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1.0 INTRODUCTIO~ 

l.l Definition of Scope of Studv 

Shortly after the incident at the Three Mile Island 
Nuclear Facility on March 28, 1979, Bechtel Power Corporation vas 
retained by CPU Service Corporation to develop a conceptual plan 
for reentry and decontamination of the containment. This repo~t 

a. provides an analytical assessment of 
the radionuclear and physical status 
of the Unit 2 containment, 

b. weighs alternatives for containment 
decontamination and reentry, and 

c. develops conceptual designs for new 
systems or modifications to existing 
systecs which cay be required to sup
port containment entry and decontamina
tion. 

The work was performed at Crawford Station in Middle
town, Pennsylvania, from April 25 through July 1, 1979. Assistance 
vas provided by CPU Service Corporation and Babcock & Wilcox personnel. 

The tasks discussed in Section 1.1.1 through 1.1.4 de
fine the scope of activities for this study. The study identifies the 
most probable containment status. The plans and concepts described in 
the report are based on this most probable condition. Alternate plans 
have been developed for containment entry and decontamin~tion as appro
priate for othet possible conditions. This approach provides the basis 
f~r cost-benefit decisions and long range contingency planning. 

Remote Decontamination 

Remote decontamination included the follo~ing tasks: 

a . Develop methods to establish a detailed 
assessment of the containment radionuc
lear content. 

b . Estimate the resultant dose fields within 
the containment. 

c. Identify methods for collection, volume 
reduction, immobilization and transporta
tion of the reactor coolant systems and 
sump water inventories.• 

* This task was deleted from the Bechtel scope by CPU Service Corporation 
on May 2, 1979, and reassigned to the THI-2 Waste Manageaent Croup. 
Information generated by Bechtel on this task was transmitted to CPUSC 
on May 11, 1979, in a closeout note, Transmittal CPU/TMI-007. 

1-1 

(••. ll·J··· J , ., . " ; ... 



1.1.2 

TMI-2INITIAL PLANNING STUDY 

d. Develop a plan for remote decontamination 
of the containment. 

e. Recommend reagents or additives for re" 
ducing surface contamination and inhibit" 
ing corrosion. 

f. Develop a scheme for the filtration and 
eventual purging of the containment atmos
phere to permit personnel entry. 

Containment Entry 

A plan has been developed for the initial entry into the 
containment. The plan includes appropriate safety precautions necessary 
to effect reentry without undue risk to public health and safety . This 
part of the study included the following tasks: 

a. ARsess the radiation dose fields and identi
fy the proper safety and health physics 
practices which should be followed. 

b. Identify the safety evaluations and pre
cautions which should be made to support 
containment entry. 

c. Develop methods and plans that would lfmit 
worker doses, yet =aximize radiation field 
mapping and data acquisition in the contain
ment. 

d. Develop concepts for minimizing the spread 
of contamination during entry. 

Data Acquisition and Damage Assessment 

A plan has been developed to assess the status of the con
tainment systems, components and structures following entry. This part of 
the study included the following tasks: 

a. Develop a plan for radiation field mapping 
and containment smear surveying. 

b. Develop methods and plans for data acquisi
tion tasks related to assessment of the 
general condition of the containment and 
equipment therein. 

c . Identify potential hazards and =ake corre
sponding contingency plans. 
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Hands- on Containment Decont amination 

Plans have been developed vhich ~ould be used for com
pleting containment decontamination . This part of the study included 
the following tasks: 

a. Provide recommended methods, reagents 
and equipment which could be used for 
hands-on containment decontamination. 

b. Identify health physics practices and 
procedures which may be applicable to 
the hands- on decontamination. 

c. Develop a decontamination scheme which 
is efficient and limits worker dose . 

d. Identify temporary facilities and service 
systems needed to accomplish containment 
decontamination . 

1-3 
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1.2 Stamary 

This report presents the engineering planning activities 
performed by the Containment Engineering Croup in response to the scope 
of this initial study as outlined in Section 1.1. The primary objective 
of this activity was to develop a plan for placing the containment in 
a configuration where reactor vessel head removal could begin. A cau
tionary note is warranted regarding the use of the assessments and rec
cac.endations presented in this report. Since containment reentry has 
not been made at this time, many uncertainties exist. As knowledge of 
the status of the containment improves, reentry and decontamination 
plans can be improved or refined. 

The ideas and methods proposed in this report for reentry 
and decontamination form the best judgements based on the experience of 
the individuals assigned to the Containment Engineering Group. Hany of 
these people have had significant, first-hand esperience in decontamina
tion and health physics practices that are directly applicable to THI-2. 
Where time permitted in the preparation of the report, alternate methods 
were evaluated and the optimum plans presented. 

The report provides an assessment of the physical and 
radionuclear status of the containment based on. currently available 
information (Sections 2 and 3), outlines the design criteria and provides 
conceptual designs for new or altered facilities and systems (Section 4), 
and develops plans and presents conceptual engineering related to the 
reco~ended procedures for performing decontamination of the THI-2 con
tainment (Sections 5 through 11), As additional data becomes available 
it is expected that the report wi~l be supplemented by Bechtel durin~ 
subsequent planning activities. 

Section 2 contains an assessment of lower, median, and 
upper bound containment radiation sources. These sources include airborne 
radioactivity, general plateout sources on walls and floors, and the 
plateout source that will remain when the sump liquid is drained from the 
building. An assessment of the containment sump liquid activity is also 
included. These containment source estimates are based on reactor cool
ant system liquid samples, containment atmosphere sample analyses, and 
direct radiation measurements, both Ge(Li) spectra taken at the contain
ment equipment hatch and teletector dose rate measurements taken in the 
R-605 penetration at elevation 292', two feet above the sump water. The 
lower bound, median bound, and upper bound activity estimates are based 
on. various scenarios regard!ng the manner in which radionuclides were 
deposited in the containment and various credible methods of interpreting 
the incomplete data base currently available. An assessment is presented 
of the esticated radionuclear contamination vhich will remain in the con
tainment building after the remote decontamination activities described 
in Section 5 are carried out. 

1-4 
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Based on aource terms, both before and after containment 
remote decontamination as described above, radiation dose fields at 
various points within the containment building were estimated and are 
described in Section 2. In addition, dose field contributions from pre
dictable hot spots within containment (e.g., containment air coolers, 
letdown coolers, containment sump hot spots, etc.) were estimated. 
Many hot spots will be unquantifiable prior to containment entry. 

The variability of the bounding estimates of contamina
tion source terms and dose fields in the containment is very large due 
to the fragmented nature of the available data base. It is believed, 
however, that these bounding estimates form a reasonable planning basis 
for developing procedures for the remote and hands-on decontamination of 
the containment. It should also be noted that the radiation dose fields 
are expected to vary greatly from one point to another within the con
tainment, and any interpretation of the dose results contained in Sec
tion 2 should be made with careful consideration of both the dose field 
so defined, and the location of planned activities within the contain
ment as they relate to in-containment decontamination procedures . 

The anticipated physical status of the containment struc
ture and in-containment systems is described in Section 3. The effects 
of various off-normal conditions in the containment are assessed, in
cluding: 

a. extended elevated pressure and teaperature on 
March 28, 1979 

b. the apparent hydrogen det.onation on Karch 28 

c. the containment spray actuation which occurred 
on March 28 

d. the corrosive effects of long-term subaergence 
of equipment and structures in the containment 
sump 

e. the effect of extended operation at negative 
containment pressure 

f. the physical response of containment structures 
and equipment to integrated radiation doses 
which approach, or in some cases, exceed the ex
pected qualification lifetimes. 

Section 4 discusses new or altered facilities and syste=s 
which will be required to efficiently execute the decontamination and 
subsequent operations in containment. It is recommended that a contain
ment service building and associated systems and facilities be erected 
in the area outside the Unit 2 equipment hatch. This facility would con
sist of a service building to facilitate the movement of personnel and 
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equipment into and out of the containment, a dry cleaning facility to 
allow expeditious cleaning of the large amounts of anti-contamination 
clothing and equipment that is expected to be generated during the de
contamination and subsequent efforts, and a new personnel change and 
access facility to expedite the movement of large numbers of people in 
and out of the Unit 2 equipment hatch. The service building would 
have a large equipment decontamination station, and a separated solid 
radwaate staging facility. This radwaate staging facility would provide 
for interim storage of packaged contaminated equipment which will have 
to be removed from the containment bu~ding , {e.g., cable, conduit, con
taminated cleaning materials, non-reusable anti-contamination clothing 
and equipment, etc.). 

A number of new or altered systems have been identified 
as being required to execute the cleanup of the containment building . 
These systems include: 

remote decontamination 

spray and chemical additive 

ventilation and filtration 

lighting and power 

breathing air 

television 

communications 

vacuum 

steam supply 

chemical supply 

water supply and recycle 

radiation monitoring 

equipment decontaclination 

service building HVAC 

Section 5 describes a recommended plan and procedure for the 
remote decontamination of the TMI-2 containment. This remote decontamina
tion plan utilizes the containment spray system to deliver water and other 
chemical solutions in an attempt to significantly reduce the levels of 
gross contamination on surfaces within the containment building. The re
commended remote decontamination procedures can be summarized as follows: 
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1. High Volume Deionized Water Flush (250,000 
gallons) 

The initial high volume deionized water flush 
is designed to remove gross contamination froc 
the areas that r~n be sprayed or flooded using 
the containment sprays. The major cont~ibution 
to gross contamination 1s expected to be cesium 
which is highly soluble in most of the chemical 
forms that it is anticipated to be found in 
the containment. It is hoped that the initial 
deionized water flush will dissolve most o! the 
cesium and other radionuclide contamination on 
the 347' operating floor and flush it to the 
sump where it can be processed using the high 
level waste processing system which will be 
utilized for processing the water now in the 
containment sump. 

2. Multiple Cycles of Saturated Steam Delivery 
Through the Containment Sprays 

The cultiple steam cycles are intended to create 
condensation on building surf~ces which cannot 
be vprayed or flooded by water delivery thro~sh 
the containment sprays. In particular, ceilings 
and walls at elevations below 347' may be decon
taminated to a significant extent if large amounts 
of cundensation can be induced in these areas. It . 
is expected that these steam cycles will wash 
contamination from ceilings and walls to adjacent 
floors where it can be flushed to the containment 
sump in subsequent high volume water flushes. 

3. High Volume Detergent Solution Flush (250,000 
gallons) 

The high volume detergent solution flush would be 
utilized if the previous deionized water and steam 
cycle flushes do not result in decontamination 
factors sufficient to allow entry and hands-on 
decontamination of the containment. It is antici
pated that the detergent solution flush will aid 
in the removal of rontamination adhering to dirt 
and also aid in de~reasing building surfaces, thus 
removing adhering contamination . The high volume 
detergent solution flush would be followed by a 
high volume deionized water flush as described in 
Item 1 above, to move the contamination and deter
gent ch£micals to the containment sump where they 
can be processed by liquid waste processing systems. 
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4. Chemical Decontamination Via Injection Through the 
Building Sprays · 

If the deionized water, steam and detergent solu
tion flushes are ineffective in removing gross con
tamination from areas that c:an be sprayed or flood
ed using the building spray system, there would be 
a strong implication of a need to resort to more 
effective (but less desirable) chemical decontamina
tion procedures. Some sugsestions for potential re
asents that could be delivered through the building 
spray system are contained in Section 5.4. The dis
cussion contained therein is by no ~ns complete 
and any decision to utilize chemicals harsher than 
the detersents recommended in Section 5.3 would re
quire careful analyses to identify what damage to 
in-containment systems, particularly NSSS components, 
l:light be expected from the utilization of such chemi
cals. 

The initial high volume deionized water flush, multiple 
steam cycles, and subsequent deionized water flush described above, should 
constitute a minimum set of procedures which would not threaten further 
damage to in-containment components or pose extreme difficulties for the 
liquid radvaste processing systems. If these procedures are successful ic 
reducing in-containment dose l~tes to levels that will permit containment 
entry for extended periods of time, then the detergent solution and chemi
cal flushing procedures described above would not be instituted , in order 
to lllinilllize dama&e to in-containment systems and avoid the introduction of 
difficult chemical processing problems into available liquid radwaste pro
ceasing systems. 

It is anticipated that execution of the high volume deion
ized water flush followed by multiple steam cycles, a detergent solution 
flush, and another deionized water flush would result in a decontamination 
factor (that is, a reduction in surface contamination) of between 800 and 
80,000 for those surfaces which can be directly sprayed or heavily flooded 
by the containment spray system. It is predicted that a decontamination 
factor no greater than 4 will result for surfaces which cannot be sprayed 
directly or heavily flooded by the building sprays. This decontamination 
factor would result solely from the multiple steam condensati on cycles 
discussed under Item 2. above. An assessment of the probable overall ef 
fectiveness of the proposed remote decontamination procedures in reducing 
radiation dose fields inside the containment will require a detailed as
sessment of anticipated spray and flooding patterns inside the contai nment . 
!his assessment vill be carried out in subsequent efforts by the Contain~nt 
En~ineerins Croup. 

Section 6 discusses studies and recom=ended procedures !or 
containment atmosphere filtration and purging to remove noble gases (pre
dominantly Kr-85) and airborne particulate activity from the containment 
atmosphere prior to initial entry. These 8tudies shov that existing 
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installed systems (the contaiaaent hydrogen purge system and the contain
ment high volume recycle filtration system) can be utilized in normal 
alignments to filter airborne particulate activity from the containment 
atmosphere and purae the remaining noble gas activity to the environment 
while remaining in compliance with the existing plant effluent technical 
specifications. This filtration and purging procedure is expected to 
take approximately 2 months and should be initiated as soon as feasible 
so as not to control the schedule for initial containment entry. 

The initial entry into the containment is discussed in 
Section 7. Included in this discussion are criteria for entry, health 
physics procedures, aeneral procedures related to communications, light
ing, emergency planning, contamination control, procedures for the ini
tial radiation mapping of the containment, procedures for the initial 
damage assessment of the <ontainaent, a discussion of potential problems 
and a hazards analysis related to initial containment entry. 

This report outlines a sequence where it is assumed that 
initial containment reentry is preceded by remote decontacdnation. This 
is not intended to preclude the possibility of initial entry prior to re
mote decontamination should more definitive data regarding dose fields in 
containment indicate that early entry is possible. The sequencing pre
sented in this report was chosen on the basis of lack of substantive data 
regarding the feasibility of early entry. Most of the thoughts and pre
cautions outlined in Section 7 remain applicable to th3t alternate mode, 
if future data and safety assessments demonstrate its feasibility. 

Section 7.9 disc~sses available remote controlled vehicles 
(robots}. These might be needed for initial containment entry and radia
tion dose field mapping, should radiation levels exist to a degree suffi
cient to prevent manned entry following remote decontacdnation. 

Section 8 details recoamended health physics procedures for 
the hands-on decontamination of the TMl-2 containment. This section 
describes the anti-contamination and respi ratory protection equi p:ent that 
should be utilized by personnel executing the hands-on decontamination, 
contamination control procedures and facilities, personnel exposur~ con
trol, monitoring, administrative limits, and other co~iderations that 
will dominate the progress of the hands-on decontamination procedure . 

Civen the very large n~ers of personnel t hat will require 
entry and egress froc the containment building during the hands-on decon
tamination procedure, it is imperative that detailed health physics proce
dures be developed which will minimize the impact of health physics on 
the productivity of personnel working in the containment, while at t he 
same time providing max~ assurance that worker expo1ure1 will be mai n
tained as low a s reasonably achievable (ALARA). In addi tion, large vol
umes of anti-contamination clothing and respiratory protection gear vill 
be required to complete the hand1-on decontacination . 

Section 9 presents an inventory of the equipment which is 
an• ~ ipated to be required . It appears imperative that caref ul · plannins 
b• _ven to the timely procurement of this equipment and clothing, and 
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that detailed procedures for the cleaning, refurbishment and distribution 
of personal equipment be developed, Recommendations regarding these pro-
cedures are contained in Sections 4 and 8. · 

A detailed discussion of recommended hands-on decontamina
tion procedures is contained in Section 9. This discussion includes con
siderations of personnel training and task planning, removal of gross sur
face contamination, mechanical and chemical decontamination procedures, 
quantifying the effectiveness of hands-on decontamination, decontamination 
of hot spots within the containment, decontamination of equipment , preven
tion of recontamination of areas which have previously been decontaainated , 
temporary shielding of hot spots within the contaiament to expedite the 
hands-on decontamination process, and a discussion of the possible proce
dures which may be instituted in the decontamination or removal of parti
cular pieces of equipment which are anticipated to be found in a highly 
contaminated state. 

Since the exact radionuclear contamination status of the 
containment which will be encountered on initial containment entr)' cannot 
be quantified until remote decontamination and initial entry procedures 
have been completed, it will be highly desirable to continually update 
the hands-on decontamination plan in light of available information, and to 
continually assess and evaluate the effectiveness of procedures as they are 
instituted . The discussion contained in Section 9 is baaed on a very pre
liminary assessment of the situation that may be encountered . It is 
planned that the procedures described in Section 9 will be updated on a 
continuing basis in subsequent Containment Engineering Group efforts as 
more data regarding the current status of the containment becomes available. 

Recognizing that the initial hands-on decontamination activi
ties will proceed during a time when the reactor still contains fuel (and 
thus will require cooling and maintenance of safety systems) Section 10 de
scribes measures that should be instituted during the initial hands-on de
contamination procedure to assure that systems which are required for long
term core cooling or to maintain the reactor in a safe configuration will 
be protected and maintained in an operable status. This section contains 
an inventory of in-containment systems and attempts to identify those which 
will require continued operability during the hands-on decontaaination acti
vity. 

Section 11 addresses maintenance of nuclear steam supply sys
tem component integrity, in particular, prevention of corrosion, duri ng re
mote and hands-on decontamination activities. An assessment is presented 
of the probable corrosive effects resulting from the March 28 incident on 
the external surfaces of NSSS components. 
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2.0 ASSeSSMENT OF THE nu-2 CONTAINMENT RADIATION E.WIRONMENT 

2. 1 Introduction 

Since the radiation environment in the ~I-2 cont4inment 
vill dictate considerations for all activities in the containment pro
gram, it is imperative that present bounding estimates of that radiation 
environment be accurate . However, at this point in time, July 1, 1979, 
no actual dose rate measurements have been made in the containment en
vironment itself. Estimates of the dose rates and the radiation environ
ment, :herefore, must be made based on an interpretation of all data at 
hand. Presently this presents itself in three broad categories: 

a. Reactor Coolant System (RCS) Liquid Samples 

These are the sample data obtained through 
the Met Ed Sample Coordinator vhich are 
periodically taken and assayed via a Ge(Li) 
detector, multichannel analyzer system. 

b. Containment Atmosphere Samples 

These sample data are also obtained from 
radio-assays with the same t}~e of equip
ment used for the above RCS samples. 

c. Direct Radiation Measurements and ~~periments 

These are a series of measurements from 
health physics surveys, a series of port
able Ge(Li) detector scans of the contain
ment equipment hatch, and the results of 
teletector =aps of the R-605 containment 
penetration just above the sump water, up 
to the inboard penetration pressure boundary. 
Dat3 is also used from the containment monitor
ing systems - in particular, the HP-R-214 
containment dome monitor. 
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Bounding Estimates of the Containment Radionuclide 
Environment 

Major Radioisotopic Sources Prior to Remote Deconta=
ination and Purging 

This section considers three major sources which consti
tute the radionuclide environment in the containment prior to remote 
decontamination and purging. They are the airborne source, the general 
plateout sources, and the source that will be deposited on the 282' ele
vation valls and floor due to the containment sump inventory. 

2.2.1.1 Airborne Sources 

:!.2.1.1.1 Lower Bound Scenario and Rationale 

For the lower bound estimate of the airborne sources prior 
to r~ote decontamination and purging, the major assumption vas that 
only the iodines and noble gases were released into the containment at
mosphere. Iterative analyses of the airborne concentration were calcu
lated using the Bechtel Standard Computer Code CONTDOSE, (see Section 
2.2.2 for a detailed description) queued to the containment air 
sample dqta taken on March 29 . Spray credit was taken for removal of 
the iodine via the injection of the sodium hydroxide solution through 
the containment spray headers using a s~ray time of about five minutes 
and a spray removal constant of 100 hr- • This scenario envisions the 
only major nongaseous species to be solely that of the iodine family. 
Based upon these iterative calculations it is estimated that 44% of 
the noble gases and 27% of the iodines were released to the containment 
atmosphere. These CONTDOSE predictions for other assay dates have pro
duced consistent agreement based upon these initial release fractions. 
See Table 2-1 (A) for the airborne specific activities. See Figures 
2-10 and 2-11 for the transient dose rates and integral doses for both 
airborne beta and gam=a sources. 

2.2.1.1.2 Median Bound Scenario and Rationale 

For the median airborne source, it was assumed that other 
volatile species would be included along with the iodine and noble gases 
described in the previous low bounding estimate scenario. Release frac
tions for the other volatile species and nonvolatile species are based 
solely upon best estimates of core release fractions, first to the pri
cary coolant, ~nd then to the atmosphere with a partition factor of 10. 
Although only Cs-137 was initially observed to be present in the March 29 
containment air sample, there has been one nther air sample in which 
nongaseous activity other than iodine has been observed. It appears 
that this case, as presented here, would represent a oedian scenario 
useful in assessing minimum detectable activities for the major isotopes 
that must be addressed for health physics maxiaum pera1ssible airborne 
concentrations (MPC's). See Table 2-1 (B) for airborne specific activi
ties. See Figures 2-12 and 2-13 for the transient dose rates and integral 
doses for both beta 3r.d gamma sources. 
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2.2.1.1.3 Upper Bound Scenario and Rationale 

The rationale for the high bounding airborne source is 
that no spray credit will be given at all for the case of a 44% noble 
gas and a 27t iodine release. It is realized, then, that this vould 
be inconsistent with any airborne containment assays that have been 
done; however, it vould assess an upper bound airborne concentr~tion 
for thosn areas vithin the plant on which the sprays had little or no 
effect for reaoving iodine from the air. For example, see those areas 
in Chapter 6 of the FSAR which deal vith the sprayed and unsprayed 
:egions of the containment. See Table 2-1 (C) for the airborne spe
cific activities. See Figures 2-14 and 2-15 for the transient dose 
rates and integral doses for both airborne beta and _gamma sources. 

2.2.1.2 General Plateout Sources 

2.2.1.2.1 Lover Bound Scenario and Rationale 

For the lover bound general plateout scenario and ration
ale, it i9 assuoed that iodine is the only major plateout source and 
that it has uniformly plated out over all the available surface area 
of the containment. This includes the valls of the containment and 
the oajor horizontal surfaces (floors) of the three different eleva
tions, which is a total of about 100,000 square feet of surface area. 
This lover bound general plateout source is calculated with the CONTDOSE 
Code assuming that the same 27% initial airborne activity of iodine 
has plated out on the 100,000 square feet. This is equivalent to assum
ing that the sprays were ineffective in removing airborne iodine and 
that the iodine then plated out over a period of time to all vertical 
and horizontal surfaces. See Table 2-2 for the specific activity of 
the iodine plateout source. 

2.2.1.2.2 Median Bound Scenario and Rationale 

For the median general plateout source, the results of the 
SAl Ce(Ll) detector experiments (No. TDR-TMI-123) on the containoent 
equipment hatch ver~ used. In that series of experiments, five differ
ent detector positions were used to define the plateout source on the 
305' elevation inside the containment as to both species and photon 
flux reaching the Ce(Li) detector . Table 2-3 recaps the raw data taken 
in those series of experiaents. Note that the photon fluxes reported 
are at the entrance to the lead collimator used in the Ce(Li) detector 
experiments. A sketch of the Ce(~i) detector collimator hole is shown 
in Figure 2-1 . The detector locations and the areas subtended ~Y the 
solid angles of the detector/collimator configurations are shown in 
Figure 2-2 . For the purpose of this report, only th~ results of the 
uncollimated Position 1 detector data were analyzed quantitatively. 
The results from the other Ce(Li) detector positions will be. analyzed 
at a later time, although the results can be interpreted qualitatively. 
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As can be seen in Figure 2-2, the Position 1 experi
ment looked out into the region immediately in front of the equipment 
hatch and in the direction of the southwest side of the lA steam gen
erator secondary shield vall on the 305' elevation. The major areas 
visible to Position 1 are the vertical valls of the steam generator 
compartment and the floor directly 1n front of the equipment hatch. 

Two posaible •edian bound plateout sources can be inferred 
froa this Position l Ce(Li) detector data. One can assume that the 
response of the Ce(Li) vas due to a plateout source vhich vas only on 
the equipment hatch itself or, alternatively, vas solely due to the 
plateout of material on the floor area that could be seen from Position 1. 
Shielding calculations vere performed for these tvo plateout sources, 
normali:ed to the 60 mr/hr measured at contact vith the hatch at the 
point where the Position l detector was pointed. See Figure 2-3 for a 
depiction of the dose rates that were measured by the ~ detector as a 
function of position on the equipment hatch. 

The shielding calculations used basic point kernel theory 
with point isotropic infinite medium builduf factors for steel1,2,3 
and aass attenuation coefficients for steel • both parameters for dis
crete ener~ies rather than group average energies. Dose conversion 
factors were taken from ~~S 6.1.1. 

The results of the calculations assuming the plateout is 
all on the hatch, are shown in Table 2-4. The table lists each isotope 
detected by the Ce(Li) experiment, with the following data for each 
isotope: 

a. The energy in ~ev of the oajor gamma 
resulting from the disintegration of 
that isotope; 

b. the attenuation factor for that gamma 
photon through 1.5 inches of s~eel; 

l o. J. Wallace, "Ca~~~~~~&-Ray Dose and Energy Absorption Build-up Factor 
Data for Use in Reactor Shield Calculations", WAPD-~-1012, June , 1974. 

2 .. Guidelines on the Nuclear Analysis and Design of Concrete Radiation 
Shielding for Suclear Power Plants", ~~SI/ANS-6.4-1977 (S403). Page 43. 

3 L. v. Spencer and c. L. Simmons, "!=proved ~oment ~ethod Calculations 
of Gamma-Ray transport: Application to Point Isotropic Sources in 
IOacer", ~:50, 20-31 (1973). 

4 J. H. Hubbell, "Photon Cross Sections, Attenuation Coefficients, and 
Energy Absorption Coefficients from 10 Kev to 100 Cev", !iS~DS-SBS-29, 
August, 1969. 
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c. 

d. 

e. 

The activity plated out on the inside 
of the hatch, inpCi/cm2; 

The dose rate from that isotope at the 
outside of the hatch 

The dose rate at the inside surface of 
the equipment hatch from that isotope. 

TII-21111AL PLANNIIG STUDY 

Table 2-5 is a similar listing of data for each isotope 
for the scenario wherein all the plateout occurs solely on the floor 
in front of the Position 1 detector -configuration. The GM tube dose 
rate measurement was then used as the normalization number to calculate 
the implied activity present on that area of the floor. The method 
used to calculate this number was that of Hubbell, et al; outlined 
in Shaffer's Reactor Shielding~ Nuclear Engineer&; page 362. 
Table 2-5 lists data for each isotope in a manner similar to the 
above; i.e., for each isotope we have the following information: 

a. The energy in Mev of the major ?hoton of that isotope; 

b. The attenuation factor through 1.5 inches of 
steel for that isotope; 

c. The dose rate on the floor in front of the 
equipment hatch; 

d. The activity ~Ci/cm2) of that isotope on 
the 305' elevation floor in front of the 
hatch. 

As can be seen in Tables 2-4 and 2-5, the overall effect 
of having the entire plateout source on the floor rather than on the 
hatch is about a factor of 2 in terms of activity ~Ci/cm2). Table 2-6 
summarizes the total curies plated out on elevation 305' and other ele
vations. The assucption in the table was that the plateout on the 
hatch itself would be used for all vertical surfaces and the plateout 
activity on the floor would be used for the horizontal floor surfaces. 
Clearly, this approach results in an overest~te of the plateout sources. 
It is anticipated that careful analysis of the collimated Ge(Li) spectra 
will allow refinement of the median bound plateout source. 

2.2.1.2.3 Upper Bound Scenario and Rationale 

The rationale for the upper bound scenario for the general 
plateout source is primarily tied to the interpretation of the readings 
of the HP-R-214 containment dome monitor. T·his monitor is a Victoreen 
Xodel 847-l ioni:ation chamber. The ionization chamber is inside a 1.56 
inch lead cylindrical shield and is located atop the elevator shaft in 
the containment at elevation 372'. The monitor vas hermetically 
sealed in the lead shield via an amphenol connector. The amphenol con
nector is constructed with Kovar, a resin capable of withstanding high 
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temperature, humidity, pressure, and radiation (100 megarads inte
grated dose). The ionization chamber is integral to its own preamp
lifier. The limiting component of that preamplifier is a field effect 
transistor whose individual damage threshold has been placed at 
100,000 rada. However, due to the variability of radiation damage 
data on individual components, it is not unreasonable to assume that 
this monitor could easily withstand an integrated dose of 300,000 or 
even 500,000 rads. The expected response from a failing detector, 
which has been observed by Victoreen in actual applications in hot 
cells, vould be a rapidly oscillating readout (a period of approximately 
one second) on the readout panel indicator, accompanied by a gradual 
monotonic decrease in the magnitude of the panel readout. Figure 2-4 
is a graph of the dose rate measured inside the lead shield housin& as 
read out in the control room since the !ncident. 

Note that Figure 2-4 also includes the approximate dates 
when integrated doses of 100,000, 200,000 and 300,000 rads occurred. 
An integrated dose of 100,000 rads was not reached until about April 8. 
Therefore, barring physical damage by the hydrogen detonation, the moni
tor reading inside the lead shield should have be~n accurate to within 
plus or minus 10% (the monitor's stated accuracy) until that time. 
Observing Figure 2-4, the initial peak and rapid drop off appears to 
be the result of the initial release and decay of short-lived airborne 
fission products. The containcent has over one =illion cubic feet of 
free volume above the 347' elevation operating deck. Longer-lived 
isotopes released to this volume would settle out on the hori:ontal 
surfaces, including the top of the elevator shaft on which the monitor 
is mounted, the tops of the secondary shield, and the-347 1 floor. This 
appears to be reflected in the buildup between days 2 and 10. At this 
point, radiological decay begins to lower the activity as the airborne 
particulates continue to settle, which could explain the gradual de
crease between day 10 ~nd day 33. From day 33 to day 37, the detector 
response undergoes several changes which correspond to changes in plant 
operating conditions. The first change occurs on day 33 which coincides 
with the initiation of natural circulation in the primary coolant system. 
The second change occurs one day later, which coincides with the cessa

_tion of reactor coolant system venting through the pressuri:er EHOV 
and vent valve. On day 37, another sharp change in the detector re
sponse occurs which corresponds to the time when the containment air 
coolers were secured. The fact that the monitor was responding to the 
above changes implies proper operation of the monitor, although the 
design accuracy of plus or minus 10% might not have recained valid after 
April 8 . From day 37 to day 47, the readings decrease with an apparent 
12 day half-life (possibly Ba/La-140), before finally stabilizing at a 
constant dose rate or 40 rads/hr. 

The actual reading outside of the lead shield enclosure 
for the HP-R-214 containment dome monitor is a complex function of 
the tr;msmission characteristics of the 1. 56" lead shield itself. The 
transmission characteristics of the lead are dependent on the following 
factors: 
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a . The relative abundance of the different 
isotopic species at any given time. This 
means that due to different half-lives, 
the effective isotopic distribution (and 
thus the ga=ma energy spectrum) is changing. 
This will change the attenuation character
istics of the shield. 

b. The attenuation afforded by the lead shield 
is a function of the energy of the gamma 
photons eaitted for each isotope. For ex
aMple, I-131 . vhich decays with a gamma energy 
of 0.365 Mev vould be reduced by _a factor of 
150,000; whereas the 1.596 Mev photon associated 
with the decay of La-140 vould only be reduced 
a factor of 5. For the purposes of quantifying 
the plateout source on elevation 347', it vas 
assumed that the relative proportions of the 
activities that were observed on elevation 305' 
with the Ce(Li) spectrometer would exist at 
elevation 347' in the vicinity of the contain
ment dome monitor. Table ~-7 sumcarizes the 
activities (in FCi/cm2) at elevation 347' along 
with the following data for each isotope: 

1. The energy (in Mev) of the major 
gnmma photon from the disintegra
tion of that isotope; 

2. The overall attenuation factor 
for that isotope through 1.56 
inches of lead; 

J. The dose rate contribution for the 
specific isotope to the dose rate 
inside the lead shield; 

4. The contribution of that isotope 
to the dose rate predicted out
side the l ead shield. 

Under these assumptions, the apparent composite attenua
tion factor of the lead shield appears to be about 9. Victoreen's 
suggested attenuation factor of 100 is based on calibration of the 
detector with a point source of Cs-137. This difference in trans
mission factors is due to the presence of the high energy photon 
(1.596 Mev of La-140). 

It should be noted, however, that Table 2-7 would demand 
that the HP-R-214 dose rate inside the lead shield be following a 
half-life of about 13 days (associated with the decay of Ba/La-140) 
during the month of June, because approximately 75% of the tot~l dose 
rate inside the shield is indicated to be due to the La-140, if the 
equipment hatch Ce(Li) data isotopic oix is presumed to be representative 
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of the 347' elevation. Therefore, only two possible explanations 
are possible to resolve this conflict: 

a . The relative abundance of the isotopes 
derived from the Ge(Li) detector experi
ment at elevation 305' is not applicable 
to elevation 347', and the dome monitor 
is actually seeing a presence of Cs-137 
exclusively; or 

b. The dome monitor is no longer reading 
correctly because the integrated dose 
to the monitor has exceeded the working 
daaage threshold of the monitor and its 
preamplifier. 

At this point in time, the apparent paradox cannot be 
resolved, and further data must be obtained from experimental progracs 
to be performed at a later time in order to resolve the conflict. How
ever, for the purposes of this report, results for both possible source 
terMS ( i . e., the Ba/La-140 dominated and the Cs-137 dominated plateout 
sources) will be evaluated for all dose rate calculations. 

2.2.1.3 Containment Sump Plateout Sources 

For all containment s~p plateout scenarios, a plateout 
coefficient of 0 . 1 em vas assumed. The plateout coefficient is de
fined as follows : 

Activity plated out on the vall (in )JCi/em2) equals ·the 
plateout coefficient (em) jimes the concentration of the isotope in 
the sump water (in ~Ci/em ). 

The value of 0.1 em is based upon actual operating experi
ence with other accidents where mixed fission products have plated out 
on surfaces that were submerged in liquids containing mixed fission 
products. 1•2 

2.2.1.3.1 Lower Bound Scenario and ~tionale 

This scenario envisions no release of any activity to the 
sump during the series of uncoveries and recoveries (both full and partial) 
of the water level over the core during the incident. This is equi valent 
to the assumption that the reactor coolant system retained all of the 
activity released from the core and that the first 300,000 gallons of 
sump water was relatively free of activity at the time the reactor coolant 
pump was restarted at about 1900 hours on ~rch 28, 1979. This scenario 
then postulates a slow rate of RCS leakage into the sump (at the reported 
ear ly value of 1.74 gallons per minute) with partitioning of the 

l 

2 

Personal cocmunication - E. Walker, derived from operating e~perience 
with test reactors. 

The plateout coefficient model does ~ account fo r the extensive<• , · J t~~ 
hot spots which will result from fi~slon products that precipitat~ ~- ' ' 
from adsorbed moisture or from undralnabl~ pools of water which will 
evaporate after the sump is drained. See Section ~.3.7 for an assess-
ment of these hot spots. 
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radioisotopic inventory becween the RCS and the sump queued to the 
primary coolant assay taken on April 10. This sump water is then 
diluted with an additional 100,000 gallons of intermediate closed 
cooling loop system leakage for a total sump volume of 500,000 
gallons. No further dilution due to in-leakage to the sump has been 
used in this ~eport. The core release fractions for this scenario, 
along with the other release fractions, are listed in Table 2-8 (A). 
Table 2-8 (B) lists the major radioisotopes in the core shortly after 
scram. This inventory was calculated with the ORIGDI code wiing the 
actual power history (94 effective full power days). It i s assumed 
that the sump containing this lower bound radionuclide concentration 
inventory is drained and the resultant plateout source is listed in 
Table 2-9. This is the plateout source that would be present on 
elevation 282' on December 1, 1979. Table 2-10 lists the sump water 
specific activity decayed to December l, 1979, from which this plate
out source would result. 

2.2.1.3.2 Median Bound Scenario and Rationale 

This scenario envisions both the release outlined above 
for the lower bound estimate, and the addition of a release to the 
sump which occurs early in the incident via water solid conditions 
from the reactor pressure vessel through the hot leg to the pressurizer 
and across the EHOV. This water solid condition appears to have occurred 
in at least two time intervals on March 28, based on the available 
thermal-hydraulic data, i.e., from 1140 to 1455 hours and 1625 to 1650 
hours. By this time, the majority of the core damage (i.e., significant 
cladding failure) had occurred and significant fractions of the radio
isotope inventories were released to the primary coolant. This primary 
coolant ~as washed to the sump at a rate of about 380 gpm (assuming 
choked flow of saturated water through the EMOV). This water was then 
mixed over the next 40 days with the slow leak of 1. 74 gpm. This simu
lation was queued to the April 10 primar; coolant assay (i.e., the assay 
was used as initial and boundary conditions for the differential equa
tions in the simulation). The overall core release fractions for this 
scenario are also listed in Table 2-8 (A). The plateout activity is shown 
in Table 2-10 and the sump water specific activity on which this was 
based is given in Table 2-9. The plateout source term for this scenario 
was then created in the same fashion as that for the low bound estimate 
by assuming plateout factor of 0.1 em . 

The validity of this median bound sump inventory was veri
fied with the results of one of the ongoing Containment Assessment Task 
Force experiments (No. TDR-lMI-126). On June 20, a detector was inserted 
into penetration R-605 to the inner flange. The detector was encased in 
a lead shield uith a hole to allow determination of directional dose 
rates. The detector read 30 rem/hour when aimed at the sump through 
the one inch steel penetration sleeve at the inboard side of the pene
tration. The detector was approximately 10" inuida the containment 
wall and about 2' above the surface of the water. Calculations per
forced with :he median bound sump inventory decayed to June 20 (see 
Tab1~ 2-11) using the PtPEND shielding code (see Section 2.3.1) pre
dicted a dose rate of 53 reo/hr over the axial centerline of the sump 
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tvo feet nbove the surface of the water through one inch of steel. 
It is estimated that the dose field at the edge of the sump (measure
ment location) should be about one-half the dose field at the center 
of the sump. This is a result of measuring what is essentially a 
semi-infinite half-space volumetric source and comparing_ to a calcula
tional model which simulated an infinite half-space volumetric source. 
This approximation yields a predicted dose rate of about 27 rem/hour 
which is in excellent agreement with the observed 30 rem/hour for the 
experiment. This agreement should be carefully interpreted, however, 
since the detector, being a GH tube pulse counting device, cannot be 
extremely accurate for an attenuated polyenergetic gamma spectrum un
less it vas previously calibrated for ae identical incident spectrum. 
This agreement is probably only sufficient to infer that the median 
bound sump activity estimate is accurate to about the sa=e deg=ee as 
the measurement. 

2.2.1.3.3 Upper Bound Scenario and Rationale 

This scenario envisions that all the activity released 
from the core eventually will ent~r the sump, i.e., the content of 
the sump as outlined in the median estimate , plus · the contents of 
the reactor coolant, and the curie content from all plateout sources 
on the 305 1 and 347' elevations. For the purposes of the sump model, 
this is equivalent to dumping the core release fractions outlined in 
Table 2-8 (A) into 500,000 gallons of water, and decaying it for a 
decay period of 248 days (which corresponds to December l , 1979). 
The method for obtaining the plateout itself is then followed in the 
same manner as for the previous plateout source . A plateout co• 
efficient of 0.1 em vas used for dete~ining the sump plateout . 
The plateout activity inventory for the high bounding estimate is 
listed in Table 2-10, and the associated sump water specific activity 
in Table 2-9. 

Radiation Dose Rates - Prior to Remote Decontamination 
and Purging 

The analytical methods employed in calculating the dose 
rates in this section are as follows: 

a. Airborne Dose Rates 

These dose rates vere calculated with the 
Bechtel CONTDOSE Code. This computer code 
uses a finite cloud model to calculate air
borne gamma dose rates and a semi-infinite 
cloud model for beta dose rates from isotopic 
distributions in the building at=osphere that 
are calculated as a function of time. These 
isotopic distributions account for daughter 
and granddaughter decay products and utilize 
a =echanistic treatment of spray washout of 
airborne fission products. The code also 
performs a numerical integration of the dose 
rates to arrive at integrated doses as a func
tion of time from the airborne species. 
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b. Contact Dose Rates Due to Plated Out Activity 

1. Contact Beta Dose Rates 

Contact beta dose rates were calculated for 
plateout sources fra. the relationship: 

r; • o.sr,sA ~ JC F(v,t) Eqn. 2-1 ' . Where E~ is equal to 1/3 of the maximum energy 
of the beta; SA is the beta source strength 
which is equal to the number of betas per sec
ond per unit area from the plateout source; 
Y/f is equal to the mass attenuation coeffici
ent for tissue. from the work of Burger (Health 
Physics, 26: pages l-12); F ( \1 ,t) is equal to 
the dead akin layer correction factorl, i.e., 
the fraction of the beta dose which is attenu
ated by the dead skin layer, and thus does not 
reach live tissue beneath that layer; K is the 
dose conversion factor for tissue, (rads/hr/~ev/ 
sec/gm). 

~ote that the factor 0.5 assumes a normally bi
directional planar source and a net current of zero. 
It also should be noted that this formulation results 
in the maximum theoretical beta dose rates which 
can be observed, where, in reality, the beta plate
out source will have a finite thickness,i.e., the 
plateout will be a =!xed fission product source 
encapsulated in boric acid crystals and hydroxides 
of the various isotopic species along with a halo
gen ionic crystalline content. This presupposed 
nature of the plateout means that the dose rates 
calculated by the above formulation would be approxi
mately a factor of 10 times higher than would be 
actually observed with a beta survey =eter, due to 
the internal self-absorption of the betas in the 
crystalline plateout source itself. An actual 
effect of all these contact dose rates will only 
be observed within about l to 2 meters from any 
planar source. Therefore, all personnel entering 
the containment should be warned to stay as far 
away as is feasible from all vertical surfaces. 
This is because the range of betas in air is approxi
mately one meter for the mixed fission product spec
trum anticipated. Provisions should be made for 
incorporating shoe inserts in the Anti-C suits or 

Loevinger, ~ al. "Discrete Radioisotope Sources", Radiation 
Dosioetrr, Academic Press Inc., ~ew York, 1956. 
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booties until gross decontamination of the 
floor has been completed. These inserts 
should have a sufficient shielding value 
such that the beta dose to the feet from 
the floor is insignificant. 

2. Contact Caaaa Dose Rates 

The contact gamma dose rates were calculated 
according to the classical planar boundary 
crossing estimator used in Monte Carlo 
analyses. i.e •• 

n 
D1 • 0.5 I: SAj Erj kj Eqn. 2-2 

j •l 

~ere Etj is equal to the energy of the 
photon in Mev in the jth energy group 
from the isotope; SAj is the gamma source 
strength at the planar surface. equal to 
microcurie& per square centimeter multiplied 
by the number of photons emitted in energy 
group Ej per microcurie. This assumes that 
the flux is equal to the current. which 
implies that the particles are entering per
pendicular to the surface of the plane cross
ing; kj is equal to the dose converstion factor 
for the jth energy group in units of rad/hour/ 
Mev/cm2/second. The factor of 0.5 a.ssumes a 
normally bi-directional planar source and a 
net current of zero; i.e •• half of the parti
cles go into the surface and half go out of 
the surface. 

c. Gamma Dose Rates from Cylindrical Surface Sources 

Dose rates were calculated using the following relation
ship which gives the dose rate at a dose point on the 
horizontal midplane of the cylinder along the axis of 
the cylinder: 

Eqn. 2-3 

~ere 00 equals twice the contact gamma dose rate as 
calculated via equation 2-2. H equals the height 
of the cylinder; R equals the radius of the cylinder; 
o1 equals the dose rate in rads per hour at the dose 
point inside the cylinder. 
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d. Gamma Dose Rates From Planar Surface Sources 

The formulation used to calculate doses at some 
siven distance from a finite rectansular surface 
source is that due to Hubbell et al. Equation 
2-4 which follows, expresses Hubbell's relation
ship: 

_2 tian-1[ ab ] 
-no i l + .z + btj 

Eqn. 2-4 

Where Di is the gamma dose rate at the distance Z 
from the planar source; D0 equals twice the contact 
samma dose rate as calculated in Equation 2-2 above 
in rads per ·hour; a equals the ratio of half-height 
to the distance Z away from the source ; b equals 
the ratio of the half-width to the distance Z away 
from the source. See Fisure 2-22 for the geometry 
of Hubbell's formula. 

The relationship in Equations 2-3 through 2-4 were 
programmed into two new computer codes. The com
puter codes are: 

PROSURF - This program calculates the 
plateout source ~C1/cm2) for any siven 
time increment for any initial given source. 
The program accounts for daughter - &rand
daughter decay. The contact beta dose 
rates for each time increment are also cal
culated using the relation in Equation 2-1. 
The gamma source spectrum for the plateout 
activity is calculated and is written to an 
intercediate file to be bootstrapped into 
the following code called SURFDOSE. 

SURFDOSE - This computer code calculates gacaa 
dose rates at contact with the plateout source 
generated by PROSURF at the following points: 
l) contact, using Equation 2-2; 2) from a 
cylindrical surface source using Equation 2-3; 
3) from a rectangular surface source using 
Equation 2-4. 

Best Estimate Scenario for the 282' Elevation Radiation 
Dose Rates 

Tables 2-12 (A) and (B) summarize the dose rates, both beta 
and gamma, for all elevations prior to remote decontamination and purg
ing of the contai11111ent. These dose rates are also broken dow into 
their individual components, i.e., airborne, contact, doses transmitted 
through floors or ceilings (if applicable), and doses from the vertical 
and hor1zontal · plateout on walls to a dose point as indicated in 
Figure 2-5. ~o attempt has been made to assess the possible presence 
of fuel fines on the 282' elevation. 
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For elevation 282', the sources that were used were 

a. The airborne source was that source as outlined 
in Section 2.2.1.1.2 as the median bound airborne 
source. Corrections were .. de in the CONTDOSE 
run for this source at this elevation to account 
for the finite size of the volume of the air
borne cloud, i.e., a radiua of 15 feet was used 
for the sphere which represents the largest 
sphere which could be totally inscribed in the 
282' elevation. See Figures 2·16 and 2·17 for 
the transient dose rates and integral doses 
for both airborne beta and gamma sources. 

b. The median bound containment sump plateout 
source was used for calculating both contact 
dose rates and dose rates to the dose points 
depicted in Figure 2-5. The height of the 
cylindrical surface source was equal to 7 feet, 
the maximum depth of the containment sump water 
observed to this date. The radius of the source 
was that of the largest cylinder which could be 
inscribed in the 282' elevation between the inner 
vall of the containment and the outer wall of the 
B steGI generator B cavity wall. The planar 
source that vas calculated used the dimensions 
of a height equal to that of the height of the 
cylindrical source, but with a width equal to 
tvice the radius of the source and a dose point 
equal to the radius of the cylindrical surface 
source. As can be seen, the major contributor 
to the dose rate at 282' was due to the gamma 
contact dose rate on the floor at elevation 282', 
extrapolated to 3' above the floor, which will 
be representative of the dose rate seen by the 
workers who vould enter this region. Table 2-10 
lists the specific activity of the plateout dose 
from vhich the plateout dose rates vere calculated. 
Table 2-1 {B) represents the airborne isotopic distribu
tion. All dose rates and distributions are keyed 
to December 1, 1979. 

Best Estimate of the Radiation Dose Rates at the 
305' Elevation Prior to Remote Decontamination and 
Purging 

As above, Tables 2-12 {A) and {B) list the beta and gamma 
dose estiaated for the 305' elevation. The dose rates are further 
divided into their individual contribution from the various cacponents 
to the total dose rate. The sources used in calculating the dose rates 
for the 305' elevation were as follows : 
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a. Airborne - The airborne source vas calculated 
vith the CONTDOSE code using the airborne source 
described in Section 2.2.1.1.2, the median bound 
airborne source scenario. As before, the volume 
of the largest sphere which could be inscribed 
betveen :he inner vall of the containment and the 
outer vall of the ste .. generator cavity vas used 
as the volume of the finite cloud airborne source, 
radius equal to 25 feet. See Figures 2-18 and 2-19 
for the transient dose rates and integral doses 
for both airborne beta and gamma sources. 

b. The contact gamma dose rates on the floor and vall 
vere calculated using the general plateout median 
bound source as outlined in Section 2.2.1.2.2. 

c. Doses avay from the floors and valls to the dose 
points indicated in Figure 2-6 vere calculated 
using the SURFDOSE code vith the height of the 
inscribed cylinder equal to the difference in 
elevations between 305' and 347', and the radius 
equal to the largest inscribed cylinder that can 
be inscribed in the 305' elevation between the 
inner wall of the containgent and the outer wall 
of the steam generator cavity. Planar source 
dimensions were set at a height equal to the 
height of the inscribed cylindrical surface source, 
vidth equal to tvice that radius, and the distance 
away from the source as equal to the radius of the 
inscribed cylinder. 

d. Dose rates due to transmission from the plateout 
source on the 347' elevation vere calculated using 
both possibilities for the upper bound scenario of 
the plateout source on the 347' elevation as out
lined in Section 2.2.1.2.3, (i. e ., assuming the 
HP-R-214 monitor was reading correctly on June 1, 
indicating only cesium plateout and another assuming 
that the isotopic mix on the 347' elevation is the 
same as measured at equipment hatch). The dose 
rate to the doae point shown (the man) in Figure 2-6 
vas calculated using the SURFDOSE code after correcting 
the contact dose rate for gammas with an attenuation 
of 7 inches of concrete, equal to the floor thick-
ness on the 347 1 elevation. 

The dose from containment sump plateout to the dose 
point at elevation 305' was also calculated in an 
analagous manner using the median bound estimate 
for the containment sump plateout source with a 
correction for attenuation through the i inch 
305 ' elevation floor slab. 
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Beat Estimate of the 347' Elevation Radiation Dose 
Rates Prior to Remo:e Decontamination and Purging 

Tables 2-12 (A) .md (B) list th~ total beta and gamma dose 
rates on elevation 347' as well as the magnitude of the individual con
tributing sources. The sources used to calculate these dose rates were 
as follows: 

a. Airborne Sources - The median bound scenario 
airborne source in Section 2.2.1.1.2 was used 
as input to the CONTDOSE code. A finite cloud 
correction was used with a volume equal to the 
largest sphere that could be drawn inside of 
the 347 1 elevation to the top of the contain
ment dome, a radius of 73 feet. See Figures 
2-20 and 2-21 for the transient dose rates and 
integral doses for both beta and gamma airborne 
sources. 

b. Contact dose rates were calculated using the 
general plateout source term for the high bound 
scenario found in Section 2.2.1.2.3, taking both 
possible plateout sources in the scenario, i.e., 
Cs-137 dominated plateout source ~r the Ba/Ln-140 
dominated source. 

c. Gamma dose rates from the cylindrical and planar 
surface sources were calculated in an analagous 
manner using the method of the inscribed cylinder 
and the planar surface source equal to a planar 
section of the cylinder along the diameter parallel 
to the axis of the cylinder. The wall surface 
source, however, was assumed to be that of the 
median bound general plateout source at elevation 
305' for the 305' floor elevation. The rationale 
for this was that the 347' floor elevation is very 
contaminated because the plateout occurred pri~rily 
on horizontal surfaces over a long period of time 
and that the sprays were most effective on the 347' 
elevation and above in 'lashing the walls. 

The plateout sources used in calculating the pl3te
out contribution for the various dose rates in 
Tables 2-12 (A) and (B) are listed in Table 2-7. 
The airborne sources (specific activities) are shown 
for elevation 347' in Table 2-1. The geometry for 
the c3lculation is shown in Figure 2-7. 
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Radiation Dose Rates Prior to Remote Decontamination 
and Purging at the Elevation of the Polar Crane Cab 

The dose rates, both beta and gamma, for the dose point 
located at the polar crane cab prior to remote decontamination and 
purging are also listed in Tables 2-12 (A) and (B). The sources used 
in generating those dose rates are as follows: 

a. Airborne Sources - The same geometry and 
airborne source concentration was assumed 
for the polar crane cab as that used in the 
calculation for the airborne dose rates for 
the 347' elevation. 

b. Contact Dose Rates - All contact dose rate 
listings are the same as those calculated 
for the 347' elevation. 

c. Dose ratesl from the ceilinR, floor and walls, 
however, were calculated based upon a dose 
point at the elevation of the crane cab (ele
vation 415') positioned at the center line of 
the containment. SURFDOSE vas used to calculate 
these dose rates with the same plateout surface 
activities as those used in the 347' elevation 
dose rate calculation. 

Since the basic surface source terms were the same for 
the 347' and polar crane cab elevations, Tables 2-1 (B) and 2-7 reflect 
the respective airborne concentrations and plateout source concentra
tions which could be expected in the vicinity of the polar crane cab. 

2.2.3.1 

~jor Radioisotopic Sources After Recote Decontamination 
and Purge 

Introduction 

In this section, only two major sources that comprise 
the radionuclide environment after remote decontacdnation and purging 
has taken place are considered. Only the general plateout source for 
the 347' elevation vill be analyzed because it is difficult to predict, 
vith any degree of confidence, the effective OF's that can be obtained 
via the remote decontamination methods outlined in Section 5 for other 
than the 347' elevation. It aay be feasible co do a detailed study at 
a later time co analyze spray patterns and flooding on the other eleva
tions, at which time quantitative estfmates of the specific activities 
and corresponding dose rates can be made. As outlined in Section 5.0, 
an overall effective DF of 800 to 80,000 may be achieved on the 347' 
elevation through the carefully repeated application of the remote de
contamination techniques in Section 5. 

Sote that. unlike Section 2.2.1, there will be no quanti
tative assessment of the airborne source because the containment will 
have been purged. The primary airborne contributor, as noted in 

1 See Figure 2-8 for geometry used in calculation. 
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Section 2.2.1.1, is Kr-85, a noble gas, which will be removed by the 
purge, The only airborne then vill be a resuspension of the plated 
out activity Which itself vill have been reduced by the process of 
remote decontamination and atmospheric filtration . 

2.2.3.2 Be~t Estimate of the General Plateout Source on 
the 347' Elevation 

Th~ scenario and rationale will remain the same as those 
outlined in Section 2.2.1.2, except that an upper and lower bound 
estimates of the plateout activity is assessed by reducing the activity 
by a factor of 800 or 80,000, corresponding to high and lov bound 
plateout esti=ates, respectively. The results of applying these ratios 
are presented in Table 2-13 along with the total curies remaining on 
the valls and floors of elevation 347'. Note again that tvo assess
ments vera made for the 347' elevation plateout because of the unre
solved paradox of the HP-R-214 doce monitor dose rates. It should be 
noted that this model effectively assumes an instantaneous remote de
contamination occurrence on December 1, 1979 . Ia reality, as outlined 
in Section 5, there will be a multi-step procedure lasting over a period 
of several weeks. This means that radioactive decay will reduce the 
concentration of some of the isotopic species with intermediate half
lives (about 50 days). 

2.2.4.1 

Radiation Dose Rates After Remote Decontamination and 
Purge 

Best Esti=ate of the 347' Elevation Dose Rates 

Using the source described in Section 2.2.3.2, dose rates 
(both beta and gamma) were calculated with the PROSURF and SURFDOSE 
codes for the geometries outlined in Section 2.2.2.3. Those results 
are presented in Table 2-14 which also lists the contributions to the 
total dose rate from each source, i.e., the valls and the floor . 

2.2.4.2 Best Estimate of the Dose Rates at the Polar Crane Cab 

Using the source described in 2.2.3.2, dose rates (both 
beta and gamma) were calculated with the PROSURF and SURFDOSE codes 
for the geometries outlined in Section 2.2.2,4. These results are 
presented in Table 2-14 which also lists the contributions to the 
total dose rate from each source, i.e., the valls and floor. 
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Assea.ment of the Radiation Environment for Predictable 
Hot Spots 

Introduction 

The hot spots analyzed in this se,tion were selected for 
analysis because of the following reasons: 

a. These areas/equipment will deviate greatly 
from the dose rates which will generatly 
prevail in the containment, or 

b. These areas/equipment are critical items to the 
the containment decontamination effort . 

For all the following cases, it was assumed that remote de
contamination had occurred but the DF credit was taken only for those 
areas/equipment on the 347' elevation. 

For volu=etric cylindrical sources the PIP~VD code was 
used. This code utilizes Rockwell's =ethods modified with the theory 
of the 0~~ code, SDC, which accounts for deficiencies of the Rockwell 
method for highly self-attenuating (optically thick) cylindrical sources . 
Buildup factors are calculated from Capo's for=ulation and multi-layer 
shield buildup is accounted for via Broder's method. The volumetric 
source terms were calculated with the PROCESS code which accounts for 
daughter-granddaughter decay. This code produces a volumetric energy 
flux spectrum source tera which is input to the PIPEND code. Dose rates 
were calculated for the dates of June 15 and December 1, 1979, for all 
volumetric sources. 

Dose Points Near the Steam Generator on the 347' 
Oper3ting Deck 

Esti=ates were m4de to dose points listed in Table 2-li 
from the following possible sources associ3ted with the steam generator : 

a. The primary coolant activity in the steam 
generator 

b. A pile of fuel pellets or debris represent
ing about 11. of the total core laying on the 
top of the steam gener3tor tube sheet 

The rationale for postulating this particular source is 
that about 12: - 15: of the total initial core fission product in
ventory has been released. This estimate is based upon failed fuel 
f r3ctions, and an isotherm plot (aee Figure 2-9) of the thermocouple 
readings for the core. Assu=ing that about 10% of this rele3sed in
ventory , i.e., 1% of the total, was tr3nsported by the hydraulic flow 
of the re3ctor coolant pumps into and up the candy ·cane hotlegs, a 
pile representing the equiv3lent of one entire fuel assembly could be 

2-19 



TJI.2 IITIAL PLANNING STUDY 

laying on the steam generator tube sheet. This assumption should 
be viewed as an extr- upper bounding case. The fuel source vas 
derived from an ORIGEM run which reflected the actual power history 
of the core and is listed in Table 2-15. The dose rates for the 
dose points of interest are shown in Table 2-17. 

Dose Points Near the Reactor Coolant Drain Tank 

Estimates were made to dose points listed in Table 2-17. 
The primary coolant source terms used for the Section 2.3.2 calcula
tions were used for the analyses. Contributions from the 14 inch 
pressurizer relief discharge header were also calculated. Results 
of these analyses are listed in Table 2-17. 

Dose Points Near the Letdown Coolers 

Estimates were made to dose points listed in Table 2-17. 
The primary coolant source terms used in Section 2.3.2 were also used 
for the tube side of the coolers. The tubes were then homogenized to 
an equivalent volumetric source vith correct self-attenuation. Results 
of this analysis is shown in Table 2-17. 

Dose Points Near the Containment Air Coolers 

Estimates were made to the dose points listed in Table 2•17. 
The source term for the cooling coils is expected to result from con
densation on the coils and vas simulated with the PROCESS code by assu=
ing a 18 ft3 filter model vith a flow rate of 42,500 CFM, a filter 
efficiency of 40%. and running time of 20 days. This is equivalent 
to an assumption that the vast majority of the plateout on t~e cooling 
coils oc~urred in the first 20 days of the incident. The median bound 
airborne source in Section 2.2.1.1.2 at t•O vas used and is listed in 
Table 2-16. The results of the analyses are listed in Table 2-17. 

Dose Points Near the East Stairwell/Elevator Shaft 

Esti=ates were made to dose points listed in Table 2-17 
resulting from the plateout source term described in Section 2.2.1.2.3. 
The plateout vas assumed to be on both the inside and outside of the 
masonary block valls . The block valls were reinforced in every third 
hole with mortar and rebar; therefore, shielding credit vas only taken 
for an equivalent thickness of normal weight concrete. The results 
of these calculations are listed in Table 2-21. 

Containment Sump Hot Spots 

In Section 2.2.1.3, a model for containment sump plateout 
vas presented which used the concept of a plateout coefficient. Implicit 
in this model are several assumptions which l!Qit its utility in predict
ing dose rate fields which may exist after the sump is .drained. These 
can be su=marized as follows: 
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1. The radioisotopes are assumed to exist 
as soluble chemieal compounds in the 
sump vater. 

2. The bottom containment floor, elevation 
282', ean be completely drained leaving 
~o standing vater. 

3. The bottom containment floor is clean 
of debris and dirt on which suap vater 
contaminants may adsorb. 

The first assumption is dependent on the nature of the 
accelerated radiochemical reactions that took place during the time 
the core vent through a series of partial/full uncoveries, and hov 
much sodium hydroxide vas injected to the reactor coolant system. 
The period of several veeks follaving the incidi.nt, ·when the fuel 
pellets were being exposed to primary coolant and, thus, the potential 
for additional leaching, also complicates the assessment of the chemical 
nature of the sump vater. Hovever, because of the measurements outlined 
in Sections 2.2.1.2.2 and 2.2.1.3.2, preliminary indications are that 
after several months, the controlling isotopes for plateout vill be 
Cs-134 and Cs-137. Since the vast majority of plausible cesium coopounds 
that may have been formed (Csi• c.sr. CSI03' etc.) are highly soluble 
in vater at 2s•c (see Handbook of Chemistry~ Physics), the assuap
tion of soluble compounds appears to be valid. 

The second assumption, that the bottom floor at elevation 
282' can be completely drained is, of course, false. As can be seen 
in Figure 11-1, there vill be about tvo inches of sump vater under each 
steam generator standing in a pool about 11 feet in diameter. Using 
the median sump inventory in Table 2-9 and assuming that this 2 inches 
of sump water vill then evaporate yields a plateout activity of about 
2500 uCi/cm2 . This activity vould yield a gamma dose rate of about 
100 rads/hour assuming the same relative isotopic abundance shown in 
Table 2-10. 

A second area which cannot be drained is the actual con
tainment s uap itself . Because of the configuration of the drop lines 
from the sump to the decay heat removal system, about 6 inches of water 
vill r emain in the containment sump after it is drained. This vater, 
when evaporated, vould yield a plateout gamma dose rate of 300 rads/hour. 

In addition to these tvo areas, which can be defined 
explicitly, there will also be many random hot spots from soall puddles 
on the floor. These are due to the departure of the floor from a true 
flat surface, resulting f~om customary construction tolerances for floors. 
These slll411 hot spot "puddles" could nnge up to 20 rads/hour assuming 
the evaporation of one centimeter (about 1/4 inch) of sump water with a 
diameter greater than one foot. 
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TII-211T1AL PlANtiNG STUDY 

Deviation fr~ the third assumption that the floor is 
clean of debrie and dirt on which sump vater can adsorb can also · 
cause hot epots. In fact, if the debris and dirt participates in 
ion exchange vith sump vater fission products over the long period 
before the sump is drained, then this dirt and debris vill concentrate 
the activity in much the same manner as ion exchange resins. This 
dirt and debrie could either cause local hot spots or the entire 
floor of elevation 282' could be uniforaly contaminated in this manner 
creating a much larger sump plateout doee rate roughly equal to the 
upper bound dose rate listed in Table 2-12 (A). For example, if the 
dirt acts like a diatomaceous earth vith a DF of 10, then the plateout 
activity could easily be 500pCi/cm2 vith an associated dose rate of 
20 rads/hour. 
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TABLE 2-1 (A) 

LOW ESTIMATE OF CONTADIKENT 
AIRBORNE SPECIFIC ACTIVITIES AROUND DECEMBER 1, 1979* 

(pCl/ c:c:) 

ISOTOPE 5360.00 
II AilE "'" ... ., 7.2992-01 ,. . ., 9. 1102·04 
Y·lfll 8.2622-08 
l-129 2.9511· 10 
1-131 2. 7715·11 
l-133 .oooo 
X£13111 1.1952-06 
1£13311 4. "22-33 
JE· Ill 3.7116-12 
CS-135 2.1H7·07 
1:1·137 2.3543-04 
1Ail711 2.2272-04 

TOTAL 7.3130-01 

*SOT£: The ac:tual dec:ay time for this ac:tlvity was 
253 days. Taken from CONTDOSE Run No. X4251 
dated 6-14-79. 



1JII.21111Al PLANIING STUDY 

TABLE 2-1 {B) 

MEDIAN ESTIMATE OF CONTAINMENT AIRBORNE 
SPECIFIC ACTIVITIES AROUND DECEMBER 1, 1979* 

(p.Ci/cc) 

ISOTOPE 5360.00 ISOTOPE 
MAllE HAS MAllE 

ICR•85 7.2998·01 HJ3 
SR·If 4.4446·06 XE13111 
SR·90 1.4182-06 liE 13311 
Y•891! 4.0002•10 XE-133 
Y-90 1.4827-06 CS-135 
Y·91 7.3909-06 CS-136 
ZR·95 1.0619·05 C5-137 
ZR-91 .0000 IA1371t ... , 2.2652-05 U·140 
Nl-9511 1.1328-05 L"•140 
111·97 .oooo CE-141 
110-99 1.4197-31 CE-143 
TC·99 1.8632-fl CE-144 
RU-103 1.3742•06 PR-143 
RU-106 4.5746-06 PR-144 
RH·IOS 2.4259·05 ltD-147 
A&• III 2.1992-16 Plt-147 
511-125 1.4019·14 Pll·149 
51-125 7.2494-08 Pll-151 
51·127 6.9685·26 511-153 
T£12511 7.2774•08 EU-155 
TE12711 1.1226-07 EU-156 
TE·127 1.1266·07 
TEI2911 6.5535-09 TOTAL 
TE-129 4.2001-01 
T£13111 .0000 
TE-131 .0000 
TE•132 6.6509·29 
I-129 ::!.9595-10 
1·131 :!.:'797·11 
I-132 6.8513·::!8 

5360.00 
HRS 

.0000 
1.1952-06 
... 9622-33 
3.7816-1:! 
1.::!622-i):' 
3.0750-12 
1.7139-06 
1.6213-06 
2.7:"o9-lv 
3.1935-10 
1.0065-07 
.0000 

2.5303-05 
8.1906·12 
2.5304-05 
1.1573-11 
5.3360·06 . 
2.1011·39 
.0000 
.oooo 

1.3701-07 
1.6486-13 

7.3013-01 

*NOT£: The actual decay time for this activity was 253 days. 
Taken from CONTDOSE Run No. X4102 dated 6-14-79 . 
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TABLE 2-1 (C) 

HIGH ESTIMATE OF CONTAINMENT AIRBORN£ 
SPECIFIC ACTIVITIES ARDl~ DEC~ER 1, 1979* 

(}'C1/cc) 

ISOTOPE 5360.00 ISOTOPE 
MAllE HRS IIUE 

KR·I~ 7.2998·01 tEl lilt 
SR-89 1.8337-02 X£ 133M 
SR-90 6.1400-03 X£•133 
Y-891! 1.6~04·06 CS-135 
Y·90 6.1170-03 CS-136 
Y· 91 3.0493·02 CS-137 
Zlt-9~ 4.4053·02 Ull7M 
ZR·97 .oooo IA•140 
Ml-95 9.3451-02 LA-140 
111-9511 ... 6736-02 C£•141 
ltl-97 .0000 CE-143 
lt0·99 5.8573·28 C£· 144 
TC•99 7.6872· 08 PR-143 
I\U·I03 5.6694-03 PR-144 
IIU·106 1.8874·02 IID-147 
RH-105 1.0008•01 '"·147 
PD·I09 .0000 PN•I49 
AG-111 9.069!-IJ Pit· !51 
SM-1 25 5. 8087-11 SM•153 
Sl-1 25 :!.9909-04 EU-155 
51·127 2.9331- 22 EU·156 
T£12511 3.0025-04 
TEl 27M 4.6317·0· TOTAL 
TE•I27 4.6483-0 .. 
T£12911 :!.7031-04 
T£·129 I .7329·04 
TEll l it .0000 
TE·IJI , CiGGu 
TE-132 :!.7440·24 
I-129 1.2210-06 
l-131 1.1464·07 
t-132 2.8267·24 
I-133 .oooo 

5360.00 
HRS 

2.8657·06 
6.5445-JJ 
... 10;'3-1:! 
2.8:'91-~;" 
t.:oa7-oa 
7.0708·03 
6. 6190-0l 
1.1457-06 
1.3176•416 
4.15:!5•04 

.0000 
1.0439-01 
3. 3792·01 
1.0440-01 
4.7:'45·•)8 
:!.:!015-0:! 
8 .6685·36 

.0000 

.0000 
5.6527-04 
6.8019·10 

1.3475•(10 

•~OTE: The 3c:ual dcc3y tice for this 3ctivity was 253 days. 
Taken from COSTDOS£ Run ~o. X44Jl, 6-14-79. 
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TABLE 2-2 

LOWER BOUND GEYE:RAL PLATEOUT SOURCE* 
ON DECEMBER 1, 1979 

P1ateout Activity 
Isoto2e (t!Ci/cm2} 

I-129 7.8 X 10-4 

I-131 7.3 X to-s 

I-132 l.8x lo-21 

I-133 -'V o.o 

*NOTE: Assumes plateout of iodine only. 
See Section 2.2.1.2.1 for rationale 



111-ZIInAL PLA- STUDY 
TABLE 2-3 

RAW Sl!HMARY SHE£'I 
Ce(Li) C.UW.-RAY KEASlllEHEN'TS OF nft-2 CONTAr.H:Yr 

£~tPHENT HATCH ~ .f1 a :!-sec:. } 

Position 1 Position 2 2A 28 Hatch Window 
E( No 1-c:m 1-a 0. !)- Cl:l 1-c::a 1-c::l No 1-CI:I 0 .5- CIII 

(Kev) Plus ~- .Q!!!!. ~· !!!.!!!· Dim. Plug Diu. Dia111. 

!L!!: 
514.0 52.9 26.8 24.9 8.1 17. 4 5.9 

131111 Xe 

'· 163. 0 5.6 2. 3 1. 3 0 .6 

131 t 

284 .3 9. 4 
364.5 162.2 11.9 15.1 3.6 14. 3 7. 4 15.8 3.9 0 . 16 
637 . 0 28. 9 4,5 5.1 3.1 0. 8 3.4 1.9 
722 . 9 10.4 1. 9 0. 6 

134 Cs 

569.3 8.7 2.1 0. 85 1. 3 0 . 6 
604. 7 44. 6 0.3 11.5 1.5 11.6 0. 62 6. 9 1.9 
795 .• 8 59. 3 3.8 23.8 7.2 20 . 1 1.01 u .s 5. 2 
801.8 6.7 1.14 0.32 

1365. 1 7. 1 3.9 1.4 2.8 0.25 

136 Cs 

163. 9 
)40.6 
818.5 

1048.1 7.8 3.4 7. 0 4.2 3. 3 o.s 2.5 
1235.5 0.4 2.3 2.7 3.0 0. 2 0. 3 

!1L.f!. 
661.6 185.1 2.7 53.5 12. 9 49. 6 4.4 33.5 14 • .+ 1.3 

140 Ba 

537.3 6.0 19.1 1. 7 1.6 

~ 
g,;l.t/l ~. 

328 .8 
487.0 16.0 1.2 2.9 1.3 
752.0 1.5 0 . 86 0.63 
815.9 25.5 5.7 1.5 7.9 1.7 5.2 3.5 
868 5.1 J.~ 1. 1 
925 . 2 7.3 2.7 2. 4 0.6 

1596.5 315.9 42 . ~ 175 . 9 202.1 179.0 21.8 106. 1 54. 3 17.2 
2348 .1 4 , 6 4 ,5 4.1 5.9 1.5 2.1 1.6· 
2521.7 21.3 11.4 20.7 16. 7 10.8 1.5 8. o 4.0 
2547 0.74 0.28 1.:. 1.4 O. H 0. 20 
*Dates taken *6/1/79 ·~/2/79 !<6/2/79 *6/2/79 *6/ 5/i9 



Iagt;gpe 

Cs-137 

La-140 

I-131 

Cs-134 

Cs-136 

TOTAL 

TJI.211T1AL PLA- STUDY 

TABLE 2-4 

EXPECTED ACTlvrrY(2) A!ID GA.'tMA DOSE RATES(3) ON 
EQUIPH!m' HATCH ASSUMING ALL ACTIVITY IS ON HATCH 

GUlli& Dose 
Activity on Rate on 

Major Photon Attenuation Inside of,Hatch Inside of Hatch 
Energy (Mev) Factor (1) (,uCi/ em-) (mr/hr) 

0.662 3.3 1.6 38. 

1.596 2.5 1.9 94. 

o. 365 4.9 2.2 31. 

o. 79o 2.7 0.44 12. 

1.048 2.2 0.052 1.5 

6.4 180. 

SOTES: (1) Attenuation through 1.5" of steel. 

(2) Based on Position 1, Uncollilll4ted 
Ge(Li) Experiment by SAl on June 1, 1979. 

(3) Dose Rates normalized to 60 mr/hr reading 
from Eber1tne 520 Standard CM probe. 

(4) All numbers listed to two significant 
figures. 

CAUTION : these dose rates are due to plateout 
only. See Tables 2-12 (A) and (B) for 
additional dose rate components. for 
hot spots see Table 2-17. 

Gamma Dose 
Rate on 

Outside of Hatch 
(mr /hr) 

12. 

38. 

6.4 

4.3 

0.7 

60. 



IsotoJ:!e 

Cs-137 

t.a-140 

I-131 

Cs-134 

Ca-136 

TOTAL 

TII-21111AL PLA- STUDY 

TABLE 2-5 

EXPECTED AcrMn(2) AND GAMMA DOSr! RATEs(3) AT EQUIPMENT HATCH 
ASSUMING ALL AcriVITY IS ON nooR ELEVATION 305' 

Dose Rate on 
Floor in Front Activity on Floor 

Major Photon Attenua~i~n of Hatch In Front of Hatch 
Eneral Q!ev2 Factor 1 {mrlhr2 ~Ci/cm22 

0.662 3.3 95 4.0 

1.596 2.5 240 4.8 

0.365 4.9 79 5.8 

0.796 2.7 29 1.1 

1.048 2.2 4 0.13 

443 16. 

NOTES : (1) Attenuation through 1.5" of steel 

(2) Based on Position 1, Uncol1imated 
Ce(Li) Experiment by SAI on June 1, 
1979 

(3) Dose rates normalized to 60 mr/hr 
reading from Eber1ine 520 Standard 
CM probe 

(4) All numbers listed to tvo significant 
figures 

CAUTION: These dose rates are due to plateout 
only. See Table 2-12 (A) and (B) for 
additional dose rate components. For 
hot spots see Table 2-17. 



TII-211T1AL PLA- STUDY 

TABLE 2-6 

TOTAL PLATEOUT ACTIVITIES IN CURIES OK EACH ELEVATION 

Elevation 

282' 

305' 

347' 

Tables for 
Activities Plateout 

in Isotopic Section For 
Total Area Cc:m2>(1) Curies Distribution Rationale 

1. 66 X 107 930. 2-10 2.2.1.3.2 

3.80 X 107 220 . 2-5 2.2 .1 . 2. ~. 

7.60 X 107 86,0oo<2> 2.2.1.2.3. 

NOTES: (1) Includes walls and floors. 

(2) Assumes the same relative concentrations 
of the radioisotopes observed on the 
305' elevation by the Ce(Li) detector 
at Position 1 exist on the elevation 
347' floor. 



Isotol!e 

Cs-137 

La-140 

I-131 

Cs-134 

Cs-136 

TOTAL 

Tfel.2111l1AL PLANIING STUDY 

fABLE 2-7 

EXPECTED ACTIVITY Arm GAMMA DOSE RATES FOR LEAD SHIELD 
AROUND THE HP-R-214 DOME MONITOR ON JUNE 1, 1979 

Dose Rate Dose Rate 
In aide Outside 

Major Photon Attenuan~n Shield Shield ActivitiesC1)(2) 
Enera:z: (Mev2 Factor {mr/hr2 {mr/hrl ~Ci/c:n22 

0.662 69 1.1E+3 7.6E+4 3200 

1.596 5 3.8E+4 1.9E+5 3800 

0.365 1.6E+5 3.9E-1 6.3E+4 4600 

0.796 28 8. 7E+2 2.3E+4 880 

1.048 11 2.9E+2 3.2E+3 100 

8. 8 :O.OE+4 3.5E+5 13.000 

SOTES: (1) Assu=ing the same relative concentrations 
of the radioisotopes observed on the 305• 
elevation by the Ce(Li) detector at Position 1 

(2) If due to Cs-137 alo2e• the~Ci/cm2 would 
be 5.81 x l04,uCi/cm and the dose rate out
side would be 2760 rads/hour 

(3) Effective attenuation factor for this 
isotopic mix is : 

8.8 • 3.5 E+5 mr/hr 
4,0 E+4 mr/ hr 

All attenuation factors are through l. 56" 
of lead 

(4) All nuabers listed to two significant figures 

CAUTICI!I: These dose rates are due to p lateout only. 
See Table 2-12 (A) and (B) for additional 
dose rate components. For hot spots see 
Table 2-17. 



TABLE 2-8 (A) 

SUMMARY OF SCENARIO CORE INVENTORY RELEASE FRACTIONS 
FOR VARIOUS ISOTOPE CLASSES 

High Estimate Hedian Estimate Lov Estimate 
Class Seetion 2.2.1.3.3 Seetion 2.2.1.3.2 Section 2. 2.1.3. 1 

Noble Gases 0. 44 0.44 

Halogens 0.55 0.55 

Solubles 0. 02 0.02 

Ho, Y 0.01 0.01 

Cs, Rb o.so 0.30 

Insoluble 0.005 0.005 

Assay Queue Date 4-lo-79 

NOTES: 1. See Table 2-9 for sump specific 
aetivities ~Ci/ee) for these 
release fractions 

2. See Table 2-10 f~r sump plateout 
activity ~Ci/ca-) for these 
release fraetions 

0.44 

0.13 

0.004 

0.01 

0.13 

0.0013 

4-lo-79 

( ' \ ;. I • ~ ' 

~ . ··-·J .t , 
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nt-21111AL PLA- STUDY 
TABLE 2-8 (B) 

TMI-2 CORE L~ENTORY OF MAJOR RADIOISOTOPES 
AT t•O+ (SHORTLY AFTER SCRA."') 
BASED ON ACTUAL POWER HISTORY 

ISOTOPE TOTAL CURIES ISOTOPE TOTAL CURIES 

!\It-83ft 1.1lE+07 lE-133 9.10£+07 
t:lt-15ft 2.71E+07 lE- 134 1.4:'£+08 
Klt·IS 1.01£+05 BA·Il71t 8.44h05 
Kl·l7 5. 19£+07 BA- 139 1.48£+09 
Kl·ll 7.34E+07 BA- 140 1.43£+08 
KR-89 9.43(+07 8A·141 I .34£+09 
XE·I31ft 4.10£+05 BA·I42 1.31£+08 
XE·Illlt 2.0,£+07 RU•I03 7.07£+07 
XE·IJJ 1.51£+08 RU·IO' 3.32£+06 
XE•135ft 2.75E+07 LA-140 1.44£+08 
XE-135 3.25E+07 U-141 1.35E+08 
X£· 137 t.4JE+08 U-142 1.34£+08 
XE-138 1.40E+08 U•l43 1.32E+08 
I-129 1.78E·OI C£·1 41 1.17E+08 
l-111 6.94E+07 CE-143 I .3JE+08 
J-132 1.04£+08 CE-144 2.54E+07 
1·133 1.59£+08 PR-1 43 1.30£+08 
1·134 1.76£+08 r-t-144 2.63£+07 
I-135 1.48£+08 EU-155 1.63£+04 
1· 136 7.01E+07 EU-156 1. 78E+06 
I-137 7.45£+07 HD-147 5. 30E+07 
1-138 3.84£+07 NI·9Sit 1.08E+06 
BR-83 1.13E+07 Hl-95 5.70£+07 
BR•84•6 5. 19£+05 lt0/TC99 I. 19£+02 
BR-84 2.02£+07 Y·891t 2. 02£+01 
BR-85 2.67£+07 Y·901t 6.44£+02 
BR-87 4.49£+07 Y-90 8.00£+05 
Blt-88 5.07£+07 Y·911t 7.06£+07 
Rl-88 7.42E+07 Y·91 8.52£+07 
Rl·89 9. 84£+07 Y·92 1.25£+08 
Rl•90 9. 59£+07 Y•93 1.38£+08 
51·89 7.40£+07 Y·94 1.40£+08 
Slt·90 8.12£+05 Y·95 1.43£+08 
SR·91 1.23£+08 CS-1 34 2.88£+05 
Slt·92 ,,.,,£+08 CS·I35 2.46£+00 

{?@@00 
SR•93 1. 34£+08 CS-136 6. 86£+05 
SR-94 1.30£+08 CS-137 8. 77£+05 
SR-95 1.18£+08 CS-138 1.48£+08 
1E·1291t 3.89£+06 CS·I39 1.45£+08 

@00~~~~&~ 
1£·129 1.70£+07 lR·95 9.26£+07 
1E·I31H 9 .51£+06 A6·11 0H :!.20£+04 
1£-131 6.:!:£+07 

~OTES: 

lE-132 I.OJE+08 tOTALS a 6.05£+09 0 .' 1 ; ·l ' ' vI .... l. f 
IE· 133ft 6.60£+07 

(1) This ls not the .entire inventory, only the major r3dlo1sotopes. 
Total inventory is l.J x 1010 curies. 

(2) Based on PSU ORIGE~· run for 94 effective full po~er days -
Run So. R4591J38, dated 4-9·1979. 



M-2 IITIAL PLANNIN6 STUDY 

(fl®®OO 
TABLE 2-9 

n CONTAINMENT SUMP ACTIVITY ON DECEMBER l, 1979 I]) 00 ~ 00 ~ [KJ !i'J~J:J FOR HIGH, MEDIA.'t A!ro LOW SCENARIOS 

ISOTOPE ~CTI~ II :~s~ I ~Clr(/tJ ' ISOTOPE ~CTlVJTtES•pCI . C~ J • 

-:.f<-50 ~ . ll:;t•(lv 

J-1:!9 ~.1~£-v~ - '; .'=1£·1)~ :.R-90 1.85E•Ou 
1•131 : .0;>[-05 1.8'iE · O~ \-8911 .;. l4E ··i4 
1·13:! 1.:!5E·:!Il 1.15£-::ol ,.~) I .S~Er::O j 

1·133 O.llOE·vl o.v·iC: -~· 1 ,.:1 ~.14£•0\i 
:;f\-;o :!.~IE•OI 3.1:£.•01 :r-.-:s s.saE·vv 
Sl!•90 S. ·HE•IIO ;.=o(•vil lli-95 z.::oE+OI 
1£·1:!011 :!.:!3£·.)1 :'.6-4£-v: ~~~·r:i" ~.~~~•Vt' 
1£·1=· 1.4JE·vl 4 .1•:£ -.J.: 110·09 • .o5E·:!1 
1£·13111 1.9~£-~8 ~.5GE-~:' 1\U·IO;; a. 4:£-·>• 
IE·LH 3.!i.SE·59 4./IE-~8 1\U· 1116 1.:6E•OC• 
1[·13..? 1.:!1£·:!0 I.I:!E· :!) AG·110/t 9.5~£-1)3 
(lo\·13:"11 :!.161:•0:! 1. 44£•\1:! 1£·1:!91\ :!.31£·0:! 
l'I'H40 :.:!3£·03 8.50£-1)~ IE·I=T 1 •• 8£·1):! 
r-U·I\13 9.93£+00 !.~~E•O.> 1£·131 11 o.70E-~a 
~;U-11)~ Z.:!OE+OI 6.76£+1)0 1£·131 1.:!:!E·58 
LA·l41) :!.57£·03 9.88£·0-t 1[·13:! :!.00£·=1 
CE·H1 ~.JIE+OO :!.11£+00 1-1:!9 1.40E-OS 
t'E•HJ 7.36£-5:! o.:!4E·">1 J-131 4.51E-vo -
I:E-1 44 1.4:'E•O:! 4.53£•01 1·13:! :!.91:£-:!1 
l'l!-11l 5.49£-03 J.:',E·->3 J-Ill 0.00£·01 
I"'R-IH 1.4;£+0:! 4.53£+01 1.£·13111 1.87£-0S 
EU~ I5S 1.~1£·01 I • 48£ ·•H t'S·IH 1.:'5£+01 
EU-156 1.97£·04 :!.;"1£·04 l 5·135 :!.31£·01 
H[•·14:' 1.09£·04 1.53£·04 1"5·136 :!.J~E-·H 
11(<-~511 J.:'~h'll -4.:06£·01 I 5·137 6.58£•01 
tt~·;s l.BoE .. 31 4. 18£•01 l'r\·13711 ~.:!3£•01 
r.Q , roe 4.SJE-l1 J.4~E-~-4 ltt\·14\1 ::!.16£ -~· ~ 
1•9911 ~.l~E-0! ::!.61E·OJ U-141) 2.~9£-·H 
~- ~u J. 45~ •ll ·~· o . :!:OF . ,10 LE·I-41 5.-41£-oJl 
·· ~1 :.4H•~ I 4.16£•.)·) n:-143 1 ... :£·51 
; S- 1 ~ ~ o.05E••Jl 4.u•E•01 rt-1 H 1.18E•Ill 
'S-13~ 6.50£-1)4 ";.S:.'E-01 r·•.-H3 : • e~E · ·'': 
CS-136 3.31(-1)4 3.06£·0~ I :,•IH I, l:lE•vt 
r.s- : ::o :!.~BE•O:! I .S:!E+O::! r;[o · l ~:- ::!.30£-... ~ 
!I! ·~ ~ t.:~£•f)1 ~.~4£•0 1 t u- t :;~. ~.4!·~ · ·~= 
t.G·110rt l.•jS£·0:! 3. :'0£- ·J~ LU· I'",, i'. :~c -·)!. 

IQlr\LS: 7,o1E•O~ S.SSE+\1::! I !Ji ~LS : :. ::E •·.:.": 

High !iedian Lov 
Es:i~:~ate Estimate Estiaate 

* Triti~~ (H-3) activity in the sump is estimated ~t 0.5 to 1. 5 pCi/ c=3 
~ascd on noroalization to the 6-19-79 RCS sample using Cs-137 as a 
qucing isotope. 



'M-2IITIAL PLANIING STUDY 
TABLE 2-10 

CONTAINMEYr SUMP PL\TEOUT ACTIVITY 
ON DECEMBER 1, 1979 FOR HIGH, MEDIAN ~~ LOW SCENARIOS 

JS, ·OPE ~r.TIVITIES ; JIC! /Crt~ ) ISOTOPE ACTIVITIES I pCl/Cit:! ) 

XE·IJIIt -4.98[-06 8.4:!£-0o !iR-99 :'.05£-01 
1-1:!9 5.19£-0ii 5.93£·06 SR·\10 I.B~E-ul 
1·131 I.•J:'C:·Ilo I.B:iE·illl l'-99rt 6 .34£-.)5 
1·132 1.:~£·:!1 I.I~E·~I )•90 1.85£-01 
H33 \l.00£-•)1 O.OOE·~I )-91 4. 1 ~£-01 
t;.-99 :!.biE••JO 3.12£+00 :!R-95 ~.aaE-ot 
!:R-~0 a.·HE-·)1 9.:!6£-~1 118-95 :!.:?9£+0\l 
1£-12~" :!.:!3E·Il:! 7.64£-03 N8·95it 6.:!4£-01 
IE-129 1.-'JE-v:? 4.90E-03 r.0-9~ 4.o5E·:!5 
1£·131 /t 1.95£-59 2.58E·58 1\U-IvJ 8.4;>£-ll:.! 
1£·131 J.ScE-60 4.71£-59 1\U-106 1.76£-01 
1£-13:? 1,:!1£-:!1 I.I:.!E-21 AG·IIOit 9.55£-04 
FA·1371t ::!.16£•01 1.44£ +01 TE·1:!91t ::!.JIE-03 
(14·140 ::!.:!JE-114 8.59£-115 IE-1:!q 1.~8£-03 
1\U-103 9.93£-01 3.::!6£-01 IE·IJIII 6.70£-59 
liU-106 ::!.:!0£+00 6.76£-01 1[·131 1,::!:.!£·59 
LA-140 2.57[-04 9.88£-05 1£-13::! 2.90£-22 
C£·141 6.31£-01 2.11[-01 1-1:!9 1, .. 0£·06 
C£·143 7.J6E-5l 6.24£·5:! l·IJI 4. 51E-07 
CE·IH I. 47£+01 4. :SJE+OO l-132 2.98E-:!:! 
PR-143 5.49E·04 3.:'9£·0~ r-1 33 0.00£-01 
I'R-14-1 1.-47£+01 ... 53£+00 \£-131/t 1.87[·06 
EU·I~5 1.31£-0:! 1.48£-02 tS·I H 1.75£+00 
f.U-156 1,9/ £-,)5 2.7tE-v5 t'S-1 35 :!.39£-02 
ND-147 1.08£·05 1.53£-i/5 CS-136 :!,34£·05 
N&-95H 3.:':!£·0:! 4. :'6£-0:! LS-1 37 6.58£+1),) 
118-95 3.86£+00 4.19£ tOO t;.;-13:'1t 6.:!3£+00 
hOI TC't9 -4.53£-32 3.45£-::5 I~·HO :!.16£-~5 
Y-891, : .J:i£-·)4 ::!.91£-04 l .:.-140 :!. ~9£- •)5 
Y-90 8.45E-OI 9.27E-OI I E-1 ~I :...~ ·r-->:! 
Y-91 ,:,.; ':(+00 4.16£-01 LE- : t3 I .~:!E-~::! 
t S·IH 

o.O~E+IiO 4.0-'E•OO I'[·IH 1.13[+00 
l:S-13~ ,,:oE-•JS 5.5:!£-0:! H-143 1. sse ··>o 
CS-IJ6 J.31E-i'5 3.06£-~5 I P-lH l. :aE•vo 
CS-IJ:' 2.:?8E+I11 1.5:!£•01 t•(t-IU :! • BOE -•)6 
lP.-95 

I.;"~E•~O 2.2-4E+OO lU-I :i5 3.~5£-,)J 
M-111111 

j .va£-·>3 3.79£-·)J I U·l ~6 o.30E-Il6 

TOT.1LS: 9,6tE•01 5.58£+01 IOIALS: ~.:!:!E•Iil 

Hi~h Median Low 
Estimate Esti111ate Estimate 

DD ®®rnl 
!fiJJ .. t9 

®OO~OO~QJ~~ 



111-21111AL PLA- STUDY 

TABLE 2-11 

MEDIAN BOUND SUMP IN\T.m)RY .JUNE 20, 1979 

ISOTOPE • 

XE-13111 
XE-1 3311 
XE-Il3 
1-129 
J-131 
l-132 
J-133 
SR-89 
SR-90 
H-1291' 
1[ · 1~9 

1E-13tt 
l E- 131 
lE- 132 
IIA- I 371 
IIA-140 
RU-103 
RU-106 
LA-140 
C£-141 
CE- 143 
CE-144 
Pl-143 
f'R-144 
EU-155 
EU-156 
Hl-147 
Nl-9511 
Nl-95 
tiDITC9• 
Y-19" 
'r-90 
Y-91 
CS-134 
CS-!35 
CS-136 
CS- Il i' 
U-95 
AG-1101 

tOTALS 

AC. TIYITIES < )ICIICII3 

7.,4E-OI 
4.74E-15 
1.09£-10 
s.nE-o5 
2.5tE+Ot 
1.74£-05 
I.ZOE-22 
2.97£+02 
9.37£+00 
2.40E+OO 
1.54E+OO 
7.91£-18 
1.44£·18 
1.69E·05 
1.45E+O:! 
6.17£+00 
5.68£+01 
9.21£+00 
7.10E+OO 
,,95E+OI 
4.f2E·IS 
6.75£+01 
1.51£+01 
6.75[+01 
1.71E•OI 
5.3tE-OI 
4.22£+00 
2.71£+00 
1.02£+02 
3. 06£-06 
2."£-o: 
9.37£+00 
~.UE+Ot 
4.70£+01 
~.52£-01 
1.91£+00 
1.54E+02 
1.:!8£+02 
5.nE-o:! 

1.:!6E•Ol 

• Tritium (H-J) 3activity in the sump is estimated at 0.5 
to 1.5 pCi/cm based on normalization to the 6-19-79 
RCS sample using Cs-137 as a queing isotope. 

ot> : 1 • • 0 u • .i.. . ~. ) 
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~ 

Elevation <4 ) 

282 

lOS 

Case A 

Case 8 

347 

case A 

r.ase 8 

Polar Crane 

Case A 

Case B 

Doaa Rate ~o· ro111 
Floor l'lnteout 

(1.9-19.)(6) 

0.40 

0.40 

320. 

2400 . 

88. 

61!0. 

TABLE 2-12 (A) 

GAI'IMA UOSE RATES AT ALL ELEVATIONS 

Dose Rate From 
'llnll Plateout 

0.27 

0.14 

0.14 

0.48 

3.6 

0.30 

0.30 

(Rads/hr) 

Airborne 
Dose Rate 

0.046 

0.077 

0.077 

0.22 

0.22 

0.22 

0.22 

Dose Rate Dose Rate 
Through Floor Through Ceiling 

0.0075 

0.073 6.0 

0.073 46. 

Total 
Dose Rate 

[2.2-22.)(6) 

6.7 

46. 

32'0. 

2400. 

88. 

680. 

NOTES: 1. r.ase A - Assumes the same relative concentrations of the radioisotopes observed 
on the 305' elevation by the Ce(Ll) detector at Position 1 exist at the 
347 1 elevation. 

2. 
3. 

4. 
5. 

6. 

Case ll - Assumes that the dose rate on elevation 347 1 is entirely due to Cs-137. 
All dose rates .are for 12/1/79 nss•~ins sump~ drnined,and are listed for two 
significant figures only. 
R~fer to Figures 2-5, 2-6, 2-7, and 2-8 for geometry. 
CAUTION: See Table 2-12(8) for corresponding additional dose rates fro111 beta 
radiation. 1-'or hot spots see Table 2-11. 
Dose rates in {) represent possible ranges due to uncertllinty of chemical 
solubillty of Isotopes drained from the SUlllp. See Section 2.3.7 - hot spots. 

! 
I 
~ 

i 
~ 



Elevation 

282 

305 

347 

Case A 

Case B 

Polar Crane 

NOTES: 1. 

2. 

3. 

4. 
s. 

6. 

TABLE 2-12 (B) 

BETA DOSE RATES AT ALL ELEVATIONS 

(Rads/hr) 

Tfii.2IITIAL PLAIIM STUDY 

Contact Dose Rates Airborne Dose Rates Dose Rates ~otal 

510. 

42 . 

210. 

210. 

210. 

210. 

210. 

no. 

250. 

210. 

Case A - Assumes the same relative concentrations of the 
radioisotopes observed on the 305 1 elevation by 
the Ce(Li) detector at Position 1 exist at the 
347' elevation . 

Case B - Assumes that the dose rate on elevation 347 1 is 
entirely due to Cs-137. 

All dose rates are for 12/l/79 assuming ~.!!_drained, 
and are listed for two significant figures only. 
Refer to Figures 2-5, 2-6, 2-7, and 2-8 for geometry. 
CAUTION: See Table 2-12(A) for corresponding additional 
dose rates from gamma radiation. For hot spots see 
Table 2-17. 
Dose rates in [ } represent possible ranges due to un
certainty of chemical solubility of isotopes drained 
from the sump . See Section 2. 3. 7- hot spots. 



TABLE 2-13 

POST REMOTE DECOtn'AMINATION 
PLATEOUT AcrlVITIES ON ELEVATION 347' 

On 12/1/79 in ~C1/cm2 
lsotOJ!e Htsh Estimate Lov ~timate 

1-131 a.4 x lo-7 8.4 x lo-9 

La-140 6.8 x 1o-33 6.8 x 1o-3S 

Cs-134 9.4 x 10-1 9.4 x to-3 

Cs-136 7.6 X 10-6 7.6 x 1o-8 

Cs-137 4.0 4.0 x 10-2 

. ·-·------------'--"-----------------...... -------



Elevation 

347' 

Case A 

Case B 

At Polar 
Crane 

Case A 

Case B 

TII-21111AL PLA- STUDY 

TAitE 2-14 

BETA A.JID GAMMA DOSE RATES AFTER Ra«>TE DECONIAKINATION 
{RadslRour) 

Beta Dose Rates Gamma Dose Rates 
Hish Estimate Lov Estimate Hish Estimate Lov Estimate 

42. 4.0 X 10-J 

320. 3. 2 

1.1 X 1(1"'1 1.1 X 10'"3 

8.5 X 10-l 

~otes: 1. Caae A - Ass1.1111es the sa~:~e relative concentrations 
of the radioisotopes observed on the 305' 
elevation by the Ce{Li) detector at 
Position 1 

2. Case B - Assumes that the doae rate is entirely 
due to Cs-137 

3. All dose ratea are for 12/1/79 

4. For hot spots, see Table 2-17 



ITJ ®@OO 

TABLE 2-15 

VOLUHETJliC SOURCE STRENGTH FOR PELLET PILE 
O:f S/C TUBE SHEET 

ISOTOPE ~CTIVITIES<pCl/C"3) 
June lS ~c:CIIIIler l 

KR-85 3.46£+04 3.36£+04 
SR-89 1.45£+06 1.44E+OS 
SR-90 •• 63£+04 4.51£+04 
Y-191 1.30£+02 t.30E+Ot 
Y-90 4.6tE+04 4.56£+04 
Y-91 1.94£+06 2.65£+05 
ZR-95 2.30£+06 3.85£+05 
Hl-95 5.96[+06 1.60£+06 
HI·"" 2.44[+06 4.08£+05 
110-99 1.72£-08 7.02£-27 
lC-99 2.42£-07 2.42£·07 
RU-103 1.02£+06 S.38E+04 
RU-106 1.64£+05 1.19£+05 
A&-110" 1.02£+03 6.46£+02 
lE-t29ft 4.41£+04 1.45£+03 
TE-129 2.87£+04 9.28£+02 
TE·I32 2.89£-0t 6.51£-17 
1-129 5.21£-02 5.24£-02 
J-Ill 2.25£+04 I.IOE-02 
J-132 2.97£-01 6.78£-17 
XE·131ft 3.95£+03 .'2.33£-01 
XE-133" 2.36£-04 7.26£-27 
X£• 133 2.04£+03 4.58£-07 
CS•t34 1.07£+05 9 .17£+04 
CS-135 9.71£-01 9.71£-01 
CS-136 4.04£+03 ( .85£-01 
CS-137 3.50£+05 3.46E+OS 
BA-t 37ft 3.31£+05 3.28£+05 . 
81\•140 t.1JE+OS 1.17£+01 
U-140 I .30£+05 1.34£+01 
C£-141 1.:!5£+06 3.42£+04 
C£·143 3.91£-11 3.99£-48 
CE-144 1.20£+06 7. 96£+05 
PR-143 1.48£+05 2.68£+01 
PR-144 1.20£+06 7.96[+05 
IID-147 2.13£+04 5.25£-01 
YN-147 3.32£+04 2.96£+04 
tU-ISS 9.07£+02 8.51£+02 
EU-156 2.80£+03 1.28£+00 

'tOTALS : 2.04£+07 5.52£+06 

®OO~@~~ijj~ 
o(t' I t• ;-.... ' .:_ ,_,, ·" 



M-2IITIAL Pl.AIIM STUDY 

TABLE 2-16 

AIRBORNE SPECIFIC ACTIVITY FOR COKIAINMENT 
AIR COOLER COIL SOURCE Snrut.ATION 

@ t•O+ POST INCIDENT 

ISOTOPE 

I-131 
I-132 
1-tlJ 
J-134 
1·135 
1·136 
I-137 
BR-13 
BR-14•6 
Blt-84 
BA-139 
CE-143 
Plt-143 
PR-144 
EU·I~5 
EU·I56 
Hll-!47 
Nl-95" 
Hl-95 
"D/TC99 
Y-lt" 
Y-90" 
Y-90 
Y-91" 
Y·fl 
Y-92 
Y- 93 
C$•137 
CS-139 

TOTALS: 

ACTIVITIES C ~CI/C"J ) 

4.74£+01 
8.24£+01 
1.15£+02 
2.15£+02 
2.50£+02 
7.70£+01 
1.86£+02 
3.46£+02 
4.81E+02 
'· 13[+02 
2.16£+00 
1.22£+00 
3.::!9£+02 
4.2]£+02 
6.56[+0::! 
7.84£+02 
6.20£+02 
2. 93£+02 
4.09£+02 
2.8]£+02 
:!.ISE+OO 
2.55£+01 
I.OSE+Ol 
2.59£+02 
1.75£+0:! 
9.:S:SE+02 
9.32£+02 
1.16£+00 
1.16£+1)0 

9.64E+OJ 



Hot Sl!!!t 

1. Fuel 
Pellet Pile 
on S/G Tube 
Sheet -
Ass11111es no 
water in S/G 
Upper PJenum 

2. Reactor 
Coolant 
Dnin Tank 

-~---·----

TJI.211l1AL PU- STUDY 

TABLE 2-17 (Pase 1 of 3) 

HOT SPOT DOSE RATES AND DOSE POINT DESCRIPTIONS (1) 
PROJECTED TO DECEMBER 11 1979 

Volumetric Plateout 
Camu Gaama 

Dose Rate Dose Rate 
Descrii!tion ~mrlhr} ~mr/hr} 

A. HP-R.-214 <1 - (5) 
Dome Monitor 

B. East Wall <1 - (5) 
of S/G Con-
taii!IIM!nt at 
El. 347' 

c. Over the 3500 - (5) 
Axial Cen-
ter Line 
of the S/G 

D. At Polar 2f0 - (5) 
Crane Cab 
£1. 419 t 

£. Contact Dose 2.5 X 104 Lov 0.54 
on S/G Dome High 4.2 

A. Outside SW 0.9 2000 
Wall of RCDT 
Room 

B. Over Tank at ss.o 2000 
E1. 305' 

c. Contact with 1.3 xl04 2000 
Tank full of 
RCS water 

D. 14" Reactor 1.8 2000 
Coolant 
Pressurizer 
Relief Valve 
Discharge 
Header Thru 
SW RCDT Room 
Wall 

Total 
Gac.au 

Dose Rate 
~mr /hrl 

<.1 

< 1 

3500 

281) 

(2) 2.s x to" (3) 

2000 

2060 

1.3 X 104 

2000 

Plateout 
Beta 

Dose Rate 
~mr/hrl 

- (S) 

- (S) 

- (5) 

- (S) 

Lov 200 (2) 
High -
1.6 X lo5(3) 

5:1 x lOS 

5.1 X 105 

5.1 X 103 

5.1 x lOS 

{ ;' , I I • • 1 
VI .;. •• ;: ,~ I 
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1JI.2IITIAL PLA- STUDY 

TABLE 2-17 (Paae 2 of 3) 

VolUIIetric: Plateout Total Plateout 
CaaaDa ea... ea-. Beta 

Dose llate Dose Rate Dose llate Dose Rate 
Hot S2!!t llescdJ.!tion. {~~r/hr} {ar/hr} - {ar/hr} {IR/fhr} 

3. Letdown (8) A. North aide < 1? 2000 20001 5.1 X 105 
Coolers Wall of 

LetciCND 
Cooler Rooa 

a. West Side < 1? 2000 2000? 5.1 X 105 
Wall of 
Letdovn 
Cooler Rooa 

c. Contact on 68001 2000 8800? 5.1 X 105 
Cooler 

4. Contain- A. 1 Ft from 4.6 X 104 400 <6> 4.~ X 104 4.2 X 104 (6} 
ment Air side of Air 
Coolers Cooler Coils 

a. 1 Ft froa 1.2 X 104 400 (6) 1.2 X 104 4.2 X 104 (6) 
side of Air 
Cooler Hous-
ing Base 

c. 10 Ft from 1.0 X 104 400 (6) 1.0 X 104 4.2 X 104 (6) 
side of Air 
Cooler Coils 

D. 10 Ft from 9000 400 (6) 9400 4.2 x 104 (6} 
side of Air 
Cooler Hous-
in& Base 

E. 1 Ft froa End 2.8 X 105 400 (6) 2.8 X 105 4.2 X 104 (6) 
of Air Cooler 
Coils 

F. 1 Ft froa End 5400 400 (6) 5800 4.2 X 104 ( 6) 
of Air Cooler 
Housing Base 

c. 10 Ft from 3200 400 ( 6) 3600 4.2 X 104 (6) 
End of Air 
Cooler Coils 

H. 10 Ft from 2400 400 ( 6) 
End of Air 

2800 ' ., ... _ x to4 (6) 

Cooler 
Housing Base 

.. . • i - 8 
~ , ;.., .; J .. 



Tfii.211T1AL ~STUDY 

TABLE 2-17 (Paae 3 of 3) 

Voluaetric Plateout Total Plateout 
c.... c- Cuaa Beta 

Doae Rate Doae Rate Doae Rate Doae Rate 
Hot Spot DeaedptioD (ar/hr) (u/hr) (ar/hr) (u/hr) 

S. 12 Stair- A. Contact 
vall/Elevator El. 282' 1900 1900 5.1 X 

Shaft El. 305' 400 loOO 4.2 X 

El. 347' 3.2 x 1os 3.2 x 105 3.4 "' 

B. At tO' froa 
Elevator 
El. 282' 470 470 
El. 305 1 134 134 
El. 347' 6.6 x to" 6.6 x 1o" 

c. Inside the 
Elevator 
Shaf t-Ax1a1 
Center Line 
El. 282' 1700 1700 
El. 305' 500 500 
£1. 3471 2.4 X 105 2.4 x 105 

NOTES: 

1. After aprays vit~ n! ~redit only taken for £1. 347' and above 

2. Assuaing a DF • ~1),000 for remote decontamination 

3. Assuming a DF • BOO !or remote decontamination 

4. High and lov poat rc.~~ · ~•coata,ination dose rates also bound 
the range of El. 347' do,·e r• 1•. - See Tables 2-12 (A) and 2-12 (B) 

5. Plateout in local areas ex~<.eec.s the contribution from plateout on 
the S/G- See Tables Z-12 (~; aad 2-12 (B) . 

6. Plateout on outside of Air Coolers only. 

1. Total gamma dose rates should be added to those general area dose 
rates for the appropriate elevation given in Table 2-12 (A) · to 
arrive at the true total gamma dose rate. 

8. Dose rates with 1 reflect inability to model fission product 
deposition in cooler tubes due to boric acid precipitation. 

105 
to" 
to7 

U l fi ' ~} 
~· ...... -.J . 
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ANTICIPATED PHYSICAL STATUS OF CONTAIN!o(ENT STRUCI'URE, 
SYSTEMS AND COHPONEYTS (NSSS and BOP) 

The accident at TKI Unit 2 on March 28, 1979, and the 
events that followed have had an effect on the physical status of 
the containment structure, systems, and components. This section 
contains an evaluation of the physical condition of the containment 
structure, systems and components as they may have been affected 
by the events surrounding the accident. 

3.1 Physical Effects of the Elevated Containment 
Pressure and Temperature on ~rch 28, 1979 

Containment Pressure 

Containment pressure is continuously monitored and record
ed by four containment pressure transaitters and two trend recorders. 
The transmitters are located outside the containment vith tvo penetra
tions for four transmitters. The physical location of these penetra
tions, the point at vhich containment pressure is monitored, is shovn 
in Figure 3-1 and Table 3-1. 

Containment Temperatures 

Containment atmospheric temperatures are continuously 
monitored by sixteen thermocouples and monitored on one trend re
corder. The physical location of these theraocouples is shown in 
Figure 3-1 and their identification is given in Table 3-2. 

Conditions Following the Transient 

Elevated containment temperature and pressure conditions 
occurred during the first tvelve hours folloving the initiation of 
the incident. The pressures and temperatures that resulted are shown 
in Figures 3-2, 3-3 and 3-4, respectively. Once the reactor coolant 
system drain tank ruptut•e disk vas breached, steam from the drain tank 
vas diverted through a diffuser into an area around the vest stairvell 
(No. l) on the 282'-6" level. Steam vas blown around the 282'-6" 
level betveen the secondary shield vall and containment vall and up 
stairvell Yo. 1 and the incore instrumentation cable chase to the 
305' level and above. 

Each time steam vaa relieved through the pressurizer 
electromatic relief line, the containment ambient t~peratures and 
temperature distribution changed. r~perature sensor AH-TE-5023 
(Recorder Point 13) located on the vest side of the containment by 
stairvell No. 1 vas the most sensitive to these steam releases. 

As shown on Figures 3-2 ·and 3-3, containQent ambient 
temperatures varied significantly. However, aside from a localized 
area in the vicinity of the drain tank rupture disk diffuser and stair
well Yo. l,containment ambient temperatures remained less than 150• F, 
an increase of ~ly Jo-so• fro= pre-a:cldc~t conditions. 

3-1 



While venting the pressurizer and during the apparent 
hydrogen detonation. temperatures . in excess of 1so• F were detected. 
These higher temperatures were localized and were of short duration 
(less than four hours). At no time were temperatures in excess of 
190• P' observed. · 

Containaent pressure fluctuated during the trans:.!' .,t. 
Pressure increases were directly attributed to steam releases to the 
containment. The fluctuations in pr~~sure. as shown on Figure 3-4, 
vere consistent vith the temperature changes detected by AH-TE-5023 
(Recorder Point 13), Figures 3-2 and 3-3. However, unlike containment 
temperatures, vhich varied throughout the building, changes in pressure 
were representative of the entire containment. Although pressure in 
the area of the drain tank rupture disk deflector vould be somewhat 
higher than that detected by the contsinment pressure transmitter during 
steam releases. pressure distribution vas nearly uniform. 

Excluding the conditions that existed during the hydrogen 
detonation. the physical effects of elevated containment. pressures and 
temperatures during the March 28, THt-2 accident on the containment 
structure, systems and components vere probably minimal. 

In localized areas, the possibility of some instrumenta
tion damage, hydraulic snubbers leaking, grease fittings/lubricated 
fittings dripping oil, etc., does exist. The pressure and temperature 
service conditions that existed, i.e., 4 psig, 1so• F, do not appear 
to be detrimental to the equipment in the containment for the short 
time period in question. 

3-2 
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Phvsical Effects of the Hydrosen Detonation on 
March 28, 1979 

Hydrogen gas froa the reactor coolant system collected 
in the pressurizer and was vented through the electromatic relief 
valve (RC-RV2) to the reactor coolant drain tank. It vas probably 
released to the containment through the drain tank rupture disk 
(WDL-V26) which had been breached. At apprcndutely 1350:20 on 
March 28, 1979, the hydrogen concentration reached an explosive 
mixture somewhere in the building and apparently detonated. 

Hydrogen gas from the reactor coolant system was vented 
to the :!82 1-6" level in the vicinity of stairwell No. 1. · This area 
would seem to be the most likely location for the hydrogen detonation 
to occur, hovever, with the containment ventilation system in operation, 
hydrogen gas vas dispersed throughout the containment. In addition, 
the behavior of the temperature sensors in the containment appear to 
be inconclusive in supporting the postulation that the detonation 
occurred in this area since sensors on the opposite (east) side of 
the building shoved a greater response than those on the ~est side. 

The maximum pressure detected and recorded by the con
tainment pressure transmitters described in Section 3.1 vas =s pstg. 
These transmitters are mounted on the outside of the containment 
and sense pressure via a ..all bore tube vhich penetrates the build-

. ing vall. This tube would tend to dampen the magnitude of shock 
vaves resulting from the detonation. Also, if the detonation vas 
not in the area of the transducer tubes, a greater deviation betveen 
indicated and actual maxim1.111 pressures would be expected. Attempts 
have been made by Bechtel to simulate the detonation as global in 
nature, with a 28 psig sustained pressure rise resulting from the 
energy addition. The implication of this simulation is containment 
atmospheric temperatures in excess of 1ooo•r, lasting until about 
one minute after containment spray delivery began. Since no indica
tion of temperatures in excess of 19o•r is in evidence, this theory 
has been rejected, and the event is interpreted as a local detona
tion vith the 28 psig peak recorded pressure resulting from a shock 
front passing the pressure taps on the vall. 

The temperature traces shovn in Figure 3-3 shov the 
greatest responses at elevation 330' on the east and vest sides of 
the building (belov the 347' elevation and floor). The highest te=
peratures vera also recorded on the temperature sensors located be
tween the 305' and 147' floors. The pressure tr~nsducers, vhich 
shoved a strong response to the detonation. sense building ~ressure 
between the 305' and 347' levels. It is possible that an e~losive 
mixture of hydrogen formed under the 347' elevation £1ocr outside 
the steam generator cavities and detonated. 

It is evident from the containment ambient temperature 
data, plant computer alarm data and the containment pressure data. 
that hydrogen gas may have burned and then detonated. The pressure 
pulse from the hydrogen detonation vas detected by the building 
pressure instruments and by in-containment instrumentation ( i.e •• 
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steaa generators A and B level instru.entation signal spikes, NI 
source range instrumentation stanal spike, and lower oil pot . level 
alar.as on all four reactor coolant puaps). Increases in containaent 
aabient air temperatures vera detected on all building air sensors 
vith the exception of those sensors inside the priaary shield vall. 
The result of the burning of hydrogen gas vas apparent from the RCP 
air cooler inlet air teaperature alaras (tzo•r)on reactor coolant 
puaps lA and lB. The available data supports a hydrogen burn and 
detonatio~, however, the aagnitude of the forces involved and the 
extent of the building affected cannot be determined con~luaively. 

The effects of the hydrogen gas detonation on :he con
tainment structure, systems and components could be extensive. Con
sidering all possibilities, so.. or all of the folloving conditions 
could exist: 

Damase Due to Pressure !!pulse 

1. Ventilation duct vork could be collapsed/ 
dented. 

2. Cable trays could be damaged/bent. 

3. R~vable hatches could be displaced/ 
possibly d ... ged if lifted and then 
dropped during the detonation, i.e . , 
reaovable concrete slab at elevation 
305' near stairwell No. 2, or gratings 
and, possibly floor structures dis
placed at the 305' or 347' elevation. 

4. Block valls surrounding the elevator 
shaft could be dam.ged. 

Damage Due to Hish Temperatures 

1. Electrical cabling could be charred or 
scorched if a sustained hydrogen burn 
occurred. 

2. Coatings on the containment floor and 
valls could be blistered. 

Damage from the hydrogen detonation or fro~ a sustained 
hydrogen burn should be localized. There could possibly be floor 
damage t=mediately above the locatiun ~here the detonation occurred 
(to the 305' slab if the detonation occurred between 282' and 305' 
or to the 347' slab if lt occurred between 305' and 347'). A 
detailed damage assessaent vill need to be made ~hen th~ containment 
ls accessible. 
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Physeial Effects of Containment Sprav Actuation 
on March 28, 1979 

As a result of the hydrogen detonation described in 
Section 3.2, high containment pressure actuated the engineered 
safesusrda ayatea. This event started both containment apray 
pumps (BS-PlA and PlB), opening the containment apray valves 
(BS-VlA and BA-VlB) and the aodiua hydroxide (NaOH) tank isola
tion valves (DH-V8A and V8B). 

The containment spray pumps operated for approxi
mately five minutea and forty seconds before the pumps were stopped 
by operator action. During this time interval, sodium hydroxide 
vas aprayed along with borated water from the borated water stor
aae tank into the containment. This alkaline solution vas distribu
ted throughout the contatn.ent shown in the THI-2 Unit 2 FSAR, 
Figure 6.2-40 and 6.2-44. 

The immediate effect of containment spray vas a re
duction in building pressure and temperature. Normal spray flow 
is 1500 gpm per train. Therefore, an estimated 17,500 gallons 
of water (borated water/sodium hydroxide) vas sprayed into the 
containment. Most of the solution sprayed into the building 
would have drained to the su=p, however, some probably collected 
in cracks and crevices and some probably evaporated once in 
contact with the hot RCS and secondary system components. 

Spray solution that collects in cracks and crevices 
will eventually concentrate with chemicals as the water evaporates 
Surface corroaion (carbon steel) and corrosion in the areas of con
centratiQn may occur. Corroaion can be excessive if humidity con
ditions change frequently or remain high. 

Spray aolutions that evaporated on hot RCS and 
secondary system components would leave chemicals (i.e., boric: 
acid crystals) on the component surfaces. As long as these sur
faces remain dry, corroaion would not likely be detectable. 
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3.4 Physical Effects of Hiah Radiation Levels and 
Cumulative Doses 

High radiation levels and prolonged exposure to radia
tion is detrimental to coaponents and equipment. A detailed evalua
tion is required on a component-by-component basis to determine 
the total cumulative dose liait and the cumulative exposure received 
by each coaponent. Several prelt.inary evaluations have been per
formed by B&W and others vith regard to NSSS instrumentation, reactor 
coolant pump motor surge capacitors and some critical valve motor 
operators. The only certain conclusions reached were that the effec
tive remaining lifetime and the reliability of irradiated components 
vere reduced. 

Radiation qualification limitations on equipment/com
ponents are generally determined based on analytical calculations 
and/or limited type testing. The resulting limits are strictly 
limitations on the min.imum level ot equipment qualification and not 
necessarily levels at which ultimate equipment failure will occur. 
Thus, with the uncertainty in determining equipment total cumulative 
doses, the detailed evaluation may be no more than a conservative 
assessment vith definite recommendations for the anticipated reli
ability of equiPQent. 

There is a potential effect of high radiation on the 
epoxy coatings used to seal and protect the containment liner walls, 
concrete valls and floors and structural steel surfaces. Carbuline 
Phenoline 368 was use~ on the steel liner plate and structural sup
ports from the containment shell. Structural steel was primed vith 
Keeler and Long Epoxy polyamide 6548 with a surface coat of Epoxy 
polyamide 7475. The polar crane was primed with Plasite Epoxy 
phenolic 7155NP with a finish coat of Epoxy polyamide 9009. The 
poured concrete surfaces were pri=ed with Keeler and Long Epoxy 
polyamide 6548 with a surface coat of Epoxy polyamide 7475. Design 
basis accident tests vere conducted by Oak Ridge ~ational Laboratory! 
whereby these coatings were irradiated to integrated doses up to 1010 
rads and then examined for signs of chalking, blistering, cracking, 
peeling, delamination and flaking. Although combinations of coatings 
tested vere not identical in all respects with :hose in the THI-Z 
containment, the quantitative results indicate a potential for some 
chalking and blistering for the coatings used in the TMI-Z contain
ment. Specific test results indicated some chalking at 107 rads 
and some blistering at 108 rads. As can be seen from the ·results 
presented in Section 2, these values may have been exceeded in the 
time following the incident on some exposed surfaces, especially Cloors. 

1 Tests perfor=ed by the Analytical Chemistry Division of Oak Ridge 
~lational Laboratory according to Bechtel Corporation Specificntions 
CP-951, 95Z and 956. 
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J.S Phyacial Effects of Reactor Coolant Syatem 
Theraal-Hydraulic Transient on Karch 28, 1979 

The major components affected by the reactor coolant 
syatem theraal-hydraulic transient are those in the reactor coolant 
syatem, including: 

1. Reactor vessel 

2. Reactor vessel head 

J, Steam generators 

4. RCS hot and cold leg piping 

s. Pressurizer 

6 . Pressurizer surge line 

7. Pressurizer spray line 

8. Re3ctor coolant pumps and aotors 

9. Core flood tanks and associated piping 

B&W is presently evaluating the conditions and the events 
associ3ted with the RCS thermal-hydraulic tranaient. The evaluation 
will include a detailed stress analysi~ for each of the components 
to determine the e ffects of this transient on component design life and 
i ntegrity . 

Results of this evaluation vill be forwarded by B&W to 
GPUSC as they become available. 
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3.6 Phvsical Effects of Flooding the Containment 

The containment sump water inventory has continued to 
increase since March 28, 1979. Large volumes of water were added 
to the sump during containnent spray actuation and during reactor 
coolant system degasification. Gradually increasing water inventory 
from system leakage has continued to raise the containment water 
level. 

Flooding of the containment has likely had little 
effect on the structural integrity of the building . The contain
ment vas designed for an internal pressure of 60 psig. A structural 
i ntegrity test (SIT) vas conducted prior to unit startup to pressur
ize the containment to 69 psig, 115% of the design pressure. The 
SIT test pressure of 69 psig vas equivalent to 158 feet of water, 
considerably higher than the water levels measured in the containment. 

Equipment and systems on the 282 1 elevation in the con
tainment, both !ISSS and balance-of-plant equipment, probably sustained 
sooe degradation as a result of flooding the containnent. Equipment 
most susceptible to flooding damage were electrical equipment and 
instrumentation located less than seven feet above the 282 '-6" level 
of the building . 

Electrical motors, submerged in containment sump water 
have been meggered and determined to be inoperable . These include 
the containment sump pump motors, reactor coolant drain pump motors, 
steam generator secondary side drain pump motors and leakage trans
fer pump motors . Some NSSS equipment/components were also submerged 
or were partially submerged as a consequence of flooding of the 
containment . A result of increasing containment water level was 
the failure of non-nuclear instrumentation located on instrumentation 
racks on the 282'-6" elevation (i.e., pressurizer level, steam genera
tor level, RCS pressure instrumentation). 

Carbon steel components that are submerged in containment 
suap water will experience s ome corrosion . Section 11.2 provides 
additional inforoation on corrosion and corrosion rate~. 
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Physical Effects c Extended Operation at Negative 
Containment Pressure 

During the post accident recovery phase. containment 
pressure vas controlled at subatmospheric pressures. Negative 
pressures around -1.5 psig were not unusual . Operation under these 
conditions should be of no consequence to either the containment 
structure or the equipment in it. The containment vas designed 
for an external atmospheric pressure of 2.5 psig greater than in
ternal pressure so that the sealed building could accept changes 
in outside barometric pressure or changes in internal pressure 
during cooldown of the reactor coolant system. Negative pressure 
operation vas an acceptable mode of operation for equipment and 
systems during normal cooldown operation. Extended negative pres
sure operation should not have been detrimental to in-containment 
equipment and systems. 
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TABLE 3-1 

CONTA~ PRESSURE INSTRUMENTATION 

Pressure Pressure Containment Location 
Trans111itter Recorder Penetration Fisures + Elevation 

BS-PT-1412-1 BS-PR-1412 R-545A 222. 20' 324' 

BS-PT-141~-2 BS-PR-1412 R-545A 222. 20' 324' 

BS-PT-4388-1 BS-PR-4388 R-554C 197. 40' 319' 

BS-PT-4388-2 BS-PR-4388 R-554C 197. 40' 319' 



Recorder 
Point 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

14 

lS 

16 
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TABLE 3-2 

CONTAINMENT TEKPERATUJlE INSTRUMENTATION 

Identification 

1 Primary Shield 
Temp. 

2 Primary Shield 
Temp. 

3 Primary Shield 
Temp. 

4 Primary Shield 
Temp. 

1 RB Air CC'Oling 
Unit Outlet Temp. 

2 RB Air Cooling 
Unit Outlet Temp. 

Impingement Barrier 
Area Te111p. 

RB Sump Pump Area 
Temp. 

Letdown Cooler Area 
Temp. 

RC Drain Tank Area 
Teop. 

RB Ambient Air Temp. 

RB Ambient Air Temp. 

RB A:lbient Air Tec:p. 

RB Ambient Air Temp 

RB Ambient Air Temp 

RB Ambient Air Tonp 

Thermocou2le 

AH-TE-5016 

AH-TE-5017 

AH-TE-5018 

AH-TE-5019 

AH-TE-5015 

AH-TE-5027 

AH-TE-5013 

AH-TE-5010 

AH-TE-50ll 

AH-n:-5012 

AH-TE-5020 

AH-TE-5021 

AH-TE-5023 

AH-TE-5022 

AH-TE-5014 

AH-n:-Sil88 

Location 

Inside Primary 
Shield Wall 

Inside Primary 
Shield Wall 

Inside Pril:lary 
Shield Wall 

Inside PriCI&ry 
Shield Wall 

South East Side 305' + 
RB 

South West Side "305' + 
RB 

South Side RB 282'6" + 

~orth Side RB 282'6" + 

~orth Side RB 282'6" + 

South West Side 282'6" + 
RB 

On outside of 153' 
Secondary Shield 
Wall East Side RB 

On Outside of 353' 
Secondar;t Shield 
Wall West Side RB 

'lest Side RB 330' 
StaiNdl 

East Side RB Elov. 330' 

West Side RB 
Stairvell 310' 

Southeast Side 
RB - Stairwell 310' 

(
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4.0 

4.1 

CONrAINME.NT SERVICE SYSTEMS AND FACUlTIES 

Conuinment Service Bulletins 

Contai~t Service Builciiaa Purpose and Function 

Durin& the contaiu8ent cleanup and decontaaination phase, 
large piecea of equipmeat and a larse nu.ber of workers will require access 
to the containment throush the equipment hatch. It is necessary to main
tain a contamination control envelope at least throushout the decontaaina
tion and reactor coolant system cleanup phases in order to prevent release 
of radioactive sases or airborne particulate material to the atmosphere. 
The equipment hatch design does not allov maintainins this control envelope 
while it is open. A containment service building, shown on Figures 4-1, 
4-Z and 4-3 is described in thie section to serve the following functions: 

a. Maintain contamination control during contain
ment cleanup. 

b. Provide efficient personnel access to the con
taimllent during all phases of the containltent 
decontaaination. 

c. Allov passage of larse pieces of equipment and 
the removal of bulk radvaste without openins 
the containment directly to the atmosphere. 

d. Serve as a staging area to decontaminate and 
package contaminated equipment removed from the 
containment. 

e. Serve as a stasing area to temporarily store 
high level radwaste until ready for shipment to 
an off-site disposal site. 

f. Allow maintaining a hot tool crib in the vicinity 
of the containment to icprove work efficiency 
and reduce radiation exposure. 

g. Provide space for a contaminated dry cleaning 
facility. 

h. Provide building space to handle various contain
=ent service systema. 

Containment Service Building Design Criteria 

Each part of the containment service building has a differ
ent set of design criteria. In general, the structures described in this 
study are temporary modifications designed to effect the containment decon
tamination in a safe and timely manner. As such, it is not intended that 
normal nuclear power plant design codes, standards and guides should apply. 
However, it is prudent to make provisions to control unintended releases of 
radioactive material to the environment by selectively applying codes, 
standards and guides where appropriate. 
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It i s recognized that SCIIIe of the teaporary structures 
provided for the contain=ent decontamination may serve a useful purpose 
after this vorlt is completed. This should be identified early in the 
detail design phaae for any structure or system. For example, the desir
ability, even need, for a service building surcounding the equipment 
hatch has previously been identified by plant personnel in connection 
vith a study of refueling activities for Unit 1. It should be understood 
that this report does ~address any pet'lll&nent plant 1110difications. 

4.1.2.2 Containment Service Area Design Bases 

The area on Figure 4-1 shown as the Contai11111en t Service 
Area should be designed vith the following bases: 

4.1.2.3 

Seismic separation from the containment 
structure to assure that the seiSlllic re
sponse of the contaiment is not altered 

Slab floor vith drains to radvaste systems 
to accomnodate possible spill of radioactive 
liquids 

- Designed for high winds as defined in the 
TMI-2 FSAR. Lov air leakage, negative pre.ssure 
building 

FUtered (dust) inlet air 

Filtered (KEPA) exhaust air 

- Hose stations for fire protection, fire detec
tion and alarm systems 

- Radiation and airborne activity monitors and 
alarm systeiiiS 

High Level Radvaste Staging Area Design Bases: 

- TVa-foot thick block valls (for shielding) 

- Slab floor vith drains to radvaste systems to 
accocmodate possible spill of radioactive li
quids 

- Portable ~hield blocks 

- Designed for high winds as defined in the 
Titi- 2 FSAR 

- Hose stations for fire protection, fire detec
tion and ala~ systems 

- R3diation and airborne activity conitors and 
alam systems 
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4.l.2.4 ContainDent Dry Cleanina Area Design Bases 

The area on Figure 4-1 shovn as the Containment Dry Clean
ing Area should be designed with the following bases: 

4.1.2.5 

- VentU.tion duct to exhaust to a HEPA filter, 
neaative presaure area 

- Temporary weather protection 

- Hoae stations for fire protection, fire detec-
tion and alarm syatema · 

Personnel Access and Change House 

The area on Figure 4-3 r~ovn as the Personnel Change House 
should be deaigned with the following bases: 

- Temporary design (e.g., metal-sided structure) 

- Ventilation exhaust to HEPA filter, negative 
pressure area 

- Hose stations for fire protection, fire detec
tion and alarm systems 

- Drain to "varm11 radioactive liquid radvaste 
tanks (for decontamination shover facilities) 

Radiation and airborne activity monitors and 
alarm systBDs 

General Layout 

Tbe Containment Service Building shown on Figures 4-l, 4-2 
and 4-3 is composed of the following areas: 

Containment service area 

Personnel access facility and change house 

- High level waste staging area 

- Contaminated dry cleaning area 

In order to serve the functions identified in Section 4.1.1, 
the space in the vicinity of the TMI-2 equipment hatch is utilized to the 
maximum practical extent . It is important to mobilize equipment and mate
rials needed to support the in-containment decontamination efforts close to 
the equipment hatch to maximize productivity of personnel who are working 
in radiation areas. Since work inside the containment will require a large 
quantity of =Bterials to be brought into and taken out of the containment, 
contaoinatio:. control and minioi:ing worker radiation exposures are impor
tant considerations. 
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'nle layout of . the contaimlent service building allows the 
passage of large numbers of workers through the TKI-2 security gates and 
the nev chsaae house. Personnel should change into anti-contamination 
(i.e., Anti-C) clothing in accordanc:e with health physics procedures in ef
fect at the time and enter the service area where work planning can take 
place. PersoiUlel then enter the containaaent through the equipment batch. 

Upon c011pletion of the vork asaipment, personnel exit the 
coataimleat through the equipment hatch and various contalllination control 
barriers, discussed in Section 8.3 and proceed to the personnel access 
facility. 

The service building allows the equipment hatch to be re
IIIOVed during the contaia~~ent cleanup. The equipment batch and the No. 1 
personnel air lock can be stored in the service area during this time or de
contuinated and mO'Ied to a storage area outside of the building. 

'nle shield door is used in conjunction with a new shield 
block and swing-away door attached to the shield door to perait personnel ac
cess when the shield door is closed. The shield door aust be closed when
ever the outer truck door is to be open. (Refer to Figure 4-2) 

Equipment should be brought into the service area through 
the outer truck door. The outer truck door must be closed when the shield 
door is open. 

Service systf!IIS that are needed in the containment that are 
not routed through a contaiiDent penetration should be run along the top of 
the northwest quadrant tendon access gallery, through the existing personnel 
door on the north side of the shield structure, and through the equipment 
hatch opening into the containment. The HVAC exhaust fans should be located 
on the contain:llent service building roof. The exhaust duct should be routed 
along the outaide of the south side of the containment to the existing teap
orary filter train inlet plenua located on the auxiliary building roof. 

The containment cleanup and decontamination will result in a 
large quantity_ of contaminated lll&terials being brought out of the contain
ment for shipment as radwaste. Some of the packaging can be done inside the 
containment, but lover radiation levels in the containment service area will 
allow the decontamination and packaging to be done in low radiation fields 
and free valuable containment space for construction efforts. 

The layout of the containment service building provides an 
area for a hot tool crib near the equipment hatch, until radiation levels 
permit 1110ving the tool crib inside the contain=ent. 

This report proposes that a coneamlnated clothing dry clean
ing facility be provided for the cleanup and decontamination of the contain
meat. The existing concrete pad which forms the roof of the control build
ing basement housing the auxiliary feedwater pumps should be used for the 
anti-C dry cleaning and respirator cleaning facility. In addition to being 
close to the equipment hatch and the personnel access facility, the facility 
is easily accessible from the ~o . 2 personnel hatch area and health physics 
area in the service building through a control building corridor at the 305' 
elevation. 
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Design Features and Operating Prqcedures 

Containlllent Service ·Area 

the contaiument equipm~nt hatch closure and No. 1 personnel 
lock sho• -.."d be removed during containllent cleanup and decontaaination. An 
equipaeo! ~atch atoraae stand ia required within the containment service 
building. the hatch and the personnel lock can be stored outside the ser
vice building after decontaaination. It is anticipated that the batch 
closure will have to be in place when fuel is removed . It ia necessary that 
a batch handling fixture be provided. 

In order to maintain a contamination control barrier after 
the equipment hatch ia removed and when it is necessary to open the outer 
truck door, a second barrier should be provided. This can be accomplished 
by modifying the big shield door or by installing hanger-type doors on the 
outside of the shield structure. For this report it is proposed that the 
shield door be modified with weather stripping-like provisions to isolate 
the containment from the atmosphere when the shield is closed and the truck 
door is open. this feature is provided because of the inherent difficulty 
in replacing the equipment batch every tt=e the outer truck door is required 
to be opened. 

When the shield ia closed, personnel access would become 
more difficult and entry would have to be ude through the aide door in the 
shield structure (which is intended to be used for containment service sys
tem access as discussed 1D Section 4-2), or through the No . : personnel lock. 
A swing-away personnel door and shield block is provided (Figure 4-2) to be 
installed on the south side of the shield door to maintain the contamination 
control envelope and still allow personnel access to the containment. 

During periods in the containment when . high levels of con
tamination exist or when recontamination due to airborne activity occurs, it 
will be desirable to provide an additjonal barrier of contamination control 
such as a plastic " tent" on the inside of the containment hatch. Sections 
8.2, 8.3 aod 8.4 discuss tbe methods used for contamination control during 
personnel and equipment entry and egress. 

the south portion of the containment service area is used as 
a staging area for work planning, mobilization of equipment and materials 
for containment entry . Personnel enter this area from the change house. 
Egress from the contai nment is made through the equipment hatch, the swing
away personnel door on the missile shield and a door to the change house in 
the south side of the service area. 

The north portion of the containment service area !s used 
for deconta=ination of equipment and temporary staging of contaminated 
materials while they are being packaged and prepared for transfer to the on
site radwaste facilities or for shipment. The area should be at a lower 
elevation than the area in front of the hatch and should have a stainless 
steel lined floor to aid in decontamination of the area. Partitions or 
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splash curtains for sprays or· shovers employed during deconcamination of 
equipment should be provided along vith flexible vent hose connections to 
the building exhau.t in order to control aerosol and particulate activity 
reaulting fr011 decontalllination efforts. 

A bridle crane vas considered for the service area but iu 
coat and the inability to coVer all areas led to the conclusion that ute
riala handling by fork life. or truclr.-aounted boom cranes vould be acre de
sirable. 

. The containlllent service building should be exhausted through 
the temporary auxiliary building and fuel handling building HEPA/ charcoal 
filter train inatalled on the auxiliary building roof as discussed in Sec
tion 4. 2.14. 

Floor drains should be provided to aid in cleanup of the 
service building if it should become contaainated. The floor draina should 
be tied into the plant radwaste systea. Drains should also be provided in 
the north portion of the containment service area for use when decontaaina
tion of equipaent is to be perforaed. A radvaste processing and disposal 
flow chart shoving quantities and activities of liquid radvaste and types 
and foras of processed radvaste from this and other decontamination efforts 
is shovn on Figure 4-4. 

Service systeaa provided iD the cont4inaent service building: 

a . Steaa 

b. Deaineralized water 

c. Rav vater 

d. Fire vater to bose stations 

e. Recycled lov activity water 

f. Service air 

8• Lighting and 110/220 VAC paver supply 

b. Welding receptacles 

i . Radiation aonitoring 

It aay be desirable to provide interlocks between the outer 
truck doo~ and the shield door such that both could not be open at the same 
tiae. This interlock vould be needed as long as airborne acti vity existed 
in the cont~inment . 
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4.1.4.2 Personnel Access Facility aQd Change House 

The personnel access facility is a temporary facility de
signed to efficiently allov the entry and earesa of a large number of people 
to work inside contaiument. The facility includes a health physics office 
which ia used as the control point for procassiaa Radiation Work Peraaita 
(RVP). It u reasoaable to expect that 100 or more people per shift might 
be enpged in various activities of decontallination and reconstruction in
side the contailaent. 

The change house also includes storage for clean anti-C 
clothing (coveralls, gloves, boots, etc.), respirators and breathing appara
tus, lockers for storage of personal clothing, decontaaination sinks and 
shovers, personal hyaiene facilities, and radiation monitoring portals . 
Separate locker and personal hygiene facilities for men and women should be 
provided. If additional apace is needed, the area south of the turbine 
building railroad door or a second floor to the facility could be employed. 

Double sets of doors at the ~oints of entrance to the con
tainment service bui lding will be needed to maintain the proper air flow and 
control infiltration. 

The personnel access and change house will be located in 
front of the t urbine building inlet louvres. The bottom of the louvres is 
belov the top of the access corridor and change house. This will necessi-

. tate blocking off the lover portion of the louvres while the temporary faci
lity is in use. Since the turbine will not be in operation, this is not ex
pected to be a problem. 

The floors and valls should be sealed and painted to facili
tate decontazination of the facility i f it becomes contaminated. 

Heating, ventilation and air conditioning should be provided 
as discussed in Section 4.2.14. 

4. 1. 4.3 High Level Radvaate Staging Facili ty 

The high level radvaate staging facility will be needed for 
temporary storage of high level radwaate which cannot be stored at other on
site facilities. Many large items will have to be removed fr0111 the con
tainment which carmot be decontaminated to lov levels (examples include sec
tions of the containment air coolers, letdown coolers, etc.). Since ship
menta cannot be scheduled immediately upon removing high level radwaate from 
the containment, it is apparent that such a facility will be cequired . 

The high level waste staging facility should be provided with 
a slab floor and floor drains to the radwaate system. Two foot thick con
crete or block walls should be provi ded for shielding . Additional shielding 
which =ay be required should be provided by portable concrete shield ?anels 
or temporary l ead shi elding to reduce radiation l evels i ns ide occupied ar eas 
and outside t he buil ding to within a range of 2.5 - 25 ~/hr. A concret e 
roof ( precast panel s) should also be provided. 
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Beeau.e it is expected that radioactive materials stored in 
the facility will be in stable form (e.g •• contaminated equipment, drummed 
waste, etc.). the containllent service building need not be designed for 
seismic Class I or aircraft hardened protection. 

The north vall hu an interface with the emergency IDOdifica
ti.ons made for the auxiliary decay hut re~~Dval systaa1 and the proposed 
waste evaporator system which have not yet been located on the site plan 
drawings. 

4.1.4 . 4 DrJ Cleaning Facility 

The dry cleaning facility should be located on the slab b
tveen the contaiament and the, turbine building. It is expected that aore 
than 101 000 pound& of contaminated clothing will have to be cleaned each day 
during the containment decontamination and reconstruction. It is necessary 
that the cleaning and issuing of anti-C clothing be done with minimum icpact 
on the work performed inside the containment. The location chosen for the 
dry cleaning facility is centrally located to the change facilities for both 
the No. 2 personnel lock and the equipaent hatch. 

Although not addressed specifically in this report, if the 
dry cleaning facility is established in the near future it can be used to 
support work in the auxiliary building and the fuel building even prior to 
contaim~ent entry. 

The dry cleaning facility is proposed to avo1d processing a 
significant amount of detergent waste water that is contaminated. Dry clean
ing systems, available on a contract lease basis. are in use which are self
contained, i.e., do not require plant contaainated waste processing, and are 
adaptable to this service. 

A respirator cleaning and drying rack should also be l ocated 
in this area. 

Trash compactors will be needed for the throw- away anti-c 
clothing, gloves and boots and should be located in the dry cleaning area. 

A portion of the area can be used as a hot tool crib until 
such time that radiation levels are low enough to put it inside the contain
ment. 
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4.2 Contair.ant Decontallioation Service Syste• 

General Purpose and .Philosophy 

The aeneral purpose and philosophy for containment decon
tallioation service syst._ 11 to: 

4.2.2.1 

4.:!.2.2 

a. Provide M&oa and equipment to implement proposed 
reaote and hands-on decont&ldnation methods. 

b. Provide services required to support proposed de
contamination operationa. 

c. Adapt existina plant systems, equipment and faci
lities for containaaent decontamination use when 
this action vould present an obvious economic and 
schedule advantaae. 

d. Design systems to be compatible with conatruction 
practices that can be performed in a radioactive 
enviroDIDent inside containment and wUl minillize 
the spreading and dispersion of radioactivity. 

Contairuaent Remote Decontallination Spray and Chemical 
Additive System 

Purpose 

a. Provide a means to spray water and detergent or 
other chemical cleaning solutions into the contain
ment for the remote decontamination operations. 

b. Provide a means for introducing saturated steam 
into the containment for remote decontallination 
operations as discussed in Section 4.2.8. 

Design Criteria 

a. Provide for sufficient water flow into the exist
ins containment spray system to create the remote 
decontaminatina flushing action discussed in Sec
tion 5.0. 

b. Provide for introducing the amounts of detergents 
or chemical cleaning agents into the containment 
water stream during remote decontamination opera
tions to satisfy the requirements discussed in 
Section 5.0. Also provide for pumping the required 
amount of premixed detergent or chemical cleaning 
solutions into containment through the cont~i~nt 
spny system. 
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e. Provide piping and connections to the existing 
containment spray system and ILRT test connection 
to supply saturated steam through alternative 
paths during remote containment decontaminatioa 
operations . 

Conceptual System Description 

4.2.2.3.1 Flush water for the remote containment decontamination oper-
ations should be provided through a tentatively sized 10 inch line froM the 
proposed containment water supply system. This 10 inch line could be con
nected to the existing 20 inch borated water supply header in the outdoor 
pipe trench adjacent to the existing borated water storage tank . The pro
posed 10 inch line and system ioterconneetions are shown schematically in 
Figures 4-5 and 4-14. 

4.2.2.3.2 The existing sodium thiosulfate storage tank BS-T-1 can be 
used to store the required amount of concentrated liquid detergent or chem
ical cleaning agent in a single batch for the ~emote detet~ent or chemical 
decontamination operation. A variable speed positive displace=ent checdcal 
addition pump should be provided and connected to the existing 4 inch capped 
connections at sodium thiosulfate tank drain valve BS-Vl398. This proposed 
pump should be installed in the contai011ent spray pump compartment on floor 
elevation 258'-6" in the auxiliary building. This will minimize pipe runs 
since both of the subject 4" capped connections are located in this compart
ment. Figure 4-5 shows the proposed pump and system interconnections. 

4.2.2.3.3 Aa an alternate means of providing detergent or chelllical solu-
tions, the existing sodium thiosulfate tank and sodium hydroxide storage tank 
DH-T-2 can also be used to store a complete remote decontamination batch of 
premixed detergent or chemical cleaning solution . A 4 inch drain connectioa 
already exists from the sodium hydroxide tank to the 20 inch borated water 
supply header which would allow injection of the tank contents into the v.tter 
stream by gravity and under the influence of the tank static head. Likewise, 
a 4 inch bypass line can be provided vith the proposed chemical addition pump 
to permit injection of the sodium thiosulfate tank contents into the water 
stream by gravity. 

4.2.2.3.4 A nev tentatively sized 3 inch steam line can be connected 
to the existing 3 inch flanged test connection on the containment spray sys
tem "8 Loop", or alternatively, to the existing tLR.T teat connection at 
valve .AH-V7 to supply stelllll for the remote contaiJDent decontamination oper
ations as discussed in Section 4.2. 8. A tentatively sized 2 i nch instrument 
air line should also be tied into the 3 inch steam line connected to the con
tainment spray syste~ as shown in Figure 4-5, to permit air purging of the 
spray headers and nozzles. 
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4.2.2.4 Syatea Operation 

4.2.2.4.1 Since the exiatin& containment spray system "A and 8 Loops" 
are identical aad redundant, and only the spray nozzle~ of one loop will be 
needed to effectively introduce water or steam into the containment for the 
remote dec:ontaaiution operationa, exiatin& decay heat removal and con
tainment spray system valves should be lined up to enaure that the "A and 8 
Loops" are isolated fr011 each other, fr011 their point of co11nection, on the 
20 inch borated water supply header. Therefore, the "A Loop" piping from 
the containment sump through the containment spray pump teat recirculation 
drain valve B5-V134 will be available for draining containment sump inven
tory to the radwaste proceasing system. 

4.2.2.4.2 When initiating water flow to the containment spray headers, 
it would be desirable to throttle down the existing control valve BS-V1B 
downstream of the containment spray pump BS-P-18 until the spray headers 
are completely filled with water to minilllize dynamic: effects that could oc
cur when the headers are filled too rapidly. 

4.2.2.4.3 When injecting concentrated liquid detergent or other chemi-
cal cleaning agent from the sodium thiosulfate tank directly into the con
tainment spray system water stream, the additive flow rate should be moni
tored using the proposed flow indicator and the chemical addition pump speed 
should be adjusted accordingly to ensure that the correct proporations of 
chemical or detergent additives and water are maintained throuahout the re
IIIOte containment decont.'llllinaton spray operation. When injecting premixed 
detergent or chemical solutiona directly from the sodium thiosulfate tank 
into the containment spray system water stream by gravity, the flow rate ad
just=ents should be made with the proposed bypass throttling valve. 

4.2.2.4.4 Operation of the system proposed for introducing steam into 
the containment for remote steam decontamination and for purging the contain
ment spray headers using instrument air is di•cussed in Section S.O. 

4.2.3 

4.2.3.1 

Containment Ventilation and Filtration System 

Purpose 

a. Purge and filter the containment at1110sphere to re
duce the airborne radioactivity to a level that will 
minimize radiation exposure to members of the decon
tamination team entering the containoent 

b. Provide ventilation to maintain acceptable tempera
ture and humidity levels inside containment while 
it is occupied. 

c. Control containment pressure to avoid possible uncon
trolled release of radioactivity. 
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4.2.3.3 

Design Criteria 

a. Design criteria for purging and filtering the con
tainment atmosphere prior to entering containMent. 

Capability to satisfy purging and filtra
tion requirements outlined in Section 6.0 

Expeditious replacing and handling of radio
active filters in the containment ventila
tion and purge aystea. 

Capability to control containment pressures 
within operating limits. 

Capability to intermittently cool the con
tainment heat sinks during remote decontami
nation operations as described in Section 5. 0. 
This requires using the existing containment 
co.Jlers. 

b. Design criteria for ventilating and filtering the 
containment atmosphere during manual decontamina
tion operations inside containment. 

Air flov to be from relatively low radioactive 
areas to higher radioactive areas. 

Ventilation and cooling or heating to maintain 
ambient temperature and humidity within occupa
tional limits. 

System to maintain slightly negative pressure 
inside containment to prevent uncontrolled re
lease of radioactivity. 

Conceptual System Description 

4.2.3.3.1 Purging and filterins containment atmosphere prior to enter-
ing containment. 

It i~ expected that the existing containment ventilation and 
purge system with some possible modifications as described in Section 6.0 
will satisfy the system design requirements. The containment ventilation 
and filtration system is shown in Figure 4-6. 

Any additional shielding required to minimize radiation ex
posure while replacing and handling radioactive filter media, framed modular 
filters or activated charcoal filter beds shall be arranged in a oanner com
patible with expeditious filter handling. 
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To prevent the accumulation of radioactive aaaea in the 
capped-off staticn vent stack when operating the c:ontaimaent purge system, 
which could result in the uncontrolled release of radioactivity when the 
lid cover is removed fr011 the stack opening, blank-off plates should be 
installed in horizontal duct runa dovnatreaa of the purge exhaust fan 
(AH-£-19A and B) recirculation duct connections and upstream of the pneu
matic: actuated da11pera D-5129A and B. Also, to prevent the JY.)aaible uncon
trolled releaae of radioactive guea past the da~~pers in tba outside air 
supply duets, blank-off plates should be installed in horizontal duct runs 
dovnatream of pneumatic: actuated dampers D-1528C and D and upstream of the 
rec:irc:ulation duct c:onnec:t1Dn points. 

When operating tbe hydrogen purge system and releasing 
noble gases at a rate within IIWdliiWII permissible concentrations, 
containllent pressure can be adjusted and maintained by employing an IUlT 
test connection fitted vith a valve and particulate filter to allow clean 
outside air to replace the exhausted purge flow. Since the station vent 
stack has been capped off, . a separate 6 inch pipe vent stack installed and 
supported on the station vent stack and extending above the do111e of the 
c:ontain~~ent would enhance the dilution effects of the released gases. Re
placing the hydrogen purge exhaust valve AK-V36 and associated 2-1/2 inch 
and 3 inch duc:ting with 6 inch duc:ting in conjunction with modifying tbe ex
haust fan drive to provide higher fan speeds could c:ut the purging time to 
as JDUC:h as one-fourth that required with 150 efm operation as discussed in 
Section 6.4.3. 

4.2.3.3.2 Ventilation and filtering of c:ontaiDJDent atmosphere during 
manual decontamination operations inside c:ontaiament. 

The existing containment purge and ventilation system with 
some 110difi:ationa as described above and illustrated in Figure 4-6, should 
satisfy the initial manual decontamination operations inside containment. 

Purge air enters and leaves the containment through 36 inch 
di."lmeter air ducts in the northeast quadrant of the containment. Purge air 
flows from the two vertical supply ducts in this quadrant at elevations 
412'-0", 385'-0", 365'-0" and 326'-3". £xhaust air flows from the steam 
generator cavity in the same quadrant through horizontal ducts at elevation 
341'-6". While the purge air is distributed over a vide area vertically as 
illustrated in Figure 4-7, it may b~ confined primarily to the ea~tern half 
of the containment without containment cooler operation since all the purge 
supply and exhaust openings are located there. This arrangement will re
sult in a positive air flow through the access-ways and stairwells located 
in this half of the containment. 

As the decontamination team progresses to the elevation 
367'-4" operating platform for decontaminating the upper portions of the con
tainllent, the downward sweeping purge air flow through the steam generator 
and reactor compareDents can be enhanced by closing the dampers in the verti
cal supply ducts just above the lowest supply air openings ~nd/or covering 
the four 36" x 48" supply air registers at elevation 326'-3" with cardboard, 
plywood or sheet metal. This will force twice the quantity of purge air 
out of the upper supply air openings. 
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Also, to prevent the possibility of recont .. inating upper 
areas after they have been decontaminated, temporary tent-type coverings 
can be placed over the openf.uas at the top of the ate .. generator cavities 
as illustrated in Figure 4-7. This vUl prevent any upward air flow 
throup the openings at the top of the steam geoerator cavities . 

Tbl conta~t coolers would nor.ully provide ambient 
coolin& inside containment. In the event they have accumulated radioacti
vity to the extent they are a significant source of radiation exposure or 
would expel additional airbome radioactivity into occupied areas when 
operated, they uy have to be dieaesembled and removed. If the contair:ment 
coolers cannot be used, new a~~aller capacity cooling units should be in
stalled, connected to the existing flexible normal cooling water system 
lines aad connected to the existing containlllent cooler supply ducts . 

As the decontamination operations 110ve downward in the con
tainment into ID&ller, 1110re confining areas and c011part111ents, fleXible 
"elephant trunk" type ducting can be attached to the purge air supply re
gisters and cooli ng unit air supply registers as necessary to provide posi
tive ventilation and cooling flow to these areas. Again, certain supply 
registers IIUlY have to be covered to force cooled air into only those areas 
occuried and prevent the undesirable dispersion of radioacti vity to areas 
that have already been decontaminated. 

The increased hydrogen exhaust fan capacity range to llini
llize the required purging tbae, as diacussed above, should also ensure that 
a neaative pressure can be •intained inside containlllent with increased air 
infiltration through personnel access openings. 

4.2.3.4 System Operation 

4.2.3.4.1 Purging and filtering contaiament atmosphere prior to enter-
ing containlllent. 

Operation of the existing containllent ventilation and purge 
system in this application is described in Section 6. 0. 

Radiation levels of the air and hydrogen purge syste31 fil
ter units should be closely 110nitored ao that filter replacement can be 
scheduled ~fore the filters become too radioactive to handle. It i s ex
pected that the filter replacement frequency will be governed initially by 
radioactivity buildup rather than limiting pressure drop considerations . 

4.2.3.4 . 2 Ventilation and filtering of containment at:110sphere during 
manual decontamination operations inside containment. 

Since the intent is to decontur.·.nate the containment fr011 
the point of entry upward along an access path co the el evation 367'-4" upper 
operating platfor=, and then from the containment dome dovnvard , the venti
lation air flov distribution should follow the saoe route to prevent recon
taminating areaa already decontaminated with 3irborne r3dioactivi t y carri ed 
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. . . 
by ventiatioa air fro. contaioated areas. This can be achieved usioi the 
existio& eontaiaaeot purge systaa vitb so.e modifications as discussed in 
Section 4.2.3.3.2, above. 

Since the existioa supply air ducts connected to either the 
eontaimunt coolers or nev cooling units ·distribute air in a widespread IIIUl

aer to .. ay areaa inside contatn.ent, dispersion of radioactivity froa con
taaioated areas to cleaned up areas .. y be a problea. Operation of the cool
ing units during initial activities inside containment should not affect the 
radioactivity levels in any one area appreciably while the overall level is 
still relatively high. When areas are cleaued up and decontaminated, care 
should be taken :o ensure thet ventilating air flows only from decontaminated 
areas to radioactive areas, and not vice versa. This can be achieved by 
judiciously coveriQ& certain purge and cooler sopply air registers and attach
ing flexible "elephant tnmk" type ducting to other supply air openings as 
discussed in Section 4.2.3.3.2. 

In cold weather, any heating required for personnel comfort 
inside containment should be provided by small, portable, electric radiant 
heating units that can be readily set up in any given working area and ooved 
from area to area as required. Electric power should be provided by the con
tainment temporary lighting and power system described in Section 4,2.4. 

4.2.4 

4.2.4.1 

4.2.4 . 2 

Contai0111ent Temporary Lighting and Power System 

Purpose 

a. Provide electric power in the following areas to 
implement, control and monitor containment decon
tamination operations: 

On various floor elevations within the con
taiualent 

In the communication center located in the 
control building area on theeast side of 
the containment. 

In the proposed contaiament service building 
to be located on the vest side of the con
tainment. 

b. Provide illumination in the above designated areas 
for imple=enting, controlling and monitoring con
tainment decontamination operationa. 

Design Criteria 

a. Electric power requirements for equipment to be 
utilized in tl".o! decontamination operations can be 
satisfied by 480 volt, l phase, 60 hertz and 120 
volt, single phase, 60 hertz power supplies. 
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4.2.4.3 

b. Since these paver supplies exist 1n the plant, 
any existin& available spaces for drawout dis
connect circuit breakers should be used in appli
cable unit substations, power distribution 
panels, receptacle panels and li&htin& panels . 

c. In the event power is not available fro• the 230 
kv offsite source throu&b Auxiliary Transformers 
2A and 21, one of the two exiltln& emergency 
diesel ceaerators can temporarily be connected 

to 4160 volt ~tch&ear buses 2-3 and 2-4 as re
quired. 

d. As soon as the radiation levels inside contain
ment permit, the existing electric power and 
li&htina systeD8 should be checked out for oper
ability and utilized. In the event these sys
tems cannot readily be ude operational, paver 
can continue to be supplied through temporary 
circuits connected to available unit substation 
buses outside containment. 

Conceptual System Description 

4.2.4.3.1 ~receptacle panels connected to 480 volt pressurizer 
heater unit substation buses 2-34 and 2-44 should be installed 1n the control 
building area just outside the contaialleDt equip..nt hatch to prov~e a point 
where extension cords can be used to satisfy pover requirements durin& con
tainment entry operations. Substations 2-34 and 2-44 are located 1n eleva
tion 280'-6" between colUIIID lines C63 and C6S, and ex and cz belov the con
tainment equipment hatch. Likewise, in the control building area just out
side the No. 2 personnel air lock, nev receptacle panels connected to the 
same substation buses should be installed to accommodate initial containment 
entry power supply requirements. In addition, these pover receptacles wil l 
be required to provide paver to portable lamps and all electric powered de
eontamination equipment 1n the event the existing containment power supply 
and lightina systems are not operatioa.al. Figure 4-Sa shows the dravout dis
connect circuit breaker spaces on unit substation buses 2-34 and 2-44 that 
should be available and can be used. 

In the event spaces are not available in these unit subs t a
tions, a determination should be made whether or not the existing auxil i ary 
transformers have sufficient capacity to acco=modate a new unit substation 
specifically for containment decontaaination power require~ents. If no ex
cess auxiliary transformer capacity exists, an economic evaluation shoul d 
reveal whether another auxiliary transformer or a diesel/ gasoline engine 
powered generator should be provided. 

4 .~. 4.3 . 2 The following electrical panels already exist i n the con-
tainaent and are located as shovn on Figure 4-Sb . The existing power supply 
system in the containmen: =ay not be in a condition to energize due to the 
water level in the 282'-6" elevation. All circuits should be meggered and 
the circuit and raceway schedules examined to ensure Aafety prior to energl:
ing any circuit . 

4- lfi 
(0 •l """• ... t ~' t:.,,,_. •• 



a. Elevatioo 282'-6" Floor lAvel 

Receptacle Panel 
Lightiq Panel 
Liahtinl Panel 
Li&btin& Panel 

RPR-lA 
LPIHA 
LPR-lB 
LPR-JD 

b. £lwatioo 305'-0" Floor Level 

Power Distribution Panel PDP-JA 
Power Distribution Panel PDP-38 
Lightins Panel LPR-2A 
Lighting Panel LPR-28 

c. Elevation 347'-6" Floor Level 

Receptacle Panel 
Lighting Paael 
Lightins Panel 
Lighting Panel 

RPR-3D 
LPR-3A 
LPil-3C 
LPR-4D 

TVo (2) spare three pbas~ circuit breakers should be avail
able in power distribution panel PDP-3A to accommodate additional pcver 
supply requirements for receptacles and/or ligbtins inside containment. One 
breaker bas a current rating of 70 a.ps and the other 30 amps. Both are 
Westinghouse Type HCDP with vapor tight, surface mounted enclosures and 
have an interrupting rating of 22,000 .aps syaDetrical. 

4.2.4.3.3 Additional electric power for receptacles and lightins in 
the co-unication center can be provided fro• the same new panels proposed 
for the area just outside the ~. 2 personnel air lock. 

4.2.4.3.4 Distribution panels to accommodate power supply requirements 
for the containment service building receptacles and lighting should also 
be connected to the same unit substation buses 2-34 and 2-44 due to the 
close prox~ity of these buses to the proposed location of the new building. 
In addition, spare spaces should be available on 480 volt motor control cen
ter buses 1-1~~ and 2-22XD located outdoors and adjacent to the north vall 
of the proposed new containment service building for new equipment power re
quirements. 

4.2.4.3.5 In the event the existing lighting system is not operational 
or Supplemental lighting is required, portable lamps on free st3nding sup
port bases should be used for illumination inside containment. It is recom
mended that 600 watt or 650 watt 110 VAC quartz iodide lamps be used, 

4.2.4.3.6 Portable, emergency, battery-operated, self-contained light-
ins units should also be installed on evtry occupied floor level inside the 
containment to provide back up illumination. The emergency lights should be 
automatically energized whenever power to either the existing lights or 
portable free standing lamps is interrupted for any reason. 
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4.2.4.4 System Operation 

4.2.4.4.1 Durin& the initial contaiament entry and early decontami
nation operations, electric power for portable lamps and other decontami
natin& equip .. nt "should be provided from aev power panels located outside 
the coata~nt aa diacuanct in Section 4.2.4.3, above. This will require 
the use of extension cords routed throuah exiatiD& spare contaiDaeat pene
trationa or ta.porary penetrations located in the exiatin& personnel door 
c o the north aide of the equi~nt hatch shield structure. 

4.2.4.4.2 As soon as each permanent work station is established in-
side containment, an emeraency battery operated li&hting unit should be 
installed to provide back up illumination in the event of a loss of the 
primacy source of li&ht. 

4.2.4.4.3 As soon as practicable, the existing containment power re
ceptacle and lightin& systems should be utilized to eliminate the need for 
long extension cords or new circuits routed into the containment from out
side power distribution panels. 

4.2.5 

4.2.5.1 

4.2.5.1.1 

Containment and Service Building Breathing Air System 

Contai=ent and Service Building Personnel Breathing 
Apparatus 

Introduction 

The initial entry to the containment will be •de vi th self
contained breathing apparatus (SCBA), preferably the type with a 60 minute 
purif ied cxygen supply (e.g., Bio-Pak 60's from Bio-Karine). Personnel 
wearing the SCBA's will set up the breathing air supply syste11111. The SCBA 
will provide personnel with a 104 protecton factor. (All protection fac
tors used in this section are from Regulatory Guide 8.15 as modified by IE 
Bulletin 7&-07) • 

The breathing air supply for major decontamination operations 
in the containment and service building will consist of carts vith four -
300 standard cubic foot bottles of air. The tanks will be used to supply 
pressure demand air line masks vith a protection factor of 2 x tol and hoods 
with a protection factor of 103. The air line masks will only be used when 
the airborne radioactivity has beeu lowered to the point that SCBA's are not 
required. The hoods can be used for greater comfort and therefore worker 
e!ficiency when the protection factor per=its their use. The appropriate 
mask will be used in any airborne radioactivity area with the objective of 
limiting breathing air to less than MPC. Breathing air exposure should not 
exceed the equivalent of 40 MPC - hours per week. 

the carts with the air tanks will be positioned at the vari
ous work locations. Personnel will enter the containment or airborne acti
vity area in the service building, using a small air bottle (protection fac
tor of 104) or a cannister (~cotection factor of 5) and will connect to the 
air hose at their work !ocation. 
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The containment and service building breathing air supply 
system could UM 1110bile carts since they can 1110re readily be 1110ved from 
one work location to another as the decontamination prosresses. In addi
tion. the hoses attached to the individual IUaks can be aborter ao there 
will be less difficulty in entangling them. This will provide. sreater 
1110bUity to these personnel. 

4.2.5.1.2 PurpoM 

The purpose of the breathing air system is to provide a 
convenient and a safe source of uncontaminated air .inside the containment. 
Greater worker efficiency is possible when tanka do not have to be carried 
on their backs and. in the case of hoods, when the masks do not have to 
be worn and air cooling inside the suit is available. 

4.2.5.1.3 Design Criteria 

The system must provide an adequate protection factor and 
adequate stay times in the containment and service building decontaaination 
area while maximizing worker efficiency. As an operating objective. inhala
tion concentrations will be limited to MPC. The protection factors assumed 
for the various masks are those given in Regulatory Guide 8.15 and were pro
vided in Section 4. 2.5.1.1. 

As administrative lJ.mits, a cannister should be worn whenever 
the loose surface contamination exceeds 105 dpm and an air supplied 

100 emZ 
mask should be worn whenever the loose surface contamination exceeds 
to6 dpmltoo cm2 . 

4. 2.5.1.4 Conceptual System Description 

The system will consist of four air tanks 1110unted on a cart . 
Each tank will have a capacity of 300 standard cubic feet for a total capa
city of ! ZOO standard cubic feet per cart. A mask in the pressure demand 
mode requires 1. 5 SCPM while a hood tequires 6 SCFH. Therefore. a cart would 
last for approximately 13 aan ho~rs with personnel wearing masks and 3 man 
hours with ~ersonnel wearing hoods. Therefore the greater worker efficiency 
using hoods must be balancrd with 1110re frequent replenishment of the air sup
ply. The tanks would be taken to the refilling station near the containment 
equipment hatch and refilled. Pressure gauges on each tank should be pro
vi ded to indicate the air supply remaining, and an alarm should sound when 
the tank has been depleted to less than iS%. 

4.2.5. 1.5 System Operation 

Personnel would enter the containment or airborne activity 
area in the service building on small air flasks or cannisters depending on 
the airborne and surface activity and would connect air hoses from the cart 
oounted tanks to their masks and switch over to the tanks . Personnel 
would exit the containment or service building area by reversing this pro
cedure. 
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The carts would be moved fro. one vork location to another 
aa work progreaaecl. The tanka would be refilled at the refilling stations 
iuide the contai~~~ent and service building. 

A special breathing air uak refill system would be avail
able in tba service building. It would be equipped vith air purifying 
filters dOVDatreau of the coapresaor to re.ove impurities such aa oil, 
carbon monoxide aDd dioxiGe and any hydrocarbon vapors. 

4.2.5.2 Contaimlent Breathing Air Tank Refill Syatem 

4.2.5.2.1 The purpose of this system is to provide a aeans for refill-
ing the pressurized breathing air tanka carried in backpacks by the decon
tamination team members and .tboae that are an integral part of the life sup
port bruthing air tank carts as diacuased in Section 4.2.5.1, above. 

4.2.5.2.2 Design Criteria 

a. 'Ibe contaimaent breathing air tank refill system 
should have sufficient capacity to refill each of 
the 300 SCP breathing air tanka to its filled 
capacity at 2000 psi in M more than 3 minutes 
tilDe. 

b. The system shall be capable of supplying Grade E 
breathing air as defined in the Compressed Cas 
Association (CGA) "COCIIOdity Specification for 
Air", G-7-1 - 1966. 

c. The system shall provide a breathing air tank re
fill station inside containlllent on floor elevation 
305' -0" to recharge the air tanks on carts and a 
aeparate refill station in the containment service 
building to recharge backpack air tanks. 

d. The system shall be designed to satisfy the re
quirements of the following standards and regula
tions : 

NRC Regulatory Guide 8.15 - Acceptable 
Programs for ~espiratory Protection. 

NRC ~Dual of Respiratory Protection 
Against Airborne Radioactive ~terials, 
NUIU:G-0041, FINAL 
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4.2.S.2.3 Conceptual System Deteriptioft 

A complete breathina air refill packaaed unit including a 
hi&h pressure storage reservoir, designed and manufactured to the above 
duign criteria, should be provided as the heart of this system. This 
pawged unit should be located in the contaimaent service building as 
shown on Figure 4-9, and drew outside air fra. a radioactive-free area to 
avoid contaainatias the refill breathin& air vith radioactivity. 

The breathin& air discharae pipin& from the packaged unit 
to the tank refill stations shall be stainless steel rated at 2500 psi. 
The refill line shall enter the containment throuah an existing spare 
?enetration or a temporary penetration in the existin& personnel door on 
the north side of the equipaaeot hatch shield structure. The refill sta
tions should be equipped with a needle valve, pressure gauges on both 
sides of the needle valve, and a high pressure stainless steel sheathed 
and reinforced flexible bose rated for 2500 psi and fitted with a threaded 
connector compatible vith the threaded connection on the breathing air 
tanks discussed in Section 4.2.5.1, above. 

4.2.5.2.4 System Operation 

Exhausted breathing air tanks mounted on carts should be re
filled at the proposed refill station inside containment to eliainate the 
need for deconta=inating and taking contaainated carts outside the contain
ment. Since the decontaaination team members will be wearing backpack air 
tanks when entering and leaviDJ the containment, the backpack air tanks 
should be recharged at the proposed air tank refill station in the contain
ment service building. 

~en refilling depleted air tanka at the refill sta~iona, 
the needle valve should be cracked open slightly and the air stream directed 
onto the exposed air tank connector momentarily to disperse any loose radio
active particles settled there. The needle valve should then be closed 
tightly before the bose connection is securely aated to the air tank connec
tor. Caution should be exercised to ensure that the valve on the air tank 
and the refill station needle valve are always tightly closed before disen
gaging the bose connection from the air tank connector. 

i:b§. Containment Television System 

4.2.6.1 Purpose 

Since direct visual monitoring of personnel on the cleanup 
and decontamination team in the containment will not be possible, some re
cote means of visually monitoring their activities is required to ensure 
their well being and quickly render assistance in the event of a personnel 
safety emergency. 

nuely: 
the purpose of the containment television system is twofold, 

a . to remotely monitor cleanup and decontamination 
operations in progress in the containcent radio
active environment, and 
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b. To record the cleanup and decontaaination activi
ties on magnetic tape for future reference and to 
be used as a persoanel training aid. 

Design Criteria 

The containmeat television systea should be desianed to 
satisfy the following requrements: 

4.2.6.2.1 
ing: 

4.2.6.2 .2 

C&aera Unit (including mount, stand and supplemental light-

a. Each assembled camera, mount and stand unit shall 
consist of components sturdy enough to prevent 
noticeable vibration vhile in service. The assem
bled unit shall also be sufficiently compact and 
light weight to permit easy lifting and QOVing by 
two decontamination team members . 

b. The camera mount shall be motorized and designed 
to permit 270 degree panning movement in a hori
zontal plane and 135 degree tilting 1110vement in a 
vertical plane. 

c. The camera shall be capable of collecting and 
transmitting recognizable images in min~ light 
conditioa.~. In some cues, it uy be necessary 
to employ supplemental lamps to highlight areas 
shielded froa direct lighting, especially where 
dark sbadovs uy e:&Ut. Suppl-ntal lamps shall 
be portable, free-standing units sufficiently 
lightweight to permit easy lifting and 1110Ving by 
two decontamination team members. 

d. The c:amera shall be coapatible vith motorized 
zoom lenses that will permit remotely changing 
the lenae focal length. 

Video ~niter and Control Unit 

a. Each video monitor and control unit shall be 
equipped with at least four viewing screens and 
associated controls to permit sioultaneous QOni
toring of activities being observed by four 
separate cameras. In addition, the control unit 
shall be capable of selecting and projecting the 
video out~ut from other cameras on the video 
:DOni tor screens. 

b. The control unit shall be provided with controls 
capable of selecting and remotely operating the 
motorized mount on each camera unit so that the 
camera can be r•nned and tilted through the de
signated arcs. The control unit shall be capable 

4-22 



4. 2. 6.2 

TJI.211T1AL ~STUDY 

of acceptina controls to select and reaotely 
operate tbe .atorized zooa lenses on all c ... ras 
so equipped. 

c. Communication between the video control unit 
operator in the co.unicatiou center and MID
bars of t~e decontaaination taaa inside contain
unt is covered in Section 4.2. 12, Containllent 
eo.aunicatiou Syst ... 

d. The video monitor and control unit shall be cap
able of selecting and conveying both the video 
and asaociated .audio signals to a conventional 
video and sound cassette recorder. 

Conceptual Systea Description 

To ensure system availability and keep system downtime to 
an absolute minimum, the intent is to utilize conventional proven compon
ents and to make the total system as simple and uncomplicated as possible . 
With this in mind, Figure 4-10 schematically illustrates a typical tele
vision monitoring system. This type of system has been successfully used 
to monitor radioactive decontamination operations in a number of installa
t ions throughout the country including the recent activities in the auxi
liary building at Three Mile Island Unit 2. 

The video display and control unit includes four indivi
dual television screens to display the activities being viewed by four dif
ferent cameras . The control unit has the capability to receive one to four 
separate video and communication signals from any of ten selected substa
tions (total video signal input capability is 40 separate channels). A ten 
push-button substation selector permits displaying the video output signal 
fr0111 40 different cameras. A local four channel video display monitor may 
be employed at ~ch of the ten substations . The cable length between the 
main video display/control unit and any substation monitor is limited to 
300 feet maxiiDuiD. 

The camera power supply unit i s placed in a location so 
that no more than 500 feet of coaxial cable is run between the camera, power 
supply unit, and main video display/control unit. Each of the coaxial 
cables are provided with multiple-pin connectors for ease of installation. 
Cabl es are routed through temporary penetrations provided at the containment 
access control point or through nearby spare containment penetrations sealed 
with an impermeable mastic material . 

The video display and control unit is provided with output 
s i gnal j acks to permit connecting patch cords to other receivers , i ncluding 
re~tely located auxiliary monitors, vi deo and audio cassette recorders, 
etc. 
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For the radiation decontamination operations, a standard 
video ca~~era, i.e., Sony Hodel AVC-1400 or equal, should give satisfactory 
results based on succeaaful past experience in st.ilar service. Expensive 
radiation hardened underwater eaaeras are normally employed only in ex
tre .. ly hi&b radiation applications, or vben vater shielding is employed. 

The newest standard video c.-eras are designed to aive 
satisfactory reault11 even under poorly Uluadnated conditions. Should 
suppleantal Uabtina be required, portable free-standina 600 watt or 650 
vatt quartz iodide lamps are recaa.ended, i.e . , Oaani Liaht System Model 
01-10 by Lovel Liaht Mfg. Co., New York, or equal. Barndoor fixtures are 
also available for mounting on the la.ps to further concentrate and direct 
the liaht beam on a desired area, i.e., Omni Light System Model 01-20 or 
equal. 

All electrically operated components are powered from a 
standard 110 VAC power supply. A conventional telescopic type photoaraphic 
tripod should serve as an adequate portable, free-standin& camera stand. 

4.2.6.4 A central monitoring station, i.e., communication center in 
the control building area, should be set up in a radioactivity-free loca
tion from which all cleanup aad decontamnation operations can be monitored. 
Visual monitoring should be accompanied by associated audio communication 
at the main video display aad control unit ia this central monitcrina sta
tion. 

It is intended that the portable camera units and aay supple
mental lamps be moved from one area to another as each is decontaminated. 
As more areas are involved, additional camera units and associated video 
channels can be utilized to monitor the activities. 

As the work progresses. it is expected that a large number 
of decontamnation workers will require trai.ning to replace those that 
reach their limits of radiation exposure. It 1111.y be advantJgeous to make 
video and audio cassette recordings of the early decontamination operations 
and utilize them as a training aid for preparing future decontamination 
te&ll caelllbers • 

.!:l..:l 
4.2.7.1 

ContaiD:IIent Vacuum System 

Purpose 

The containlllent vacu\1111 system will provide a means to pick 
up loose, vet, and dry material that cannot be manually picked or swept up 
during the initial cleanup operations. 

4.2.7.2 . Desi gn Criteria 

The vacuum system and operations should be kept as simple and 
uncomplicated as possible to minimize personnel exposure times. To permit 
the greatest system flexibility and easy access into tight areas, the system 
components should satisfy the following design requirements: 

4-24 



~----------------------------~------------------------------------~--------

4.2.7.3 

TJI.211l1AL PUtiM STUDY 

a. Each vacuua cleaner abould be an individual. cOli
pact. intearal unit mounted on wheels or rollers 
for mobility. It ahould be capable of easy handl
ina and .. aauverina by a ainale deconta.ination 
teaa -..ber and able to reach a .. terial pickup 
point 10 feet fl'OII tbe operator in aoy direction. 

b. The vacuua cleaner abould be capable of pickina 
up both vet aad dry uterial. cad free-standina 
liquida. It ahould be de•i&ned with the capabi
lity to collect dry vacuu.ed-up materials in a 
aealAble diaposable container. 

c. The vacuwa cleaner ahould eaploy a filtered ex
hauat dbr.aeted upward avay fr011 the area beiDg 
cleaned to avoid any unneceasary dispersion of 
uterial to be picked up. The exhaust filter 
should be readily replaceable. disposable. cart
ridge type filter. 

d. The units should be powered by electric motors 
and listed vith Underwriters Laboratories. 

Conceptual Systea Description 

The contaie~~ent vacuua system shall consist of IIIUltiple • 
individual. integral. tank type industrial vacuua cleaners plugged into a 
coaaon 110 VAC paver supply. A typical unit satisfying the design re
quirements above is illustrated in the sketch. Figure 4-11. Sears Roebuck 
& Company. Craftsaan Home-N-Shop vacuum cleaners have proven to vork very 
vell in radioactive material clea~»Jp operations at other installations 
throughout the U.S. Either the Craftsman Hodel 1787 (16 gallon tank size 
measuring 28-1/4 inches high ~nd 22 inches in diameter and weighing approx
imately 35 pounds) or the Crafts .. n Hodel 1793 (32 gallon tank size measur
ing 34-3. 8 inches high and 26-1/4 inches in diameter and weighing approxi
mately 37 pounds). should perform satisfactorily in this service. Labora
tory tests performed by Sears revealed that these units are capable of 
picking up an average of 1600 (5.9 pounds) of 7/8 inch roofing nails in 
15 seconds. one-half bushel of fine. dry sawdust in an average of 6.8 sec
seconds. an average of 44 pounds of gravel (3/8 inch average diameter). 
in 30 seconds. or one gallon of free-standing water in less than one 
second. The electric motor and vacuua fan assembly. including the vacuum 
-suction and exhaust ports. is an integral part of the removable cover on 
the debris tank. 

Figure 4-11 also illustrates how a plastic bag in conjunc
tion with a disposable weight in the bottom (in the form of a hollow 
plastic ring) can be used to line the debris tank to catch dry ·vacuumed-up 
material. and hov the plastic liner can be sealed and removed for disposal 
·of the radioactive debris and exhaust filter cartridges. Should the vacuum 
cleaner be used to pick ap mainly free-standing l iquids. a side-mounted 
drain plug will facilitate emptying the unlined tank into the containment 
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suap by aravity flow via aarden hoses and floor drain pipinJ. Polypropy
lene plastic: (non-porous ll&terial) c:oastruc:tion should simplify cleaning 
up and dec:ontalliaeting the tank to minimize personnel exposure due to re
sidual radioactivity on the taak interior surfaces . 

4.2.7.4 Systea Operation 

The vacuum cleaners are hand carried into the containment 
through the equipaent hatch ac:c:eu opening by the deco.ntamination team 
members. Once the units have been used inside the containment, they are 
left there until all vacuuming operations are completed and they are no 
luager needed. At the end of their usefulness, contaminated vac:uua clean
ers and all associated acceasoriea should be disposed of as radioactive 
solid vaate. 

The replacing of exhaust filter cartridges, removiag and 
sealing of plastic liner bags, and any required decontaminating of vacuum 
cleaner parts shall be performed inside the containment to avoid spreading 
radioactive contamination to areas outside the containment. 

4.2.8.1 

4.2.8.2 

Contaiament Decontamination Steam Supply System 

Purpose 

a. Provide saturated steam to the general contain
•nt interior for tbe r•ote decontamination 
operations . 

b. Provide saturated steam to local areas inside 
containment for manual hands-on decontamina
tion operations. 

Design Criteria 

a. Supply steam for remote decontamination 

Steam shall be supplied by a means and 
at a flow rate sufficient to cause a 
complete coating of the surfaces inside 
containment with condensation. 

Wet saturated steam shall be provided 
to facilitate the condensing and rins
ing action discussed in Section 5.0 . 

b. Steam supply for hands-on decontamination 

The system s~all ~v· the versatility 
to supply vet steam to &D) area inside 
containment vhere steam is to be used 
for hands-on decontamination as dis
cussed i n Section 9. 3. 
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The ayatu shall have the capability of 
aupplyina vet 2200 F - 2500 F atua in a 
fora that completely veta the contaainated 
surface at which it ia directed. 

The ayatea shall be deaiped ao that the 
application of at ... to a local contamdnat
ed area requires ao 110re thaa oaa decontaat
ination t ... meaber's attention and efforts. 

The system shall provide for the adding of 
detergents and/or other cleaning asents to 
the st ... before it is applied to the con
taminated area. 

Conceptual System Description 

Steam Supply for Re110te Decontamination 

Steam should be introduced into the containment through the 
existins containlllent spray system nozzles. A l-inch flanged test connec
tion is readily accessible to the "B Loop" spray headers at the intersection 
of colUIIIl lines AA aad A62 above floor elevation 280'-6" in the auxiliary 
buUdiq. Since pipiDg carryiq saturated stua to the existing reactor 
coolant evaporator ~L-Z-1) heater buodle is routed in the sa.e general 
area, new pipiq should be coauected to the evaporator 8 inch steam supply 
line dovaatreaa of existing deauperheater AS-1143 and routed to the l-inch 
flansed test connection on the"B Loop" spray hudera . This new piping is 
shova scbemstieally in Figure 4-5. 

In the event the containment spr~y system cannot be used, an 
alternate (although less effective) means of introducing steam into contain
ment for the remote decontuination operations is shown in Fisure 4-5. It 
involves routing a line from the existina evaporator 8 inch steam supply line 
through the atairvells up two floors to the contain11111nt ILRT test connection 
at valve AH-V7. 

4.2.8.3.2 Steam Supply for Hands-on Decontamination 

Due to the diverait7 and separation of the various areas that 
=ay require l ocal steam decontamination, steam for the hands-on decontamina
t ion effort should be generated and supplied by portable, =obile, self-con
c.\ned steaa generating units that can be easily wheeled from one area to 
another, such as those manufactur~d by ~lsbary- Carlisle Co., No. Uni on
town, Pennsylvania. Such "steam jennies" have been successfully used i n 
radioactive decontamination operations at various installations throughout 
the country, including a SNAP reactor teat facility . They are mounted on 
wheels, veigh approximately 1,000 pounds and are completely self-contained re
quiri ng external connecti ons to only a power suppl y and clean water source. 
These units are equipped with flexible steam hoses and long handles that ex
tend the steam lance nozzle so that up to 300 psi steam can be sprayed on 
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surfaces some 10 to 15 feet away froa the operator. Additio~l lengths of 
flexible steam hose will permit the operator to move some SO feet from the 
"steam jenny". A container is provided in the. "steam jenny" to receive 
l1quid detergents or other cleaning agents to be mixed with the steam and 
sprayed from the steam lance nozzle. 

4.2.8.4 System Operation 

4.2.8.4.1 Operation of the system proposed for intruducing ste3m into 
the containment for remote steam decontamination is discussed in detail in 
Section S.O. 

4. 2. 8 • .4.2 The proposed "steam jenny" can be easily moved and operated 
by a single decontamination team member. The containment temporary power 
system discussed in Section 4.2.4 can provide the electrical power and the 
containment decontamination water supply syst~ discussed in Section 4.2.10 
can provide decli.nerali::ed vater through hose connections to the "steam 
jennies". 

4.2.9.1 

... 

4.2.9.2 

Containment Chemical Supply Systea 

Purpose 

a. Provide a system that will permit mixing the 
correct proportions of chemical cleaning 
agents or detergents with water, and vill de
liver the desired cleaning solution vhen: 

Washing the containment down using the 
containment spray nozzles during reaote 
decontaaination operations • 

Washing th~ cont~inment interior sur
faces, including the do~, vall, struc
tural steel and equipment surfaces, 
with the fire protection system hoses 
during early hands-on decontamination 
operations. 

Washing local contaminated areas dur
ing hands-on decontaaination operations. 

Design Criterb 

a. the containment chemical supply syst~ shall be 
capable of mixing chemical cleaning asents or 
detergents in the correct proportions to 
achieve desired solution concentrations • 
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b. The syateaa shall be deai&ned to deliver the 
required concentration of cheaical or deter
gent cleaning solutioaa to the contatn.ent 
spray pu.ps to achieve reaote contailaent 
decontamination as discuased ill Section 5.0. 

c. The systea shall have the capability of de
livering the required concentration of che.
ical or detergent cleaniag solutioaa to the 
fire protection and demineralized water sys
tems pipiag iaaide containment to perQit 
wtshing down the contataaent interior sur
faces vitb hoses as discussed in Section 9.8. 

d. The system shall be designed to deliver the 
required concentration of chemical or deter
gent cleaning solutions to chemical supply 
stations inside containment on floor eleva
tiona 282'-6" and 305'-0" where individual 
decontaminating carts used for local decon
tacdnatin~ operations can be refilled. 

Conceptual System Description 

To achieve the capability of mixing dry powder or granular 
chemical agents and detergents in water, a chemical =ixing tank equipped 
with an electric mixer and heater should be provided. The tank capacity 
should be approximately 500 gallons, small enough in size and height to 
permit easy access to a 24 inch hinge covered opening on top of the tank 
for adding dry material packaged in cartons, sacks or druma. The tank 
should have a funnel bottom to facilitate complete draining of the mixed 
contents. 

To provide for further mixing by recirculation, represent
ative sampling, and pumping to other tanks for storage in preparation of 
decontamination operations, a &111811 chemical mix pump should be provided 
under the chemical mix tank. Since the existing sodium thiosulfate and 
sodium hydroxide storage tanks are available for storing batches of the 
mixed cleaning solutions, locating the proposed chemical mixing tank and 
~ucp adjacent to these tanks would facilitate generating the required vol
umes of clear.ing solutions. Figure 4-13 is a flow diagram of the system 
showing how the components can be interconnected to achieve mixing, recir
culation and storage capabilities. 

For the chemical and detergent remote decontamination oper
ations discuased in Section 5.0, a positive displacement met~ring pump and 
direct bypass gravity-feed line should be connected to one of the exist
Ing 4 inch capped drain connections on the sodium thiosulfate tank as illus
trated in Figure 4-5. This arrangement would permit delivering the desired 
cleaning solution to the containment spray headers by either of the follow
ing means : 
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a. Pumping the required amount of concentrated 
cheaieal cleaning agent or liquid detergent 
into the water flowing through the contain-
ment spray pump suction header, or · 

b. Adjustina the bypass valve to allow the de
sired quantity of premixed chemical cleaning 
agent or detergent solution to be dravn into 
the containment spray pump suction stream. 

To provide chemical cleaning or detergent solutions for the 
containment interior surface decontaminating operations discussed in Sec
tion 9.8, a line fro. one of the existing 4 inch capped drain connections 
on the sodium thiosulfate tank should be connected to the propos ed water 
supply pumps as illustrated in Figures 4-l3 and 4-l4. This will permit 
pumping the desired premixed cleaning solution directly into the containment 
through existing fire protection or deminerali~ed water systems piping. 

Chemical and detergent solutions for the local hands-on de
contamination operations can be stored in the sodium thiosulfate s torage 
tank. Piping from this tank and the proposed chemical mix pump vill permit 
filling decontaminating carts at the proposed chemical suppl y stations in
side containment. The main chemical supply line should enter the contain
ment through an existing spare penetration or a temporary penetration in the 
existing personnel door on the north side of the equipment hatch shield 
structure. A branch line connected to the sodium thiosulfate tank flanged 
2 inch connection should provide gravity flov under the influence of the 
tank static head. When the water level in the tank drops to a point that 
the static head no longer overco111es the piping losses to the chee~ical supply 
station on the 305'-0" floor elevation, another branch line from the dis
charge of the proposed chemical mix pump can be provided to supp·l y the clean
ing solution to the chemical supply stations while recirculation pumping 
through the tank. Figure 4-13 shows the piping interconnections involved i n 
this proposed design. 

4.2.9.4 System Operation 

Dry chemical clecning agents and detergents in powder or 
granular form should be premixed with water in the proposed chemical mix 
tank to the desired concentration. Liquid cleaning chemicals and detergents 
can be pumped directly into either the sodium thiosulfate or sodium hydrox
lde storage tank through one of the existing capped or flanged connections 
and mixed with water added to the tank. Thorough mixing to the desired con
centration can be achieved by recirculation pumping through the tank using 
the proposed chemical mix pump. A grab-sample connection should ~e provided 
at the pump discharge. The piping interconnections ~hown on Fi gure 4-13 
provide great flexibility for reci rculating through the existi ng and propos
ed tanks and for pumping fro. nne to another. 
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A detailed discussion of the system operation as it re
lates to remote containment decontamination using the sodium thiosulfate 
storage tank as a source of chemical or detergent cleaning solution for 
the containment spray system is covered in Section 5.0. · 

In anticipation of the contaiaaent interior surface de
contaminating operations discussed in Section 9.8, a complete batch of the 
desired concentrated cleaning solution can be premixed and stored in 
either or both the sodium thiosulfate and sodium hydroxide storage tanks. 
Contents in the sodium hydro•ide tank can be transferred to the sodium 
thiosulfate tank using the proposed chemical mix pump. One of the two pro
posed redundant water supply yumps shown on Figure 4-14 should be lined up 
to take suction on the sodium thiosulfate ·tank and deliver the cleaning 
solution into the containment. 

Again, as for the containment interior surfaces decontami
nating operations, the same cleaning solution premixing and storing pro
visions are available for the local hands-on decontaminating operations. 
When using the p~oposed chemical supply stations and the tank level is too 
law for gravity flow, the cleaning solution should be recirculated through 
the storage tank on which the pump is taking suction so that the operator 
at the chemical supply station can start and stop the refilling process by 
merely opening and closing the valve inside containment. 

Since the reoote containment decontamination, interior sur
face decontamination, and local hands-on decontamination operations are 
sequential and do not occur simultaneously, the same premixing and storage 
facilities can be used for the cleaning solutions used in each of the oper
ations . Flushing of the proposed and existing tanks i~ afforded by the 
water supp~y lines connected to each tank and the discharge to waste con
nection provided at the proposed chemical mix pump discharge. 

4.2.10.1 

Containment Decontamination Water Supply and Recycle 
System 

a. Provide sufficient tankage to accommodate all the 
supply water storage requirements for the contain
ment decontamination operations . 

b. Provide a aeans to deliver water into containcent 
for interior surface washdown using fire hoses and 
to accommodate supply water needs for local hands
on decontamination operations. 

c. Provide for recycling portions of the supply water 
inventory to and from the radwaste processing sys
tem and for conveying tankage to disposal. 

•fl' ' ! / ... ' t.~ 
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Design Criteria 

a. The quantity and capacity of water supply stor
age tanka shall accommodate the entire water 
contents presently exiatin& and expected to ac
cwaalate ill the bottoll of the containllent by 
the time it is drained to the radvaste process
ing system. The quantity of tanka shall provide 
for reasonable operating flexibility with re
spect to sequentially providin& recycled tritiat
ed water and clean deminerali: ed water for the 
remote decontamination operation~. 

b. System materials shall be compatible with demin
eralized water, adding no appreciable quantity 
of corrosion products to the water inventory . 

c. The syatem water supply pumps shall have suffi
cient capacity to operate all six fire station 
hoses inside containment simultaneously . The 
pump discharge head shall be sufficient to 
force water through the fire hose nozzle on the 
elevation 367'-4" platfona and eject it to the 
top of the contaiament dome exerting a water 
pressure of at least 3 psi on the liner plate. 
Tvo full redundant pumps shall be provided to 
per:'lllit continual system operations while performing 
maintenance on one pump. 

d. The water supply storage tanks and system piping 
shall have provisions to permit independent r e
cyclin& of one tank's contents while simultane
ously pumping another tank's contents into the 
containlllent. 

e. Piping connections shall be provided in the system 
to accomaodate the following additional operations : 

Recycle the system water inventory through 
the radvaste processing system. 

Transfer the contents of any one storage 
tank to any other tank. 

Supply water to the proposed chemical mi x 
tank, DS-Tl. 

Reject s ystem water i nventory to clean 
water disposal. 

Reject system water inventory to tritiated 
water disposal. 
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Receive cleaning solutions consisting of 
detergents or chemical cleanins agents 
mixed in water for delivery to the con
tainment fire hose stations. 

Receive deaineralized water from the plant 
demineralized water storase tank and route 
it to any of the water supply tanka, di
rectly to the containment spray headers or 
or directly to the existins containment 
fire hose stations aod deainerali~ed water 
supply connections. 

Conceptual System Description 

Since the existing water contents in the bottom of the 
containment is estimated to be between 600.000 and 700,000 gallons. three 
of the four proposed storage tanks would accommodate this inventory after 
it is processed through the radw~ste processins system. The proposed fourth 
identical tank would accommodate the additional 200.000 to 250.000 sallons 
of water which could accumulate in the containment before the sump is drained. 

An econocdc evaluation between stainless steel and coated 
carbon steel should be made to determine the optimum system material selec
tion for clean demineralized water/recycled tritiated water service. 

Based on the above desisn criteria, the water supply pumps 
have been tentatively sized to pump 600 spm at a total dynamic head of 400 
feet. The redundant pumps are connected in parallel to satisfy the simultan
eous continual system operation and pump maintenance criteria. A separate 
recycle pump tentatively sized to pump 100 gpm at a total dynamic head of 
100 feet is provided to satisfy the criteria defined in Section 4.2.10.2. 

Fisure 4-14 is a flow diagram of the proposed system show
ing piping interconnections to satisfy the above criteria and giving tenta
tive line sizes. 

Figure 4-15 shows a possible arrangement of the proposed 
four 35 foot diameter by 35 foot tall storage tanks and the proposed three 
system pumps mounted on a curbed concrete pad. Connections to the existing 
4" fire water supply and 3'' demineralized water supply lines shown in 
Figure 4-14 can both be made in the same elevation 305'-0" auxiliary build
ing area between column lines AB/AD and A62/A64. A proposed routing of the 
4 inch pump discharge line to these connection points could be along the 
east-west corridor through the center of the control and service building 
and then north through the "soiled corridor" into the auxiliary building 
and to the above designated area. 
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4.2.10.4 System Operation 

The intent is to store recycled tritiated water in the 
water supply storase tanka as it !a pumped from the radwaste processins 
system for future use 1n remote decontamination operations aa discussed 
in Section S.O. Each tank should be filled to capacity to limit the num
ber of tanks used for radioactively contaminated water and the re=ain
in& tanka reserved for clean demineralized water for hands-on decontami
nation operations as discussed in Section 9.0. 

Althoush the system has the capability 3nd operational 
flexibility to supply water storase tank inventory to the containment for 
either remote or hands-on decontamination and simultaneoulay either recycle 
directly or throusb the radvaste processins system from another tank to a 
third tank, caution should be exercised to ensure proper valve line up to 
avoid inadvertent mixinS of tritiated and non-tritiated water. 

A arab sample point downstream of the recycle pump 9hould 
be used to obtain samples while recirculating tank contents . 

Aa a result of oaking the proposed water supply pump dis
charge liDe connection to the existing 3 inch demineralized water line, 
the existing 4 inch valve DW-V262 should be closed to prevent water from 
this proposed system flowing throughout the existing demineralized water 
system. This valve is located 4'-6" above floor elevation 305'-0" near 
the intersection of column lines AN and A62 in the auxiliary building. 
Closing this valve will limit the flowing of this proposed system inventory 
into only that portion of the existing demineralized water system ·dovn
stream of twV262 as shown on Burna & Roe Drawing 2007 , Sheet 2. 

Likewise, with respect to the proposed water supply pump 
discharge line connection to the existing 4 inch fire water system supply 
line, the existing 4 inch valve FS-V651 should be closed to prevent water 
from this proposed system flowing beyond the existiog 4 inch containment 
fire water supply header into the main 12 inch f ire water system supply 
header. The FS-V651 valve is located about 11 feet above the top of the 
partial horizontal slab at elevation 289'-0" between column lines AB/AD 
and A63/A64 in the auxiliary buildiog . 

4. 2.11. 1 

Equipment Decontamination Provisions in Containment 
Service Building 

Prupose 

a. Establish an area outside the containment where 
decontamination of equipment removed from the 
containment can be carried out under controlled 
conditions to prevent the spreading and uncon
trolled release of radioactivi ty to the environ
ment. 

b. Provide facilit i es and servi ces i n the designated 
area to carry out the required equipment decon
taminati on operations. 
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Design Criteria 

a. The area designated for decontamination of equipment 
shall be located within the containment service 
building and provided with means to minimize the 
spreading of radioactivity beyond its boundaries. 

b. The area shall be designated to collect and drain 
off the cleaning solutions used to decontaminate 
the equipment and shall be readily decontaminable 
itself after removal of the decontaminated equip
ment to miniaize radiation exposure to personnel. 

c. A means to collect and remove radioactive and 
toxic gases and vapors that may be given off dur
ing the decontamination operations should be pro
vided. 

d. Services to be provided in the area for the de
contamination operations include 110 volts A.C. 
electrical power receptacles, deminerali:ed 
water supply hose connections, a means to spray 
wet steam, and a means to spray water with and 
without detergents or other chemical cleaning 
agents. 

Conceptual Description and Operating Considerations 

The area designated for equipment decontamination could be 
located in the northern half of the containment service area. 
The proposed designated area is shown in Figure 4-1, Containment Service 
Building plan. ~veable shower type curtains supported on floor stands 
should be provided to surround the equipment to be decontaminated. 

A flat stainless steel liner should be provided on the 
floor in the designated area which should be depressed by 6 inches below 
the floor elevation in the southern portion of the building to prevent 
water spillage outside the decontamination area. It should slope toward 
floor drains which will gravity drain to a covered sump in the northeast 
corner of the designated area. A sump pump can pump the drains to the rad
waste ~rocessing system. The floor and liner in the designated area 
should have no vertical protrusions to make possible the handling and ~v
ing of equipment to be decontaminated by for.k-lift trucks and other load
carrying vehicles. 

A ooveable exhaust hood should be installed over the de
signated area to collect and convey any radioactive and toxic gases and 
vapors to the containment service building ventilation exhaust plenum. 
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The 110 VAC power receptacles proposed for the area will 
provide electrical power to operate portable steam spraying units such as 
the "steam jenny" discussed in Section 4. 2.8, portable water/chemical 
spraying units and mechanical decontaDinating devices discussed in Section 
9.3. The demoeralized water bose connect.iona will provide water for the 
"steam jeDIIJ"• tbe portable water/chemical spraying units, aDd for general 
flushing and rinsing operations. 

i:.h!l 
4.2.12.1 

Contal11111ent ColllllUDications Systl!lll 

Purpose 

The purpose of the containl:lent coiiiiiiUnications system is to 
~rovide audio communication betveen a central monitoring location and mem
bers of the cleanup aDd decontamination team in the containment. This sys
tem vill serve to supplement the visual monitoring capability provided by 
the television system covered in Section 4 . 2.6. 

4.2.12.2 Design Criteria 

The contaiament co==unication system should be designed to 
satisfy the following requirements: 

a. The system should be a tvo-vay voice communica
tion system. The system should be compatible 
with the television system covered in Section 
4.2.6 so that the audio signal from this system 
can be combined with the corresponding video 
signal from tne television system; The system 
should be capable of allowing any of the decon
tamination teaa members to verbally coamunicate 
with the central control unit operation at will. 

b. The central control unit should be equipped vith 
at least one integral earphone and microphone 
headset in addition to a spuker. The central 
control unit operator should have the capability 
to verbally contact any of the decontamination 
team members at will. 

c. The audio receiver/transm1tter unit vorn by the 
decontam1nation team members should be self-con
tained and coopact to permit free, unrestricted 
movement. The headset vorn by the decontamina
tion team =embers should be an integral earphone 
and microphone unit compatible with anti-con~am
ination headdress and air casks. The microphone 
vorn by the decontamination team members should 
be voice actuated or actuated by a means which 
does not involve the deliberate use of their 
hands . 
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4.2.12.3 Cooc:eptual SysteJII Description 

Since the communication system is to be used integrally 
with the television system to closely monitor personnel activities inside 
containment, this system should also be as simple and uncomplicated as 
possible, utilizing conventional proven components, to ensure system avail
ability awl keep the system downtime to an absolute Dlinimum. ~.3ny differ
ent type communication systBRS are available. For this service, a completely 
untethered battery operated radio system has been proven to afford the 
greatest flexibility and freedom of movement, especially when movement 
throughout a large area including a number of different floor elevations is 
involved. 

For this ·application, a single frequency radio communication 
system such as the General Electric UHF Personnel Radio System, or equal, 
should give satisfactory service. This system is a simplex system which 
transmits and receives on the same frequency. Since they are all tuned to 
the same frequency, any one individual may talk and all others will hear his 
conversation. The central control unit available as a desk console should 
be located near the video display and control unit in the cocmunication 
center. Also, it is provided with a speaker and a cobile microphone with 
the capability to use a headset. This unit is operated by a rechargeable 
nickel-cadmium battery and has its own 110 VAC powered recharger. 

A single coaxial cable routed through a spare containment 
penetration or temporary penetration provided at the containment access con
trol point carries the signal between the central control unit and a LOSS! 
line type antennae located inside containment. Figure 4-17 il~ustrates 3 

typical comcunication system arrangement. 

Each decontamination team mecber carries a 25 ounce radio 
pack on his belt which is cable connected to the earphone/microphone headset. 
The radio pack includes a 700 milliampere-hour rechargeable battery good for 
8 hours of continuous service. A recharging unit capable of charging multiple 
batteries simultaneously is provided vith the system. 

In similar applications, voice-actuated microphones proved 
to be too sensitive for this service, and therefore, either a bala·~.ced-pres
sure type microphone or pressure tape actuators fastened to the thighs and 
elbows should be used in conjunction with the headset microphones. The bal
anced-pressure ty~c microphones, which actuate on voice levels above back
ground noise, ~~e favored since they involve no deliberate action by the 
operator. 

4.2.12.4 System Operation 

Voice communication with the decontamination team members 
in containment should originate from the communication center, and be inte
grated with the visual monitoring· of their activities using the tele
vision syst~ as discussed in Section 4.2.6. 
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Aa the contaimDent 1!1 decont&llinated to a point that the 
paaing system can be checked out for serviceability. it is possible that 
it can also be used. if still operational. to aet the attention of any of 
the decontamination teaa members inside conta~~nt or to sound a aeneral 
evacuation alar~~. Alao. the exi•tin& uintenance telephone systea inside 
contaimlent uy be put into service in certain instances if thu systea is 
or can be ude operational. Earphone/microphone headsets can be plugged 
into telephone jacks provided at various equipa~ent uintenanc:e stations . 

The existing paae systea in the contai.11111ent should be dis
connected from the plant page system and dedicated to dec:onta.adnation oper
ations. 

4.:!.13. 1 

ContaimDent £ad1ation and Radioactivity Monitoring 
Program 

Introduction 

The containment radiation and radioactivity monitoring pro
gram shall include the fixed. 1110bile and portable equipment necessary to 
measure general area gamma radiation levels. airborne radioactivity , sur
face contamination levels. and neutron multiplication or rapid increases 
in ga.u flux to warn of possible criticality. 

4.2.13.2 Purpose 

The purpose of the containment radiation and radioactivity 
monitoring program is to warn of possible criticality. protect personnel 
inside the containment and monitor possible ·releases of radioactivity to 
the environment. 

4.2.13.3 Desisn Criteria 

There is a need to detect a rapid approach to cri ticality 
that lllight possibly occur. Due to the possibility that the neutron source 
range type monitors can give spurious alaru from RF generated by electric: 
tools and the possibility that there can be substantial changes in gagca 
radiation levels due to cleanup operationa without any criticality probl ea. 
both neutron and samma detectors should be used in coincidence, so that i n
creases in both neutron and gamma detectors voul d have to occur si=ultane
ously. 

There is also a need to detect neutron mul tiplication and 
alae if i t bec:oaes sisnificant, independent of t he gamma radiation i n or 
der to detect a slow approach to criticality with the ever-present hi gh 
gllllllll& radiation level expected to be roughly uniform in the reactor cavi t y. 

Mobile airborne continuous radioactivity monitoring for 
particulate and iodine radioactivity vill be required Cor all work locat i ons. 
Whenever any of the NSSS piping systems are opened, noble gas oonitori ng will 
also be necessary. The particulate and iodine filter cartridges should be 
f ixed filters so that they can be removed and i sotopically analyzed in t he 
laboratory. 
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Airborne particulate and iodine samples should be taken 
to verify the proper operation of the continuous monitors and to determine 
general area airborne radioactivity in the containment. These filters 
would be taken to the laboratory to be isotopically analyzed. 

Gamma radiation surveys should be performed frequently dur
ing the hands-on decontaaination process. Generally, portable high range 
cetera vith extenaion probes such as Teletectors should be used especially 
in the initial stages. The be_ta and aaama radiation levels should be mea
sured before and after each decontamination step to determine aroas DF's. 
Smear surveys should also be taken before and after each hands-on decontam
ination to verify the loose surface DF'a. 

Temporary area J&mma radiation monitors should be installed 
in locations vhere considerable personnel traffic or extended stay times 
are expected. 

4.2.13.4 ~nitor Locations 

The neutron detectors both for the coincidence circuit for 
a rapid criticality and the multiplication circuit should be BF3 tube pro
portional counters similar to the present source range excore detectors. 
At present, one of the original source range detectors has failed. Consid
eration is being given to rewiring the intermediate and/or paver range ion 
chambers for use in the source range. Hovever, these detectors may also 
fail soon since they have essentially reached the enviro111118ntal quslifica
tion limit, so it is preferable that nev detectors be installed. 

The placing of these nev detectors vill be difficult hov
ever. The reactor cavity area can be expected to have an extremely high 
radiation level precluding personnel access. The neutron shield tank is in
stalled above the annular gap betveen the reactor vessel and the primary 
shield. Therefore, the detectors cannot easily be inserted into the annulus 
from the =issile shield/service platform. Unless holes can be made in the 
neutron shield tank very rapidly (to prevent overexposures) and the detectors 
inserted through the holes in the tank and into the cavity, the detectors 
will not be very sensitive and it might be necessary to rely on the continued 
operation of the present excore detectors with possible rewiring of the 
intermediate and power range detectors. Another possibility is to lay the 
detectors on the refueling canal floor immediately adjacent to the air gap 
around the bottom of the neutron shield tank. 

The gamma radiation detectors should be ion chambers to pro
vide wide range and no saturation by high fluxes. 

The neutron multiplication counters, and the neutron and 
~ coincidence detectors should be redundant and on opposite sides of the 
reactor if possible. 
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The aobile continuous airborne radioactivity monitors 
should be mounted on carts. They should be located in a relatively clean 
area immediately outside the tented area where work is being performed. 
Tygon tubing can be used as a sample line through the plastic tent to the 
work area. The length of the tubing s.bould be minilll1zed to reduce the 
effects of plateout. The wheels of the cart can be taped to lllinimize their 
contalllinat1on. 

High volume particulate and iodine saaples should be taken 
in the working areas to confirm airborne concentrations registered by the 
continuous monitors. Electrical outlets outside of the work area should 
be used since the electrical equipment in the area bein& sprayed will be 
deenergized. Care should be taken to ensure that the extension cords do 
not lie in pools of water on the floor. 

Permanent general area gamma radiati on survey points should 
be established so that sequential surveys can be readily co~tpared . Hot 
spots should be added to the list of survey points as they are located since 
they will have the highest dose rates. These survey points should be lo
cated near the instrument racks, sump pumps, leakage transfer puops, steam 
generator vet layup recirculation pump, chemical addition tank, reactor 
coolant drain pump, incore instrument service area, elevator, stairwells, 
reactor coolant pump seals, steam generator manvays, and handholes, air 
coolers, reactor head studs, missile shield/service platform, pressurizer 
beaters, pressurizer relief and spray valves, and any other areas with high 
traffic or high maintenance that might have a high dose rate. 

Smear surveys should concentrate on the floors in heavy 
traffic areas but should also cover valls, ceilinas, equipment, and areas 
where radioactive liquid leakage is likely to collect or concentrate. 

A block diagram of the radiation/radioactivity monitoring 
system is shown on Figure 4-18. 

4.2.14.1 

Contaiament Service Building Heatin& and 
Ventilating System 

Purpose 

The heating and ventilating system should provide the fol
lowing functions for the proposed containllent service building: 

a. Maintain a positive purge air flow through all 
potentially radioactive areas to ainimize radi
ation exposure from airborne radioactivity and 
through areas which contain exposed toxic or in
flammable cleaning agents to reduce t heir 
hazard. 
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b. Control pressure of areas within the containment 
service building to avoid the uncontrolled re
lease of radioactivity. 

c. Maintain acceptable temperature levels. 

Desian Criteria 

The contaiament ·service building heating and ventilating 
systea should be designed to satisfy the following specific design re
quirements: 

a. Air flow to be from radioactive-free and rela
tively low radioactive areas to higher radio
·active areas. 

b. Toxic fumes and inflammable vapors to be kept 
below hazardous levels and occupational limits. 

c. Higher radioactive areas to be maintained at a 
slightly negative pressure to prevent airborne 
radioactivity being released to radioactive-free 
areas. 

c. Ventilation cooling and heating to uintain oc
cupied area temperatures within occupational 
limits. 

4.2.14.3 The heating and ventilating system should provide fresh fil-
tered and tempered ventilating air to the following areas within the con
tainment service buildin& complex: 

a. High level waste storage area. 

b. Containment decontamination staging area. 

c. Dry cleaning facility. 

d. Personnel change facility. 

Supply air should be provided to each of these areas in suf
ficient quantity, resulting in at least two air changes per hour and to 
limit the temperature to a maximum of 5 degrees above ambient. During the 
winter season, the supply air should be heated as required to =aintain the 
indoor temperatures at 700 F =inimum. 

4.2.14.4 Figure 4-20 is a block diagram of the proposed system forced 
and induced air paths to and from the various areas within the containaent 
service building complex. This diagram also shows the expected air movements 
between the various areas by· infiltration. 
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4.2.14.4 The systea should provide a ceans for filtering the exhaust 
air before diachargins it to the atmosphere so that radiation releases are 
Mintained vithin allowable limits. It is expected that this can be achiev
ed by utilizing the existing temporary filter banks and exhaust fans lo
cated on the auxiliary building roof and shown on Bums & Roe Flov Disgraa 
Dravina K 016. 

4.2.14.6 A IDOVe&ble air exhaust hood •hould be provided in the equip
aent decontaaination area to capture and remove radioac tive gases and clean
ing agent vapors that aay be released during decontamination operat ions. 
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Tll-211lW. ~STUDY 

s.o REMOTE CONTAINMENT DECONTAMINATION 

Due to the hi&h contamination levels expected inside the 
containment, it appears prudent to use ~emote methods to reduce levels 
o! eaeily traneportable conta.ination to as lov a level as reasonably 
achievable prior to hands-on deconta.ination. This should help reduce 
the likelihood of sipificsnt contaaination of penoanel and a~eas out
aide of the contaia.ent and reduce general ~adiation fields in the con
tainment to allow longer personnel stay ttaes. A secondary objective 
ia to attespt to ~educe contamination levels in the dome, on the polar 
crane, and on the containment walla and surface areas, to aid in the 
initial refu~bishaent of the polar crane t~olley and reduce later de
contamination effo~ts in the dome area. This should also reduce the 
probability of recontamination of the areas at the 347' elevation 
during the "hands-on" decontamination phaee. 

The following four concepts for remote decontamination 
we~e identified by the Containment Engineering Group, all involving 
delivery of fluids through the cont3inment spray system: 

a. Deionized water flush 

b . Detergent solution flush 

e. Steam/condensation cycles 

d, Chemical solution flush 

In evaluating the sequencing and delivery volumes for 
these procedures, the following criteria, which are presented in 
random order, were set up: 

1. The remote decontamination procedures 
should attempt to maximize decontamination 
effectiveness. 

2. The procedures should attempt to mini
mize off-normal radwaste processing chem
istry problema, and, in particul3~, not 
create high specific activity wastes co
incident with off-normal radwaate pro
cessing chemistry p~oblecs. 

3. Tlush volumes should be of sufficient 
magnitude to move moat or all dislodged 
or dissolved contacdnation to the con
t a inment sump to avoid increasing con
tamination levels at the 30S' elevation 
by washin~ cont3mination from the 347' 
elevation and not moving it all the 
way to the sump. 

4. The procedures chosen .should atteopt 
to minimize corrosive action on in
containment components and structures , 
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'M-2IITIAL ~STUDY 

5. Tbe procedures should provide soae 
measure of decontamination for all 
surfaces in the eontaiament. 

6. Radvaste volumes should be minimized. 

Claarly, a sequencing procedure and volume selection 
could not be developed which satisfied all the critera simulta
neously. The following loaic was therefore invoked: 

o Studies presented in Section 2 show 
that the 347' elevation may be in a 
hishly contaminated state, predominate
ly cesium, which vill result in high rad
waste specific activities on the initial 
flush, due to the hiah solubility of 
most cesium compounds, regardless of 
the concept chosen. Criterion 2 was 
deemed to dominate the considerations 
from the standpoint of facilitating 
waste processing, therefore a deionized water 
flush vas recommended for the initial 
flush, since a detergent flush would 
present high specific activity combined 
with abnormal chemistry. 

o Studies of an extremely empirical nature 
resulted in a required flush volume of 
about 250,000 gallons to meet Criterion 3. 

o Criterion S resulted in the selection of 
multiple steam/condensation cycles to 
attempt to decontaminate surfaces which 
cannot be sprayed or flooded by liquid 
sprays. Criterion 3 vas then involved, 
resulting in a recommendation for a de
ionized water flush following the multi
ple steam/condensation cycles to aove the 
activity to the sump. 

o Criterion 1 resulted in the selection of 
detergent solution flushes if the de
ionized water flushes and steam cycl es 
prove insufficient in decontaminating 
the containment. 

o Criteria 4 and 2 relegated chemical 
flushes to the position of "last resort". 

5- 2 0 .. 11 n.!-··o 
aJf .A#wlf 



o Criterion 6 could only be satisfied 
by a recoaaendation that further 
remote decontamination procedures 
not be initiated if they are no long
er effective or if the goals set up 
for the remote decontaaination effort 
MVe baa met. 

'JII.ZIIIIAL ~STUDY 

The overall sequence for remote decontamination through 
the building sprays can thus be described as follows: 

1. High-voluae (250,000 gallons) deionized 
vater flush (Section 5.1). 

2. Maintain containment hUIILidity at 100% 
by a small steam flow through the con
tainment sprays until the containment 
sump is drained (to prevent precipita
tion of desolved chemicals in flush 
vater adhering to surfaces). 

3. Multiple steam/condense cycles to re
move contamination from valls, ceilings, 
and unsprayable/unfloodable surfaces. 
(Sectiun 5.2) 

4. Evaluate effectiveness of Steps 1, 2, 
and 3. tf Step 1 vas effective, re
peat Step 1. If not, proceed to Step 5. 

5. High-volume (250,000 gallons) detergent 
solution flush. (Section 5.3) 

6. High-volume (250,000 gallons) deionized 
vater flush.(Section 5.1) 

7. Evaluate effectiveness of Steps 5 and 6 
and repeat or proceed to Step 8. 

8. Chemical decontamination, beginning 
vith least deleterious reagent and 
proceeding to more deleterious reagents 
as necessary. Then flush according to 
Step 1. (Section 5.4) 

9. w~enever it is determined that the radia
tion fields are sufficiently law for entry, 
(the end point =ust be a deionized vater 
flush), proceed to Step 10. 

S-3 



10. High-volume {200,000 gallons) flush with 
water containing corrosion inhibitors, 
to llinimize airborne tritiUIIl and provide 
shielding for solids deposited at 282 16" 
elevation. This water would not be 
drained fr011 the sump but remain in place 
for the initial hands--on decontamination 
activities. (Section 5.5) 

Figure 5-l presents an example of a schedule and sequence 
which might be required to implement the above procedures. 

The first and subsequent recycle vater flushes will re
quire large volumes of water, at least 250,000 gallons and possibly 
up to 1,000,000 gallons. This also will require extended spray pump 
operation without interruption to assure that large quantities of 
the loose (gross activity) contamination will be effectively flushed 
from all sprayed or otherwise flooded surface areas to the containment 
sump. Each recycle water flush should be folloved by a steam-condensate 
flush cycle or cycles to aid in IIIOVing any gross activity collected on 
the vertical and/or the underside surface areas not contacted durlng 
the recycle water flush to the floors vhere it can then be flushed 
to the sump. 

In addition, to assess and evaluate the effectiveness of 
the recycle water flush and detergent solution flush, the containaent 
dome monitor HP-R-214 should be monitored continuously throughout the 
entire flushing sequence (See Section 2.2.1.2.3). It is expected that 
the deionized water/steam cycle/detergent solution/deionized water 
decontamination sequence could reault in an overall DF of between 
800 and 80,000 for those coated surfaces which m_ sprayed~ flooded 
in the water flushes. The decontamination factors estimated for remote 
decontamination are based on the results of decontamination teats, 
using mixed fission products, perforoed by the Analytical Chemistr/ 
Division of ORNL according to Bechtel Specification CP-952. The tests 
were performed on coatings Identical to those used in the TMI-2 con
tainment . 

The first attempt at remote decontamination should not be 
done until the water presently in the containment sump is drained to 
storage or processed. This water has a very high specific activity 
(Section 2) and is tritiated. Additional water added to the sump while 
it contains such contaminants will also become t ritiated, and will in
crease the volume of highly contaminated (e.g.:> 200pCi/ml) water 
vhich must be processed. Once the tritiated water is processed, it 
can then be used for recycle for the remote decontamination methods 
discussed in this Section, but clean water additions to this recycled 
water should be =ini=ized. 

It is anticipated the first deionized VAter flush will be 
the most effective in removing gross activity from the building surfaces, 
and could result in waterborne activity levels as high as 30 uCi/ml. 
Since this activity level is perhaps an order of magnitude higher than 
any which will result from subsequent remote decontamination operations, 
it is advisable that this water be drained from the building for batch 
processing before further remote operations proceed. 
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5.1 

5.1.1 

Deionized Water Flush 

Objective 

M211l1AL ~ SMY 

The objective of the deionized water flush cycle is 
to flush loose contaainatio~, detersent solutions and/or chemical 
decontamination rea1eata froa containment structures and equipaent 
to the contaiDIMftt su.p. In addition, it is expected that the uae 
of recycle water will minimize and control the water inventory 
in the containment su.p and on-site tankase. It is anticipated 
that the initial deionized water flush will result in a D~ of be
tween 10 and 100 for all ~surfaces spraved ~ flooded 1!z!.!!!, 
containment sprays. 

Prerequisites 

a. Containment sump drained (for the 
initial flush) · 

b. Primary coolant systeM cooling in the 
decay heat removal mode, if possible, 
since DRR cooling requires the fewest 
in-containment systems and instruments. 

c. Contaf.maent HVAC recirculation fans 
off. 

d. Loop "A" of the containment spray sys
teM valved out, control power breakers 
racked out and locked out. 

e. Containment cooling system off, but 
available for service, if required. 

f. Containment atmosphere temperature 
controlled at a minimum value consis
tent with other plant operating require
ments. 

g. Containment atmosphere pressure controlled 
at a maximum value consistent with mini-
=um temperature and other plant operating 
requireMents. Prerequisites "f" and "g" are 
designed to min~ze magnitude of negative 
pressure transient induced by spraying 
cold ~ater intc the containment atmosphere. 

h. Recycle or demineralized water av~ilable 
(250,000 gallons) fro~ the recycle water 
storage tanks or the demineralized water 
tank (See Figure 4-14). 
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i. Verify that the radv .. te storage and 
processing system is operable and 
available to process the contaminated 
containment building sump water. 

j. Verify that the contaimlent da.e 110nitor 
BP-R-214 and other suppl...atal radia
tion 110nitors, if operable, are activated. 

Method 

In the initial remote decomtaaination phase, the reactor 
containment building spray system should be utilized to spray and flush 
dOWD the containme~t building walla and floors and also to spray all 
of the exposed surface areas of ita associated equipment. The flush
ing water can be taken froa the recycle water storage ·tAnks or the 
demineralized water tank. The deionized flush water should be pumped 
into the containment through the "B" loop of the containment spray 
system. Maximum decontamination effectiveness should be achieved 
by operating the containment spray pump at its full capacity (1,500 
gp.) until 250,000 gallons of recycle water has been pumped into the 
contairuDent. The decontamination flush water should be allowed to 
drain dovn into the reactor building sump for at least two hours, 
after which sump and containaent air samples will be taken and radia
tion surveys will be made at the preselected areas to determine the 
decontamination effectiveness (DF factors) of the vater sprayed into 
the containment through the containment spray system. 

General Procedure 

1. Verify that the contaiallent spray system 
valves have been lined up to take suc
tion fro• a recycle water storage tank 
or the demineralized water tank. (See 
Figure 4-14). 

2. Start containment spray puap BS-P-lB 
and with throttle valve BS-V-lB adjust 
the containaent spray flov rate to its 
full pumping capacity (approximately 
1,500 gpa). 

3. Closely monitor the containment spray 
system flow rate until approximately 
250,000 gallons of water has been 
pumped into the containment. 

4. Closely IIOt\itor the containlllent dome 
monitor (HP-R-214) and other installed 
radiation oonitoring equipment, during 
the flushing procedure and record data 
at ten minute intervals. 
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S. Stop contain8ent sp~ay pu.p BS-P-lB 
and close th~ottle valve BS~V-18. 

6. Altar Step S above, allow at leut 
two hou~s for d~ain down ttaa, then 
saaple the ~uctor contaimlent build
in& su.p to deteraine the decont..tna
tion effectiveness of the vater sp~ay 
flush . 

7. C:O.plete a radiation ll\lney of the 
pre-selected •~••• and record the 
data. 

8. Obtain an air sample of the contain
ment atJDOsphere. 

9. Initiate the radvaste processing system 
and process the contaminated flush 
vater in the containment. 

10. Maintain 3 sull ate• flov throuah 
the building sprays uaina the pro
cedures described in Section 5.2 t o 
keep su~faces vetted and prevent pre
cipitation of chemicals f~o. the 
flush vater vhich vill reaain on 
building surfaces. 
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TJI.2IITIAL ,._...STUDY 

5.2 Steaa-Condenaation Method 

General 

The second step of the r..ote decontamination program 
should be initiated tm.ediately after the first large volume de
ionized water flush baa been ca.pleted (See Section S. l). The steaa
coadensatioa method is to be performed in conjunction with and should 
ca.pl ... nt step 1 in effectively removias aross contaainatioa from 
the contata.ent valls, and undersides of floor slabs and from the 
exposed and unexposed (underside) surface areas of ita associated 
equipaent. The contaiallent spray system (See Figure 4-S) should be 
utilized to admit saturated steam through the spray nozzles into 
the containment. In case the containment spray systea is unavail
able, an alternate path through the integrated leak rate test {ILRT) 
penetration can be used (See Figure 4-S). 

The expected results of this phase are to significantly 
reduce radiation fields and levels of contamination on the containment 
dome, on the polar crane, and on the contaiDIIIent valls and undersides 
of floor slabs and move the contamination to floor surfaces vhere it 
can be flushed to the sump. It is also expected that this decontam
ination phase vill reduce the possibility of recontamination of the 
areas at the 347' elevation during the "hands-on" decontamination 
phase. 

Although the steam-condensate method is somewhat limited 
as to vigorous flushins action, ita coverage of all containment sur
face areas should be more unifor.a and, with a minimum of about eisht 
steam cycles, it should be effective in the decontamination of those 
surface areas not contacted durins the deionized vater flushing pro
cedure. It is expected that an overall decontamination factor of at 
least 4 may be achieved using the steaD-Condensation method for those 
surfaces vhich have not been previously flooded in the vater flushes. 

5.2.2 Objective 

The objective of tbl steam condensation procedure is to 
condense ste&lll on floors, vall~, and ceilings of the containment vhich 
cannot be reached by vater sr~ays. It is anticipated that the steam 
condensate vill move contao:.Lnation from ceilings and valls to the 
floors where it can be more effectively flushed with vater . Also, 
the steam method vill aid in minimizing the vater inventory in the 
containment building and thus prevent the overloading of t he radvaste 
processing system and its storage tanks . 

Prerequisites 

a. Containment sump drained or at an acceptable 
J evel to receive additional vater inventory. 

b . Containment cooling system off but avai lable 
for service vhen required. 

c . Loop "A" of the containment spray system 
valved out , control pover breakers racked 
out and locked out. 
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d. Containllent HVAC rec:irc:ulation fans off. 

e. Prillary coolant syste~~ in the decay heat 
removal mode, if possible. 

f. Containaent temperature controlled at a 
11inim1.a value consistent with other plant 
operatins requir...nts. 

I• Containment pressure controlled at a mini
mill value consistent with llinimum tempera
ture and other plant operating requirements. 

b . All temporary piping connections and valves 
identified and connected for the saturated 
steam purge (See Figure 4-5). 

1. Saturated steaa source available with pres
sure, temperature, and flow control. 

j. Verify that the radwaste storage and pro
cessing system is operable and available 
to process the contaminated containment 
sump effluent. 

k. Safety valves have been inatalled · .. required 
and are operable. 

1. Verify that the containment dome monitor 
HP-R-214 and other installed monitors, if 
operable, are activated. 

Method 

Saturated process steam will be admitted at a predetermined 
flav rate into the containment through the existing containment spray 
system. The containment temperatures and pressures should be strictly 
controlled at an optimum value to induce maximum condensation on all 
containment surfaces and associated equipment surfaces (See Figure 4-5). 

General Procedure 

1. Purge the containment spray system piping 
vith air or steam to remove any residual 
spray water from the spray system riser, 
or drain the riser if possible (ref. 
Figure 4-5). 

2. Crack open the steam addition control 
valve for approximately thrity (30) minutes 
and pre-heat the containment spray system 
piping. 

3. With the steam flow control valve adjust 
the steam flow rate to maximum capacity 
(-'v 20,000 lbs/hr.). 
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4. Purge steaaa into the containllent until 
the contata.ent ar.osphere pressure 
increases to the hi&hest value permitted 
by operatina conditions (see note below 
itea S), (approxiaately thirty minutes), 
then close the steam flov control valve. 

S. Closely moaitor the containment teapera
ture and pressure durina the above step. 

NOTE l: Stop steaa addition .if the con
tainment pressure increases to 
-0.1 psia (to avoid containment 
atmosphere outleakage) unless the 
buildin& has been pursed. 

2: If the containment has been purged, 
the pressure say be increased to 
a higher value (..v 3-4 psis). 

6. If operable, closely monitor the containment 
dome radiation conitor (HP-R-214) and other 
ia.talled radiation detection instrumentation 
during Step 4. 

7. After securing from Step 4, start the 
containment buildins cooling system and 
return the pressure and temperature to 
their initial conditions (See Section 
5.2.3). 

8. Allow two hours drain time after Step 4, 
then sample the containment building 
SIJIIIP• 

9. Perform a radiation survey at the pre
selected areas and record data. A Ce(Li) 
spectrum taken throush the equipment 
hatch should aive a good indication of 
the effectiveness of this method since 
only the steam condensate can reach the 
inside surface of the hatch. 

10. Obtain a containment air sample . 

~OT£: It is not necessary to hold up 
the flushing sequence f?r the 
sample results. Proceed to 
Step 11 vhen the containment 
has been returned to its ini
tial conditions and the sump 
is available to receive an
other steam cycle. 

5-10 9 / 1278 



Repeat Steps 1 throuah 10 at leaat 
eiaht tt.as or until it has been 
eatablished that the re.ote steam 
condensation decontaaiaation effort 
is no lonaer effective. 

12. Proceed t.aediately to a deioniled . 
water flush as described tn Section · 
S.l. 
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· Deteraent Solution Fltdh Cyele 

Cneral 

In the third step of the ra.ote decontaaination pro
cedure, the contatament spray systea should be utilized to flush dovno 
the cootaia.eat valls, exposed surfaces, and equipment vith a aild 
streoath, lov suds detargeot solution. (Radiac · vuh, or other 
acceptable and appro.ed detergent). -

The expected results of thi.s step are to significantly 
reduce the radiation fields . and the levels of contamination on the 
containment da.e, on the polar crane, and on the containment valls 
to aid in the initial refurbishment of the polar crane trolleys. · 
It is expected that this deconta.ination step vill reduce the possi
bility of recontaaination of the areas ac the 347' elevation during 
the ''hands-on" decontaaination phase. 

Although the containment spray system is somewhat llaited 
in. its coverage of the. containment surface area, {approximately 60%), 
it is expected that the first detergent solution flush vill be effec
tive (particularly for cesium removal) and should result in an overall 
decontamination factor between 10 and 100 on all coated surface areas 
contacted ~ !.!!!. detergent decontamination solution:·- --

Objective 

The objective of the remote detergent flush is to remotely 
decontaminate the containment and its associated equipment vith a 
detergent vhich vill degrease vetted surfaces and loosen adhering dirt 
and contuination. · 

Prerequisites 

a. Containment sump drained to allov addition 
of 250,000 gallons of detergent solution 
and 250,000 gallons of rinse vater. 

b. Containment HVAC recirculation fans off. 

c. Loop "A" of the containment spray system 
valved out and breakers for the unused 
spray pump and control valves racked out, 
locked and tagged out. 

d. Containment temperature controlled at a 
minimum value consistent vith other plant 
operating requirements. 

e. Containment pressure controlled at a 
maximum value consistent vith =dntmum 

. temperature and other plant operating 
requlrem~nts. Prerequisites "d" and "e" 
are designed to ml:\U:llze the magnitude . 
of negative pressure transient induced 
by spraying cold water into the con
tainment ataosphere. 
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f. Deteraent or Radiac wash concentrate 
(concentration to be determined later) 
aade up and pw.ped to the sodiUIII thio
sulfate tank (BS-T-1) uatna the chemical 
aupply syat .. (See Fi,ure 4-S and 4-14). 

I• Verify that the containlleDt d011e 1101\itor 
HP-R-214 and other supplemental radiation 
aonitors, if operable, are activated. 

h. Priury coolant systea in the decay heat 
re.oval mode, if possible. 

i. 500,000 aall~• of deionized water ~v~tl
able in tne deaineralized water storaae 
tank or from the recycle vater storaae 
tanks. 

j. Containment coolin& systes off but avail
able for service, if required. 

k. Verify that the radwaste system is oper
able and available to process the contami
nated detergent solution effluent. 

Method 

The containment spray syst .. vill be utilized to spray 
an acceptable and approved detergent or Radiac vash solution on the 
contain.ent valls and to all of the exposed surface areas of its 
associated equi~t. The deteraent or Radiac wash solution will 
be pre~ared in the mix tank, then puaped to the sodiua thiosulfate 
tank, heated to approximately 1so• r, and recirculated back through 
the mix tank until it has been thoroughly mixed before adding it to 
the containacnt spray ~tre... The mixing and concentration of the 
detergent decontamination solution can be achieved by adding it at a 
controlled flow nte into the "B" loop of the containaent spray system 
during the flushing operation. Kaxiaua decontamination effectiveness 
should be achieved by operating the containaent spray PUIDP at full 
capacity (1,500 ~) for a total solution deliver/ of 250,000 gallons/ 
t 7ele. th~ detergent flush should be allowed to drain to the con
tainment suap for approximately thirty minutes and then be folloved 
by a high voluae deionized water flush as described in Section 5.1. 
The rinse water ahould be alloved to drain down into the containment 
~ for at least one full hour; the suap will then be sampled and 
radiation 3~eys at pre-select~d areas (including the containment 
do=e monitor HP-R-214, if operable, will be cade to determine the 
decontamination effectiven@SS of the detergent solution and the rinse 
water !lush. 
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General Procedure 

1. Verify that the containment spray system 
valves ("B" loop) have been lined u~ to 
take auction either .from a recycle water 
storage tank (See Figure 4-14) or the 
demineralized water ~torage tank. 

2. Verify that the' containaent spray system 
valves have also been lined up to take 
auction froa the sodium thiosulfate tank 
BS-Tl, and that the flow control valve is 
in the closed position.(See Figure 4-5) 

3. Start containment spray pump P-lB and 
with throttle valve V-lB adjust the con
tainment spray systea flow rate to its 
full pumping capacity (approximately 
1500 gpm). (See Figure 4-S) 

4. Crack open the sodium thiosulfate tank 
outlet flow control velva (See Figure 
4-5) and adjust the rate to achieve the 
pre-determined detergent and/or ladiac 
vaah solution concentration. 

S. Closely monitor the spray syatea flow 
rate, including detergent additiQn flov, 
until approximately 250,000 gallons of 
detergent a~luti9n has been pumped into 
the containment, then atop pump BS-P-lB 
and close throttle valve BS-V-lB. 

6. Close the sodium thiosulfate tank outlet 
flov control valve. {See Figure 4-S} 

7. Proceed immediately to a high voluae de
ionized water flush as described in 
Section S.l . 
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5.4 Chemical Decontamination 

Chemicals 

Strons chemical decontamination methods should only 
be used as a last resort if the other .. thods, includins use of 
a detersent, fall to provide a sufficient DF to allow contalnaent 
entry. Before any strons chemical solution is to be sprayed from 
the containment spray header into the containaent, evaluations 
should be performed for each proposed chemical as · to its detri
mental effects on NSSS equipment. (See also Sec~ion 10.3) 

The chemicals listed are provided in the order of 
preference for use in the containment. In seneral, the chemicals 
listed first are weaker and are expected to have less of a dele
terious effect but vill probably result in lover DF's as well. 
All chemical treatments would be applied in 2.5 x 105 gallon flu~hes 
dissolved in recycle or demineralized water followed by 2.5 x 10 
gallon flushes vlth recycle or demineralized water. · 

Chemicals: 

Morpholine - (tetrahydro - 1,4 - oxazlne; 
diethylenimide oxide) OCH,CH,NHCH2CH2 mild 
basic chemical used in ali volatile treatment 
for steam generator secondary side corrosion 
control. 

Concentration - same as in all volatile 
treatment 

Disodlum phosphate and trisodium phosphate -
(Na2HP04 and Na3P04) basic chemicals formerly 
used in "U" tube steam generator secondary 
sides for corrosion control. 

Concentration - same as secondary side 
(300 ppm P04, pH•lO) 

Sodium Hydroxide 
(NaOH) base used in containment sprays 

Concentration - pH•lO 

Boric Acid - H3803 
acid used in primary &ystem and containment 
sprays. 

Concentration - near saturation 
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Hydrogen peroxide - Hz02 
mild. non-crystalline oxidizer. 

Concentration - 3% (6% if 3% not effective) 

feracetie Acid - CHJCOOOH 
mild acid oxidizer 

Oxalic acid and ammonium citrate 
ethanedioic acid - COOHCOOH 2H2o 
ammonium 2 - hydroxy - 1. 2. 3 - propanetriearboxylate 
(COOH) CH2C - (OH) (COOH) - CH2COONH4 
mild acid coaplexer and rust remover 

Concentration - near saturation 

~onium hvdroxide NH40H 
base, coaplexer 

Concentration - pH•lO 

Sulfamic acid NH2so3H 
acid, complexer 

Concentration - pH•S 

The results froa each chemical addition step would be 
evaluated before proceeding to the next step . The procedure to add 
chemicals through the containment sprays will be essentially the s&llle 
procedures as those used for detergent addition in Section 5.3. 
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Final Flush Procedure 

Objective 

The objective of the final flush procedure is to flood 
the sump vith an inhibited vater volume to minimize component corrosion 
and provide radiation shielding for solid radionuclides remaining on 
the floor of the containment. This procedure also provides steps to 
"condition" the containment atmosphere to minimize airborne tritium. 

General Procedure 

1. Verify that the sodium thiosulfate tank 
(BS-Tl) contains diaodium and trisodium 
phosphate solution sufficient to adjust 
demineralized vater (approximately 200,000 
gallons) to pH of 7.5 - 8.0 (approximately 
SO ppm). · 

2. V~rify that the containment spray system 
valves have been lined up to take suction 
from the demineralized vater storage tank. 
(See Figure 4-14) 

3. Verify that the metering pump valves have 
been lined up to take suction from the 
sodium thiosulfate tank BS-Tl. (See 
Figure 4-S) 

4. Start containment spray pump BS-P-lB and 
vith throttle valve BS-V-lB adjust the 
flov rate to full capacity (1500 gpm). 

5. Start the disodium and trisodium phosphate 
metering pump and adjust the flov rate to 
obtain a pH of 7.5 - 8.0. (See Figure 4-5) 

6. Continue operation of the containment spray 
system until approximately 200,000 gallons 
of demineralized vater has been added into 
the containment (approximately 2 to 3 feet 
above the containment building floor) to 
provide radiation shielding during initial 
containment entry. 

1. Stop containment spray pump BS-P-lB and 
close throttle valve BS-V-lB. 

8. Stop disodium and trisodium phosphate metering 
pump and close the flov control valve. 
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9. Initiate buildins filtration system in 
reeyele 1110de. 

10. Start the containment buii~ing cooling 
system and adjust the containment tempera
turA to dry out the containment before 
initial entry (to aintaize airborne 
triti\111). 
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6.0 

6.1 

TW-2 IITIAL PLANHING STUDY 

CONTAINMENT A'IMOSPHERIC FILTRATION AND PURGING 

Existins Situation and Design Objectives 

Containment Atmosphere Conditions 

The release of larae quantities of reactor coolant to the 
contaiaaent coincident vith aicnifieant fuel failure has led to ex
tr•ely blah airborne levela within the contairment. These levels must 
be reduced as much as possible to minimize operator exposures during con
tainaent decontamination activities. Table 6-1 presents a summary of 
results from numerous containaent air samples and the MPC which is 
allowed in the air in controlled spaces to indicate the magnitude of the 
problem. The primary contaminants are miscellaneous fission products, 
noble gases, iodine, cesium, and tritium, all of which must be treated 
and/or releaeed in a controlled manner to assure the mintaum impact on 
the public health and safety. 

It is apparent from analysis of Table 6-1 that the actual 
value of the specific activity of each of the primary contaminants is 
not accurately known. A reaeonable consistency in the order of magnitude 
of the primary radioisotopes does exist and this information vas consid
ered sufficient for preliminary planning. More accurate and precise knowl
edge of the containment atmosphere vill be essential prior to the start of 
and during cleanup operations so that an accurate evaluation of the impact 
of theae releases can be made. 

Although the bulk of the containment atmosphere radioactivity 
should be removed prior to containment entry there will still be levels 
of airborne contamination inside the contaiaaent throughout the decontamina
tion activities. This additional airborne activity is expected from re
suspension of radionuclides which had plated out and from the dislodging 
of radioactivity during remote and manual decontamination activities. 

Design Objectives 

To evaluate and compare various system designs and operating 
alternatives for cleanup of the containment atmosphere, it is first nec
essary to establish objectives. The folloving objectives are considered 
appropriate for this aspect of the containment decontamination : 

o To minimize the impact on public health 
and safety from containment atmosphere 
cleanup 

o To assure that operator exposures are ALARA 

o To comply vith the established release 
technical specifications 

o To minimize the impact of containment 
atmosphere cleanup operations on the 
decont3mination schedule 
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Alternatives Considered and Selection of Filtration 
and Purge Alternative 

Alternatives Considered 

Even after filtration through both HEPA and charcoal 
filters, there will still r-.ain a significant concentration of noble 
gases and tritium· in the containment atmosphere. These gases can then 
be either concentrated and stored for decay or discharged to the 
environment in a controlled manner. 

The alternative approaches to concentrating and storing 
the waste gases include high pressure compression and storage, differ
ential diffusion through charcoal beds at either ambient, refrigerated, 
or cryogenic temperatures, or cryogenic distillation and storage. 

The alternatives available in a purge mode o~ containment 
air cleanup are liaited to the purge start date, variations in purge 
rate, and the specification of meteorological conditions during which 
pur;ing would be terminated. 

Selection of Filtration and Purge 

Filtration and purge can be used to meet any non-zero 
release rate or off-site dose objective. It is simply a matter of 
reducing the purge rate to comply with the objective, given the 
~eteorology. Obviously, as the release rates or dose obj ectives 
get smaller, the time required to purge increases. 

In an attempt to determine the feasibility of ·filtration 
and purging for cleanup of the TMI-2 containment atmosphere, the Hay 5, 
1979 containment air sample and the existing tMI-2 effluent release 
technical specifications were used to determine hov long it would take 
to reach MPC for Kr-85 in the containaent assuming compliance with 
the technical specifications. This analysis indicated that the filtra
tion, purge, and dilution oode of containment atmosphere cleanup would 
take about 51 days using existing systems. Although 51 days is a 
relatively long time for this activity. it is not so long as to make 
the filtration, purge and dilution mode infeasible. 

Concentrating the noble gases and storing them in a 
pressure vessel could further reduce the release of radioactive gases 
to the environment . but there are significant risks associated with 
concentrating and storing gaseous vastes. Failure of a storage tank 
containing thousands of curies of Kr-85 could result in an uncontrolled 
release causing far higher doses at the site boundary than the dose 
resul ting from a controlled purge. A large tank of Kr-85 under pres
sure could probably not be transported from the site and could not be 
bur i ed at any of the existing commercial lov level vaste burial grounds . 
Since Kr-85 has a half-life of 10.76 years . such a tank would have to 
be =aintained on the site l ong after the plant had ceased to generate 
power or the contents would have t o be released in a controlled manner 
to t he envi ronment. 
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Considerina all of theae factora, it ia recommended that 
the existina contatn.ent ventilation and purae aystea be used to clean 
up the contaia.ent atmoaphere. The syatea can be uaed to meet all t he 
deaian objective• vith the fewest undeairable conaequences, auch aa 
increaaed operator expoaure and increaaed accident riaka. 
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6.3 Filtration/Purse Schedule 

TKI-2 Technical Specification Release Limits 

The THI-2 operating Technical Specifications vere written 
as interim technical specifications to be superseded by technical 
specifications illpl..enting Appendix I to 10 CFR SO. A footnote in 
the interim Technical Specifications states that their use is not ex
pected to result in releases in excess ~f those that vould be permitted 
by Appendix I to 10 CFR SO. 

Timing of Purge in Relation to Other Activities 

July 2, 1979, is 96 days following the incident, and the 
short-lived isotopes have already decayed to relative insignificance. 
Initiation of a purse could therefore begin at any time depending 
only upon the required completion date. Based only on Kr-85 in the 
~Y S air sample and assuming the use of existing systems vith no 
codifications, purging containment vould require about 51 days to 
reaain within the gaseous release specification. Therefore, the purge 
should be started approximately tvo months prior to the date by vhich 
the containment atmosphere must be purified. 

It is suggested that the containment purge be initiated 
so that it is complete prior to entering containment. This vould 
assure that all significant releases from the containment vere both 
controlled and monitored. 

After the initial purge to rid the containment of the 
gross noble gaa activity, additional purification and purge vill be 
necessary to remove airbo~e activity generated by remote decontamina
tion activities. Purification and purge vill also be required immediately 
prior to containaent entry as part of the operator ALARA exposure pro
gram. The purpose of these subsequent purification and purge operations 
is pri=arily to remove particulates, iodine, cesium, tritium, and trace 
amounts of the noble gases which vill be made airborne by the decontamina
t i on operations . The particulates, iodine, and cesium should be reaoved 
by the REPA and charcoal filters during purification. Tritium and trace 
a=ounts of the noble gases can then be purged at rather high capacities 
because of the high MPC for the former and the lov quantities of the 
latter. These operations, performed at 25,000 cfm, should take less 
than about 12 hours for a complete purification and purge cycle, depend
ing on the initial concentrations. 
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6.4 System Configuration and Operating Modes 

Existing Systems and Capabilities 

The existing containment ventilation and purge system is 
briefly described in Section 4. In summary, there are three sub
systems perforaing different functions, all of which should be employed 
during the initial purification and purge operation. 

The heat removal subsystem, consisting of the air cooling 
units, should be used during the purification and purge operation to 
continually recirculate the containment atmosphere, thereby assuring 
a reasonably homogeneous low humidity air mass for the purification 
and purge operation. 

The purge and purification subsystem consists of two trains 
of ducting, filters, dampers, and a fan to provide a high volumetric 
capacity system, 25,000 cfa per train, for containment atmosphere puri
fication and recirculation or purging . Uhen operating in the purge aode, 
separate supply air fans provide clean air, heated if necessary, to the 
containment. 

Finally, the hydrogen control subsystem provides for the 
controlled discharge of filtered air from the containment at a rate 
variable from 4 to 150 cfm. When discharging at this relatively low 
rate, supply air may be made up through test connections which exist 
outside of containment. 

Proposed ~~des of Operation for Kr-85 Purge 

Kr-85 will be the limiting radionuclide for containment 
purge considerations because it is already the most prevalent and has 
the longest half-life. However, in order to purge Kr-85 as quickly · 
as possible under the existing specifications, it is first necessary 
to remove I-131 and Cs-13i so that the specification limiting the 
release of I-131 and particulares with half-lives longer than eight 
days is not violated. To accomplish this cleanup, a single train of 
the 25,000 cfm purification and purge subsystem could be run in the 
recirculation mode to remove I-131 and Cs-137 from the containment 
atmosphere, depositing them on the charcoal and HEPA filters. 

Based on the ~y 26 sample analyzed by SAI, and assumintt 
OF's of 1000 in the combined HEPA filters for Cs and 10 in the charcoal 
filter for I, it is estimated that the concentrations of I and Cs in 
the containment atmosphere could be reduced to less than MPC for con
trolled areas in slightly less than 16 hours . This would load about 
4 1/2 curies of Cs-134 and Cs-137 on the HEPA filters and about 3 curies 
of I-131 on the charcoal fil ters, assuming decay to July 6, 1979. This 
quantity of I-131 distributed over 60 charcoal cells will lead to a 
radiation field of approximately 100 mr/hr at one foot from each 
charcoal cell. The Cs-134 and Cs-137 distributed over 20 HEPA filters 
will result in a radiation field of approximately 1200 mr/ hr at one 
foot froa each HEPA cell. 
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Following the reduction of the I and Cs, the Kr-85 and 
remaining Xe isotopes should be purged from containment via the 
hydrogen control subsystem. Use of this system will provide the 
variable, lov flaw rate necessary initially to meet the instanta
neous release limits on gross gaseous activity. 

Air must be supplied to the containment during this 
purge. Although it is possible to supply air through several of 
the 1/2" test connections, the 2" return line from the hydrogen 
recombiner, and possibly the radiation detection and sampling 
system, a plant modification to provide a single, filtered air 
supply equal to the hydrogen control system capacity is recommended. 
A single air supply, besides being more convenient, should assure 
faster isolation of the containment should it be required. 

Purging K-85 from the containment through the hydrogen 
control subsystem should continue until the Kr-85 concentrations 
are low enough to permit use of the higher capacity purification 
and purge system. When this higher capacity system is used, the 
containment purge air supply system must be used to make up air to 
the containment. 

It is recommended that one train of the purification 
and purge system be dedicated to I and Cs removal and recirculation 
and that the other train be used for recirculation, after the gross 
amounts of I and Cs have been removed, and high capacity purge. The 
purification and purge train dedicated to I and Cs removal would be 
operated first . After the containment atmosphere has been cleaned 
of I and Cs sufficient to allow initiation of the Kr-85 purge through 
the hydro~en control subsystem, the purification and purge train 
dedicated to I and Cs removal should be shut down. The other train 
s hould then be started in the recirculation mode to assure a reason
ably homogeneous air mass inside the containment during the Kr-85 
purge . The cont31Dinated HEPA and charcoal filters in the idle train 
should be replaced during this period. 

Possible System Modifications 

There are a few plant modifications which, if incorporated, 
would facilitate the containment purge operation: 

First, a low capacity air supply will be needed during 
the initial Kr-85 purge via the hydrogen control subsystem. This air 
supply should have a capacity which will match the hydrogen control 
subsystem capacity . The hydrogen control subsystem capacity is pres
ently 150 cfm maximum but a few modifications could increase its 
capacity to about 1000 cfm, which in turn would decrease t he time 
required to purge the containment. This air supply can be connected 
to the r~circulation return portion of either train of the purifica
t i on and purge subsystem, preferably between the last isolation valve 
out side containment and t he containment itself. The air supply 
shoul d contai n an isolation valve capable of automatic closure. 
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Second, the hydrogen control subsystem discharges to 
the plant stack, which is presently capped to route all HVAC air 
flow through the supplemental filters on the auxiliary building roof . 
This results in essentially a ground level release. Both for the 
protection of personnel on site and to reduce off-site doses, an 
elevated release of noble gases is desirable. Since the bulk of 
the Kr-85 release vill be via the hydrogen control subsystem at lov 
flov rates, a 6" pipe supported by the plant stack, but extending 
to 2 or 3 meters beyond the top of the containment, would be of 
substantiAl benefit. 

Third, the hydrogen control subsystem presently has 
a variable capacity from 4 to 150 cfm. If the upper limit of this 
variable capacity were raised, containment purge could be executed 
in a correspondingly shorter time. The filters in the hydrogen control 
subsystem are rated for 1000 cfm, so the limiting component appears 
to be the hydrogen control exhaust fan. If the fan is replaced with 
a unit capable of variable capacity up to the filter capacity, a re
duction in the time required to purge the containment will be achieved. 

The previously stated system modifications are those 
which could rather easily be accomplished and which would facilitate 
the initial containment purge. Other modifications might be considered 
which would benefit either the initial containment purge or limit 
airborne releases during containment decontamination . 

The addition of a microprocessor or mini-computer to use 
real time meteorological data and containment air activity data to 
set release rates would allow the fastest possible purge in compliance 
with established technical specifications with a minimum of operator 
attentior.. Although completely feasible, this concept has not yet 
been licensed at any commercial power reactor facility. No estimate 
of the cost of such a modification has been made. 

Rather significant modifications to air fl~ patterns 
inside containment will be desirable following reentry during the 
decontamination phase. Containment cooling and atmosphere control 
to provide a comfortable working environment and air flow control 
to miniaize airborne recontamination of cleaned areas may sometimes 
create conflicting priorities which can oaly be resolved by the use 
of temporary systems. Tenting will be required around clean areas 
until the decontamination has progressed to t~e point that a few local 
areas of high contamination can be effectively sealed and the resus
pension of additional airborne contamination from these areas can be 
prevented or controlled. Proposed system modifications are discussed 
in Section 4.2.3. 

For operator protection and to control offsite releases, 
several changes to the existing coatainment air saapling systea are 
proposed. Airborne particulate monitors, gross gaseous activity 
monitors, and monitors for determining tritium levels in the atmosphere 
may be necessary. The existing monitors at the release points may be 
sufficient for the final effluent release, although their capacity and 
adequacy must be checked if modificaticns are =ade to hydrogen control 
system c:1pacity. Airborne particulate monitors should be provided g i 12';..1. 
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ln each tented area where decontaaination operations ar- ongoinB to 
asaure sufficient and timely intor.ation to workers in the area. 
Refer to Section 4.2.13 for additional discussions of this topic . 
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6.5 ~sessaent of Resultant Containment Airborne Activity 

Depending on the duration and voluaetric flov rates of 
the containunt purge. airborne activity levels inside containment 
due to the initial purge could asy.ptotically approach zero. The 
activity levels ean be brought belov the KPC's for controlled areas 
vithin about two 11100ths, vith Kr-85 being the limiting isotope. The 
level of noble gases in the containllent should r ... in lov until the 
reactor vessel head is lifted froa the vessel, at Which time some 
off-gassing should be expected. The noble gas activity off-gassed 
when the RCS is opened should be easily controlled by containment 
purge. 

A contaiaaent purge will be necessary following the last 
use of tritiated recycle vater during remote containlllent decontamination. 
This will be needed irrespective of noble gas or particulate activity 
to lover the tritium concentration belov HPC inside the contain=ent. 

The containment purific.ation system, running in the 
recirculation mode in conjunction vith the iodine and particulate 
activity r-.oval due to operation of the containment spray system during 
remote decontamination, should lead to very lov initial levels of air
borne iodines or particulates. However, resuspension of plateout is 
expected to caU8e a significant airborne contamination probl~ throughout 
all phases of the contaiament decontaaination. Very large quantities 
of radioactive plateout are likely to remain in the containlllent, even 
after reaote decontamination efforts. Therefore, even though the 
reported range of resuapension factors is very broad, being rather low 
for vetted surfaces having little or no traffic and being rather high 
for dry Jurfaces experiencing heavy traffic, the resuspension phenomena 
is likely to generate substantial &JIIOunts of airborne activity, at least 
until nearly all surfaces have been decontaminated and resealed. 
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6.6 Offsite Dose Consequences 

Aa vas stated earlier in Section· 6.3.1, co.pliance vith the 
existina plant technical specifications should result in offsite doses no 
aruter than tbose determiDed to be "Aa LeN As Reasonably Achievable" 
in Appendix 1 of 10 CFR SO. A very preltaiaary analysis of the offsite 
doses due to purae of er-as over a 51 day period resulted in a gamaa 
dose to the vhole body of .14 mrea and a beta dose to the skin of 
14.8 mrem. This ia a very preliminary analysis based only on Kr-BS 
as determined in the Kay S air sample and the annual average X/Q. 
Obvioualy a more rigorous analysis, based upon a containment air 
sample vhich is known to accurately reflect actual containment at~os
phere concentrations vill be required. Hovever, this inirial analysis 
establishes that containment atmospheric cleanup can be accomplished 
by a filtration and purge operation in keeping vith the numerical 
guidelines vhich vere determined to be "As LeN as Reasonably Achievable". 
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Additional Containment At.oaphere Control Requirements 

Additional containment atmoaphere requirements are 
diacuaaed in Section 4.2.3. 
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TABLE 6-1 

SUHHARY OF CONTAlNHF.NT AntOSPHERE SAMPLES 

Kr-85 I-131 Xe-131• Xe-133 Xc-133• Cs-137 

HPC 1 x 10-5 9 X 10-~C1/m1 2 X 10-5~Ci/ml 2 X 10-5pCi/lll1 1 X to-?uct/•1 6 x 10-~Ci/al 

llalf-1 He 

Sa11ple Date 

3/31/79 

4/02/79 

5/05/79 

5/11/79 

5/14/79 

5/26/79 

5/31/79 

6/21/79 

c.: -.:·: 
~, .. 
N 
r ~ ..... 

"" 

10.76 yr. 8.05d 

- 6.4£-2 

- 1.1£-1 
9.7£-3 

6.29£-1 2.78£-3 

- 3.3JE-5 

6.62£-1 1.29£-3 

5.5£-1 1.39£-3 
,, 

9.82£-1 1.04£-3 

7. 94£-1 1.22£-4 

12d 

6,88£-2 

9. 71£-3 

2.15£-1 

3.24£-1 

8.46£-2 

5.27d 

6.82£+2 

1.70£+1 
6.50£+1 

9.89 

5.50£-3 

8.1£-3 

3.5£-1 

4.84£-1 

2.37£-2 

2.3d 

1.59£+1 

5.86 
2.70£-1 

3.09£-1 

JOy 

3.96£-2 
< 5.4£-3 

4.8£-5 

HDA 

Other 

Xe-135 8.18£0 

1.59£-1 
6.20£-1 

K-40 6.9£-4 

Cs-134 2.55£-5 

! 
I 
~ ' i 

I .'· ... : 
, .. 

M \ 

i ··'i 
-c ~:· 1 
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TABLE 6-2 

GASEOUS EFFLUENT RADIOACTIVE DISCHARGE 
~CHNICAL SPECIFICATIONS 

a. The instantaneous release rate of gross aaseous activity except 
for halogens and particulates with half-lives longer than eight 
days shall not exceed: 

b. The instantaneous release rate of I-131 and particulates with 
half-lives longer than eight days, released to the environs 
as part of airborne effluents, shall not exceed: 

O.JpCi/see. 

e. The release rate of gross gaseous activity shall not exceed: 

when averaged over any calendar quarter. 

d. The release rate of I-131 and particulates vith half-lives greater 
than eight days shall not exceed: 

0.24 )lCi/see. 

when averaged over any calendar quarter. 

971.300 
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INitiAL ENTRY, ·RADIATION FIELD MAPPING AND DA!otAGE 
ASSESSMENT 

Prereguiaites for Entry 

General 

The iDitial entry into the containlent should not be ude 
until proper precautions are taken and conditiona exist inside the con
tain~~ent that will not pose an undue hazard to peraonnal. Aa noted 1D 
Section 2, a preliminary evaluation of radiation data indicates prohibi
tive r3diation levels may exist to make a containment entry for the pur
poses of extended radiation surveys and data acquisition tasks not fea
sible at this tille. Additional radiation dose rate data are needed in 
order to better define the preparationa required for entry, or to deter
mine the feasibility of contai111111nt entry prior to remote decontaaination. 

The scenario for reentry presented in this report is not 
!~tended to preempt studies currently underway for which future data or 
ev3luations =dght demonstrate acceptable alternate conditions for reentry. 
However, many of the thoughts and ideas pcesented here are applicable for 
other scenarios such as early entry, entry through the No. 1 personnel 
lock, etc., provided that proper precautions are taken and safety 3ssess
aents are performed. 

Data Evaluation Prior to Entry 

An assess .. nt is presented in Section 2 of the prediction 
of radiation dose ratea inside the containlllent. Prior to opening of the 
containment personnel lock inner door, a complete survey of the radiation 
fields on the inside of the personnel lock should be taken by opening the 
outer door and enterina the air lock. This bas not been done at this 
tiae, but is presumed to have been done prior to initiating the reentry 
task. These data will be required to make a final reconcili ; tion of all 
previous predictions of radiation levels . 

It must be realized that radlacion levels are su~ject to a 
vide •tariance, as discussed in Section 2. Once entry has been ude it is 
imperative that a continuous survey be made by the reentry team and sub
sequent teams who follow until such tillle as detailed radiation mapping has 
been performed. 

Prerequisites to Initial Reentry 

Prior to contaiament entry, preparations should be made to 
ensure vorker safety and to avoid the release of airborne activity or con
ta=dnation to the control and sertice building. The initial entry can be 
made through either personnel lock. Because the No. 2 personnel lock i s 
located in the control building, and it is not anticipated that the con
tainment service building, discussed in Section 4.1, vill be completed 
vhen tb« initial reentry is made, it is assumed that the initial entry 
vill be made through the No. 2 personnel lock. 
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A temporary contamiD&tion control envelope should be con
structed as sbova on Figure 7-1. This can be constructed using sheet 
plastic and fire-resistant treated wood. The intent is to close off the 
area around the entry point with two or 110re barriers and to vent each 
contro! zone to the t.-porary filter train installed on the auxiliary 
buildiq roof . Doors would be provided in the plastic "tents" to permit 
personnel entry and egress. 

A cOIIIIIWlicationa systea s!'lould be provided as discussed in 
Section 4.1.12 atlll thoroughly checked out prior to reentry. 

It shculd be asaumed that so-, 1f not all, of the contain
ment lights are not working. The initial reentry team should vear hard
hats with llliner' s lamps and take a beaa flashlight with thea. 

A reentry procedure should be developed to identify radia
tion lim! ts, the specific tasks to be accoaplished, and emergency plans . 
Complete training and briefing of the reentry crevs atlll their backups 
should be cooducted. The training should incl ude a thorough briefing on 
expected radiation levels, contingency plans if radiation levels are 
higher or lover than expected, step-by-step data acquisition plans, and 
emergency procedures. 

The reentry teaa should be coaposed of tvo or three members 
with another statllling by in the airlock. Personnel safety considerations 
dictate that at least tvo persons perfora the initial survey in order to 
allow one to provide assietance to the other if an accident (e.g., slip or 
fall) should occur. On the other hatlll, high radiation levels dictate that 
the surveys be perforaed vith as fev people as is efficient to reduce man
rem exposure. It is usumed in tbie report that physical and radiological 
conditions in the containllent following re110te decontaainatioo wlll permit 
the acquisition of radiation field, visual ct-ge assessaeot atlll contalllioa
tioo near Hllple data on the initial entry, aod therefor-e a c:rev of three 
vas selected. While the reentry teaa is in the contaiDMDt . three or 110re 
persona should be properly suited out with breathing apparatus and prepared 
to make an ~diate emeqency entry 1f needed . See Section 7.4 for the 
function& of each perSOD on the te&8. 

Syat•a and Contaimleot Cooditions for Reentry 

Plant systelllS and contaiJDent conditions should be estab
lished which are favorable to personnel reentry. In order to reduce radia
tion levels to as lov a level as possible, the re110te decontalllination 
methods outlined in Section S should be perforaed prior to entry. It is 
expected that the 282' elevation will be greatly contaminated at levels 
which vlll result in very high radiation dose rates. After the suap is 
drained atlll re110te decontallination baa been coapleted, severe contaaina
tion of the 282' elevation will reuin. !llch of this contalllioation will 
have settled out on the floor. Effective shielding and marked reduction of 
resuapension of a1rbor3e activity can be obtaiaed by reflooding the 282' 
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elevation of the contaiu.ent durina occupaacy of the c:ontaimlent. All 
noted in Section S, tvo to three feet vill be effective and should be 
maintained untU l&ter in the decontaaiDation efforts when the 282' ele
vations vill be cleaned . 

The coataiaaent should be puraed of the iDitial airborne 
activity as discussed in Section 6. The purse shDuld be maintained dur
in& the reentry to uintain the containllent at a neptive pressure. Thia. 
vill miniaize the risk of contaaination release to the control buildina 
·throuah the No. 2 personnel lock. 

It is desirable froa a personnel comfort standpoint and to 
improve vorker efficiency to have tbe containment coolers in operation 
and uinta in the contaU.ent taperature between 65 and 8S° F. 

The hydrogen concentration inside the containment should 
be analyzed. If the concentration is above 1%, personnel entry should be 
restricted until the purge or the r~combiner is used to reduce the hydro
gen concentration. See Section 7.4 for hydrogen sampling procedures dur
i ng the initial entry. 

Specific: Criteria for Reentry 

In addition to the prerequisites noted above it is suggest
ed that a specific set of criteria be established as part of the prerequi
sites to serve as a check lint for last minute assessment of containment 
conditions. Thia list vo11ld serve to fl&g conditions or a range of condi
tions which if exceeded would indicate conditions outside the limits of 
the procedural assumptions. If excess conditions were found, special eval
uation vould be required bf::fore contaU.ent entry 1a peraaitted. 

The criteria vould be establiabed for · the major indicators 
of conditions inside of the c:ontaimaent. This would include the following 
parameters: 

Sample of su.p vater 
Sample of contaiaaent air 
Sample of reactor coolant system vater 
Radiation levels at the inner door of 
the No. 2 personnel lock 
Containment doee radiation monitor 
HP-R-214 (if operable) 
Containment pressure 
Hydrogen concentrations 
Oxygen sufficiency 



TII-211T1AL PLANNIIG STUDY 

7.2 Procedural Outline for Contaia.ent Entry 

Data Acquiaition Planning 

The ioitial containDant reentry should be aade vith a pre
cise plan for data acquiaition. The radiation levels vill dictate the 
duration of stay tilae io8ide of the contaiument and therefore vill be the 
controllin& factor in the amount of data that can be acquired during the 
initial entry. Priorities should be establiahed in order to make effici
ent use of the tiae of the reentry teal!, vhile attempting to :saxilllize the 
data acquisition. General radiation l~vela (Section 2.2) and hot spot 
sources (Section 2. 3) have been predicted and should be used as a guide to 
plannina the initial reentry. 

The radiation levels vill dictate the plans for data acqui
sition after the initial entry and therefore beco .. the highest priority 
for the initial entry as discussed in Section 7. 5. Silllultaneous vith the 
radiation survey, a visual account of the status of the containment is im
portant. Thirdly, as tim& and conditions permit, smear sacaples of contam
ination of the surfaces within the contailllllent should be obtained. 

Later entries for data acquisition vill have the objectives 
of detailed radiation and cont&llination surveys (Section 7 . 5); installa
tion of remote 110aitorina such as televiaion and lightina, radiation IIOni
tors, etc. (Section 7. 2.2); aaterials sa•ples; and containiDent status assesa
ment (Section 7. 6). 

Many requests for data vill be ID&de by many organizations re
gardina t~e status of the containiDent. In order to effectively use san
power, aintain lov worker doae, aDd llioillize the illlpact on the containllent 
cleanup schedule, it is rec011111ended that central coordination and pre
planning for data acquiaition be instituted by GPUSC and Met Ed . An indivi
dual or a central group abould be assigned for this coordination and p~n
ning . Each request for data should have the folloving inforaation clearly 
defined: . 

Sponsor and requesting organization 
Objectives of the data acquisition 
Justifications for obtaining the data 
AD assilaed responsible individual within 
the GPUSC THl Recovery organization 
Data acquisition plan and schedule 
Safety asaesament 
Proper funding or cost reimbursement ( if 
request external to owner ' s organization) 
Approvals required 
An aaaigned priority by the GPUSC THI Re
covery organization aanagement 

An exa~~ple of a log for coordination of the data acquisition 
phaae 1a shown on Figure 7-2 . A typical foraat for recording sU111111ry in
foraatioo for data acquilition requests i s shown on Figure 7-3. 
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Initial Reentry Plan 

The cicdaa of the initial reentry is subject to aany con
siderations. A lara• uncertainty exists at this t.fJDe as to the statua of 
tbe contaU..nt aocl it is illlportant to reenter the contaimlent as soon as 
practical, but not until worker safety can be assured. The plan present
ed herein is intended to reflect only one approach reaardiaa the tt.Jna 
aad prerequisites of the reentry. It is not intended to iapact other ef
forts uoclervay to assess the contaiaDent status. Data acquired by such 
efforts could allow entry soOner or under different conditions than pre
sented in this report. 

line: 
The reentry procedure is su.arized in the follovina out-

a. Prerequisites completed (Section 7.1 . 3) 
b. System/Facility conditions prepared for reentry 

(Section 7 . 1.4) 
c. Final data evaluation within reentry cdteria 

(Section 7. 1.5) 
d. Data acquiaition taau and priorities reviewed 
e . Communications and liahting systems prepared 

for entry 
f . As noted in Section 7.1 . 3, three persons are aa

su.ed to fona the reentry teaa for the purposes 
of this study (two of which are health physi
cists and oae faailiar with plant layout), one 
person staading by in the airlock. and three 
persona actina · as the emergenc:y ba::kupa, all 
persona suited up. 

8• Open the outer hatch door of the No. 2 personnel 
lock 

h . Take radiation survey at the inner bulkhead of the 
personnel lock and take other surveys described 
in Section 7.4 

i. Close the outer hatch door 
j. Open the inner hatch door and ilaediately uke a 

radiation survey inside of the containment as de
scribed in Section 7. 4 

CAUl' ION: 

NOTE: 

If radiation levels at this point exceed 
the :aaxim\111 specified in the procedure, 
personnel shall withdraw and close the 
inner hatch door for procedure reevalua
tion . 

Although entry may be permitted at higher 
levels. a general gamma field of 10 rem/ 
hour just inside the i nner air lock door 
is suggested as a uximum level for re
evaluation of the entry procedure to reas
sess data acquisit ion priori ties . 

k. Take smear samples i nside t he ?•rsonnel l ock in~er 
door 
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1. Make radiation surveys (Section 7. S) 
•· Make visual observatioaa of the status of the 

conta~nt 

n. Take conea.iaation s .. ar aaaplea (Section 7.5) 

CAUTION: Leoath of stay is Uaited by worker 
dose liaiu vhich in tum depend on the 
radiation levels experienced. Illiti.al 
health phyaics auid&ace vill be provid
ed by a tia& liaait which is established 
baaed on assumed radiation levela. If 
hi&her levels are encountered, the tilDe 
of stay aaat be reduced accordinJly. 
Coaataat co..uaications vith additiDDal 
health physics and supervision personnel 
outside of the containment is neceaaary. 

o. Grab ... 11 saaplea of loose material (if auy) and 
place 1D plastic baas. 

p. Return to the !fo. 2 persoDDel air lock 
q. Close the iDDer hatch door 
r. Open the outer hatch door and exit 
s. Carefully re80Ve protective clothina in accord

ance vith health physics practices to avoid ua
aecuaary spread of coutaaf.aatioc. 

Eaeraeac:y Plans 

Contingency planning and eaeraeacy preparedness is necessary 
prior to contaiaaent entry. Elleraascy plans must be developed for at least 
the follovina dtuatioaa: 

a. Failure of PersoDDel lre3tbina Apparatus 

Tbia procedure should instruct the data acquiai
tion teaa to ilaediately vlthdrn froa the con
taimaeat, vith the uaaffected aelllber and the baclt
Ull person providlna assistance to the affected 
teaa !Haber. 

b . Personal Injury 

Sue aa 1D a., except it uy be necesaary to pro
vide t.Dediate assistance at the place of occur
rence, depeDdina on the situation. 

c. Personnel Lock Seal Failure 

This would result in airborne release to the con
trol buildlna which does not directly affect in
coatainaent operatiocs but llliaht reault in an up
set of supervision or coamunlcations between the 
efforts of the personnel inside and the support 
group outside of the contairaent. 9 1 1.3t·~~ 
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d. Malfunction of personnel hatch door interlocks 
preventina rapid ear•••· . · 

e. .Extreae variability of beta and soft R .... radi
ation 

PersoDDel should vear several TLD's in.order to 
properly auus the worker dons. 

f. eo-nucations Systeu Failure . 

Procedure should indicate the reentry teaa should 
Vitbdrav back to the hatch or out of the contain
aent until coamunicationa are restored. 

g. Li&htiD& Failure 

A strona battery-powered li&ht should be ready to 
be set up just inside of the containment to pro
vide liahtina durins egress. 

h. Structural Dauae Resulting in Hazardous Condi
tions to Personnel 

Visual observation should be made to avoid areas 
,hicb uy have been rendered unsafe durina the in
cident. 

i. Faulty ladiation Monitors 

Diverse, hiah level radiation aonitors should be 
carried into the containment by the reentry personnel 

j. Cootinaenc:y Plaonin& 

If the initial reentry cannot be aade as plaDDed, 
alternate ~rocedures should be available and ready 
to use .. fall back positions. Theae should include 
possible alternates such as: eoterins through the 
No. 1 personnel air lock, respray ·the containment 
and reenter, reduce contaaination levels near the 
personnel lock_ by using ,ater hoses, use of robots 
for radiation surveys, etc. 

See Section 7.8 for evaluation of other possible hazards . 
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No. 2 PeraoaDel Lock Coataaination Control Zones 

C....ral 

CoDtaainatioo control .at be e~loyed at the No. 2 per
aoaoel lock for cootau.mt eotry. Despite the double door lock aad pre
cautiona takeo to veot tha conteiaMDt, peraooaal traffic iato biahly 
contaainated areu reaulte 1a a resuapeoaioa of particulat .. vbich could 
spreael coataaiDatioo iato the cootrol aad service buUdiaaa. Ill order to 
llliDiai&e the apn8111 of contaainatioo eel provide an efficient MADS of ac
ceaa to the contaiDMDt, coataaiaation COCltrol zoaea are auueated aa 
shova on Fisure 7-1. The control : onea are utabUshael by usia& the ante 
rooa to the peraoaael lock, the corridor 1a the control/services buildin& 
eel the exiatiq health physics aall cbllnae roou. 

In addition to contaaination control zonu, it is aec:u
aary to provide apace to install c~icatiou, televiaioa, monitors, 
etc. 1a a central location in order to provide proper aupervisica of the 
reutry aad c!ata acquisition efforts. Tbia could be utabliabed ib the 
control rooa or turbine bu11diq, however, it would be .,re desirable to 
provide an iaolatecl c~icationa center for aupervbioa that 1acludea 
voice c~nicatiou and later in the data acquisition ataae, televiaioa 
monitor1aa. In order to provide other iatareated people with 1aforu• 
tioa, additional voice aDd televiaioD mDiton should be 1aatallecl outside 
the protected area. 'Ibe c~catioaa cater ia ahovn on Fiaure 7-1. 

No. 2 Peraouel Airlock Coatalliaation Control Features 

The ante rooa of the Mo. 2 personnel lock aDd the bot in
attlllellt repair abop abop can be coapletely atrippecl of utraDeOUS ute
riala aocl prepared for conversion into All ectry/qTeaa area (aate rooa) 
aad a co.uaicatiou center (hot 1aatruMDt repair shop) • The door aDd 
vall between the tvo rooaa would be sealed off froa each other to u1Qta1o 
the c~icatiou center •• a clean area. A teaporary door lbould be 
c:onatruc:tecl betwaeD the ectry/earua area (Control Area I) aad the adjac
ent corridor (Control Area ll) • Tbe llDrtb area of the corridor aboulcl be 
sealed off, leavioa the doors 1ato t._ bllalth pbr.tca aDCl cbaap rooa •• 
the aole exit path. Health pbyalca proceduru are diac:u .. ed 111 Section 
7.4. 

In order to euUTe that: air flow aDd infiltration occurs 1a 
the proper direction to a1o1adze recontaa1aatlon of clean areas (i. e • • 
air flow is directed froa clean areas, to aoderately coataalaated areaa, 
to hi ably c:oat•iDated areas), teliPQrary veot duct should tw froa each of 
the control zone• to the auxiliary buildinl filter and vent srst•. 
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Health Phxalca Procedures and Peraoanel !qulp!!nt 

_ The health phyalca procedures aDd required personnel equtp-
.. nt for per.oaael entry to the contai..-nt have essentially been eatab
liabed iD the plaat procedures ..aual. The aeoeral radiatioa protection 
proaraa ia alven in Procedure 1003 - lacU.atoo Protection Manual. Sinc:e _
cootala.ent coadltloaa are aapected to be aaa.wbat different than aot1c1-
pated when plant proc:eclurea were written. all proc:edurea •ployecl should 
be revi•ed and_, nv1Md .. necessary. 

Specific procedures aovernlna contala.ent reentry are : 

1630 iaactor lu11d1na Eatry 
1630.2 leactor lulldln& Entry (Unit 2 only) 

.- 1670.8 EMrancy leentry for Repair or Rescue 
1670.15 ·,. Post Accldent Reentry and Recovery _Plan 

In <~dditlon, there are a nuaber of ancillary procedures ~
that abould be followed vblch deal vltb ra41at1on/radloactlvity/smaar sur
veys, and discuaaiag protective clotblna. personnel dosimetry, decontami-
nation. etc: -

' .• 

1605 

1606 
1607 
1608 
1609 
1611 
1612 
1613 
1616 
1628 

1632 
1632.2 
1640 

1641 

1642 

1676 

1681 
1682 

1683 
1686 
2202-1. 2 

Porta~le Air Samplin& for Radioactive 
Particulates o. 

A1r Sap11QI for bclioactlve lodlne 
Air Sa.pliD& for .ladloactlve Gas 
Air s .. pllDI for tritiu. _ 
Loose Surface Cofttaainatlon Surve,.. 
Area and Equl~nt Oecontaainatlon 
Monitorlna for Personnel ContallinaUon 
Radiation Work Peraits 
Use of Respiratory Protectioa Devices 
Proaraa for ~leal and Bioassay 
!ulllDattona 
ladlaton Shutdown Survey 
ladiation Shutdown Survey (tnit 2 only) 
Per80DM1 Dosl:Mtry, I•suance, Adalnls
traUve, and lacord leeplna 
Self-laadlna Doa~ter Csaae snd lecord 
Keeplna 
Operation and Calibration of the TtD 
Systea . 
Radiation-Protection i'lponaibllit•es 
for Plaftned and Unplanned Releases . 
Control of Cont411linated SpUb · 
Cofttrol of Contaminated Tools, Equipment. 
and Material 
Handlin& of Cont4mlnated Vaeuu. Cleaners 
Use of Protect1ve .C1oth1nll 
Unanticipated Criticality-

--
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Stroac cb.Dical decoata.iaatioa solutioaa _!Deluded iD Pro
cedure 1611, Area and EquipMDt DecODtaaiaatiOD, will not be used with
out explicit prior approval iD each iutaace dace a nl.lllber of these 
cheaica:U are n ..... ble, could cause irreparable cluage to equip~~ent, or 
could cause clif!icultiea with radvaste ~rocesstaa and/or solidification. 

The follGViaa apecUic -protective clothiDa, respiratory 
protection, personnel dos*try, and .aaitoriDa devicu are sugaeated for 
the initial· entry 1a additioa to those listed iD Procedures 1630, 1630. 3, 
1670.8 and 1670.15: 

Raguirad Personnel ClothiiW 
Hard hn with lliaer 1s la.p 
Self-contaiDed breathina apparatus (60 minutes) 
(e. a., Bio Pak 60 - Bio Kariaa) 
3-S layers of full anti-C's with surgical cap, 
hood, rubber boots, outer layer plastic suit 
lain gear iDcludiag hat and coat 
TLD (sav~ral including finger rings to assess 
the directional variance of beta and gamaaa radi
ation expected) . 
Hi&h raaae self-reading dosimeter 
Alarmina dosimeter 
Reaul&r self-reading doaieeter 
All doaiaetry iD plastic bags 

Survey Eguipeent Person I 

Air sapler (particulate and iod!..ne) 
Cas saapler (noble gases) 
Explosive ps ·meter 
Teletector vith lead collimator on probe 
S•ears 
Hiah range beta detector 
aeaa fluhllaht 
Tvo-vay radio c~nications 

* Standby person in airlock 

• .. 
• 
1 
3 
2 
2 

All 

Peraonael Oil tb~ initial entry should be two health ph)
sics personnel due ·to their faaf.Uarity with equi.,_nt , survey and radi.; 

· aUon· safety . proc:eduru and one P•r&OD faaf.U.ar with contairuaent systeu 
layout. · 

The adainistrative radiation l imits should be set in ac
corclaace vith Procedures 1003 and 1630. 

Ae.ospheric sa_,les should be taken of the airlock throush 
' the 1uk teat connectiODs before personnel open the outer door. These 
should be ansly•ed for parti~ulate, i odi ne, and gaseous radioacti vity, ex-
plosive or toxtc sun, aftd oxneo sufficiency . · 
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Before the inner door ia opued1 beta. sa-. and •ear -
surveys should be performed and tvo-vay ca..unicationa checked. 

_ When the inner door is cracked open aftll before peraoanel 
enter the conteU..nt,tbe telatector vitb probe exteaded should be used 
to deter.ioe the ..... dose rates ta.ida the coataill8ent in the vicinity 
of the batch and especially the dose ratu near the floor _and tbe ceil
ina where swap and operatina deck radioactivity could cause extraely 
lara• dose rates. In addition1 before personnel enter the containaent. 
the explosive sa• and oxyaeo •tara should be utilized to deteraine vbat 
coacentrGtions exist in the contain.ent at.,sphere. If ~ll of the above 
readinas are within permiasible levels for personnel entry. then a beta 
readin& should be taken on the deck in front of the ianer hatch vith the 
door open before personnel entry. 'lbe structural -intearity of the floor 
slab should also be f.napected as IIUc:"l as poasible before personnel ~ntry. 
When all of the above steps have satisfactory -re•ulta. then actual per
sonnel enr.ry into the containamt can ca..ence. -

The rec~nded JUXi.ala permisaible general area radiation 
fields for entry abould be baaed on a time and motion study vith contin
genciea. and the administrative liaits noted above. If the radiation 
levels are above these. ·tben determine if the major contribution is from 
plateout on the 347' elevation (.ast likely). If the operatin~ deck 
plateout is the IUjor contributor. then additional re.,te dec:onUaination 
may be required. If locally deposited radioactivity {JOS') is controlling, 
then vater should be used to atteap~ to clear a pathway. (See Section 9) . 

When the initial entry is lll&de, attempt to obtain aa COIII

plete a beta/gamaa/smear/particulate/iodine/noble gas survey as intearated 
dose permits . 
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7.5 -IWfiation/RacUoactivity Happing 

Equipaaant Required 

.111-ZIITIAL ~STUDY 

EquipMnt noted in the proc:ecluru liated in Section 7.4 
are also rec.-..ncled durin& in-contat.ent work folloviq the initial 
entry. 

Radiation/Radioactivity Happing Procedure 

Before opening the inner batch of tbe airlock. the follov
lD& radiation/radioactivity surveys should be made to the .extent feasible: 

be repeated. 

Airborne Particulates and Iodine 

- To deteraine whether or not the seals on the inner 
door are leakins. 

Noble Cases 

Same reason as above 

S•e reason as above -

c._. Survey of tuer Door Ares 

·To determine expected sa-ma dose rates t .. ediately 
inside of the airlock in order to estimate stay times. 

After the inner door is cracked open, the surveys should 

The g.... survey can eaaily be performed by tc.ertins ·the 
: · teletector probe throuah the craeked open door to determine general gamma 

radiation levels, bov intense the plateout on the floor is and approxi
utely what the plateout on the operatiq deck ai&bt be. The Rad-ovl 
vith vindov open can be held through the open door at floor level to de
termine beta plateout. 

If all of the readinas are vithin acceptable limits (see 
Section 7.4), then the initial entry may proceed. 

For the initial entry, it probably vill not be possible to 
perform a detailed survey of the entire containment due to high radiation 
levels. Rather, it vould be ..,re lllportant to survey the areas needed 
first for cleanup and subsequent task£. In this ressrd, the area around 
the 5o. 2 personnel airlock, the equipment hatch, the stairways, the ele
vator and the pathways between should be of prillle importance. The operat
ing deck, the ladder to the polar crane, add the polar cra~e itself are 
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laportaat but .ost likely vill have to be surveyed l&ter after they are 
flushed by vater dua to the high plateout aenerated radiation levels ex
pected. 

The surveys to be taken on the initial entry should be 
radi.&tion lftela, hot spots, ae•ral area aod plateout. Beta plateout 
surveys on surfacea, especially floors are t.portant. The smear surveys 
should be iaotopieally analyzed to determine vhich isotopes are present 
so that the deconta.ination cheaicala can be chosen appropriately: The 
airtiOrne particulates, iodine, noble gases, tritium (if feasible) _vill 
indicate if the raapirator protection factors are adequate. All of the 
above surveys vill affect the allowable personnel stay t~es in the con
taiftllent. Each of these survey duties should be divided up as described 
in Section 7. 4. 

• 
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7.6 Damaae Aaaea .. ent 

Contai1111ent Status Survey 

. After detailed radiation mapa are made (Section 7.5) , a 
thorouah aaaea..ant should be ude of the coataimaent, including equip
.. nt,atructurea, iuatru.eat and electrical equipaent, vire, cable and 
cable tray, etc. A coaplete status of the containment ia necessary, 
but radiation levels may dictate special aethods in certain areas . Some 
of the survey and data acquisition .. y have to be deferred until after 
soae decontaaiaatioa aad shielding han taken pla-ce. 

Visual observations are .extremely i=portant but permanent 
recordu should alao be obtained. lbe installation of television C4111eras 
in atrateaic: loc:ationa on the 305' and the 347' elevations, coupled vith 
appropriate li&htina, are needed to aid in the supervision of data acqui
sition and decontaaiaMtion. Television pictures of reentry tasks should 
be video taped and voic:e recordings made of the telemetered visual obser
vations for future reference. Photographic: (includina stereographic: 
pictures) should be made to assist vork planning for future operations in-
aide the containlllent. ' 

The status survey should be consistent vith the prioritiud 
listing of data acquisition requests aa discussed in Section 7. 2. 1. Radi
ation levels may require cha~~&ea in the sequence of the survey, however, in 
order tc make efficient use of peraoanel and keep worker dose lov. 

The survey of the physical status of the c:ontainlllent should 
follow the general outline provided below for visual observation and cer
tain sample acquisition: 

a . 305' Elevation 

Floor slab 
Structural columns 
Elevator shaft valle and eaat stairwell 
valls 

- Ventilatina duct integrity 
- Cable tray aad chase integrity 
- Physical status of the containlllent air 

coolers and piping 
Acquisition of material samples to assess 
chemical composition of plateout (it i.a 
assumed the radiological survey for dose 
rates and surface contamination vas per
famed) 
Retrieval of small instruments 

- West stairs up to 347' and dova to 2R2' 
elevat;ons 
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b. 347' Elevation 

- Floor slab . 
Structu~al columna 

- nevator shaft and eaat stairwell walla 
Ventilating duct intearity 

- Neutron shield tanka (in refueling cavity) 
CIDM leads 

- CRDM shroud and vessel head iiUiulation 
Fuel handling machines 

- Incore i~strument service area 
Acquisition of material samples 

- West stairs up to 367' elevation 

c. Above 347' Elevation 

- Steaa generator insulation 
Reactor coolant pWDp 1110tor 

- Preaauruer 
- Pressurizer relief valves 
- Polar crane bridge and trolley 

Material samples fro. polar crane trolley 
- Containment spray header piping 

d. 282' Elevati~ 

- Shield walla and blackouts 
Evidence of hydrogen burn 

- Structural columns 
Ventilating duct integrity 

- Cable tray and chase . 
- Material samples 
- Preselected iMtruments 

Effects of water 
- Reactor coolant drain tank rupture disk 

vent line 
- As radiation levels permit, inspection of 

equipment, supports and structures 
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l'W-211l1AL PUJI.J& STUDY 

Kan-Re111 Dose eo.tit .. nt for Initial Entry 

General 

the 1Ditial conuimlent reentry for radiation .. pping 1a 
nece .. ary to provide for pl&naina subsequent entries for data acquisi
tion and cleanup. A certaiD worker dose can be expected for this opera
tion. With careful plalll11.q, the reentry can be conducted with worker 
doaes which are vithiD cunent plant adainistrative U.111ita. This is 
achieved by predictiona of radiation fields, vork planning, -and special 
procedure considerations (addressed in other parts of Section 7.0). 

- Radiation Field Predictions 

A prediction of expected radiation fields, especially the 
identification of hot spoe., should allow vork planning and the prepara
tion of the procedures for entry and data acquisition to consider the 
proper balance between worker dose and data acquisition. For the case 
of initial entry, it is appropriate to allow higher worker doses for 
radiation field uppiD&, as discussed in Section 7.S, consistent with ad
ministrative pides aad Federal Regulations related to quarterly dose 
limits. 

The prediction of radiation fields follovina reaaote decoa
talllination indicates that substantially all of the lOS' and 347' eleva
tiona, and portions of the 282' elevation can be Mppecl usin& three tealll8 
of three people (plus people ataadin& by 1D case of emergency) vith a .. n
relll dose of -S to 20 rea total for the nine people who enter the contain
•ent, vith no individuals exceeding the quarterly liait. 

Work Planning 

The prediction of radiation fields sh~d be used in con
juac:tion vith procedure dry runa usiD& the 1/2-inch scale IIOdel, and stay 
timu verified by experience. Sillulation training should be conducted in 
full protective clothing and breathing appuatus to obtain proper tiaea 
for each procedure step. Tbia planniD& vUl allow tradeoff& to b& aade 
for optimizing the surveys if ~he radiation levels are significantly dif
ferent froa predictions. 
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7.8 Potential Probl ... and Hazards Analysis 

There are a au.ber of potential problems and hazards that 
may be faced, not only on inittal ·entry but also on subsequent entries. 
A summary liat is as follows: 

Explodve peas 
- Oxyaeo deficient atmosphere 

Toxic ps .. or particulate material 
Fire 
Electrocution 
Asphyxiation due to respirator problema 
Personal injury (cuts, fal~, broken 
boa .. , concussion) 
Structural failure (due to hydrogen burn) 

- uck of lighting - lights burned out 
Overexposure due to direct radiation 

- Inhalation overexposure 
Personal contaadaa.:ion 

- Unanticipated criticality 
Falling objects 

Explosive Gases 

There already baa been a hydrogen detonation as discussed 
in Section 3. It 1a possible that there are still pockets of hydrogen 
left. In addition, hydroaen aDd methane can be generated by radiation in
duced decomposition of oraanic materials. Section 7.4 describes the equip
ment and procedures necessary to test for explosive aases. The contain
ment should not be entered if the concentration of explosive aases is 
abov~ 1~. Puraina should be used to reduce this as much as possible. 

Oxygen Deficient Atmosphere 

Since there has already been a hydrogen detonation some of 
the oxygen has been used up in the combustion process. Purging the con
tainment before personnel entry should alleviate this problem but there La 
stUl a poaaibUity that pockets of oxygen deficiency exist. · This 
may not be a probl.ea on initial entry since SCBA gear should be worn due 
to airborne radioactivity problema. 

Toxic cases or Particulate Material 

The nature of damage in the containment could have released 
toxic gases or particulate material into the containment due to radiat ion 
dose, the hydrogen detonation effects on materials , etc . SCBA gear should 
provide necessary protection until air samples are taken. 

Fire 

Fire is an important consideration especially when large 
amounts of plastic are used for contamination control and when torch 
cutting and welding operations are proceeding. Fire extinguishers, fire 
hoses, and fire observers should be available during these operations. 
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111-211TW. .....a STUDY 

Electrocution 

With all of the decontamination vater, electrical cquip
~~mt and exteaaion cords durin& th& hands-on d~cont4lllination phase, a 
possibility of electrocution should be considered. Electrical equipment 
in an area beiDa decontaainated should be dee:~eraized. Auxiliary light-

-ina should be used. Extension cords should not lie on the floor and ex
tension cord connections should be watertight. 

Asphyxiation Due to Respirator Problea 

Personnel having difficulties vith their respirator should 
follov Procedure 1616 and leave the containQent immediately. If personnel 
are unable to obtain air, they should disconnect the respirator hose or 
re110ve the reapirator vhile exiting the containment as expeditiously as 
possible. Personnel should take care in testing their respiratory equip
=ent before entering the containment. 

Personal Injury 

Care should be taken by personnel to follov standard safety 
procedure• for the vork place. Cuts, falls, broken bones, concussions, 
etc. are all poasible injuries that should be avoided especially due to 
the difficult conditions inside the contaiDIIIent . 

Structural Failure 

When the hydrogen detonation occurred, it could have caused 
structural damage in the containment. Personnel should look for cracks in 
the floor or separation froaa the valls, before venturing into the contain
aent. 

Lack of Lighting 

Operating plants have burned their lights out by leaving the 
lights on during operation. The refueling outages have then been· delayed 
while lamps vere being replaced . Soon after the incident the lights in the 
contaillllent vere turned off but it 1a poaaible that they aay be burned out. 
The regular lights in an area aight not be used during decontamination of the 
area because the water or stem jets coul·.i break the lights. Miner's l amps 
and auxiliary lightina could be used. 

Overexposure due to Direct Radiation 

Personnel vill be protected by proper us* of thei r su~ey 

instruments, personnel dosiaetry, and calculated stay time in high radia
tion areas. Frequent checking of their self-reading dosimeters ia required . 
Prompt compliance vitb health physics instructions on the termination of 
stay tiaea 1s IIWldatory. These methods vUl be used to minimize the possi
bility of overexposure. 
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Inhalation Overexposure 

Personnel should be trained in the proper use of respira
tors and tested for proper fit. Whole body counts, both baseline and 
after contaiament entry, should be carried out to check for possible in
halation expoaurea. 

Persoaal Contaaination 

Several layers of protective clothing should be worn in
side of the contaiament. Personnel should be trained in the proper pro
cedures for donning and removing this clothing as described in Procedure 
1686. Decontamination of personnel should be treated as described in 
Procedure 1612. 

Unanticipated Criticality 

While the likelihood of accidental criticality remains 
small, special instrumentation should be installed to detect and alarm 
such an occurrence as described in Section 4.2.13. . In the event of such 
an a l arm, personnel should evacuate the contaUIIIent as quickl y as possible. 

Falling Objects 

Since there vas a hydrogen detonation, there is a possibi
lity that there is structura! ~~~~_s_o floors and valls i~ t_he ~!mtaip
ment . In addition, tbe anchors t~r cable trays, piping, etc. could have 
been loosened. The stairways and elevator could be da~~aged. An inspec
t i on of the structural integrity of the containment and equipment inside 
coYld be performed. Personnel should be extremely cautious concerning 
loose equipment until the inspection is complete. Hard hats should be re
quired. Climbing on equipment supports should be discouraged. Scaffolding 
should be erected until the integrity of structures has been ascertained. 
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7.9 Alternate Initial Containment Entry vith Remote 
Controlled Manipulators 

General 

In the evant tbat a decision is made to enter ttie contain
unt buUdiDa at a tiM vben radiation levels are too hiab to permit 
•nned accus, a remote controlled Mcbanical vehicle (Robot) vUl be 
evaluated and couidered for the initial containment entry. Utilization 
of this type of raote controlled manipulator(s) voulcl lillit exposures to 
health physics personnel, and allov entry into the containment to secure 
radiation surveys, dose rate asaeaaaent evaluations and observations of 

_the general contai~~~~ent conditione at the point of entry on the 305' level. 
· Remote controlled manipulators are capable of obtaining dose rate data. talc.

ina various saplea of surface c.Jntaaination, and providina a visual (TV) 
assess•nt of the general condition of the contaiament . In addition. a 
robot could provide essential data to aid in the remote decontamination ef
fectivenesa evaluation. (Section 5.0) 

Keetinas have been held vith representatives from Atomics 
International (AI) c:oncemina the applicatons and availability of remote 
manipulators. AI explained and provided information and documents con
cerning three r~mote manipulator units (see Section 7.9.5.1 through Sec
tion 7.9.5.3) tbat vere available for t.Dediate delivery or use. The re
mote unipulators available are: PaR Hodel 3500, located at AI's head
_q~rte~s in Canop Park, California, aDd tvo Wireless Observing Re1110te. 
Manipulators "WOJJI'' . One WORK is located at the Rocky Flats facility and 
the other at t.vrsnce Livermore Laboratory and both are the property of 
the Department o~ Energy. The "WORK" vould require modifications to ac
COIIIIIOdate a wireless television system. AI eatilllated that it vould re
quire 3 to 4 months to complete the required modifications. 

1.:.!:1 
7.9.2.1 

Systns. 

7.9.2.1.1 

environ~~~ent. 

7.9.2.1.2 

Vital statistics on the remote controlled manipulators: 

Wire Controlled Hobile Manipulator 

PaR Mobile Manipulator, developed by Progralllllled and Remote 

Design Func tiona 

Re1110te controlled device to replace a man in a hazardous 

_ General Description 

Tracked vehicle supporti ng vertically telescoping tube vhich 
supports PaR Model 3500 mechanical arm. Connects vith controller by means 
of ' a cable. Dravbar sufficient to handle approximately 200 feet of cable. 
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7.9.2.1.3 

7.9.2.2 

Geae~al Specifications 

Mechanical Arm (Pall Hodel 3500) 

Wei&ht 
Rea.£b 
Haodl.iq Capacity 
(any' poeition) 

Vehicle with Arm 

Weight 
Vertical Reach 
Hiniaaa Height 
Width 
Leqtb 
Power RequireMnts 

Radio-Coot~olled Mobile Manipulator 

. ~ ; 

. -JII.Z NIIAL ~STUDY 

110 Pounds 
49 Inches 

100 Pou"nda 

500 Pounds (approA.) 
Greater than 9 Feet 
Approximately 5 Feet 

30 Inchea 
30 Inches 

120 VAC 

WORM - Wireless Observing Remote Manipulator, developed 
by Rocky Flats. 

7.9.2.2.1 Design Function 

Remote rescue device to ~ec:over injured man in haza~dous 
enviromaent. 

7.9.2.2.2 Ceae~al Description 

T~acked, low profile vehicle equipped vitb mechanical arm 
and television with lighting. Battery powered, radio-controlled. Vehicle 
has demonstrated capability to climb standard industrial stairs. 

7.9.2.2.3 General Specification 

Vehicle with Arm and TV 

Weiaht 
Leqtb 
Width 
Height (Arm extended 

Vertically) 
Draw Bar Pull 

Mechanical Arm only 

Handling Capacity 
(any position) 

Reach (Horizontal) 
Power Requirements 

i -21 

Approximately 650 Lbs. 
52 laches 
26 Inches 

85 Inches 
250 Pounds 

Greater than 20 Lbs. 
60 Inches 

120 VAC 



NaiE: 

.. TJI.211nAL PUlliNG STUDY 

Tbe ''WORK" lll&uipulator unit. at Rocky Flat. and the 
Livar.ore Laba vlll require 110difications to acc0111110date 
a virala.a cloaed circuit television aystem. Also. the 
anteDD& aya~ea for the remote .radio controls may require 
a aipificant IIOClification for in-contaimaent operations 
due to siauJ. duaipation by tbe bullcliog vatu. 
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THI-2 CONTAINH£NT DECONTAKINATIOH 
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'IMI-2 COIITAINMEMT DECONTAMINATION. 

DATA ACQUISITION SUHHAaY INFORMATION 

2. Date Recorded 

3. Sponaor/RaquestiD& Organization _____________ _ 

4. Correspoacleoce Refereoce -----------------

s. 'Utle 

6 . S~.~~~~~ary of Objectives 

8. Data Acquisition Plan arul Schedule-------------

9. S~ry of Safety Aases•at 

11. Priority Aasessaellt -------------------

12. Approvau----------------~-----~ 



TJI.21111AL PLA- STUDY 

lt.O HEALTH PH1'SICS PROCED11RES FOR RANDS-oN DECONTAMINATION 

- 8.1 Protective Clothing and Respiratory Protection 

The protective clothing aad respiratory protection require
lleDta are also diacu .. ed in Section 4.~.5 and 7.4. They are s~rized 
hera for ca.pletau•. 

Tbree layers of protective clotbin& should be used as a 
ainimula with a raincoat and hat over the top and rubber boots on the feet. 
The outer layer of clothins should be waterproof plastic. SCBA 'a with 60 
minute capacitiu should ba used initially. Later air line aaaka and hoods 
with air filled suits can be used· once the air supply is set up and pro
tection factors provided by the particular syst ... are adequate. The air 

·, filled suit will provide a 110re coafortable aDd 110re efficient vorltins 
aviroa.aat. Hard hats with aiDer's lallps could also be used at least 
until auxiliary li&htin& a available. The protective clothin& can be 
put on in the De¥ access control buildiq. The outer layer of clothin& 
can be re110ved upon exitin& the plastic eac:losure surroundin& the area in
aide the contaiDMDt bein& deconaa!D.Ilted or at thtt airlock atep off pad. 
The second layer should be reiiO'Ved outside the acceas control point or 
the secondary plastic eac:losure. The third set cau be reaoved at the st4!p 
off pads in the contaimlent access control facility described in Section 
4.3. 
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8.2 !atry Procedures 

The health physics procedures for contaiaaent entry are 
iivea in Sections 7.4 and 8.1 aDd 1D the follovins procedures: 

1630 
1630. 2 
1670.8 
1670.15 

laactcir BuUdiD& Entry 
auctor BuUdiaa Entry (Unit 2 oDly) _ 
~raeacy laeutry for Repair or Rescue 
Post Accident Re~ntry aud Recovery Plan 

and a nUIIber of ancillary procedures listed in Section 7 .4. __ 

These procedures should be followed for bauds-on decontamina
tion except that certain aurveys may only be necessary for the initial 
entry and can be discontinued vben shovn to be of negligible value. 

Entry vUl be through the contaimlent access control faci
lity described in Section 4.3. 
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8.3 Exit Procedures 

The health physics procedures for containaent exit are 
&1Yen in Sections 7.4 and 8.1 and in the procedures listed in Section 
8.2. 

These procedures should be followed for hands-on decon-
t .. ication also . except that. as the cleanup progresses. the respiratory 
protecti~n and protective clothing requirements can be reduced. The 
respiratory protection might consist of air-line masks and hoods with 
air cooled suits rather than SCBA's after -the decontamination gets under
way. Later> canaiaters might be uaed instead of supplied air. The 
personnel exit should be through the equipaent hatch and the containment 
access control facility described in Section 4.3. 
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8.4 Contaaioation Control Procedures aad Facilities 

Contamination control procedures are provided in plant pro-
cedures: 

1003 Radiation Protection Haoual 
1609 Loose Surface ContaaioatiOD Surveys 
1612 Monitorina for Personnel CODt•ination 
1681 Control of Contaaioated Spllla 
1682 Control of Contaainated Tools, Equipunt, 

and Material . 
1683 B&ndling of Contamioated .Vacuwa Cleaners 
1686 Use of Protective Clothing 
1780 Protective Clothing Laundering 

These procedures should be followed to the extent they are 
applicable to plant conditions. Additional contamination control faci
lities would be available in the containaent access control facility de
scribed in Section 4.3. 
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8 • .5 Peraoaal Eguip!!nt Decontamination Procedures 

-tbe decontaaination procedures for personal equipment are 
aiven in the follovi.D& procedures: 

1003 
1611 
1612 

. 1682 

- 1683 

lacUatioa Protection Manual 
Area and Equipment Decontalllination , 
Honitortns for Personnel Contaaination 
Control of Contaminated Tools, Equipment 
and Material 
Handling of Contaminated Vacuum Cleaners 

These procedures should be followed except that vacuum 
cleaners should t10t be required to be cleaned upon reacl:ing 50 ar/hr and 
should not. be required to be cleaned to less than 2.5 ar/hr. Otherwise, 
they vould have to be replaced frequently . Equipment should be consid
ered clean if the loose surface contalllinatioa is less than 1000 dpa and 
the fixed contamination gives less than 0.4 mrea/br at one inch. 

An important point is that equipment that can function in
side of plastic wrapping should be so protected before being taken into 
the c:ontainlllent so that it does not beco:ue contaminated in the first 
place. 

Personnel dosimetry should be kept in clear plastic bags 
so that it will not becoae contaminated and the self-reading dosiaeters 
can still be read. 

( ' '-': . ~·~n. 
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Personnel Exposure Control, Honitorins and Administrative 8. 6 
~ 

~nistrative Limits 

Ad.inistrative limits are set as aoals to be souaht after 
and not as absolute lilllita. These adlliriistrative Uaits are chosen to 
ensure tbar: worker exposures do not exceed 10 CFR 20 lillir:S. c~ 

The followina are ·recomaended adlliaistrative limits: 

1 rea/quarter vhole- body with no NRC Fora 4 • 
2.5 rem/quarter vhole body vith NRC Fol':ll 4 * 
7. 5 rem/quarter skin -* " 

~ 18.75 rea/quarter extreaeties • 
Wear cannister respirators vhen surface c~n
tuination is areater than 105 dpa/100 ca2 
Wear air-line usks or SCBA vhen surface con
taaioation exceeds 106 dpa/100 ca2 
Wear respiratory protection when the airborne 
isotopic radioactivity is unknown and areater 
than 3 x to-10 uCi/cc. but known. not to be alpha 

* These adllinistrative llllits are to ensure compliance 
vith 10 CFR 20 and are aiven in Procedure 1003, Radi
ation Protection Manual. 

Other adllinistrative limits are aiven in the Radiation Pro
tection Manual, Procedure 1003 and in other ancillary procedures listed 
in Section 7.4. 

Work Surveillance 

Health physics personnel should tille all personnel inside 
the containaent. Tbe timing function should be done froa the coiiiDunica
tions center. 

Residual aamaa and beta radiation levels and hot spots 
should be surveyed after esch · step in the decontaaination phase is coa
pleted for each area to deterlline the decont311ination factor and whether 
or not personnel vill be allowed access to the area <tnd for what period 
of time without further decontallination. Work should be surveyed before 
each crew begins work and after they complete their allotted stay time . 

Cart mounted continuous airborne particulate, i odine and 
noble gas monitors vith a tritiua detection capability should be availabl e 
to continuously monitor airborne radioactivity. The monitors should have 
loca l and communications center displays and alaras to peroit surveillance 
of the vork areas froa the cocmunications center. 
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Airborne particulate and iodine surveya should be per
formed hourly during initial decontaaination or whenever some operation 
1a perforwed that lli&ht be expected to produce high airborne radioacti
vity. 

Radiation Monitoring 

the special radiation 110nitoring equipment should be in
stalled as described in Section 4.2.13 and abould have readout in the 
ca.auDications center. Since the supervlaor in the cOIIDUilications center 
will have tvo-vay coaaunicatioos with personnel inside the containaent. 
he can control their stay times based on surveys and continuous monitor 
readings. He should have a set of large survey maps of the cootainlllent 
by olevation and section views which should be continually updated with 
the latest readings aad survey results. 

Emergency Procedures 

Emergency procedures should be followed as described in the 
plant emergency procedures aiven in: 

dures: 

1004 
2202 
2203 
2204-7 
2204-12 

lMI Emergency Plan 
Plant t.ergeocy Procedures 
Plant Aboorul Procedures 
Fire Protection Procedures 
Radiation Hooitorina Procedures 

Additional information is given in the following proce-

1003 
1612 
1670.8 
1670.15 
1681 
2202-1.2 

Radiation Protection Manual 
Monitoring for Personnel Contamination 
Emergency Reentry for Repair or Rescue 
Post Accident Reentry and Recovery Plan 
~- . .rol of Cootaadnated Spills 
: · ttticipated Criticality 

There are other ancillary procedures which should be follow
ed that are liated in Section 7 .4. 

In essence. the supervisor in the com=unications center should 
have twO-Way commuaiestions with and TV pictures of personnel working in
dde the cootaiaaent with the aid of temporary lighting. He can advise per
sonnel of the proper actions to be taken for the particular emergency in
volved. He should also infom the control roo11 ialtediately. If any alam 
involving the contai~~~~~ent sounds in the control roo::a. the control roo::a 
should i::amedLately info~ the supervisor in the communications center. 
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Backup Workers 

~ aeed for backup workers vill be deteraiaed after ini
tial eatry. Sholald aa -ranc:y occur, IIAlditioaal peraonael abould be 
prepared for e•raeacy eatry iDto the coatailmellt. 

Fire observers vitb fire utiD&uiahers vill be needed 
vbeaever torch cuttina or veldiaa is beiaa performed. 

Shield in& 

Taporary sbieldiD& for the hands-on decontaaination phase 
is described iD Section 9.6. 

Ventilation Control 

The ventilation control system is described in Section 
4.2.3. The steaa aeaerator coapartaenta should be sealed at the top to 
ensure that the flov of air is froa leas coataaiaated areas toward the 
IDCire contaainated areas iD order to a:lniaize recoataaiD&tion of cleaned 

. -areas. 

Pl.utic euc:loauru or teats should be set up arouacl equip
IMDt or bot spots beiDa decontaaiaated vitb filtered (BEPA aad charcoal) 
taporary ventilation uhauat. The taporary veatilation caa conaist of 
portable blowers aad elephaat tl'UDU. 

Equipaeat or areas which have been cleaaed should be 
sealed off vitb plastic to prevent recoataaiaation vhile the rut of the 
coatai&:IINDt is beiDa decoataaiaated. 
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9.0 

9.1 

.!.:.!:.! 

IWCD5-0N DECONTAMINATION 

Procedural Outline and General Plan 

Gross Decontaaination 

A deteraent-solution vashdovn is considered to be the prime 
.. thod for the initial haad.-on decontallioation for the following reuons: 

a. It vould allov personnel to stay relatively far 
avay fr011 hl&h levels of contalliaation due to the 
distance that the spray vill travel (up to 50 
feet). 

b. The likelihood that other methods vill not be 
able to reach the doae fr011 the polar crane with
out scaffolding, vith coaaequent high exposures. 

c . The need for large quantities of vater to flush 
the hiah levels of loose surface contaaiaation 
avay rapidly to lliniaaize exposure t iaes and sweep 
it to the SUIIp. 

The illlple~~entation of hands-on decontllld.nation vol!ld occur 
after c011pletion of the remote decontalliaation procedures. Gross decon
taaiaation vould be performed uaillg deaaiaeralized vater with a lllild, chlo
ride-free deteraent delivered throuah the fire protectioa system. The 
syste11 lineup vould be u shovn in Fiaure 4-14. The maxilllua hose size 
should be limited to 1-1/2" for safety. There should be no attempt to 
perfom exteaaive cwnup uaing this method in order to aainiiRize the quan
tity of liquid radvaste geaerated. This operatioa vould start from the 
persoMel airlock at the equipment hatch, if the service building is com
pleted, to allow early equipment access if the floor below is structur
ally sound. Otherwise, the other personnel airlock vould be used. The 
gross decontallination vould initially involve cleaning the 305' elevation, 
especially the stairs and in front of the equipMnt hatch, and then pro
ceed up the stairs to the operatina floor, clearin& a pathway toward the 
polar crane, allovina personnel to decontaminate the contaiumeat from the 
top dova. Te~~porary shieldina of hot spots along the pathway may be re
quired. 

While the dome vill be difficult to decontaainate due to 
its inaccessibility, cleanup is necessary since contaminated material 
would otherwise continue to come loose froa the dome, recontaoinating 
everything below. The gross decontallination of the d0111e aaight be accomp
lished by hosin& dovn the ladder to the polar crane and then hosing the 
do=e from the crane (a distance of SO feet). If this is not possible, 
then an alternate method of uaina cultiple cranes should be attee~pted. 
Scaffoldin& aay be necessary to reach the doae for decontamination . 

The hatch in the floor on the 347'6" level could be re
moved using the polar crane, if still uaabl~. otherwise a hand rigged 
crane could be used. Removing the 347' hatch vould allow equipment to 
be moved to the 347' elevation. A boom crane could be rigged to 11ft 
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persoDJ1el up to clecont&lliaate the dome if the polar cr~ne could not be 
used. Iaatallin& a vater aDJ1on on the operatin& floor would be aaother 
possibility. 

After the dome u cleaned, the polar crue would be next. 
The operatin& floor, 305' elevation outaide of the "D" rinp, steaa a•n· 
erator COIIparC.ntso oeqUip!Milt COIIpartEenta, etc., vUl be decontmainated 
vorkina froa the top down. 

Equ.ipment extedora would be flushed vith water vhen that 
particular area vas beina cleaned. Since liNCh equipment vill have to be 
replaced, extensive interior cleanin& is probably not justified unless it 
can be performed rapidly and v1ll result in a major decrease in radiation 
level. 

Detailed Decontaaination 

Detailed decontamination would first be perfor=ed using 
saturated steam at lov pressure vith ~ mild, chloride free detergent from 
hand held steam nozzles. The steaa nozzles should be sufficiently long 
to allow personnel to stand back froa the contaminated surface to aini
::dze exposure. Again, decontamination would proceed fr0:11 the top of the 
containment towards the bottoa. In this case, the time spent cleaning ~ 
given area would be longer than for the initial gross decontamination, 
but the dose ratea should be lover. The staaa decontaaiaatioa •thocl 
should provide a considerable decont•iaatioa factor for buildin& surfaces 
and equipment exteriors so that they v111 no lonaer be a high source of 
radiation. Residual contamination vill still be present, however. 

Hydrolasers vere considered for use as the pri=e method for 
detailed hands-on decontamination in the containment but the steam clean
ing =ethod vas determined to be preferable. The disadvantages of the hydro
laser are: 

a. The higher airborne radioactivity it would generate. 
(The hydrolaser tends to dislodae activity without 
dissolving it and solubilities are higher in the 
high t~perature condensate than in cooler hydro
laser water). 

b. The longer time period required to cover the area 
involved and consequently higher personnel exposures. 

c. The larger quantity of water required compared to 
steam cleaning . 

d. The personnel injury hazard due to high pressure 
jet. 

e. The relatively short distance the spray ~ill reach 
vith consequently higher personnel exposure by being 
close to the contaaination. 
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f. The removal of coatinas by the jet allowing rust 
to form on the liner or resulting in b~re con
crete vhich vould be even harder to deconta:Unate 
later. 

During the ste~ cleanin&, certain highly cont~lnated 
areas oo the lover levels should be partitioned off vith plastic sheeting 
to prevent it fro. recontaainatin& those areas al.ready cleaned. These 
areas should loclude the steam aenerator compartments and other equipoent 
compartments below the operatin& floor. 

Personnel vould be directed in the decontaaination eC!ort 
through the use of TV and two-vay com=unication ayst~as Including ~icro
phones inside of the masks for ease 1n understanding. 

Due to the possibility of radiolytic decoapos!tion of the 
epoxy coatlnas. generating methane aas bubbles Yhlch al;rate to the sur
face and burst leaving craters vhich can trap contamination. and the fact 
that there is no solvent vhlch vlll recove the epoxy. there aay be a need 
to re=ove large areas of ~poxy coating by =echanical ~ans, especially 
where plateout sources are high (e.g •• the operating deck). Crindlns 4nd 
sand blasting generate airborne radioactivity. ~ut needle guns generate 
chips which can be vacuumed up. 

Hot spot deconta.tnation on s=ooth surfaces can be per!o~ 
ed using a alld. chloride free detergent such as Radl.:tcvash OUJd :anual 
scrubbing. Con~lnation residing on co=plex surface~ vhich cannot easily 
be re111oved vitb the above =ethods should be prevented ! ro: reconta:UMtlng 
clean areas. e.g •• using plastic or peeloff coatin;s. 

Task PLl::nlng 

All tasks should have writt~n approved proc~res b~iore 
they are initiated. All personnel should be tr~lned in the procrdure 
~eforo cocaencing each task. Progress :eetings should be held -on ~ach 
shift turnover. 

9.1.~.1 Preliainary training should include ~he~~ trainfn; ~Yr~~. 
vhich discusses basic principles of rAdiatlnu. ~on~lnatlon. 10 CFI ~0 
llaits. ad=inistratlve 11~1ts. =ethods of =easur~nt. b1ol~iC3l ri~ks . 
~Osting of signs on areas. radiation vork pe~tt prnccdur~. ~~~r~ l - ~hods 
,;,f ainiaidng exposure. general aethods to prev~t ...-rson.al. conta:sinat.ion . 
general Dethods to prevent the spread of conta~l~atlon . airbor~ r~l~c:1-
v1ty. respirato~ prote~tlon *GUlFQent. ~nd e=erg~c~ proc~ur~. 

Portable !V CA!Mtru :~~>unt~ " " tr ipods. v l!:h -:~tc ,.lcv~n:.; 
~on trots. and ~ tvo-way audio syste::a should be thni fn t.'le eont~!nctrnt. 
sl~i lar t o the war ft ls pre.'le1Jtly bod~ usl!d ia ~:W d<!anu~ .Jf -~?:fl< .,ia)n.t r~ 
arf butldtng. This ~Y~t-= would ~nable the w~rk~r' to~~~ t~e~c~uai •~r~ 



l.,cation .ard -the existing conditioM -;trior to con~int~ent entry • . lt 
would also allov the workers to be recotely directed- in their d~cont~
nation effor=s and alloW the vor~rs to ask questions· as they proceed. 
Health physics personnel would be able to oonitor the vorAers without 
receiving exposures theaeelves. 

Closeu~ still photoaraphs (including aterographic photo
graphs) and slid~~ can also be used to ahov fine detail of sose oper~
tions. Si~il~r equipDent on Unit 1 could be used as eodels !or photo
graph:~. 

._ 

--
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Gross Surface Decontamination 

. .!:b.!. GeneraL 

' General gross surfac~ decont~ination will be perfor=ed 
~ uaini a detergent· solution· flush. The situation will be evaluated upon 

initial entry. Water lances, flared ·aozzles. or fire nozzles cay be used 
'. depending ·upon the. condition. The decontallin.ttion solution should be de
, .. ::liner.1l1:ed water with a lllild. chloride free detergent. The gross decon
t:naination vould be uaed to establish a:i entrf ' pathva~· into the contain-

· oent. and to .fluab readily reaovable cont.tlllinationcthat the re=ote decon
ta=ination efforts missed. · This effort would have to balance the scncra
tton of liquid waste versus the high mari-rem that would be received in the 
detailed decontamination without eliminating loose cont.tmination first. 

Prerequisites 

a. Complete remote decontamination. 

b. Flush contair.=ent vith de=ineralized water to 
clean out all tritiated water. 

c. Pump out all cont~inated vater £roo the con
tair~nt and reflood vith demineralized water 
to act as a shield as -discussed in Section 5. 

d. The fire protection system in the contain=ent 
should be connected to the demineralized water 
supply. The noroal fire protection water 
supply to the containment should be secured. 

e. The detergent solution is lllixed ·with the pro
per quantities of demineralized water in a 
mixing tank and is transferred to the sodium 
thiosulfate tank ·for storage. (see Figure 4-13}. 

f. The contain=ent atmosphere shall have been 
Purged of noble gases and iodine removed by 
the building filtration system. 

g. Personnel shall have been thoroughly trained in · 
the use of . protective c~othing and respiratory 
protection. 

h • . Incandescent lacps in the area to be decontami
nated are turned off if the. sealed doaes have 
been damaged by the hydrogen detonation. · 
quartz-iodine temporary lighting should be 
•1sed instead • 

. 
i. To the extent possible all electrical equipment 

in the area to be cleaned will be dcenerglzed be
fore commencing decontamination. 
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Method 

The method will consist of rapid m3nual washdovn of con-
tlllllinated areas. 

General Procedure 

The gross decontamination effort shnuld begin at the person
nel airlock through the equipment hatch if the service building is com
pleted. This airlock was selected since it w~ld permit the earliest equip
~ent access to the c~ntainment. lf access through this hatch is not per
missible, then the other personnel airlock will have to be used. 

First an entrance path would be clearP.d between airlocks by 
flushing the radioactivity outward and away from the airlock with detergent 
solution. Miners lamps on hard hats could be used at first, then portable 
quartz•iodine lamps would th~n be set up in the flushed area to allow pro
gress in decontaminating up the stairway to the operating floor. The doQe 
lights could be on during this time, but not any local permanently install
ed lamps. 

After the stairway to the operating floor is flushed, then 
gross plateout should be cleared from the operating floor to allow reason
able stay times. ~ext, a pathway to the polar crane (caged ladder on con
taina:ent wall) can be flushed. 

Plastic sheeting should be used to seal off the ste3m gen
erator compartments and small compartments on the lover elevations to pre
vent radioactivity from these areas from beco~ing airborne and recontaminat
ing the areas already cleaned. 

~ext, the polar crane and dome (at most SO feet above the 
crane) will be flushed. A hoist would be required to pull a hose up to the 
crane. tf the polar crane is operable, the bridge will be rotated ~eriod
ically to allow easier flushing of the dome and then the sides of the con
tainment. 

tf the radiation levels· are too high to permit access to 
the polar crane, a water cannon could be set up on the operating deck to 
start flushing the containment dome. The cannon has several disadvantages : 
The water usage of the cannon would be higher than oanual hoses. In addi
tion, the DF of the cannon on the dome would probably not be as good as 
that for a spray from the polar crane. 

The flushing should thP.n proceed downward toward the oper~ting 
floor. Once the containment dome and upper walls are co~pleted, then the 
opernting floor can be done, always flushing the radioactivity away f rom 
the treated area. The 305' elevation outside of the "D" rings ~o~ould then be 
Hushed. 
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Only the externals of ClOSt equipunt vUl be tl111hed un
less the equipment (such as the cooling coils of the containment air 
coolers) are shown to be exceptional hot spots. 

The steaa generator co~artments may have such high radia
tion levels due to internal contaaination of the reactor coolant system · 
_tbat only gross surface fluahina fro. above may b~ possible . Once the 
at~~ generator coapartmenta are ca.pleted. work could commence on the 282' 
elevation. The reactor ·cavity and incore instru.entation tunnel should not 
be flushed until last due to the higher radiation levels expected there. 
All sprays of floors should be directed toward the drains or sumps . 



9.3 

9.3.1 

9.3.1.1 

Nolllinal Surface Deconuaination 

Manual Ste3111 Decontamination 

Ceneral J.nforaation 

fii.Z llliAL PUll •• STUDY 

While the original flush of the contatn.ent surfaces is 
performed quickly to lllinilllize the generation of radvaate vhile still elillli
nating loose surface contaoination, the steam cleaning ~hase vill be =uch 
more thorough. A mild detergent should be used in the vet,lov pressure 
steam in order to =ax1111ize DF vhile lllinilllizing the number of decontamina
tion cycles necessary (and thus =dnimizing the exposure). 

It is assumed that the previoua decontamination steps vill 
have removed sufficient loose radioactivity from the dome and upper valls 
of the containment to preclude airborne activity from recontaminating other 
areas so that steam cleaning of these areas vill not be necessary. Other
vise, scaffolding vould have to be erected for steam cleaning. 

The containaent radioactivity levels should have decreased 
to the point vhere the containment atmosphere filtration can be used to re
move airborne radioactivity generated by the steam cleaning. 

The polar crane should be the first item to be steam clean
ed since the contamination vill fall downward. After the crane is cleaned, 
it should be vrapped in plastic: to prevent it from being recontaminated. 
Steam cleaning should then progress downwards in the containment in the 
same order that the vater flushing vas performed. 

In the steam cleaning operation, however, the equipment in
ternals should also be decontaminated if possible. After the steam clean
ing is performed, it should be possible to perform hands-on maintenance on 
most equipment vhic:h does not contain reactor coolant. After each area or 
piece of equipment is steaa cleaned, it should be covered vith plastic: to 
prevent recontamination. 

9.3.1.2 Prerequisites 

Prerequisities for steam cleaning are the same as for the 
~ater £lushing except that the containment filtration system should be 
operating vith the exhaust going through HEPA and charcoal filters. 

a. Loave shielding water in the sump. 

b. Portable steam Renerating units arc available !n~ide 
the containment . One generator can supply steam 
for cleaning the polar crane. The portable 
steam generator should be on the operating floor 
vith a s team hose rigged up to the crane level, 

9-8 



9.3.1.3 • 

. 111-21111AL ~STUDY 

c. The detergent is mixed in the water in the _ tank 
feeding the portable steam- ~teneratina un!.u •. -

d. Personnel must still wear protective -c lothing 
and respiratory protection. 

e. Incandescent ~ps in the area to be decontaai
nated are turned off.- if · the sealed domes were 
damaged in the hydroge_n detonation. (Steaa 
hitting the lamp would break it and could ele
trocute personnel). If the noraal lighting is 
not available. quartz-iodine temporary lighting 
should be used for that area instead. 

f. · If possible, all electrical equipment in the 
area _to be cleaned is deenergized before start
ing to clean that area. 

~ethod 

.-- The method used will be long handled steam nozzles c:anu
ally directed • 

.. General Procedure 

. The general steam cleaning procedure is sf.clilar to that of . o 

· the water flush except that the entrance pathway will not have to be cleaned 
first and the containment do~ should not have to be steam cleaned. Other- · 
wise the procedure starts with the polar crane and progresses· downward . 
Plastic sheeting should be uaed to seal off the steam generator compartments 
and sQ&ll compartments on lower elevations. Plastic should be wrapped 
around equipment and areas immediately after they are cleaned. to prevent re
contamination. Dessicant should be used when equipment is wrapped. 

The operating floor (347'6" elevation) should be cleaned 
next. Then the intermediate elevation, the "A" steam generator compartment. 
the "B" steam generator compartment and the lowest elevation should be 
cleaned. Finally, the reactor cavity and incore instru=ent tunnel ~an be 
cleaned. All steam nozzles should be aimed to direct the conta~ination on 

_floors toward the draina or sumps. 

9. 3. 2.l 

Man~al Hot Spot Decontamination 

General Info~tion 

. It i s exPected that even after the remote decontamination, 
manual water flushing and steam cleaning, that ·there will be hot spots where 
contamination levels are considerably higher than elsewhere. Thcs~ areas 
:nay create high radiation levels in areas with heavy traffic or where · long 
stay ti:es arc required, or may create a problem with spread of contamina
tion. These areas must therefore be cleaned up or contamination __ iixed in 
place with plastic or coati ngs. · The ,general-method ._ for cleaning· of a ho t 
spot in an otherwise rel~tively . clean area is to scrub from the outer 



fringes toward the center vith sponge mops and buckets of cleanin& solu
tion, flushing vith saall quantities of vater, and vacuuming up the liquid 
vith a wet-dry vacuum cleaner vith no plastic bag liner, The vacuum clean
er should be e=ptied by attachins a hose directly to the floor drain or 
sump and opening the drain. Whenever the vacuum cleaners are used for 
pickup of solids, a plastic baa liner will be uaed to Qlnimize the spread 
of contamination. The process can be repeated vith the use of an electric 
floor cleaning/polishing machine vith brushes rather than steel wool vhich 
would abrade the surface. The detergents used should be chloride free 
(less than 0.1 ppm), lov foaming and coapatible vith the radvaste procea•
ing systea. Stronger chemicals listed in Section 5.4 can be used on ClOre 
stubborn hot spots. It ·is envisioned that the DF achieved by the various 
r~ote and hands-on decontami~tion oethods will be satisfactory so that 
general epoxy coating removal can be postponed until later. Still, it ~y 
be necessary to remove the coatings from certain areas due to stubborn hot 
spots that create a hi&h radiation field or reuin a source of loose con
taaination. Horizontal surfaces, vhere significant plateout of radlonuclides 
can be ~X?ectcd, could have core severely dama~ed coatings which will be 
=ore difficult to deconta=1nate . Needle guns should be used to reoove epoxy 
coatings . Thu chips should be kept damp with a low pressure, low flow de
aineralized water spray and then vacuumed vith a vet-dry vacuum cleaner to 
~nt:ize airborne activity. A surface covered with small spots will be ex
ceedingly difficult to decontaminate by any method other than coaplete re
~val of the coating. this method is discussed in Section 9.3.3. 

9.3.2.2 Hot Spot ~pping 

After each decontacination step, alpha/beta/gamma and smear 
surveys should be performed to deter=ine the effectiveness of the previous · 
step and to locate stubborn areas of contamination requiring =ore attention 
and additional decontamia~tion steps. The latest survey results should be 
posted in the shift change briefing room on large equipcent arrangement 
drawings covered with plexiglass . 

9.3.2.3 Quantifying Effectiveness of Hot Spot Decontamination 

After each attempt to decontaminate a hot spot, alpha/beta/ 
ga:=a and smear su~1eys should be perforoed on the hot spot area and the 
results compared with previous surveys. Isotopic identification or smears 
by use of a Ge(Li) detector cay prove helpful in determining particularly 
recalcitrant isotopes and selection of chemical~ especially effective on 
these isotopes. 

9.3.2.4 Insulation 

It has been the experience in the past that insulation be
comes internally contaminated to high levels so that the only feasible 
method to decontaminate these hot spots is by re=oval of the insulation. If 
the insulation is internally contaainated and is allowed to dry out, it can 
easily becooe a source of airborne radioactivity. This does not necessarily 
mean that all insulation must be removed immediately. Rather, surface de
contamination efforts will be aade followed by radiation and contamination 
surveys to deteroine the magnitude of the residual radioactivity. If th~ 
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residual radioactivity does not preaent a radiation level problem, then 
the insulation can be wrapped in plastic or painted to prevent airborne 
radioactivity from beina generated and to prevent the insulation from 
beiaa contaainated by drips and sprays from ·other decontamination effQrts . 

The aan-rea expenditure for removal of -reflective -insula
tion would have to be balanced with the dose created by leaving it in 
place. This should be evaluated vbea the status of the insulation is as
sessed after containment entry. 

Chemical Decoat:aaination 

Since the nature of the contamination on the surfaces in 
the containment is known by Ce(Li) analysis to be fission product i sot opes 
which normally fo~ solUble compounds, mild chemicals can be selected which 
have a hi&h probability of removing that contamination in a minimum total 
contact t~e. Typical past practices which have proved their effectiveness 
will be applied early in the decontamination effort and their effectiveness 
will be measured for this particular case. The final stages of this work 
should become more efficient as =ore ~irical performance data is avail
able. Early grab samples of uterials should be used to sta.rt decontacin;s
tion tests as soon as the data acquisition in the re;sctor building starts. 

9.).3.1 Reagents 

In general, cheaical reagents, to be effective, =ust be 
able to vet the surface to be decontaaiftated, coaplex the materials re
leased froa the surfaces, prevent localized corrosion, and not leave be
hind corrosive residues . Proprietary chemicals are available which have 
these properties. The chemical properties of the reagents will have to be 
catched to the materials of construction in the system to be decontaminat
ed. In general, however, chemical decontamination with caustic, oxidizing 
sobtions and with acidic, complexing solutions will not be possible since 
it is desired to avoid corrosion of the NSSS ~jor equipment and piping, 
and since the radwaste system must be capable of processing the liquid 
waste. The chemical reagent of first choice vill be a chloride-free mild 
detergent. Other stronger chemicals are listed in ~ection 5.4 in order of 
increasing strength. 

9.3.3.2 Equipment 

a. Sponge ClOps 

b. Cart-Qounted 55 gallon drums of detergent solu
tion vith electric spr;sy pumps, f l exible hoses, 
and spray noz:les. 

c. Wet-dry vacuum cleaners. with f iltered exhaust . 

d. Electric powered floor -polishers with brushes. 
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9.3.3.3 Application Techniques 

. The solution -will be sprayed on surfaces so as to ~eep the 
surfaces wet. To minimize the total reagents used, multiple short dur3- . 
tion applications of a reaaent is a more efficient use of chemicals than · 
to apply the entire supply of solution in one app~ication. · 

Uniform di~tribution of decontaminants can.· be accomplished 
by using a single· spray nozzle on a wand or •ultiple distribution system 
such as multiple nozzles on a single wand or multiple nozzles from speci
ally fabricated distribution headers. Several unufacturers can supply ap- -._. 
propriate nozzles. The design criteria will have to consider the desired 
angle of the spray, · the required volume of liquid flow for proper opera
tion, and ~~• extent of surface area to ~e vetted. 

· A · mobil~ solution sprayer system should be purchased ~r 
fabricated to assist in decontaoinacion of hot spots. Several mobile carts 
with a 55 gallon steel drum fitted wlth .electric imcersion heaters, spray 
pu=p, and a flexible hoae with a long handled spray nozzle should be avail
able for cleaning hot spots. The solution will be cleaaed up by wet-dry 
vacuu::~ cleaners . · · 

Mecnanical Decontamination 

. Mechanical decontamination essentially results in a portion 
of the conta=inated surface being removed by acchanical rather than che=i
cal aeans. In this case, impact tools appear to have advantages over abra~ 
sive tools due to· the larger amount of airborne radioactivity generated by 
the abrasive tools. ' 

9.3.4.1 Equipaent 

a. Electrically operated needle guns. 

b. Low pressure, low flow rate de=ineralized water 
spray. 

c. Wet-dry vacuum cleaners with filtered exhaust • 

. Impact and abrasive ·tools should be considered as a last ·_ 
resort when required by high radiation levels, to remove surface contamina
tion, because such operations generate an abundance of fine particles. 
Those particles would be difficult to confine . ln the local area and would 
tend to distribute ~idely. !he end result will be rccontaminaton of. pre- · 
viously cleaned areas. . The· surface should be kept damp and chips co Uect
ed with a wet-dry vacu~ cleaner. Working inside of a plastic tent will 
also ainimize the spread of airborne radioactivity. 

Use of sand blasting. shot peening. and such similar surface 
treat:nents is not recommended for the containment. Those techniques should 
only -be used to remove contaoination from equipment ·which· can be moved toil 
glove box or plastic tent . enclosure outside the containment. 
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After cheaical sluicing and powered tools hnve been used 
to remove contaalnation, residual localized contamination will then either 
have to be shielded in place, treated with. strong chemical reagents, or 
dislod&ed with hand-held tools such as chisels, hammers. scrapers, etc. 
The operator may have to be protected by a shadow shield vall, or rubber 
mattins draped over the contamination while working this close to the con
tuaioation. care !lUst be exercised to be sure that the operator's hands 
are not in contact with the contaminated surfaces due to concern for ex
tremity exposures especially from beta radiation. Contamination r~ved 
should be picked up by a vacuum cleaner or scraped up and 'deposited ln a 
contaminated materials drum. 

When using abrasive tools. the area should be tented with 
plastic to reduce spread of finely divided particles beyond the work area. · 
The surface being decontaminated should be kept damp. · Frequent use of 
the vacuum cleaner will reduce background caused by the accumulation of 
radioactive debris • 

. When using Q3nually-povered tools, the hottest spots should 
be worked first. In extr~e cases heavy rubber gloves or lead lined gloves 
may be necessary to reduce exposure to the extreoiti~s • 

9.3.4.2 . Applicationo Sequencing 

. Yhen the manual steaa cleaning is· completed, decisions will · 
-have to be made as to the best way to ainlmize dose commitcent for the 1=
mediate follow-on operations. The following options should be arranged ln 
the proper sequence for each area within the containment based upon radia
tion surveys and evaluation of which sequence of options will lower the 
total dose COIIIIIIitmmt: · 

a • . Erect shadow .shield valls in front of significant 
radioactive sources. 

b. Determine the beta to gacma dose rate ratio for 
the hot spots. See Section 2 for the assessment 
of the TMI-2 beta to gamma ratio • 

. :. c. _Drape hot spots vith tubbet' sheets to sto·p betas. 
·Lead can be placed on top to stop gaamas. (Ne
glecting the rubber sheeting can increase the 
dose rate: due to betas generating Brel:ISstrahlung .. 
in the lead sheets) • 

. d. ~nually scrub hot spots. 

Quanti}Yi?g Effectiveness of Decontamination 

Alph.ta/beta/gm:llll4 and smear surveys should be performed be
fore .tand after each decontamination step. The results will be compared 
and decontamination factor~ calculated . Isoto, ic analvsis of s~ears can be 

·done to deter::~ine 1f certain isotopes are more difflcuit · to re~:~ove than 
others or tend to cause :ore recontamination than others. 

Steam cleaning should be repeated as long as reason3ble de
contami nation f.tactors are achieved f~r each pass, . 
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9.4 Equipment Decontaaination 

Procedures 

Equipment decont~mination should begin with flushing the 
exterior surfaces using a solution of detergent in dealaeralized water as 
described in Section 9.2. ~ext, the exterior and accessible portions of 
the interior will be steaaa cleaned using deteraent in ate- froa dealn
eralized water as described in Section 9.3.1. 

Equipment designated for replacement doe• not require 
the full decontamination effort. A cursory exterior decontamination to 
ease handling will suffice. 

After these two methods have been tried, the non-salvage
able,partially decontaminated equipment should be disconnected froa the 
system, have the hold down bolts removed, be wrapped in plastic, and re
coved from the containment. Outside the containment the equipment can be . 
placed in wooden crates and shipped for burial. 

Once equipment that is to be savP.d ls decontaminated, !t 
should be wrapped in plastic to prevent recontamination. Oessicant can be 
added to ret~rd corrosion. 

Criteria for Re=oval and Disposal in Lieu of 
Decontaaination 

Each piece of equipment will have to be evaluated as to the 
need to replace it. That equipment which ls to be replaced need not re
ceive more than a cursory exterior decontacination to allow handling. 
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: 
9.5 Re~ontamlnation Prevention 

. -
Re~ontaalnation -~an . be lllinillized by wrapping hot sour~es 

in plastic to prevent thai fr.xa ~ontaalnatiDg other areas being cleaned . 
For example. the lower areas in the _ ~ontaia.ent should be sealed with plasti~ 
durin& fluahing and steaa cleaning of the upper areas in the ~ontainment . 

On~e an area or pi~e of equipment is de~ontaminated. it 
should be wrapped in plastic to prevent recontamination. 

During the manual stea= cleaning of the ~ontain=ent t he 
purge system should be operated to conti nually reaove and f ilter out the 
suspended radioactivity before it can redeposit . 

The sump should be p~ped of all radioactive -l iquid before 
' the decontaaination effort begins and after each step in the de~ontamina
tion effort to prevent the radioactivity froa getting resuspended • 

. ~ 

·. 
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9.6 r .. porary Shieldina 

One step 1D a aeneral area decontamination operation will 
be to provide te.porary shieldina over sianificant radioactive sources in 
the area to be cluud. Sufficient shieldin& should be inatalled so that 
the backaroUDd in the ~late vic:Lnity will oriainate priaarily fr011 
aenerally distributed surface contaainat1Dn in the area. After the aenerlll 
bacqround fro• surface contaaination has bed lowered throuah decontaaina
tion operations, concerted efforts will be devoted to cleanup, one hot spot 
at a tilDe • 

• Te:porary shieldin& will =ost often be installed to attenu
ate the whole body penetrating radiation which typically li~its a person's 
dose cOIDitmenta. However, beta radiation frena deposited fission products 
could lead to sianificant akin dose rates and amy also have to be ahield
ed. 

Extremity exposures aay also become a limiting factor in 
certain decontamination operations. Temporary shieldi ng is in general not 
a practical solution to reduction of extre=ity exposures . In those in
stances where the hands are l ikely to be l ocated in s isni!icantly hi&her 
dose rates than the body, heavy rubber. or l~d aloves would be used on 
the hands of the person reaching over the te=porary shielding ~terials . 

This subsection of the report details use of dense shield
ina such as lead and concrete and less dense shielding such as water and 
rubber to reduce , .... and beta dose rates. 

ed by : 
Selection of temporary shielding cateriala will be influenc-

a. Civil/ struc tural considerations (all owab l e floor 
l oadings, strenath of pipe anchors, et c .) . 

b. Radiation attenuation fact or desi red . 

c . Transmission factors for the appropri ate ga==4 
energy. 

d. Physical limitations on space available for shield
ing and allowable confl;uration of shie ld ing. 

e. Suitable methods of attachcent. 

f . Trade-offs on can-rem acquired from placing 
s hielding versus man-rem reduction during subse
quent work. 

g. Possibility of removing hot equipment f rom contai n
a~ent in lieu of shield i ng • . 
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!:.!:l Matadala 

9.6.1.1 Lead 

_ LeU pr001Uaa the arutut ..-. attentuation factor of 
Ulf of tba utadala uauallJ couidarad for teaporary shleldina . If one 
....... tbe aeru· of the u .. ion proclucte released to the cont&iDJDent 
ia tJP1c&l of C.-137, then the illteuity of the _transmitted radiation 
tbroap .ach 3/4" of lead b about one-tenth of the radiation dose rate 
eetadq tbe abieWq. 

9.6.1.1.1 Sh•c. ud Platu 

Sheeu of laid (noainally 1/16", 1/8" or 1/4") can be 
uaed to drape plpea ad aquipMnt. the thinner_ sheets of 1/16" and 1/8" 
are .are flexible and can be rather eaaily formed and bonded in place 
arouad pipe aupporca aDd velves. The ·thicker 1/4" sheeu are leSI flex
ible and are .ora difficult to handle because of their veiaht (15 lbs/ft2). 
Tr..Se-offa in toul close cOiai~t• will have to be ude between applica
tioD of a.lUpla thlaur aheete, application of thlc:ker sheeta or plates 
or bricks. for each option, the cloae ca.Utaent will be influenced by: 

, a. The nu.bar of per1on1 required . to move the .shield 
illto place. · 

· b. Availabiliey and applicability of mobile equip:aent 
to aupport the ahield durin a movaent. 

c. laquirmmt to iutall additional . support structure 
to acc~date weiaht of"sbieldina. 

d. Ability of personnel to benefit froe shielding and 
diataace froa aource during iutallation of shield-
iDa. _ 

Platea .of lead can be bolted directly onto flat contami
aatecl hot apota,on vertical concrete surface• or bolted to angle iron 
fr .. a. Lara• vashera should-be uaed beneath the bolt heads or nuts. Free 
atudiq, uaaecured anal• iroa fraaea should not be used to support shadow 
abieldiq located betveea the radioactive source and operatina personnel. · 

.· · Heavy ahadov ahialda of lead platea ahould be tied to nearby structural 
_.,era for atabWty; Laad plates can be inset into the angle iron frames 
to obtain araater··eupport than if the platea were simply bolted to the out
aida of the fra .... 

9.6.1.1.2 Bricka 

Lead bricks can be purchased in rectangular configurations 
of 2" x 4" x 8". The bricks can be stacked flat or on edge to obt:tin the 
desired 2, 4, or 8-inch shield thickness between the source· and the operat
iDI peracmnel. The eransmislion factors are shown as follows for Cs-137 : .. 
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Thickness 
of Lead 
Inches 

2 

4 

8 

Approximate 
Transmission Factor 

(for Cs-137) 

s x urJ 

2 x lo-S 

4 x 1o-10 

Since each brick weighs 26.25 pounds, the a llowable 
floor load li=lts will have to be car~fully factored into the planned 
shieldin~ design. If the lead _bricks arc st3cked with the:." x 8" di::~en
sion flat, the shadow wall should be l~ited to about 4 feet due to stab
ility considerations. Higher brick walls should be secured by ext~rnal 
bracing or steel plates. If the 2" x 8" d~ension is the basis of the 

. stacit, unsecured walls should not be co!1Structed above ;~.bout JO". The 
bricks should be staggered as is typically. done in a single course brick 
vall. 

Install3tion of lead, brick valls in front of a hot area 
can result i n significant dose commitment to the personnel. Because lead 
bricks can be easily damaged during handling, much time is consu=ed to 
carefully place the lead bricks in a close-packed array. Deformed bricks 
can prevent close fitup of bricks and result in r_adiat ion streaming 
through gaps in the shielding. · 

9 . 6. 1. 1. 3 Shot 

Bags of lead shot. can provide effective, flixibl~ lead 
shieldin~ which can be placed more rapidly around irregular shapes than 
if rigid lead plates or bricks were to be used. The effective dens i ty of 
bags of lead shot is 3bout 65% of the density of solid lead. The approxi- . 
mate attenuation factors for lead shot (single size, ungraded) ;~.r~ as fol
lovs : 

Thickness Approximate 
of Lead Shot Transmisslcn Factor 

Inches !Cor Cs-137! · 

2 5 X to-2 

4 2 X 10-3 

8 4 X lo-6 

_ The cloth bags used to package lead shot are not resis tant 
to decontaaination chemicals. Therefore, the bags of shot need to be pro
tected f rom decontamination cheaicals and wat~r . IC bags of shot have to 
be c:~~placeJ before ·the general area decontamination has bc~n completed. 
the cloth bags containing shot s hould be protected f rom water.- and chc:nica ls 
using he;~.vy polyethylene sheeting beneath and over t he top of the shield i ng. 
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Lud Blankets 
- --

Lead ·blaakets can be purchased in a range of shes. · The 
thickness is aenerally l/2 inch. They have groc=ets around the edges 
allowiq thD to be fastened to piping. valves and other equliJ=e:tt . They 
are .are flexible th&A lead sheet but are not as dense. The blanket den
sity ia 1.9 p/t:2Jl vhereaa lead is u :JS s=/ail so that six ti=es the 

. thickness oi blanket vUl be needed to give the sa::e attenU3t!on as solid 
· lead. Approaiaately 4.S inches of ·le•d blanket (approxi:ately nine layers 
of blanket) are required to reduce the radiation level by a factor of ten. 

9.6.1.2 

Solid concrete blocks vill provide aode~ate · attenu4tion 
factors and have theae ·advantages as a s~ielding aateri31: · 

a. Good structural properties enable free standing 
shield valls to be constructed to cons1der.3ble 
heights .vithout compro=islng~ safe operations. 

b. Reasonable availability 

c. eo.petitively priced 

Concrete blocks are not as susceptible to defor.:sati.•n during 
handling vhich vould tend to compromise .oakin~ a close_ packed array of 
blocks. Concrete blocks are quite heavy to handle and place. A solid 8" 
x 8" x 12" long block weighs about 54 pounds •. a solid 12" x 8" :t 12" long 
block weighs about 80 pounds. and a solid 8" x 8" x 16" block veighs 72 

· pounds . Equipwent such as dollies must be provided so vorkers can rapidly 
transport concrete blocks to the ecplacement point. The vork of stacking 
blocks vill be quite strenuous for personnel working in protective clothing 
and respiratory protection _equipMent; therefore. workers should be selected 
accordingly. Concrete blocks cannot be effectively decontaminated and will 
result in additional radvaste . 

The transmission factors for concrete blocks. assuming a 
Cs-137 radiation source are as follows: 

Thickness of 
Concrete Blocks 

Inches 

8 

12 

._ 

.\pproxi:::lilte 
Trans=isslon Factor 

(for CS-137) 

0.10 

0.03 

P~ecast concrete panels could also JC used for local shield-
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9.6.1.:. Ot!-.er 

After :be fission ~roducts vbich were· released into the 
cont.af..a:lellt u liquids and pses have cc=e to rest. fission produc:u are 
expected to b~ ~resent on ~ll aurf~c:es~ So=. of the fission ?roducts 
vf.ll have penetr.ated into .the epoxy c:o.1tinas on the aet.1l and c:ooc:rete 
surf.act:~. Dlf!usion o! volatile for-as of radlo.ac:ti·;e li)(}ine and pse
ou. xenon. vblch are ;»recursors of the cesiua ~ucll~s. vUl have pene
tr3ted · lnto those surfaces ~efore decaylna into Ca. · These nuclide• v1ll 
tend to replenish surface c:onual~t!on .:as dec:on~_.:a::inat!on proaresses. 

. ~~ere b~ta dose rat•• on !loor& ~r~ .1 pro~I~. rubber 
~ts or alualnua vtll ?rovlde signlf!cant radiation attenuation fro= 
the beta radiation. Le3d sheet should only ~e used on top of the rubber 
or alualnua. since the ~etas will produce Breosstrahlu~~ ga~s tn the 
1e4d sheet. vblch could increase, rather than decrea~e. the dose r.:ate. 
The rubber bhnlcets lno:~i:ul 1/4" t!'licitness) typically ulJi!'d by povu 
C:O!:I;I.tny 11ne crevs will complete!? .atten•s.:ate bet .:a r.:adbt lon up to .:about 
1.3 ~ev. A !ev of the· !l~~lon products have averaRe beta ener;ies .:abov~ 
:!\!5 !!;ure. na~ly Ru-lM and Pr-1~:.. Hove-:er. 3 ~!;!"'iCic;a."'lt !r:action 
of beta radiation vill be ~ttenuated ~y the rubber cats and the ~t' 
should be us~ to lov~r the pot~ntl~l ski~ dose to the oper~tor~. So 
'!l!~l!icant 33:ZI.:l .Jtten!Llt!on can ~e expectt!'d !rom. use of these t/4" 
rubber =.:ats. The rubber C3ts have the advantage over .Jl~lnu= since 
:~e amts c.Jn be cut to fit on location =uch =ore e.:a~ily. 

Steel plates aay be used co provide total beta shielding 
and ?artial g~ shielding. Typical applications ~uld be to cover parti
cularly tro•~lesoce hot spots on the wall or floor. ir:.Jnsmission factors 
!or steel are as follows: 

Thickness of 
Steel Pl.ltes 

lr:ches 

2 

4 

Approxi::~~te 

Ca~ rransmission 
Factors- for Cs-137 

0.5 

0.2 

0.02 

Plywood ::aay be used to provide significant .:attenuation of 
beta dose ratea. Typical applications are t~ construct packaging for HEPA 
filters, charcoal adsorbers, and other "open" sources which will hllvc high 
beta to gacaa dose rate ratios. The packing boxes cdn usually be fabri
cated in ~dular sizes (slightly l.:arger than the filters) and still pro
vide maxi=um utilization of whole 4 1 x 8 1 sheets. 
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Thick a. .. 
of Plyvoocl 

lac: be• 

1/4 

1/2 

3/4 

Approxia3te 
Beta Energy Req~1red 

to Penetrate ~~v 

1.0 

1.7 

2.4 

J.o 

The most prevalent fission products expected to have been 
released into the ~ntainment are nuclides of Cs . Sr. Y. Ba. La. Ru. Ce. Pr, 
~'b and Zr. Quarter inc:h thick plywood vill attenuate the beta particles 
froa certain of the Cs nuclides ~nd Sr-90; however. the other radionuclides 
present {qO% of the to tal beta emitters) will emit a significant !ractioa 
of aore t:r. .. r-~etic beta partic:les capable of pe:1etrating the l/4" ?l~'VOod. 
The]{;." 0llyvood is sufflciently thick to attenua~ .. d senti:llly all the 
bet.a particles emitted frCAl the flssion products wu1ch have been a!:le to 
survive radioactive deeay up to t~e tiae hands-on deconta=L~ation ~egins. 
Plywood cann~t be deconca.!nated. Use oC plywood vill result in sol id rad
vaste. 

General Area Shielding 

The aajority of l he gener3 l area ~hielding should not be in
stalled until after the vater ilt ·<~hing and steam cleaning deconucination 
operations are c:ocwl N · .! for the p:~rtic:ulo:r are:~ unless it is essential to 
rtduce r.:~diaton l.:·;cls during these oper:~tions, since the shielding vould 
have to be recoved t~ ~llov deconta=inating the area and then nev. non-con
taminated shielding caterial would have to be installed. The area shield
in~ should be used along patlways with h~·~y traffic: to cover soe~e hot spots. 
ln general, though. the area shielding will bo used after the :ajor area de
contamination operatioa. are concluded. The general area shielding should be 
used, in particular. to r~duce beta radiation from fixed surface cont3:ina
tiDn. 

Equipcent Shielding 

l nternally contaminated equipment which cannot be readily de
contaminated by surface cleaning cethods should have local shielding to 
lover dose rates to personnel passing nearby. Since the external dose rates 
generated by internal conta=ination are due to ga=m4 tJdiation, hea\~ shield
ing will be needed. Since solid co•:..: rete blocks can be stacked to .:1 height 
of 8 feet (enough to protect personnel} without additional s tructural sup
port, and sf~ce they are cheaper ~~d easier to handle than lead or steel . 
they ::&hould !>e thu shielding material chosen for shield walls around larsc 
equipment where space is available. 

Lead blankets and thin lead sheet can be tied or ~cnt around 
valves, piping and small pieces of cqulpoent. 
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Hot. Spo~ ShiellUna 

Hot wpots on floors should be investigated as to the beta
to-~ ratio. If beta is controlling. then rubber mats vill ?rovide a 
quick and .easy fix. If the ga ... dose rates are still significant after 

' beta shieldina is iutalled 1 t.'len lead shHt can be added on top of the 
rubber ~t. If couiderable &Ia.& shieldlna is necessary. then_solld con
crete blocks could be placed one layer deep on. thl floor and personnel can 
walk on ~op of ~he blocks. · 

·· Hot spots on valls can be shielded b)' st.tcking concrete .· 
blocks where space is available. Steel or lead plates c.tn be used lf 
space Ls .tvailable for angle bracket-supports without t=peding traffic or 
1! the ?lates can be readily tied into existina structures . However. the 
shielding may be needed before the polar crane ls operational. so manually 
moving such steel or lead plates may prove impossible. Te=PQrary j ib 
cranes or cherry pic_kers could be used for some areas. 

·-
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9.7 Specific £quipeent/Area Deconta=ination/Removal 

Coouim~ent Air CooUna Unit 

At the tilaa of the incident. the contailll:lent air cooling 
syat• vas oparatina in the recirculation .ode. Cootaaination o! the air 
coolers and aaaocuted duet vork aay be quite high. Airborne radioactive 
aaterl&l.a wich vere transported into the containment coolillg unit vill 
represent the .oat significant source of radioactivity 011 the south eod 
of the 305' floor. ~terWs vill tend to deposit on the: 

a. Multi-layered, finned tube heat exchanaen 

b. Finned external surface of f.:m motors 

c. Five drain pans at base of housing 

d. Crevices in the internally bolted, caulked 
fbaged joints vbere subassecblies mate 

e. Internal and external surfaces 

f. Exhaust plenuaa outside housings 

Contamination on the accessible cetal surfaces ~f the cotor 
fr•e can be flushed away using vater contailling a lov concentration of de
tergent or by steaa cleaning using a deconta=in&ting agent such as Radiac
vash. 

Cont:mination on the finned tube coils can be re:~eved by 
aanual ste.ua cleaning. 

Cleanup of the drain pans and the external and internal sur
faces of the housinas should be one of the final cleanup operations. Sys
tematic flushing of the external surfaces should then proceed dovnvard from 
the damper and fan enclosure to the main plenum. Cleanup of internal sur
faces should begin by inserting the steam nozzles into the inlet dampers 
(propped open) at the top of the ayste=. The operator should then unbolt 
the access panels above the coils and place steaa spray noz:les on the ex
panded aetal screen over the coils. The job vill require auxiliary water
proof lighting and rubber or heavy plastic coveralls. The lower housing can 
then be decontaminated using the steaa nozzles . 

The caulked and bolted flanges still cont~lnated after the 
flush dovn operations vill require hands-on decontamiD3tion vork. The most 
difficult flanges to decontaminate vill be the internally located flanges 
on aajor subasse=blies. The external flanges on the damper. fan h~using, 
and inlet bells should be less difficult to decontaainate. The surfaces 
should be vire brushed using paver tools and the localized bot spots should 
be scraped vith putty knives and siail3r tools. Thoroughness ~ill be iQpor
tant during vire brushing to be sure all surfaces of bolts. nuts, corners. 
etc •• ·are b~ushed. Frequent ~ash dovn of the drip pans should be done to 
=inimize background dose rates. 
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~ ch..teal reaaeats planned to be used should be veri
fied to be co~patlble vith the follovina ~teri~ls of construction: 

a. Cupro nickel 90/10 (ASTM-B-395. B-111. B-171) 

b. Ccl · plated steel 

c. Stainleu steel. type 304 

d. Carbon steel (ASTM-A-181. 234. 366) 

lf background radiation fr~ the cooling unit is too high 
aiter the decontaaination work ~reviously described has been completed. -
four options are available: -

~. Repeat decontamination vith more corrosive 
reagents 

b. Disassemble contaminated portions of the 
cooling syst- and dispose of contaminated 
subasse:lbUes as waste. . '' 

c. D1sasse:lble contacainated portions of the cool
ing system and process through the decontami
nation systems in the containcaent service 
!Juilding -

d. Install shielding around coolers 

Disassembly operations. if they become necessary. would 
probably only affect the cooling coils. daaper enclosure. ~nd fan enclo
sures • . All other surfaces should be decontaminable using very high pres
!ure w~te~ sp~ays (2000 psig) or steaa cleaning. 

To withdraw the coils (30 coils total). :he nuts would have 
to. be run off the captive bolts holding the coil service panels (10 in all) 
in place (or cut off with a cutting torcn). Powered socket wrenches 

· should be used if working time permits. 

The access panels (5 in all) above the coils would have to 
be opened in ~ similar fashion. The stainless steel bolts holding the ex
panded met~l screen in place would have to be removed or cut off. The me~h 

· would have to be tilted out of the v~y or cut into sC18ller pieces for re
moval through the access panel. Then the 6-8 bolts· securing each coil to 
its support would have to be removed. Each coil then can be removed from 
the support rack by following the sequence of in~tructiong described in the 
installation manual. The coils would then go either to solid waste disposal 
or ~~e decontamination facility. 

_ To handle the coils. a plastic lined. shielded box should be 
· used . Rigging will ha~e to take into account the nominal 1000 pounds per 
coil and the weight of the box. Provisions will have to be made to drain 
the clean wter !rom the coils before transport begins. 

9-25 

_. 



If the approaches previously described in this suhsection 
repruent -.re dose coaaitMnt than 11 considered to be vorthvhile, then 
the aasably could be subdivided using cutting torches and such equipae.nt 
as are saws. The =ajor pieces would then become: 

. a. Five fan and daaper housings (cut above flolnge 
into plenum above coils) 

b. Five inlet plenu3S (cut above mesh screen 
above coila) 

c. Five coil sections 4nd surrounding plenu= (cut 
belov top flange of lover plenums) 

d. rive lover plenua sections 

Some additional subdivision cay be necessary 1n order to 
provide sufficient clearance between the box and the equipcent hatch during 
removal froca the contain:llent. 

Instrucent Racks 

All but one of the instru:ent racks are loca~ed on the 
282'6" elevation. There is one lnstruaent rack on the 347'6" elevation. 
Since all of the lnstru:aent racks on the 282'6" elevation are submerged 
they should only be given a cursory decontamination to remove loose aaterlal 
and lover radiation levels prior to being removed from the containcaent for 
packaging, shipping and burial. The one instrument rack on the 347'6" ele
vation should also receive only a cursory decont~lnation effort before be
Ing remove~ for burial if it can be deter.3ined that lt serves no operating 
instruments. The decontamination of the instrument racks can be done during 
the general area cleaning. 

Polar Crane 

The polar crane will be the first piece of equipment to be 
decont3minated in order to allow sufficient stay time for cleaning the 
do=e and since the surfaces at the higher elevations =ust be cleaned first. 
tn addition,the polar crane will be needed for the place=ent of equip:ent 
necessary foe deeonta~inatlon operations. 

The crane should first be washed down in the initial gross 
decontaaination phase. It should also be steam cleaned at the beginning of 
that phase. 

The aajority of the decontamination should be by steaQ clean
ing. The steam temperature should be hot enough to cut through the grease 
on the cables so that they will be fairly well decontaminated. The cables 
will have to be regreased and the actors dried out before restarting can be 
attC!I:lpted. 
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The fuel hanc!lin& bridges can be decontaamated during_ the 
steaa cleanin& of the operatln& floor unless the dose rates fro• the re
actor vessel make ~rk cloee to the reactor too difficult. In thil case, 
the cleanin& of tbe fuel handline bridaes can be postponed-until last when 
the ructor cavity 11 c:lea!Md. The runoff vlll ao into the ·refuelln& canal 

·and dovu into the re~ctor cavity. 

MissUe Shields 

Ste&a cleaning of the =lssil~ shields ~bove the reactor may 
have to be postponed until last when the reactor c~city is cleaned due to 
the hi;h dose rates .expected in the r~ctor area. 

Impinaeaent Barrier Area 

The illlpingel!lent barrier area on the 282' 6" o!levation vill 
be highly contaalnated Cr011 being partially submerged and close to the source 
o( the contaaination (the RCDT). Flushing vith water, stea= cleaning. and 
hot spot decontaaination wUl all be required. 

Letdown Cooler Area 

The letdown coolers vill probably be highly contaminated in
~ ternally since the letdown system was in operation during the incident. the 
·· exterior surfaces should be cleaned by water and stea= as quickly as possible 

to avoid overexposures. lt is expected that the majoritY of the dose · rate 
will be due to the internal contamination which will be flushed out during 
reactor coolant systea decontamination; The coolers are in a specially 
shielded area so that local shielding will · not oe necessary unless aainten
ance =ust be performed inside the room. Otherwise, the doo~y should be 
posted to prohibit entry. 

Contabwent and Reactor Cavity Sump .\reu 

. · These suap areas will be extraely conta::~inatcd ,pass ibly even 
with !~~ 1 fines. fr011 being underwater. Thorouah flushing with water and 
steam cleaning with a detergent solution should be utilized. The SUIIJ ~u=ps 
uy :1ave to be re1110ved and replaced due to water and radiation druuge and · con
tamination producing radiation levels too high to permit maintenance. The 
sumps will ?OSsibly remain highly contaminated even after the decontamination 
efforts described above. Another method to decont4tlinate would be to leave 
the sumps filled with t~e decontamination solution to soak the radioactivity 
loose fr011 the walls. · 

9.7.9 -- - · Stea= Generator Compartments 

The steao generator c:ocparta:ents would be sealed off with 
plast ~c from the upper part of the containment while dccontacinating th~ 
dome. polar crane and upper valls to prevent radioactivity from becocing air
borne and recontacinating the cleaned up areas. This plnstic sheeting should 
remain in place during cleanup of- the steam generator compartments to keep 
the airborne radioactivity ; enerated by c:ompartcent c leanup from depos ltlng 
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on cleaned areas in the CDntai!Dent. The prcceclure used for the steam 
aeaerator CDaparc.nts vUl be to flush with water. stem cleaning • .nd 
scrubbiD& with 110ps. Areas where personae! vUl be frequendy exposed 
should bave_tbe steaa generator insulation removed if it is a source of 
radiation or airborae radioactivity. Other insulation can be te=por
arily wrapped in plastic to keep dovn the airborne activity. 

Elevator 

. One major source of exposure in the auxiliary buildlni · 
elevator vas the bottoa of the shaft. lt is expected that the elevator 

--

in the containl:ler:.-. will also be hi3hly contm:zinated at the bottom of the 
shaft. Flushin; vitb water and atea• cleanina vUl be utilized for 
thorouah cleanina. The contaalnated water should be picked up with a vet- c 
dry vacuua cleaner. The -us· of the elevator shaft. belq fomed of 
grouted concrete block, may not be able to be effectiVely decont~nated. 
In this eventuality. the valls will have to ~e re~ved and disposed of as 
solid radwaste. 

C<able !rays 

Water flushing vUl suffice to re1110ve the loose surface ·. 
cont4lll.in.ation on cables so that they can be cut up and r~vecl fro:a :he 
contain:ent. Then the cable trays. if still.salvageable. can be steam 
cleaned. Steaa cleaning with the cables in place would not be effective 
so the steam cleaning should be delayed until after the cables ~re removed. 

Ventilation Ducting 

The exterior of ductvorlt.can be decontaClinated with water 
flushinc and steaa cleanin& since it is not insulated. The radiation 
levels on the ductwork, after exterior decontamination. vUl detet"'lline 
vhether or -not the interior should be decontaainated or the old ductwork 
shipped for burial and staply replaced. 

The interior of ductwork may also ·be extremely con~inatcd 
due to plateo•1t froa the contata.ent atliiOsphere. Decontaialnation of the 
interior of the ductwork is not necessary and is not reco~nded. The =an
rea exposure• iovolved make it impractical to decontamiaate the ductwork. 
Thtre!ore, it is more economical to ca.pletely replace the old ductwork en
tirely if radiation levels prevent leaving tht duct in place . ln this case, 
the contaminated duct work would ~e wrapped in plastic and crated for burial. 
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9.8 LiquiJ Radioactive Waste Generation 

Flushing of Cross Contain~ent Activity 

The flushing of gross containment activitv will be done 
with demineralized water containing a mild, chloride free. detergent. This 
method will not be used for thorough decontamination. The ~xpected quan
tity of liquid radwaste generated by this step is 250,000 gallons or more . 
This water can be reused after processing. However, recycled original 
suap water cannot be used due to tritiated water concentration. 

General Area Oeconta~aination · 

The general area decont~ination will be perforaed using 
ate~ made froa demineralized water containing a mild, chloride free deter
gent . The expected quantity of liquid radwaste generated in this step is 
200,000 gallons. The water used in the gross decontamination can be pro
cessed and roused in this ste~. 

Equipment Decontamination 

Equipment will be decontaainated in the same manner as tho 
areas described in Sections 9 .8.1 and 9.8. 2. The •tuantity of additional 
liquid radwast~ generated in this step is 50,000 gallons. 

llot Spot Decontamination 

Hot spots will be decontaminated by manual scrubbing using 
recycled water from Sections 9.8.1, 9.8.2 and 9.8.3. The amount of liquid 
radvaste gP.nerated by this step is esttoated at 100,000 gallons. 

Processing of i:Jecontamination Liquids 

Since the decontamination liquids will conta in detergent 
which will te:td to Co.ta so::ewh1lt, even though low foaming t ypes should be 
used, evaporators cannot be used satisfactorily !or processing unless an ade
qu.tte anti-foaming agent can be defined. Processing by deminerali:atton 
would be ~uch more feasible. 
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9.9 Solid Radioactive Waste Generation Durins 
Decontaminn t ion 

Compactible Waste 

TMI-2 1NIT1Al PLANNING STUDY 

Large quantities of solid waste will be generated in the 
hands-on decontaminntion process . These =aterials include : 

Plastic sheeting 3,000 Druz:~s 
Absorbent paper, brown paper roll 1,000 .. 
Anti-contamination clothin~ (too 
hot to be reused or throwaway paper) 1, 000 .. 
Plastic booties, cloth grove liners, 
and rubber gloves 1,000 
Mops - all 20 .. 
Vacuum cleaner filters 50 
Muk cannisters (spent) 50 
Saears 10 .. 
Planchets 10 .. 
Masks 10: of To tOll 

Inventory 
Rags 1, 000 DrtCs 

9. 9.2 Deconta=in3tion Tools and :'bteri als 

All tools and equipaent used inside t he conta inment wil l 
bec01:1e contaoinated beyond the point where they could be cleaned up with 
a reasonable effort and released as noncontmllinated. This does not aean 
that the equipment is unusable . The equipaent can be decontaminated to 
the point that it no longer presents a s ignificant radiation level and re
used in contaminated areas. 

The equipment would ha•te to be stored as contaminated one
rial. A hot tool crib is proposed for the containment servi ce a rea as de
scribed in Section 4. 1. It is probable that some equipment will be too con
taminated to be successfully decontaminated to a radiation level that wi ll 
permit continued use. These tools or pieces of equipment mus t be dis posed 
of as contaminated solid waste. 

The following is a preliminary list of such equipment : 

55 gallon drums (hot spot decon solution) 
Handcarts for 55 gall on drums ( tape wheels) 
carts for air cylinder~ 
Air cylinders ( 4 per cart ) 
Air tanks (backpacks) 
Floor polishing oachines 
VacuUI:I cleaners 
Tempor;ary lights 
Teaporary c;able 
Teaporary piping 
.\ i r hoses 
Fire hoses 
Tools 

so: 
50% 
50% 
::o: 
to: 
50% 
so: 
:!Ot 
so:: 
50% 
50% 

1004 
so:: 

~i~rell~n~nus (shl~ld blocks, ~tc.) 3 , 000 Oru:ns 
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Processing of Decont~~inatlon Solids 

The solid ~teriala vhich are comoreasible should b~ packed 
into SS gallon dru~s. It would be ~at expeditious to inst~ll a high ratio 
coapactor (e. g., 7 to 1) either inside the containment equip~nt hatch or 
i=l.ediately outside the hiltch in the contai~~~:~ent aervicu building. The in
tent is to minimize the handling of plastic bags full of contaminated =ate
rial to reduce handling exposures and the chance of breaking the bags with 
possible release of contaminiltion. Another co~pactur should be located 
conveniently to the protective clothing removal area at the So. ~ personnel 
airlock to facilitate co~paction of highly cont~inated (non-recoverable) 
anti-contamination clothing. 

the tools and ~terials to bu disposed u( will hilve to be 
wrapped in plastic and crated or drummed for buriill. 

'l-JI 
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Inventory of Requirements for Decontamination 
Equipment and Clothing 

The items listed below are the estimated quantities of 
clothing and 4quipaent required for the decontamination efforts: 

a . Clot hing 

Cloth coveralls 
Paper coveralls 
Plastic coveralls 
Raincoats 
Plastic booties 
Rubber boots (pair) 
Rubber galoshes (pair) 
Cloth glove liners 
Rubber gloves 
Surgical c:1ps 
Cloth hoods 
Plastic hoods 
Rain hats 
Hard hats 
Miners lamps 

b. Respiratorv Protection Equipment 

Mask vith backpack (60 minute 
(capacity) (e.g., Bio Pak 60- Bio 
Marine) 
Backpack oxygen t3nk (60 minutes) 
Mask vith backpack (30 minute 
capacity) (e,g, Scott Air Pak, ~A) 
Backpack air tank (30 minutes) 
Backpack air tank (10 minutes) 
Particulate cannisters 
Particulate/charcoal cannisters 
Masks vith airhose/cannister 
combination connect ions 
Air suit and hood 

c. Equipment 

Temporary vent ilation blowers 
Temporary ventilation duct 
(elephant trunk) 
Vacuum cleaners (vet-dry) 
Floor polishers 
Brushes for floor polishers 
Plastic sheet 
Plastic sheet (reinforced) 
Plastic bags for SS gallon druas 
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2 x 10S 
106 
106 
1os 
106 
1os 
10S 
106 
106 
toS 

2 x 1os 
106 
1os 
104 
102 

10) 
104 

to2 
1ol 
to3 
to5 
106 

103 
to3 

~0 

tel 
30 
10 
to2 
106 
toS 

2 !t 104 

feet 

fcct2 
fcct2 
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2 x 4's (frO!Qing for tents) 
HEPA filters for tempor01ry ventilOJtion 
Charcoal filters for temporary 
ventilation 
Plywood sheets (1/2" sheathing) 
Plywood sheets (3/4" sheathing) 
Rubber mats 
Lead sheet 1/8" 
Lead sheet 1/4" 
Lead sheet 1/2" 
Lead plate 1" 
Lead blankets . 
Solid concrete blocks 
Lead bricks 
Temporary lights 
Fire hose 
Air hose 

1li-211TJAL PLANNING STUDY 

103 teet 
500 

100 
100 
100 
to4 feet2 
104 £eet2 
103 feet2 
103 feet2 

SOO feet:! 
1o4 
104 
1o4 
10 banks 
103 feet 
104 ft!et 

Carts mounted with 4-JOO feet) air tanks 20 
Handcarts with SS gallon drums and 
sprayers (decon) 
Needle guns 
Sponge l1ops 
SS gallon druiiiS 
Te~:~poruy c01ble 
Tempor01ry piping 
Tools 
Cutting torches, hoses, oxygen 
and acetylene tanks 
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102 
to4 
104 
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103 feet 

Undetermined 
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PRCTECTJOS OF ESSESTJAL NSSS AND !101' SYSTE:!S A.'\D 
COliPOSESTS DURISG DECOSTA.'iiSATIO~l 

During the remote ~nd h~nds-on decont~cln~tlon ~ctiviti~s 
within the cont~incent, efforts wlll be m~de to ensure the continued 
safe operation of the plllnt nnd the protection of equipm'--nt necessa~· 
for plant operation. 

10.1 

~s follows: 

Identification of Essential Svstems/Co=ponents 

Essential systems ln the contain=ent c~n be categori:ed 

a. Systems necessary for continued s~fe 
shutdown operation of the unit, prim3rl
ly sys:eos essential for removal of reac
tor core heat. 

b. Systecs required durin~ containment decon
t3111ln;ttlon. 

Systems Essential for Reooval of Reactor Core Heat 

There are two modes of operation for reactor core decay 
heat removal , both of vhich have different system requirertents. They 
are as follows: 

10.1.1.1 

:t. ~latural Circulation 

Steam generator(s) are in a steaming or 
solid water mode. natural circulation of 
primary fluid exists - heat is removed 
through the steam gener~tors . 

b. Decav Heat Removal Svstem Oreration 

The decay heat ret:~oval system is recircu
lating water through the reactor vessel. 
Heat is re!lloved throu~h the DHR coolers. 

Saturnl Circulation Operation 

In thls ~:~ode of operation, the pressuri:er can be operated 
either solid or with a steac bubble. C•>nsequentty. the ~yste1:1s ~nd 
components necessary to support these optional opcr.1t in~ eonditlons 
would v:1ry. 

The ll)l&tems nnd co:nponents in the cont.1fnment esscnti.:ll 
to this mode ~f operation include: 

5 I ;.;:) !_ . _,. 
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n. Instrumentation 

Re.1ctor coolant systea: lln:ssureslter.~peratures 
In-core detectors: in-core theroocouples 
Steam ~enerator: levels and temperatures 
Pr~ssurtzer: temperature (hot pressuri:er 

conditions only} 
~uclear instrumentation 

b. Electrical 

Power supply cabling and connectors, etc., for 
instrumentation 

lnstruaent signal cablln~: 
Pressuri:er heaters and heater cables (h<~t 

pressuri:er conditions only} 
Power supply cabling and connectors for 

s~·stea rellef vah·es 

c. ~!echan leal 

.\11 pressure !loundar:: co::.pont-nts 
Le:d~~ and ~1keup system 
S.1mplln~ system 
Prcstmr!:er pressure relict' Vol lves 
lnsul.1t ton 

The natur.ll circulation :::ode of oper.ltlon ts heavily de
pendent upon instruaentation and electrical systems. lf the S steaa 
generator closed cycle coolin~ s;•steo is in operation, the dependence 
on secondary side instrumentation is reduced; however, priaary side 
lnstrucen:ation is stili needed. 

10.1.1.~ Decay Heat Remova 1 System Ope rat irn (or .\uxlllar:t 
Decay Heat Removal Systeo) 

The critical S)'Ste:~s and components in the contalnoent 
essentlo~l to this modi! of oper.1tion are signiflcantl)' lesM th:m ~he 
equipment required for natural circulation: 

o~. Instrumentation 

~uclear ins~rumcnt:~tlon 

Incorc thcr:::ocoupl.:s 

b. El.:ctric:~l 

Power 11upply cablin~: and connectors for 
ln11tn~~:~ent.1t lon 

ln«trunont ~ i;.:nai c.1hl ln~ 

!-lot or orer.1 tccl •m lVI'II (or va I Vt!!l "fl••n 
!>l!f,,r.., nper.1t(1r!l .-.r.: l'lontlcd) 
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c. !1echanical 

Reactor vessel and RCS pipin~ 
Decay h~at removal system 
Piping and drop line valves in th~ 

containment 

1JI.21f111AL PLANNING STUDY 

The capabl~ity to r~ve reactor core heat with a decav 
heat removal system is dependent on a oinical nuober of essential • 
systems and components in the containment. 

Systems lfnd Components Required Durin~: the Containment 
Decontamination Phase 

Due to the high levels of conta~:~inilt ton .1nd rad tat ion 
postulated to exist throughout the containment, and the shutdown status 
ui the plant, most of the in-contain~:~ent systems will not be required 
to support decontaoinatlon. Section 4.~ describes the decontamination 
support systems, sooe of which are new systeoY, whll~ others eoplo~ 
portions oC existing systems (i.e., hard plping,scatl valves). 

There are however, several coaponents which are essential 
to the vork effort during decontaoination . The followin~: cooponents 
should be oade operable as soon as feasible after containoent reentry: 

a. Containment elevator 
b. Jib cranes (reactor vessel head stora~e 

stand area and lncore instruoentation 
service area) 

c. Polar crane - trolley and bridge 
d. All other service cranes and hoists with 

the exception of the R\' service structure 
hoists 

e. Containment lighting 
f. Electrical power outlets 
g. Containoent air coolers 

Containment ventilation wlll be essential for personnel 
~oofort and safety during decontamination. The cnnt~ln~nt pur~e 
system and lnstr~ent air systems are also required durin~ the decon
tamination phase for buildinR ventilation. 
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10.2 Protection of Svste=s ~nd Components nurins Re~ote 
Oecont~mination 

As described in Section 5.0, th~ containment spray 
headers and noz:les ~ill be used to inject ste~m. deaineralized 
~ater and chemical solutions into the containment. The effe~t 
of containment spray on equipaent in the containment is t~ofold: 

a. Spray fluid chemistry - effects on 
tlllterial 

b. Effects on equipment operability 

Chemistry Control oi Containccnt Spr01y (Rinse) 

Control of spray ~ater chemistry is necessary to cinimize 
material corrosion on equipment in contact ~lth containment spray 
~oter . 

Deterzent and chemical spr01y solutions should be evalua
ted and 01pproved prior to being used. Howe~er, all WOlter rinses 
(i.e., initial high voluae spray rinses, rinses following detergent 
olnd chemical rins~s) should Cll!et the following cheohtr}' requireoents: 

Untreated lo:ater Wakeuo W.1 ter) 

pH ;,; to 8.0 (assumed) 

Chloride <. 10 PPCI 

Fluorides 

Conductivity <C:!5 u oho 

tlater sp rayed into the cont.•inment for the purpose of 
rinsing should he tre:tted with dlsodium r-hosph:tte and trisotllum phos
ph;tte ( ~ 0.67 p;~rts !la2HP04 to 1.0 port ~., 3 PO~). Water !!prayed 
tnt<) th~ cont:Jlnoent should contain 5-15 rpm sodium phosphnte. 

Effects of Contalnl!lent Spr:J'• t>n S)'ste:ns :md Components 

The use of good quality ~~ter in the containoent spr01y Is 
ol prevent lit ive r:e3su re. The control of this water wU t Clin lmi;:e 
corrosion and offer ~nee p rotection in ar~as where water can collect. 
,\ treated water rinse after the dl'cer~cnt .tnd cheoical rin11e:1 wlll 
dilute 'Jolter solutionA tho1t collected ln c r .1cks nnd crevlcl!'l ant! pro
vide .1ddi tional corr osion protect ton. Corrosion rntcs and potent 1.11 
lon~t tero prnbleos .1s:1ociated ,.lth stre'l!l curro!llun will he r.~inh:ti:ed. 
There should he oinio3l d!!trlment.11 corro!llon cifects as!lociated •,.oith 
the u"e o f vnter oeetin~ the quality requlreol!nts in St!ctlon 10.:!. t. 

7he oost :; igntclc.1nt effect "f cont:tlnoent spr.ty ts on 
equipr.o!'nt ooerabiltty . The equip::ent ::~os t ilusccptibl<! t o spr.1}' ar<! 
<'lt!c:rical cooponl!nt!l , connf'ctors and .:.1hlln~ .1nd lnlltrumt•ntatl<•n. 
lnc rc111inr. ,·ont.tinMe:lt huold lty, condt.!fl !l ln~t s tt.•lll'l un equipMent and 
spr.1y in~: .,.,,tl!r direct~~· on co::~ponent:l M:l\' <!Vl!ntu.t'l v re-. ul t In fallur,• 
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of equipment. However, since spray activ3tion and high huoidity 
conditions have existed in the tice following the incident, a~di
tional effects due to the recote decontamin3tion procedures presented 
in Section 5 should be minor. 

The followin~ are potential candidates for failure: 

a. Incore instru=ent theroocouples - Tncore 
detector wiring, cabling and connectors 
will be directly exposed to spr3y water. 

b. Pressurizer he3ter e3bles and connectors 
.ue extre~:~el~· sensitive to ~noisture. 

c. Electric cotors on the polar crane an~ 
jib cranes. 

d. Contain~ent lightin~ 

~. Electrical and outlet plugs and po~er 
systet:~s 

Contingency plans for loss uf equipment essr.ntial to plan: 
operation should be available pr1or to initiating containcent ~rray. 
The unit should be in an operating code that requires a cini~l nucber 
of essential systems and co~ponents in the cont3incent. If possible, 
the decay heat removal system (or alternate decay heat recoval systc~) 
should be in operation for recoval of reactor core ~ecay heat. 
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10.3 Protection of Svstems and Components During Locnl 
Hands-on Decont3mination 

Hands-on decontamination will require lar~c qu~ntities of 
water and chemical solutions. Methods may involve proven deeontanina
tlon techniques as well as untried techniques. Control of the~e decon
t3mination procedures and instituting precautionary mea~ures to olnimi:c 
potential equipment damage will be required . 

Administrative Controls for Systems and Conponent 
Protection 

~ethods and techniques for decontamination oC the eontaln
Cl(!nt and the equipment in the building should be in the form of pro
cedures. These procedures should be reviewed and approved through the 
nor:nal procedure review .1nd approval channels. 

Deconta=ination procedures can be generic whereby specific 
techniques, methods, chemical reagents, etc., nrc approved for general 
use. These procedures can also be unique, i.e., for one time usc or 
9pceial situation~. 

the following items must be eonsldercd during the review 
and approval and/or prior to laplementing the deeont~lnntlon procedure: 

a . Personnel safety 

b. Equipment or components to be decontaminated 

e. Chemical rcn~ents to be used 

d. Cocpatability of chemlcal reaRents with 
material to be decontaminated 

e. Evaluation of the need for protection of 
essential equipment 

C. Potentlal for further equipment dnmnge 
durlng decontamination 

Adainlstrative control of decontaclnntion procedures ~ill 
provide assurances that decontamination of the containment and equip
~ent wlll minimlte further equipment dama~e and not jenpnrdlze e~lst ln~ 
plant operatlnR ~onditlons. 

Phy!llcal Protect lon of E~sent 1.11 Components Durin& 
Decontaolnatlnn 

Es~ential ~ooponents can be protected in a variety of wnvs 
during hands-on de~ontamlnatlon . Physica l prnte~tlnn would Include: 

~. rrnt~ct lv.- w.Jter-proof cover~ •m clectrlcnl 
components ;~nd lnRt:-ur.:entatlnn 

b. Treated water rin11c .1fter c!JI.•nlcal rc.11-:ent 
rlns~ 
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c . Oeenergization of electrical equipaent prior 
to decontaQination 

d . Identification and tagging of essential 
equipaent 

e. Installation of temporary protective barriers 
around equipment 

f. Blankets. tarps. etc. 

g . Roping off vital areas 

Protection of essential equipcent is a prerequisite t o 
decontaainntion. Some of the essenti~l equipaent ~nd systcm.q arc 
identified in Sections 10.1.1 through 10.1.). 
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10.4 Protection of Svstrms and Components - tong Tern 

Most of the systecs and cocpon~nts in the containment will 
be inactive during the decontamination of the containm~nt. During the 
period of tiae these systems will not be in service, preventative m~asures 
are required for long te~ protection. Syst~ms and components should be 
placed in a long te~ wet layup condition, as follows: 

a. Steam Generators (including main steam 
and feedwater piping) 

When the steam. generators are no longer 
requir~d for reactor core heat removal, 
they should be placed in a full wet layup 
condition with water meeting the chemistry 
requirements for wet layup conditions. 

Provisions for periodically adding chemi
cals to the steam generoators and recircu
lating water through the steoam generators 
must be oavoailable. 

1. The B Loop cl~sed cycle cooling 
system can be used as a wet layup 
system for the B steam generator. 

z. The A Loop feedwater/=ain steam 
systems can be used for steam 
generator A for the short tero, 
however, provisions for long tero 
checical addition and recirculation 
should be made. 

b. Auxiliary Systeos (inte~ediate closed 
cooling water, nuclear services closed 
cooling wnter, etc.) 

These in:~.ctive systeos should be flullhed 
:~.nd filled with tre:~.ted water meeting the 
chemistry specifications for we: layup 
conditions :~.nd equipment protection. 

10-'i 
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11.0 MAINTE."iA:ICE OF SSSS COMPONEST INTfCRITY 

11.1 Inventorv o! Critical NSSS Components in the Containcent 

An inventory of SSSS components is shown ln Table 11-1. 
These components have been subjected to undesirable environmental 
conditione, and, in some cases, these environmental conditions still 
exist. One of the aajor concerns ls corrosion of carbon steel re
sulting from conr~lnment spray water, high containment humidity and 
submergence of components in water. 

ll-1 
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11.2 Effect of Changing Su!!!p Level on ::sss Componenu 

At present there are a nu=her of NSSS components that 
are submerged in sump vater. Incredsing containment sump vater 
level vill ultiaately flood other components. 

As of June 4, 1979, the containment su~ vater level 
vas measured to be at 289.37 feet ( 6.9 feet deep). The sub
merged ~SSS components are as follovs: 

a. Letdovn coolers (carbon steel) 

b. RCS cold leg piping (partially submerged) 
(carbon steel) 

c. Steam generator holddovn nuts/bolts 
(carbon steel) 

d. Steac generator support skirt 
(carbon steel) 

e. Steac generator lower head (primary 
inspection and manvay closures/studs/ 
nuts) (carbon steel) 

f. RCS cold leg and stenm generator insulation 
(partially submerged) (stainless steel) 

The SSSS cooponenrs vhich nay soon be totally suboerged 
are as follovs: 

SSSS Co!:!!onents Elevlltion 

a. Letdovn cooler isolation 289.:!5' 
valves MU-Vla, VlB, V!A, (partially submerged) 
V28 (stainless steel) 

b. Intermediate cooling vater :!89.1:!5' 
valves IC-VLA, VlS (partially sube~er~ted) 
(carbon s teel) 

c. Decay he11t dropline valves 
DH VLA (stainless steel) :!93. 5' 

(operator t'levat!on) 
Oil VlB (stainles~ steel) 290. 5' 

(oper."ltor elevation) 

d. Reactor vessel support 291.2 ' 
skirt pad (carbon steel) (base) 

e . Reactor •tessel hold do~o'll 29:! . 3' 
bolts/nuts (carbon s teel) (top) 
(See figure !!-2 for details) 
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f. Reactor vessel lower 
head 

g. Reactor vessel lover 
head insulation 

Tfei.2IITIAL PLANNING STUDY 

290.5' 
(bottom) 

:!89.9' 
(bottOI!I) 

Carbon steel Qaterial subQerged in contain=ent sump water 
will corrode. The degree of corrosion will depend on the cheQistry 
of the water. 

Containment Sump ~ater 

Th~ containment st=P ~ater is estimated to hav~ a pH of 
.1bout 8. 5 • 8, 6 with a chet~is.:ry of about :!760 ppm caustic (NaOII) 
and nbout 12,000 ppm boric acid (H3B03). The caustic hns probnbly 
reacted vlth the boric acid to form sodium tetraborate or borax 
(Na:!8t.07l. ,\s .1 result, the suetp Wolter is expected to cont.1in 
about ~940 ppm sodium tetrabor.1te .1nd about 3500 ppm boric acid, 

Corrosion Rate Testins 

The &1bcock & Wilcox Alliance Research Center (ARC) 
conducted corrosion tests of Q.lteri.lls in cont.linment spray solution 
of the following concentr.ltions: 

Solution A 

pH 9.) with sodium hydroxid~ (~aOH) 

Solution 8 

1.22~ boric .1cid (H3B03) 

0.6~ sodium thiosulfate (Nn2S203) 

pH 7.5 with sodium hydroxide (~aOH) 

Solution C 

1.22: boric acid (H3BOJ) 

pH 9.) with so~iua hydroxide (S.10H) 

Although these solutions are somewhat different from the 
nn-2 containment :1ump water (i.e., Solutions ,\ & 8 contain sodlum 
thiosulfate) the tests provided corrosion r.1te information ~hlch is 
appllcnble to nn-:!. 
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Conclusions/Reco~end3tions 

3. Based on the results shown in T~ble 11-2, 
the corrosion r~tes are higher in a p~rtl~lly 
submerged condition than ln a submerged condi
tion. Therefore, it vould be desir~ble to 
=aintain components submerged to minimize 
corrosion. 

b. Increasing or decreasing su=p level durin~ 
decontamin~tion, containment sump vater 
processing, etc., vlll expose components 
to n vet/dry environment. Corrosion r~tes 
vlll increase in the aren vher1! materinl 
is re-exposed to air. Cycling of v~ter 
level should therefore be minimized. 

c. The present sol rJtlon ln the contalncent 
su:~p should rrovide an inhibiting effect 
on the corrosion of carbon steel. Cher.~lcals 
need not be added to the sucp vnter. 

d. C~rroslon r~tes are expected to be in the 
ran~e of 0.1 to 1.0 ell. per year. 
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11.3 Effect of Sump Dewatering on SSSS Components 

Containment sump vater vlll eventually be puaped out of 
the containment for processing, exposing previously submerged COQ
ponents to the containment atmosphere. As shovn in Table 11-Z. 
corrosion is greater for exposed carbon steel surfaces than for 
submerged material. Subjecting these components to high building 
humidity and/or alternately vetting and drying the material vill 
alao induce higher corroaion rates. 

Complete devatering ~f the containment tlrough the 
sump vill not be possible for several reasons: 

a. The contain=ent floor and equipment 
drainage piping vould norm3lly drain 
vater to the suap. llowever, some floor 
drain• may be plugged vith loose debris 
forming localized pools of water. 

b. The absence nf a floor drain inside the 
steam generator support cavity and the 
geometrical arrangement of the steam 
generator base support precludes the 
complete devaterin~ of this area by 
drainage. Referring to Figure 11-1, 
approximately tvo inches of water will 
remain in this cavity when the contain
ment is dewatered, enough water to par
tially submerge the steam generator hold 
dovn bolts and nuts. 

Conclusions and Recommendations 

a. Reduce containment relative humidity by 
periodically running the containment air 
coolers. Continue with this operation 
until remote decontamination with the 
containment spray system begins. 

b. After completion of remote decontamination 
with the containment spray system, dewater 
the containment sump completely and re
flood per Section 11.4. 

tl-5 



TJI.211l1AL PLAttMtG STUDY 

11.4 Desirabilitv of Sump RefloodinR vith Inhibitors 

Once the containment sump is drained, eoaponents that 
vero once submerged vill be exposed to the containment environment. 
This environment includes exposure to air, varying humidity condi
tions and direct exposure to containment spray water th3t is to be 
used in the remote decontamination phase. 

Contaminated vater in the containment sump will be 
prior to remote decontamination with the containaent spray 
During this remote decontaaination phase, the sump may 
drained several times. 

drained 
system. 
again be 

If the eontain=ent sump is to reoain in a dewatered con
dition for an extended period of time (i.e., ~ 4 weeks) nfter the 
Initial dewatering, the following is recommended: 

.... Reflood the containment sump to 
of one foot with treated vater. 
Coot is sufficient to cover the 
generator holddown studs/nuts. 

a r.liniaum 
One 

ste:ta 

b. The treated water should be as follows: 

~ltrate-Borax Treatment 

o pH at i7"F 9.5 

o ~itrate1 (i.e., sodium nitrate) 
:!000-JOOO _ppm 

o Tetraborate (I.e., sodium tetra
borate) l00-300 ppo 

e. Reflooding with this solution should not be 
done usln~ the containment spray systeo. Re
floodin~ should be done through the contain
cent sump drain line via DH-V6A or 68. 

Ftn~l rJnse/ReClood of Contain"ent ~~~n 

After remote deeontamina:ion with the containment spray 
system is completed. the containment !lUmp should be d-rained and re
flooded to a minimua of one foot with treated water. 

a. The containment spray system can be u~cd 
to reflood the containment sucp with treated 
water prior to building entry. Titl!l will 
also serve as a final r!nse of the contain
ment. 

b. Chccl"try requirements for the Clllkeup .1nd 
treated vater are !lpeclf!ed in Section 
10.2.1. t.e., 50- 100 ppm sodium pho!lphatc 
solution. 
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TABLE 11-1 

CRITICAL ~SSS COMPOS~~TS 

I:l THE CO~AllO'IE:\"T 

1. CF-VlA, VlB Core Flood Tank Isolation Valve~ 

2. CF4A, 4B, SA, SB Core Flood Check Valves 

J, DH-Vl, V2 Decay Heat Drop Line Valves 

4. Reactor Coolant Pump Xotors 

S. Reactor Coolant Pump Casings 

6. Reactor Coolant Pump Internals 

7. Reactor Coolant Pump ~otor Stands 

8. Reactor Coolant Pump Constant Load Supports 

9. Control Rod Drives (Control) 

10. Axial Pover Shaping Control Rod Drives 

11. Fuel Handling Bridges and Fuel Transfer Systea Cabinets 
(Electrical) 

12. Reactor CQolant Syste= Piping (Cold Legs/Hot Legs) 

13. aeactor Vessel 

14, Reactor Vessel Head Studs/Nuts/Washers 

15. Reactor Vessel Head 

16. Steaa Generators 

17. Pressurizer (including Pressurizer Heaters) 

18. Plenum Assecbly 

19. Core Support Sub Assembly 

2~. Core Support Shield Assecbly 

21. Internal Vent Valves 

22. Core Flood Tanks 

23. Insulation 



IL\Tf.KJ,\1. 

C.\KIIIHI STt:-:EI. 
(SUI~llcRt:t:ll) 

t:.\Rt"l/1 :nn:t. 
(I'Aitfl.\1.1.\" Slllltlt:-:RI:t:ll) ., 
1:.\l:tiCI/1 Sn:F:I. Sl'Rt:-:SS~:Il 
(SIIU!II:m:~:n) 

c.\Rnmt sn:1::1. uusrnt:ssw 
(1',\KTI.\I.I.Y !WIUif.RGI:Il) 

• 
c~ .. 
,. ~ 
1 • 

~ , . . ~ ..• 

TAIIJ.I-: 11-2 

I:ORROS lOU RATES Ot' C.\lti!ON STF:I::I. J::XrOSf.ll Ill J.ONG T£1Ui TE!iTS IN 

SUIUI.A'l't:-:0 CONTAINHI:-:Nl' SI'RAY SOLtrCIONS 
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SOLUTION C 
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