Project Manager.

Prerequisites

1. A work permit has been prepared and approved.

2. The work area has been surveyed and defined by Radiation Monitoring
in accordance with the Radiation Safety SWP and a radiation work
procedure (RWP) has been posted at the entrance to the work area.

3. The work item of interest has been identified with a white tag
bearing the serial number of the work permit and the Contract
Supervisor's signature.

4, The Contract Supervisor with the plant staff to insure that any
holds required on operating equipment are being maintained.
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Equipment Requirements, Furnished by the Utility Plant Staff

1. Personal monitoring devices as specified on the RWP,
2, Continuous air monitor (CAM) with sniffer hose.
3. Other air and area monitoring equipment as specified on the RWP,

Equipment Requirements, Furnished by Contractor (or Provided by the Utility's
Dismantling Crew

The contractor will provide all other tools, equipment and materials,
including: ¥

1. Respirators, goggles, anti-C clothing, etc. as shown on RWP.

2. Industrial-type vacuum cleaner with filter and hose.

3. Waste catch and storage materials (polyethylene sheets-—6 mils
minimum thickness, drums, duct tape, blotter paper, hand rags,
masking tape, etc.)

4, Cutters. Roller cutters, chain-type cutters, hack saw, sabre saws,
tin snips, powered hand-held saws and guillotine saws, according
to the need, Flame and arc cutting devices and abrasive cutting
wheels are not acceptable since they promote the spread of contamina-
tion.

5. Scaffolding, chain falls, etc.

Work Method

1. Insure that the foregoing prerequisites have been met and that a
Radiation Monitoring Technician is present at the start of the work.
The degree of his continued presence will depend on the particular
case, This need will be recorded on the RWP.

2. Install scaffolding and chain falls according to the need. Install
restraints to prevent significant movement when the cut is made.

3. For pipe cutting, check adjacent valves to insure the line is pro-—
perly isolated, drained, and vented. If draining cannot be clearly
established, a hole will be drilled at the low point in the pipe
immediately prior to the start of cutting operations. When only a
small amount of drainage is anticipated the hole may be made with
only a handheld drill motor and a bucket to catch the drainage.
When substantially large quantities are anticipated, drilling and
draining shall be accomplished in a manner similar to that shown
on the attachment to the SWP. Rubber gloves and a face shield
are the minimum wet protection requirements when drilling pipe.
Radiatlon Monitoring will specify other items as needed.



7.

10.

11.

12,

13.

14,

15.
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Install a catch basin of polyethylene sheet or other suitable
device under the work piece to catch falling insulation, pipe
cuttings, libricants, etc.

Install a hood-type airborme collection system, with vacuum
cleaner and filter, directly over the work piece. Turn on vacuum
cleaner.

Locate CAM sniffer hose inlet to monitor the cut. Turn on CAM.

If the CAM reaches the alarm point at any time during the work,
all work is to be stopped, the work piece openings are to covered,
the area is to be evacuated and the health physics staff is to be
notified, The HP staff will direct the remedial effort and advise
when normal work can be resumed.

Remove insulation as necessary to the work and deposit in storage
drum,

Wipe the work piece thoroughly with a damp rag and deposit rag
in radioactive material disposal drum.

Smear the work piece to a point one foot either side of the planned
cut. Decontaminate same as needed by scrubbing or as otherwise
instructed by Radiation Monitoring Technician. Repeat this step
until smear counts are acceptable to Radiation Monitoring (HP staff
member) .

Make the cut with the chosen tool.

Cap the open ends of piping and equipment cavities with two sepa-
rate applications of polyethylene sheet and duct tape, immediately
after completion of the cut. If the space between the cut ends is
not sufficient for capping, apply a double layer of polyethylene in
a sleevetype wrapping.

Make required additional cuts in accordance with all of the foregoing.

When the pipe or other device is to be removed, all open ends shall
be capped as soon as possible during the removal in accordance with
item 11 above.

The removed pieces will be surveyed by Radiation Monitoring who will
specify any additional protection required prior to removal to the
place of disposition.

Wrap all tools, power equipment, chain fall, ete, in polyethylene
sheet or bags and leave inside the work area until Radiation
Monitoring has surveyed and affixed a noncontaminated clearance
tag to same. If the tools and equipment are contaminated, they
will be decontaminated by the Contractor's personnel and cleared
for removal by Radiation Monitoring before they can be taken from
the work area.



111

16. Uncleared tcols aund equipment used in the dismantling may be trans-
ferred from one work area to another when they are contained within
a polyethvlene bag which has been cleared by Radiation Monitoring,

17. Clean and decontaminate the work area as specified by Radiation
Monitoring.

18, Advise the contract supervisor when the work is completed and return
work permit and white tag. '

Approved by Project Manager...

Approved for Safety Committee...
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ATTACHMENT TO S.W.P. No. P-1

To obtain and demonstrate draining when a low point is not available.

10.

Il.

12,

13.

Volve loaalﬁ\ r\j

]‘}___ — 3 e FPack nq Nt
L___FL "/%/"?5

SRLZ o ] P&Qk’z-nt} Feollower

Tt

\
Pae Nipele L’Dr.n Guide
LLLLII

Prepare drill guide,

Prepare a 3/4" x %" pipe nipple, T.0.E., add pipe cap to project
threads and shape opposite end to fit 0.D. of pipe to be drained.

Clean work area on pipe to be drained and obtain Radiation Moni~
toring approval for welding.

Weld nipple to pipe using electrode compatible teo pipe, remove cap
and install gate valve.

Screw drill guide into valve (to prevent valve seat damage).

Open valve wide, insert special short flute long shank 3/8" drill
bit through guide and hand-tighten packing nut.

Place catch basin under work.
Vent system to be drained.
Put on face shield and rubber gloves.

Attach drill motor to bit, assume a position so packing gland leakage
cannot enter face shield and drill hole.

Withdraw drill sufficient to permit valve closure but still retain
packing seal,

Close valve, remove drill and guide and dispose of both per Radia-
tion Monitoring instructions.

Attach hose or bucket to valve and drain system,



14.

15,

16.

l?'
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After draining 1s completed, Contract Supervisor representative
will confirm draining, tag nipple and note the location.
When nipple is tagged, remove tag and valve and cap nipple.

Dispose of valve, bucket, hose and tools per Radiation Moni-
toring instruction.

Deliver tag to Contract Supervisor.
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APPENDIX E - DETERMINATION OF HYPOTHETICAL
PLANT ACTIVITY INVENTORY

The hypothetical plant inventory shown on Table I was derived in the
following manner. The reactor inventory was calculated using the load model
of Figure 6. A 1000 MW(e) reactor vessel and internals was approximated
using info;mation in the Westinghouse and CE standard plant reference PSAR's
(46,47). Table E-1 provides the base data used for the calculation. The
activities are based on one year cooldown time to allow decay of fuel activi-
ties prior to shipping fuel off-site. The primary coolant loop and spent
fuel storage pool activities were calculated based on the total corrosion
product equilibrium crud film thickness (47). Table E-2 provides the data
used in the calculations. Estimation of the concrete activity is from in-
formation contained in the ERR dismantling documents (12,13). Since the
concrete composition is subject to variations due to composition of the
aggregate and cement, this figure is a rough approximation only.

The inventory for the rest of the plant systems is based on informa-
tion contained in the CE standard plant PSAR (47). Using maximum activities
for shielding, the inventory was based on Co-60, Fe-59, Co-58, Mn-54, Cr-51,
and ZR-25 activities. No decay was assumed nor was compensation for fission

product inventory included.



TABLE E-1 - DATA FOR CORE ACTIVITY CHECK

Lower Support Plate
Upper Support Plate
Core Shroud

Core Barrel

Thermal Shield

Reactor Vessel

Weight (1bs.) Material
7,500 304ss
6,040 304ss

18,759 304ss
44,349 304ss
58,175 304ss
213,470 A-533-B

*( ) denote powers of ten

S-Flux

1.46(13)%
1.63(13)
8.60(12)
8.4 (11)
3.2 (11)
3.38(10)

TABLE E-2 - DATA FOR PRIMARY LOOP AND SPENT

Primary Loop
Component

Steam Generators
Steam Generator Tubes
Pressurizer

Reactor

Pumps and Piping

Fuel Storage Pool

FUEL POOL ACTIVITY CHECK

Crud Film
Approximate Thickness (47
Area ft?  (mg/cm?)
3,080 X0
200, 000 0.1
1,053 0.4
9,960 1.0
1,796 1.0
16,000 0.001

) Decay Time

Year

e e = T
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F-Flux

9.8 (13)*
6.05(13)
1.36(14)
8.2 (12)
3.6 (12)
1.46(11)

10
10
10
10
10
20



116
APPENDIX F - COST ESTIMATE OF DISMANTLING OPTIONS

The cost estimate contained in Table VI was derived from the data
contained in WASH-1230 (Vol. 1) (45). A breakdown accounting follows the
account outline éf NUS-531 "Guide for Economic Evaluation of Nuclear Reactor
Plant Designs," (48). The relative large cost of the internment option is
due to complete removal of all piping and electrical equipment in the
turbine plant. The material and equipment cost item of Table VI includes
shipment and burial costs. While the engineering costs for the storage
option is almost 40%Z of the Construction cost, the engineering costs drops
to 5% for the removal option. Health physics costs are contained in the
overhead cost item. MNo cost for decontamination of the radioactive systems
in the plant prior to commencement of the dismantling activities are
included. It is assumed that the system decontamination and fuel removal

costs will be handled by the plant operations budget.



Account
No.

21.

&1l
212,
213.
214.
215.
2L
218.

22,

221.
222,
223,
224.
225.
226,
227.

23-

231.
232,
233.
234.
235,
236,

24,

25,

TABLE F-1 - BREAKDOWN OF LABOR COST ITEM
IN DISMANTLING COST OPTIONS

Description
STRUCTURES AND IMPROVEMENTS

Yard Work

Containment

Turbine and Heater Bldg.
Intake and Discharge
Primary Aux. Bldg.

Fuel Handling Bldg.
Remaining Bldgs.

REACTOR PLANT

Reactor Equipment

Reactor Coolant System
Safeguard Cooling System
Rad Waste and Disposal
Fuel Handling and Storage
Reactor Aux. Equipment
Instruments and Controls

TURBINE PLANT

Turbine Generator Equipment
Circulating Water System
Condensing Systems
Feedwater System

Other Plant Equipment
Instruments and Controls

ELECTRIC PLANT EQUIPMENT

MISC. PLANT EQUIPMENT

TOTAL

Storage

57
14

72
16
10

24
20
10
17
17
85
20

10

P

——

20

10

402
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Costs (51000)

Internment Removal

. 40 70
853 1493
24 383
32 288
196 556
68 214
30 244
51 302
414 650
145 285
60 135
78 144
362 485
80 170
117 379
70 502
30 280
395 435
426 527
60 85
450 650
40 213
4021 8490

*Based on Cost of demolition at 10% of construction cost.

(1971 costs)



118

APPENDIX G - COMPARISON OF CALCULATED AND MEASURED DOSE RATES RESULTING FROM
ACTIVATION OF THE ERR REACTOR
The ERR induced activities were calculated by the method contained in
Appendix A. Table G-1 shows an example of how the inner thermal shield was
‘divided into four distinct sections. Table G~2 shows a comparison between
the resulting calculated dose rates and the actual me;sured gamma dose
rates from components of the ERR. The only large variation is found on

the measurement of dose rates from the concrete sample located on the inmner

edge of the biological shield.
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TABLE G-1 - TYPICAL COMPONENT DATA FOR CALCULATING ACTIVITY FOR THE ERR

Weight,
Component g
Inner thermal shield-
ASTM=-A240-63

+30. to =-34.25 2.18(-+6)
+30, to +85 1.86(+6)
-34,25 to =59, 8.29(+5)
~59 to -70.25 3.15(+5)

Averape Flux,
n/cm?-sec—-My

Fast Thermal Element w/o
c 0.08
Cr 20.
4,09(+9)  2.62(+9) Mn 2%
3.46(+8)  2,21(+8) Fe 64.645
5.10(+8)  3.26(+8) Co 0.2
9.54(+7)  6,11(+7) Ni 12,
P*: 0.045
S* 0.620
Si* 140

#These elements produced no radionuclides with half-lives in the range of

interest,
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TABLE G-2 - COMPARISON OF CALCULATED AND MEASURED GAMMA RAY DOSE RATES

Dose Point

Outside Pres-
sure Vessel
(913 ft-4 in.

elev.)

Inside Inner
Th. Shield
(913 fe~4 in,

elev.)

Core & Shroud
Plates

Upper Baffle
Plate (or
Shadow Shield)
(916 ft elev.)

Instrument Tube
(Upper)

Instrument Tube
(lower)

Core Sample Hole
9 ft from
outer edge
{assume inner
edge)

*Tube calculated
#*Tube calculated

Dose Rate (6/2/71)

Calculated Measured
Components Included R/hr R/hr
Inner Th. Shield, Pressure 33,68 33.5
Vessel, Insulation, Outer
Th., Shield
Inner Th, Shield, Pressure 940,7 828.
Vessel
Core and Shroud Plates 8115. 6000.
Upper Baffle Plate 3050. 2400,
Inner Th. Shield, Pressure 24,93% 24,
Vessel, Insulation, Outer 14,19%%
Th. Shield, Instrument
Tube
Core & Shroud Plates, 36,11% 30.
Inner Th. Shield, Pressure 25,37%%
Vessel, Insulations, Outer
Th. Shield, Instrument Tube
Concrete with Contribution 41 3.15

from Pressure Vessel of
.27 R/hr

as 4 infinite slabs.
as thin cylindrical shell.
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ABSTRACT

The decommissioning or dismantling of a nuclear power generating
station entails a considerable amount of work. An initial review of the
demonstration power reactors decommissioned to date reveals that the actual
dismantling may vary from storage of radioactive material and ccmponents
in the plant buildings to complete removal of all radioactive material from
a site. The expense of complying with AEC regulations has been and will
continue to be the primary cause for most reactor decommissionings. A
general review of the AEC regulations which apply specifically to dis-
mantling reveal that three major opticns and one minor one are available
for dismantling a reactor.

The range of acceptable dismantlings include minimum on-site "Storage"
or mothballing, "Internment,” or complete '"Removal.'" Modification of the
turbine for accepting steam from another scource is also mentioned as an
option by the AEC. A general review of the problems encountered in dis-
mantling work discloses that planf radiation levels, contamination contrel,
and waste disposal problems result in complexity and increase the cost of
the dismantling activities. The documents that must be submitted to the
AEC include a decommissioning plan, a safety analysis, an environmental
report, and a final status report. The factors which affect the cost
effectiveness of dismantling work are safe work procedures, material control,
wasté disposal, and health physics procedures and large labor costs result
due to work in a radiation field.

The future requirements for dismantling work will be minimal for the

immediate future except for decommissioning of experimental reactors.



Appreciable work on decommissioning of present nuclear power plants should
commence in 2015 with increased dismantling requirements from then on. In
order to economically handle the dismantling and to minimize the radiation
exposure to the occupational worker, the AEC, along with assistance from the
licensees, should generate minimum requirements for a "pre-dismantling"
interim license which will allow the licensee to place the plant in hold
from when oéeration has ceased until the short-lived rad?onuclides decay.
This will minimize the cost to the licensee and radiation exposure to the

worker without being_detrimental to the public health and safety.



