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ABSTRACT 

DP-MS-75-61 

Three alternatives to decommission the Heavy Water Components 

Test Reac.tor (HWCTR) have been analyzed. The major elements of 

the alternatives are shown in Table 1. No final choice has been 

made between alternatives, and all are feasible. The Protective 

Confinement approach is advantageous as long as current activities 

onsi te require limited access by the general public, and because 

excellent confinement of the residual activity (2.3 x 10~ curies) 

is provided by in situ dry storage as the radiation from 6 °Co 

diminishes. Entombment provides the most-secure confinement of the. 

activity at some increased cost; in 35 years, the activity will 

3 I. 6 3 decay to 2 x 10 curies and consist primarily of Ni. Dismantling 

HWCTR has no apparent advantages, other than a demonstration at the 

Savannah River site, because of the long-term commitment to safe-

guarding radioactive material; the relative cost is high. 

Selection of a plan for decommissioning will depend on criteria 

that are presently being formulated within ERDA and other regula-

tory bodies. 

The information contained in this article. was developed during 
the course of work under Contract No. AT(07-2)-l with .the U. S. 
Energy Research and Development Adminstration. 
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HWCTR HISTORY 

Before discussing the alternatives used to develop decommis-· 

sioning plans for HWCTR, some background information on the pur

pose for building the reactor will be given. 

The Heavy Water Components Test Reactor (HWCTR) was a test 

reactor used to develop candidate fuel designs for heavy water 

power reactors. The nominal reactor power of 50 l\1Wt was dissipated 

to the atmosphere; the total HWCTR exposure was 13,900 MWD. The 

general plan of the site is shown in Figure l, and the appearance 

Qf the .sitP. ci11ring operation ic !;hown in rigui'c 2. 

The reactor hydraulic system operated at 1200 psig and 250°C. 

The reactor vessel was made of 3- to 5-inch-thick carbon steel 

clad with stainless steel; the exte1nal hydraulic system was car

bon steel only. Two test loops isolated from the primary hydraulic 

system were provided for special test conditions. Arrangement of 

the equipment within the containment building is shown by models 

in Figures 3, 4, and 5. These models were used in building con

st:cuction and also during the decommissioning. studies. 

After HWCTR was shut down· in December 1964, the fuel 

assemblies and the startup source were removed from the site. 

Safety rods and control rods were delatched from their drives 

·and fully inserted into the reactor vessel. Heavy water was 

drained from the reactor, and the system was dried. The reactor 

was maintained in a standby status for about one year and then 

retired in place. Since that time, surveillance has been provided 
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by personnel from an adjacent site. Access to HWCTR is controlled 

by the locked fences surrounding the site. 

PREPARATION OF A DECOMMISSIONING PLAN 

A six-step procedure was followed to prepare a decommissioning 

plan for HWCTR: 

• Assemble a task force to develop alternatives. 

• Study guidelines and precedents in comparable efforts and propose 

criteria for the current effort. 

• Define the residual activity. 

• Define alternatives; characterize feasibility, cost, and 

residual risk to public. 

• Assess the alternatives using the criteria. 

• Determine a course to be followed considering constraints and 

plans for the site. 

TASK FORCE PERSONNEL 

To assemble the information needed to evaluate alternatives 

for decommissioning HWCTR, seven senior employees with varied 

backgrounds were assigned to the effort (Table 2). The services 

of Du Pont Engineering Department, which designed and built HWCTR, 

were used to estimate capital costs for the decommissioning options. 

Laboratory services onsite were used for more-extensive radiolog

ical analyses of HWCTR samples than could be attained IJy field 

surveys. Three members of the task force, who had been assigned 

at the HW.CTR site during operations recovered records, reviewed 
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construction techniques, and outlined special operating occurrences 

relevant to decommissioning modes. 

OBJECTIVES AND CRITERIA 

The three alternatives identified for deconunissioning the 

HWCTR facility and the objective to be achieved through each 

alternative are listed in Table 3. 

The criteria used to evaluate the merits of the alternatives 

are: 

. Radiation Impact. Acceptably low probability of release of the 

HWCTR activity to the environment for normal and unlikely occur

rences. 

Land Area Commitment. The acreage committed both to confine 

the activity and to monitor and control water runoff. 

Cost. Decommissioning capital cost and operating cost for 

surveillance after decommissioning. 

Certainty and Finality. The resolution of current decommissioning 

steps must take into account radioactive decay, ret~ievability, 

and site equipment reactivation. 

Aesthetics. Appearance of the site. 

RESIDUAL ACTIVITY 

The definition of the residual activity at the HWCTR site 

was divided into three tasks: defining the activity in the reactor 

sys-tern (exclusive of the reactor vessel), defining the induced 
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activity in the reactor vessel and shield, and detennining the 

radiation emitted by the equipment so that working conditions 

could be estimated for removal operations. 

Reactor System Activity 

The current inventory of activity was defined inside the 

reactor vessel and in the exterior circulating system. In HWCTR, 

the logical point of division between these two systems is where 

stainless-steel-lined pipe stubs are welded to the carbon steel 

piping system (primarily 10-inch-diameter pipes, steam generators, 

and pumps). The carbon steel portion of the system was coated 

with an adherent magnetite film; a sidestream from the major 

system was circulated through a purification system (filters and 

deionizers) made of stainless steel. Corrosion product deposits 

and small amounts of adsorbed activity from fuel failures cause the 

residual radiation in the carbon steel, or external, portion of the 

system. Activity levels and distribution in the system are shown 

in Table 4. The amount of activity in the external system is less 

than 0.01% of the total and, therefore, is not.a controlli.ng factor 

in design of a method to provide long-term confinement of the 

residual activity at the HWCTR site. 

The transuranium (TRU) activity in the main system is from 

failure of two experimental fuel assemblies; the calculated total 

release was 5 g of uranium and 4 mg of plutonium. One failure also 

occurred in the liquid loop and released. an additional 5 g of uranium 

that was confined to the loop. The other test loop (boiling loop) 
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never contained a test assembly. Further studies are being made 

on small samples of pipe that were cut from the piping systems so 

that laboratory analysis techniques (rather than field surveys) 

could be used to characterize the small amounts of activity in 

the carbon steel portion of the system. 

Induced Activity in Reactor Vessel and Shields 

The majo~ source of residual activity is induced activity in 

the HWCTR vessel (the stainless-steel-lined portion of the reactor 

system inside the biological shield). The calculated activities 

of the reactor components within the vessel boundary are listed 

in Table 5. The principal activities are 55 Fe, 60 co, and 63 Ni. 

·However, as shown in Figure 6, after 30 to 50 years, the only 

ind~ced activity remaining will.be 63 Ni, and radiation levels in 

the reactor components will be minimal. 

The concrete biological shields surrounding the reactor vessel 

contain trace amounts of 59 Co (100 ppm); reinforcing rods and steel 

shot (assumed to contain 1000 ppm of 5 9 Co) were also used in the 

shield structures. All shielding and rods within 3 ft of th~ react9r 

vessel would have to be removed to reduce site activity to. the 

level applied in the Elk River dismantlement if the assumption 

~·of 100 ppm 59 Co in the concrete is correct. ~ree separate 

.types of shield would be involved in the HWCTR case. The quantity 

of concrete ~hielding to be removed is uncertain because impurity 

levels of 59 Co vary over a wide range. 
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External Radiation 

Radiation levels near the HWCTR system are generally less 

than 3 mR/hr. The residual radiation is attributed to small 

deposits of corrosion products wtth induced activity (chiefly 

6 °Co). Work on the reactor system equipment (excluding the reactor 

vessel) will only involve breathing protection for tritium if 

lines are opened, or for particulates if cutting or welding is 

done. Radiation emitted by the reactor vessel is not: extremely 

high (1-2 .R/hr at a distance of 2 ft) because of the. shielding 

provided by the vessel walls; radiati.on fotensities inside the 

vessel in the range of 100-200 R/hr from the thermal shield would 

be encountered if parts of the vessel exterior were removed 

(reactor top or main coolant nozzle). 

ALTERNATIVES 

The steps taken with the major ,equipment are compared in 

Table 6 for the three options for decommissioning HWCTR: Dis

mantlement, Entombment, and Protective Confinement. 

SAFETY ASSESSMENT 

With HWCTR shutdown and the nuclear fuel removed, only two 

mechanisms for public sector dose are postulated: direct exposure 

'. onsite and transport offsite via water. Direct exposure is cur

rently prevented by physical .security of both the HWCTR site and 

SRP site. Water transport of corrosion products from the thermal 

shield to the plant streams and then offsite is a long-term risk. 
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The risk analysis is made with many conservatisms. J'he dose 

criteria are based on 30-mrem bone dose associated wit~ drinking 

water ingestion of 63 Ni (the major isotope remaining after SO 

years). Even postulating highly improbable events that cause 

failure of protective vaults in the next 20 years, more than .100 

years would be required for water first to reach the reacto~ 

vesse.l and then to seep to the site creeks. The analyses are 

summarized in Table 7. 

The probability estimates for immersion of the vessel re£lect 

the higher water table in the burial grounq (10 to 20 ft below. the 

bottom of a trench). At the HWCTR site, the water table is 30·ft 

below the bottom of the building and therefore more than SO ft 

below the reactor vessel. In addition, the barriers to' water 

penetration differ. In the Protective Confinement case, water must 

corrode through the carbon steel piping before the vessel internals 

will start to corrode. In the Entombment.case, water must pene

trate at least one-quarter inch of stainless steel before reach~ng 

the vessel internals. A mechanism for transport of the corrosion 

products into the ground water is assumed to be similar in all cases, 

but no credit for soil removal effects are included. Thus the 

concentration of activity in the creek largely reflects the 

differences in dilution and decay of 63 Ni. 

SITE CONSIDERATIONS 

The Savannah River site is shown in Figure 7. If HWCTR is 

dismantled, the. activity is relocated from U area to the site 
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burial ground. Rainwater runoff and ground water flow in the 

vicinity of the burial ground reaches either Upper 1hree Runs 

Creek or Four Mile Creek. Therefore, if the HWCTR vessel were 
.. 

transferred to the burial ground, long-tenn surveiilance of the 

nearest creek would be involved. However as shown in Figure 7; 

with the activity remaining at the present site, Upper 1hree 

Runs· Creek would still be the first creek to be affected.by the 

postulated activity transport if activity somehow escaped the 

confinement provided by the HWCTR system. Long-tenn plans for 

the SRP burial grounds will probably involve commitment of a 

caretaker crew for perhaps 100 years. Such a crew might easily / 

provide surveillance for the ne~rby HWCTR site if the alternatives 

of either Entombment or Protective Confinement were chosen. 

PROGRAM 

Alternatives for decommissioning HWCTR are described in a 

plan document that has been forwarded to ERDA for appropriate 

review. Each alternative has been assessed using the criteria 

(Table l); major conclusions are shown in Table 8. 

When funding is provided to decommission HWCTR, a final 

design and analysis will be required. 1he decommissioning plan 

for the HWCTR site will be integrated into longer-range p1anning 

. for other radioac tivt:: sites on the Savannah River Pl ant. 
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T.t\BLE 1 

Summary of Decommissioning Options 

Radiation Exposure 

Accidental to Public 
. a 

Planned. Occupational 

Land ArE)a, acres 

HWCTR 

Burial Ground 

Dismantlement 

Remove all radioactive 
equipment to 
burial ground 

Unlikely 

Some 

0 

-2 

Water Rights, acres Burial site to cree~s 
{already needed) 

Capital Cost, $ mi1lionsb. S 

Annual C_ost, $ <100 

Flexibility Best. 

Aesthetics Best 

Entombmer.t 

Relocate above-grade 
equipment to burial 
ground, ood fill 
building with concrete· 

Extremely unlikely 

Less 

l.S 

0.2 

From 0 to 90 
{HWCTR ~o creek) 

1 

1500 

Poor 

Good 

Protective Confinement 

Repair dome, seal 
building, and seal 
p~ping system 

Very unlikely 

Least 

.1.S 

0 

90 
{HWCTR to creek) 

<0.5 

"3000 

Good 

Least ~ttractive 

a .. An estiinate of the man-.rem involved will be given when th: ·paper is presented. 

b. Costs -given are approximations•; bette.r.· cost~·estimates will be' given when. the paper is presented. 
Burial costs are included where incurred but no cost for land or water right:s is included. 



' 

TABLE 2 

HWCTR Decorrunissionin·g Task Force 

No. 

1 

1 

1 

Edu.cation 

Physics 

Math 

Chemical Engineer 

Chemical Engineer 

Nuclear Engineer 

Chemist 

Nuclear Engineer 

Site Experie.nce 

Nuclear Physicsa 

Health Physics 

Long-Range Planning 

Reactor Engineeringa} 

Reactor Engineering 

Environmental Studies 

Separations Engineeringa 

·Function 

Fl.ux, exposure,- and induced 
activities 

Surveys of HWCTR facilities, 
decontc;imination ·requirements 

Coordinate planning ~nd analyses 

Develop engineering steps for 
alternatives·, make ·safety studies 

Apply environmental and 
site guide lines 

Plant liaison 

a. Assigned to Hll'CTR during period of reactor operation, 
b. Pa.i:-i:-time members of the task force. 

TABLE 3 

Objectives 

11 lteronati ve 

Dismantlement 

Entombment 

Protective Confinement 

Ob;jec:t·ive 

Res tore the. U site to a condition 
suitable for release to the general 
p1.1h.Ur.. P.'ilocate HWCTR. radioaet:i vi ty 
to the burial ground. 

. Secure the activity reniaining 
in the HWCTR facility so t~at release 

·to the environment is extremely improbab1e 
until de.cay renders it harmless. 

Confine activity at the HWCTR site in 
dry storage while decay proceeds for the 
foreseeable future; , · 
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TABLE 4 

Circulating System Activity Inventorya 

Activity, Ci 

Transuraniwn Fission Products 6 °Co 

Main System 2 x 10- 4 <10- 4 

Loops 

Liquid 2 x 10- 4 <10- 4 

Boiling 4 x 10- 4 <10-4 

a. <0.01% of total IIWCTR. activity. 

TABLE 5 

Ac ti vi ty Of Reactor Components 

Activity, 
ssFe 

Thennal Shield 10, BOO 

Monitor Pin Plate 390 

Reactor Vess Al 380 

Control Rods 100 ----
11,670 

a. July 1, 1975. 

Gia 

"-0. 5 

<0.1 

"-0.3 

6 oc0 b 

8800 

320 

230 

80 

9430 

. 6 3Ni 

2400 

90 

10 

20 

2520 

b. From the 1000 ppm sgco impurity assumed in steels. 
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Total 

22,000 

800 

c,20· 

200 

23,620 
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TABLE 6 

Equipment Disposition 

HWCTR 
Equipment 

Zero level 
equipment 

Reactor vesse 1 

Nozzles from 
reactor vessel 

Below-grade 
piping and 
equipment 

Concrete. shields 
around rea.ctor 
vessel, including 
reinforcing rods 

Containment 
shell 

Auxiliary 
buildings 

TABLE 7 

Risk Comparison 

AZ ternati ve 

Dismantlement 

Entombment 

Protective Confinement 

Dismantlement 

Remove process 
pipi11g to 
burial ground 

Remove to 
burial ground 

Cap for 
transport to 
burial ground 

Remove to 
burial ground 

Remove to 
burial ground . 

Remove 

. Remove 

ReZative 

Entombment 

Relocate some 
be low .grade; 

·move remainder 
to burial ground 

Case in concrete 

Cap with 
. stainless steel 

Encase in 
conc:r:ete 

Include in 
tomb 

Remove 

Remo.ve 

Re Z.ati.ve Conaequenae 
ReZative Probabi Zi ty of Activity in 

of Immersion Creek Water Risk 

1 10- r 10-1. 

10- 2 10- 2 10'"4 

10- 1 la 10- 1 

a. Estimated dose from drinking water corresponds to 30 x 10- 3 mrem. 
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Protea ti ve 
Confinement 

Leave in place 

Leave. in place 

Not required 

Leave in place; 
cap any 
tcmporllr)I" :.eals 

No action ~eeded 

Paint 

Leave in place 

Minimum Time 
for Aat;ivity 
Transport to 
Creek, yr 

300 

300 

100 



TABLE 8 

Comparison of Alternatives 

A 7, ter»iati ve 

Dismantlement 

Entombment 

Protective Cunfi nement 

... 

Major Advantage · Major Disadvantage 

Demonstration of Highest cost 
cleared site 

Maximum security 
ofactivity · 

Lowest cost 
Good confinement 
and flexibility 
under current plant 
status 
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FIGURE 4 HWCTR Model - Other Half of Below-Grade Equipmen: 



FIGURE 5 HWCTR Model - Above-Grade Equipment 
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