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SUMMARY

The Sodium Reactor Experiment (SRE) located at the Rockwell International
Field Laboratories northwest of Los Angeles was developed to demonstrate a
sodium-cooled, graphite-moderated reactor for civilian use. The reactor
reached full power in May 1958 and provided 37 GWh to the Southern California
Edison Company grid before it was shut down in 1967. Decommissioning of the
SRE began in 1974 with the objective of removing all significant radioactivity
from the site and releasing the facility for unrestricted use.

The SRE site consisted of the main reactor building and support buildings
and facilities, such as sodium storage and purification, radioactive waste
storage, component cleaning, waste retention, heat exchangers, and cooling
systems.

Planning documentation was prepared to describe in detail the equipment
and techniques development and the decommissioning work scope. A plasma-arc
manipulator was developed for remotely dissecting the highly radioactive reac-
tor vessels. Other important developments included techniques for using ex-
plosives to cut reactor vessel internal piping, clamps, and brackets; decon-
taminating porous concrete surfaces; and disposing of massive equipment and
structures. The documentation defined the decommissioning in an SRE disman-
tling plan, in activity requirements for elements of the decommissioning work
scope, and in detailed procedures for each major task.

An early decision was made to retain the SRE building superstructure,
primarily to provide containment for airborne contamination released by the
decontamination operations. Controls to limit personnel radiation exposure
and radiation release were established and maintained throughout the program.
Arrangements for the collection, packaging, and burial of radioactive waste
were made, first at Beatty, Nevada, and later at Hanford, Washington.

Decontamination began with the removal of peripheral nonradioactive sys-
tems, such as the process water system, kerosene cooling system, pipe gallery
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nitrogen cooling system, secondary sodium systems, and heat exchangers.
Remaining bulk sodium was drained and shipped offsite. Residual sodium in the
reactor vessel and sodium system components were reacted with alcohol to
negate a potential chemical hazard. Liquid and gaseous waste holdup systems
were excavated, removed, and shipped to a burial Tlocation. The SRE retention
pond was drained and decontaminated. Reactor vessel internals were cut (using
explosives) into manageable sections for packaging in a shielded cask and
shipping to burial. Remotely operated plasma-torch systems were used to cut
the vessels. Massive equipment and structures such as the fuel handling

Hik e

machines, the moderator element handling machine, and the reactor vessel

shield ring and plugs were removed and shipped intact to a burial location.
The wash cells, dry fuel storage cells, pump dip Tegs, and hot cell storage
thimbles were excavated and removed from the reactor room.

Removal of contaminated soil and bedrock, particularly in the northeast
corner of the reactor room, was a significant task. Contamination had pene-
trated below building column footings, necessitating replacement of the foot-
ings after removal of contaminated soil and bedrock.

The excavations were backfilled with clean soil and rubble, and the area
was paved. The reactor room walls and ceiling were decontaminated by sand-
blasting. The SRE interior was repainted, the floor was repoured, and light-
ing fixtures were replaced.

SRE decormissioning operations generated 136,411 ft3 of radioactive
waste, which was sent to a burial site.

A final radiological survey was conducted to verify that the SRE site was
decontaminated to levels that allow unrestricted use of the facility. A third
party, Argonne National Laboratories, conducted an independent survey also to

verify that the objectives were met. An Environmental Evaluation study was
prepared to further assure that the area was safe for any future use.
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A continuous record of personnel radiation exposure was maintained. Film
badges processed by an independent Taboratory provided the Tegally documented
record of external exposure. Internal exposures were monitored quarterly by
analyzing urine samples. The cumulative group dose (in man-rem) for the proj-
ect was 89 man-rem, which is well below the amount that would have accumulated
had each worker received the limit of 5 rem per year. In fact, it is well
below the DOE guideline for new facilities of 1 rem per year per worker.
Knowledge gained from the SRE decommissioning will be applied to other decom-
missioning programs described in this report.

Decommissioning costs for the period 1974 through 1983 were $16.6 mil-
lion. This is approximately 11% of the $150 million estimated cost to replace
the SRE in 1982 dollars. Physical activities at the SRE ended in September
1982.
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1.0 BACKGROUND
1.1 FACILITY HISTORY

The Sodium Reactor Experiment (SRE) was designed by Atomics Interna-
tional, a division of Rockwell International Energy Systems Group (ESG), as a
part of a program with the Atomic Energy Commission (AEC) to develop a sodium-
cooled, thermal power reactor for civilian application. Construction was
largely by subcontract, under the supervision and direction of Atomics Inter-
national (AI), who also designed and manufactured special components, such as
fuel elements, moderator elements, and core component handling machines, for
the SRE. Southern California Edison (SCE) installed and operated the steam
electric power generating plant.

The SRE was located about 30 miles northwest of Los Angeles. It had been
designed and constructed by Al and the AEC to demonstrate the feasibility of a
high-temperature, sodium-cooled, graphite-moderated reactor as the heat source
of a central power station. It was the first nuclear reactor in the United
States to produce power for supply into a commercial power grid. The SRE was
a sodium-cooled, graphite-moderated, 20-MW thermal reactor using slightly
énriched uranium fuel in the initial core loading. The fuel was in the form
of stainless-steel-clad rods with sodium-potassium bonding in the annulus
between the fuel and cladding. The active core length was 6 ft. Heat gener-
ated in the reactor was transported by the sodium to a heat exchanger and then
by a secondary sodium system to a steam generator, which then powered an SCE
steam turbine and generator.

Intensive design of the SRE began in June 1954. Actual construction of
the plant began in April 1955. Construction was completed in February 1957,
and the ambient subcritical experiment, without sodium in the core, was
started on 23 March 1957. On 25 April 1957, the SRE was brought to critical-
ity with 350°F sodium in the core. The reactor was brought to full power in
early May 1958.
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The SRE primary system hot Teg thermal history for several temperature
ranges is presented in Table 1 for Core I and Core II. Most of the sodium
system was in service through both core operations. In Figure 1, thermal his-
tory of the SRE is presented as the number of exposure hours at or above any
given temperature. Not included in this thermal history is the accumulated
operating time of the sodium systems for sodium cleanup purposes in prepara-
tion for the SRE Power Expansion Program. This period, which extended from
15 May 1965 to September 1967, included operation of the main primary sodium
for 4,386 h at 700°F and 13,7196 h at 350°F.

TABLE 1

SRE HOT LEG OPERATIONAL TIME
AND TEMPERATURE®

Time
Temperature (h)
Range
(°F) Core I Core II
<300 120 180
300 to 399 4,080 9,480
400 to 499 2,016 3,288
500 to 599 576 4,008
600 to 699 192 6,408
700 to 799 520 2,256
800 to 899 1,972 1,056
900 to 959 512 40
960 to 1030 356 0
Total 10,344 26,716
qore 1: 4 May 1958 to 10 November 1959

Core II: 22 July 1960 to 15 February 1964

The SRE generated more than 37 GWh of electrical energy in more than
27,300 reactor operating hours. A summary of the more important operating
statistics is presented in Table 2.
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Figure 1. Total Time at or above
a Hot Leg Temperature

The SRE was operated from 1957 to 1964 at sodium outlet temperatures up
to 1000°F and thermal power Tlevels to 20 MW. In February 1964, the SRE was
shut down for Power Expansion Program (PEP) modifications with the objective
of raising the sodium operating temperatures to 1200°F and thermal power
levels to 30 MW with a stainless-steel-clad uranium carbide fuel loading.
These modifications, completed in May 1965, included replacement of the pri-
mary and secondary system pumps and the intermediate heat exchanger as well as
most of the other components of the primary sodium system. Moderator elements
were replaced and a new fuel Toading was prepared.

In September 1967, the primary sodium system was shut down and the sodium
was drained into the primary fill tank; the secondary sodium was drained into
drums. The SRE did not operate as a nuclear plant after 15 February 1964.
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TABLE 2
SRE OPERATING STATISTICS

Reactor critical 27,300 h
Integrated thermal reactor power 6,700 MW d
Integrated electrical output 37,174,200 kW h
Primary pumps
Main Original (freeze seal) 37,060 h
PEP (free surface) 17,582 h
Auxiliary Original (freeze seal) 37,060 h
PEP (free surface) 15,241 h
Secondary pumps
Main Original (freeze seal) 24,760 h
PEP (free surface) 11,442 h
Auxiliary Original (freeze seal) 41,152 h
PEP (free surface) 17,881 h
Intermediate heat exchanger
Main Original (freeze seal) 37,060 h
PEP (free surface) 17,582 h
Auxiliary 55,642 h
Steam generators sodium filled 63,000 h
Steam generators steaming 30,392 h £
PEP operation (primary and auxiliary
Na system flow at “350°F) 17,582 h

A plan for the deactivation of the SRE1 was approved by the AEC early

in 1967. The implementation of this plan resulted in a “"stored-in-place" con-
figuration, except that nonessential equipment.was removed and the steam gen-
erator and noncontaminated support facilities were not maintained. Other
major activities of the deactivation were:

1) Transferring Core III fuel from the SRE to storage in Build-
ing 064 at the Santa Susana Field Laboratories (SSFL)
2} Draining primary sodium to the fill tank

]“SRE—Deactivation Plan," TI-599-19-001 Rev. A, 25 January 1967.
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10)

1)

Removing noncontaminated secondary sodium in drums from the SRE
Modifying the inert gas system to combine the helium and nitro-
gen gas systems

Placing the radicactive waste system in storage by: flushing
and draining the liquid waste system and purging the gaseous
waste system; decontaminating the sump pit and wash cell pit;
replacing the stack filter; shutting down the compressor; shut-
ting off cooling water for the compressor; installing sump pit
blocks; transporting waste to the RMDF; disconnecting the elec-
tricity to the wash cells, gaseous waste, and sanitary waste
systems; draining wash cell steam and water systems; and
installing shield blocks in the gaseous waste vaults
Decontaminating the external surfaces of the fuel and moderator
handling machines

Shutting down control and instrument power

Decontaminating the main portable hot cells and shutting down
the ventilation system

Preparing the batteries, motor-generator sets, and diesel gen-
erator for an inactive period |

Providing power for the emergency paging system and perimeter
lights

Shutting down heating, ventilating, and plant air systems.

These deactivation activities were completed in 1968. A surveillance

program, continued until decommissioning activities began in 1974, included:

monitoring and servicing of the nitrogen cover gas system; inspection for

water, wind, or other damage; sodium system inspection for leaks; and radio-

logical monitoring of contaminated areas.

A decommissioning study, completed in July 1970,
formulating plans for the ultimate disposition of the deactivated SRE site and

2

2 assisted the AEC in

upost-Retirement Plan for Radiological Decontamination of the SRE Site,”
TI-599-19-103, 30 July 1970.
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provided an estimate of costs to make the SRE site radiologically clean and
safe so that no further surveillance or regulation of the facility would be
required. A proposal to decommission the SRE site was submitted to the AEC in
GFY 1973, and limited decommissioning activities began in GFY 1974.

1.2 DECOMMISSIONING PROJECT PURPOSE

The SRE site contained radiocactive structures, systems, components, con-
crete, and soil. The SRE was decommissioned to remove all significant radio-
activity from the site and to release the facility from all requirements for
radiological control, Tlicensing, or monitoring (unrestricted release). At
completion of the decommissioning and release for unrestricted use, the facil-
ity was decontaminated to levels that are as low as reasonably achievable, and
in all cases are below levels specified in Table 3.

TABLE 3

UPPER CONTAMINATION LIMITS FOR DECONTAMINATION AND
DISPOSITION AT SRE

Surfaces
Beta gamma emitters Total = 0.1 mrad/h at 1 cm, with 7 mg/cm2 absorber
Removable = 100 dpm/100 cm2
Alpha emitters Total = 100 dpm/100 sz
Removable = 20 dpm/100 cm2
Soil
Near surface 100 pCi/g gross detectable beta activity
Below 3 m
Average 1000 pCi/g gross detectable beta activity
Max imum® 3000 pCi/g gross detectable beta activity
Concrete Rubble 1000 pCi/g gross detectable beta activity

2
%The maximum value may be averaged over a volume of 1 m” to meet the Timit for
the average value.
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2.0 FACILITY DESCRIPTION

2.1 BUILDINGS AND SYSTEMS

The SRE was a complex of buildings, work areas, and systems (see
Figure 2). In addition to the reactor building (Building 143), there were
radioactive waste storage in Building 041, sodium components cleaning in
Building 724, hot waste storage in Building 686, hot components repair in
Building 163, sodium purification in Building 695, sandblast cleaning in
Area 723, primary sodium fill tank and system in Building 753, secondary
sodium fi11 tank and system in Building 453, liquid waste holdup system and
gaseous waste holdup system in Building 653, and cask and hot component stor-
age in Area 654. Included in the decommissioning effort were the kerosene
cooling system for the biological shield, fuel storage cells, and reactor
plugs; primary and secondary sodium service systems, fuel element wash cells;
hot cell; fuel storage cells; absolute filtered ventilation system; retention
pond and dam; vaults cooling system (nitrogen); emergency power system; water
supply system and change room with accompanying holdup tanks.

2.1.1 Containment Building Layout

The reactor building layout was as shown in Figure 3. Entrance to the
south side of the building was made via the visitors Tobby. Adjacent to the
Tobby was the Health Physics office where visitors obtained film badges. The
main corridor adjacent to the lobby led to the visitors gallery where the
reactor bay area could be viewed through windows. Access to the control room,
recorder room, shift supervisor's office, restrooms, and mezzanine was through
the main corridor. The southeast portion of the building comprised the bat-
tery room, instrument shops, boiler room, and electrical distribution room.

2.1.2 Containment

The building superstructure was a Tow-air-leakage building with ventila-
tion and exhaust systems designed to control leakage and air flow paths. The
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interior of the building was maintained at a lower pressure than the exterior
of the building so that air flow would always be into the building. In this
manner, any radioactive particulates that might have escaped would have been
retained within the structure and trapped by the exhaust filters.

The reactor and components containing radioactive materials were com-
pletely enclosed in below-grade vaults and galleries sealed from the outside

atmosphere. An artist's cutaway view of the facility is shown in Figure 4.

The reactor core was completely enclosed in a stainless steel cylindrical

core tank, which in turn was enclosed within two additional steel enclosures,

i.e., the outer tank and the core cavity Tiner (Figure 5). A helium cover gas

btanket filled the space between the sodium and the top shield. The upper
portion of the reactor containment structure included the ring shield, the
loading face shield, and the various plugs within the loading face shield. A
bellows connected the reactor tank to the ring shield.

Confinement of the reactor atmosphere was achieved by means of varijous
seals. Small plugs, such as fuel element and control element plugs, were
sealed by two "quad" rings. Double rings were also used to seal the moderator
shield plugs.

The Toading face shield was sealed to the ring shield by a frozen metal
(cerrobend) seal. The cerrobend (a eutectic alloy of bismuth, lead, tin, and
cadmium with a melting point of 158°F) was frozen into a trough attached to
the ring shield. A 6-in.-Tong steel cylinder welded to the loading face
shield fit into the trough. The alloy expanded during solidification to main-
tain the seal. When it became necessary to break the seal, built-in heaters
were provided to melt the alloy.

The primary radioactive sodium system piping and equipment external to

the reactor were contained within two galleries, one for the main Toop and one
for the auxiliary loop, and within three vaults for the primary drain pump,
primary sodium service system and the primary storage tank. Large shield
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Artist's Cutaway of SRE

Figure 4.
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blocks made from a minimum of 4-1/4-ft-thick dense concrete were placed over
the vaults and galleries.

The building ventilation system was designed and operated so that air
moved toward potentially contaminated areas. Makeup air was brought in from
the outside and combined with recirculated air within the administrative areas
to maintain positive pressure relative to the contaminated areas. Fresh air
at the rate of five air changes per hour was supplied to the reactor room by
independent supply fans. Exhaust fans and high-efficiency filters on the
reactor room roof were sized to maintain the reactor room pressure below all
contiguous regions, which were (1) adminstration areas, (2) hot cell, and
(3) out of doors. The use of filters reduced the possibility of Tocal contam-
ination by the accumulation of radioactive particulates on building and equip-
ment surfaces. The pipe and equipment vaults were maintained in an atmosphere
of dry nitrogen from the recirculating nitrogen cooling system. By excluding
air from the vaults, no sodiumoxygen reaction could occur in the event of a
sodium leak.

Blowers, with exhausts to the dilution stack, also maintained a negative
pressure in the SRE hot cells. The hot cell personnel area was maintained at
a positive pressure relative to both the hot cell chambers and the reactor
room. Air from the hot cell chambers was filtered before it left the cell and
was filtered again by the radioactive vent system filter banks prior to dilu-
tion in the stack.

2.1.3 Reactor Structure

The SRE reactor core was a matrix of moderator elements containing the
fuel elements, control rods, neutron source, and devices for measuring temper-
ature and sodium level. Since the SRE was an experimental reactor, it was
expected that the core geometry would be changed from time to time and that
test elements would be used.

ESG-DOE-13403
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As shown in Figure 5, the core tank was a flat-bottomed, stainless steel
vessel supported on the bottom of the core cavity liner. The main coolant
inlet plenum was Tlocated between the grid plate and the bottom of the core
tank. Pedestals on the bottom of the core tank supported the grid plate. The
moderator elements were supported by the grid plate, with the Tlower fittings
of the moderator element socket Tocated in holes in the grid plate. The lower
ends of the moderator elements, together with the grid plate below, formed the
moderator coolant inlet plenum.

0f the T19 moderator elements in the core, 86 were hexagonal shaped and
clad with Zircaloy-2. Full and partial hexagonal spaces at the core reflector
periphery were occupied by one or more stainless-steel-clad graphite logs.

Of the 86 Zircaloy-2-clad moderator elements, 57 had central process
channels; the remaining 29 were solid and were located in the periphery of the
core under that part of the reactor loading face shield having no access plug
positions. Thirty-three of the 57 process channels contained fuel elements, 8
contained shim- and safety-rod thimbles, 1 contained the neutron source, and
15 (1 of which was in the peripheral Zircaloy-2-clad element) contained in-
strumentation devices. A1l components positioned in the process channels were
supported from the reactor Toading face shield by individual hanger rod and
shield plug assemblies.

A core tank Tiner, extending up from the grid plate to an elevation above
the normal sodium level, was Tlocated approximately midway in an annulus
between the stainless-steel-clad moderator elements and the core tank. It
created an annulus of stagnant coolant adjacent to the core tank wall and
thereby reduced transient thermal stresses in the core tank wall. The main
and auxiliary sodium coolant inlet lines and the moderator coolant inlet line
were brought through the core tank wall and the core tank liner at an eleva-
tion slightly above the top of the moderator elements. The coolant inlet
Tines were routed down to their respective inlet plenums through vacancies in
the outer ring of moderator elements.

ESG-DOE-13403
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The grid plate was made of Type 304 stainless steel. The upper head
castings of the moderator elements and the arrangement of core clamps which
held them in position were made of 400 series stainless steel.

The thermal shield was located between the core tank wall and the outer
tank. It was constructed of ASTM-A7 structural steel plate and was supported
by the bottom of the outer tank. A structure of concentric rings above the
bottom of the cavity Tiner supported the outer tank. The volume between the
outer tank and the cavity liner was filled with block thermal insulation.
Outside of the cavity Tiner was the high-density concrete biological shield.
Overheating of the shield was prevented by cooling coils attached to the
exterior of the cavity liner through which kerosene from the kerosene cooling
system was passed. Both the core and outer tanks were sealed by two welded
bellows to the cavity liner at an elevation near the top of the core tank.
The cavity liner extended upward to the reactor floor. It was stepped to sup-
port the reactor loading face shield assembly.

The loading face shield assembly had an outer support ring and a 140-in.-
diameter rotating plug, which contained two 40-in.-diameter, one 20-in.-
diameter, twenty-four 3-1/2-in.-diameter, and fifty-seven 3-in.-diameter
plugs. The Toading face shield assembly was made of Type 405 stainless steel
filled with high-density concrete and lead shielding. All plugs were sup-
ported in stepped channels. The rotatable 140-in.-diameter plug, together
with the two 40-in.-diameter plugs, permitted replacement of the moderator
elements.

2.1.4 Primary Coolant System

The reactor coolant system consisted of two complete circuits: the main
circuit and the auxiliary circuit. The main circuit consisted of a primary
and a secondary loop. Included in the primary loop were an intermediate heat
exchanger (IHX), a free-surface mechanical pump, an electromagnetic (EM)
brake, a valve flow controller, instrumentation, controls, and sodium service
connections.

ESG-DOE-13403
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The main primary heat transfer loop removed 1200°F sodium from the reac-
tor by means of the main primary pump, which transferred it directly to the
main IHX where the thermal energy was transferred to the nonradioactive main
secondary system. The major function of the secondary loop was to provide
separation of the steam system from the radioactive primary system sodium.

Main primary sodium circuit piping and components were located in a con-
crete vault below grade to facilitate containment and shielding. A nitrogen
gas atmosphere was maintained in the vault to prevent ignition of any sodium
that might leak. The nitrogen also provided cooling and dehumidification of
the cell.

The main primary sodium pump was a vertical, single-stage, free-surface,
centrifugal unit. The case was mounted permanently in the main primary gal-
Tery, with the sodium pipes welded to the pump case. The pump shaft extended
upward through the shielding to the pump motor at floor level in the reactor

roont.

The main IHX (Figure 6) was an all-welded, Type 304 stainless steel, U-
shaped shell and tube, vertically mounted unit. Primary sodium passed through
555 tubes of 5/8-in. 0D and 0.042-in. wall, spaced on a 7/8-in. triangular
lattice. Secondary sodium flowed over the tubes on the shell side. The
exchanger was mounted on one fixed pad and two roller pads to permit thermal
expansion.

2.1.5 Secondary Systems

The main secondary pump and expansion tank were integrated into a single
unit and located in the cold leg of the system. The expansion tank provided
space for sodium volume changes and a free surface for Tiberation of entrained
gas.

Sodium was pumped through the main IHX, where it was heated and then
passed to the Edison Plant steam generator, where the thermal energy was used

ESG-DOE-13403
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to produce steam. The sodium exited from the steam generator and passed
through an EM brake prior to returning to the main secondary pump and expan-
sion tank.

The main secondary sodium pump was a vertical, single-stage, free-
surface, centrifugal-type unit mounted inside the spherical secondary expan-
sion tank. The main secondary pump internals were essentially the same as
those of the main primary pump.

2.1.6 Power Conversion System

The power conversion system was an outdoor installation consisting of a
7500-kW turbine, steam generator, and other equipment common to a conventional
steam-powered electricity generation station (Figure 7). The power conversion
system had the capacity to remove 30 MW of reactor heat (102 x 106 Btu/h).
Salient features of the plant are summarized in Table 4.

TABLE 4

STEAM GENERATOR DESIGN OPERATION CONDITIONS?

Parameter Condition A Condition B
Heat Load (Btu/h) 102 x 10° 102 x 10°
Sodium inlet temperature (°F) 900 1166
Sodium outlet temperature (°F) 440 616
Feedwater temperature (°F) 297 297
Steam temperature (°F) 825 825
Steam pressure (psig) 600 600

%The steam generator was designed for 30-MW heat removal under either
condition A or B.

The steam generator was a once-through, horizontal, U-shaped, shell-and-
tube heat exchanger employing 199 double-walled tubes with mercury in the tube
annuli. The mercury was pressurized to a value intermediate between the
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water-side pressure of 620 psia in the tubes and sodium-side pressure of
35 psia in the shell.

The steam generator was capable of delivering 88,700 1b/h of superheated
steam, with feedwater at 297°F. Controlled cooling of the steam provided
825°F and 600 psig at the turbine throttle. The low-pressure steam from the
turbine was exhausted to the condenser and collected as condensate in the hot
well. The condensate was pumped through the air ejector condenser and the
deaerator where any entrained gas was removed. The feed pumps then took the
feedwater from the deaerator through the closed heater and on to the steam
generator, completing the cycle.

2.1.7 Reactor Auxiliary Systems

2.1.7.1 Fuel-Handling Machine

The two fuel-handling machines (FHMs) were large, lead-lined casks weigh-
ing 55 tons, equipped with hoisting devices to transfer fuel and other core
elements.

Special equipment and procedures were provided for the safety of the
operating personnel and equipment. The radiation shielding on the FHM con-
sisted of an equivalent 9-1/2 in. of solid Tead for a height of over 10 ft.

An inert atmosphere was maintained within the FHM during fuel transfer.
A gas-tight seal was formed between the reactor and the FHM as a precaution
against release of radioactive gases or the introduction of oxygen to the
sodium in the reactor.

2.1.7.2 Sodium Coolant Purification System

The sodium coolant purification system was used to detect and remove car-
bon, sodium oxide, and other impurities from the sodium coolant. Formation of
sodium oxide was minimized by maintaining an inert atmosphere of helium within

ESG-DOE-13403
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the sodium tanks and pumps and above the core sodium pool and by purging the
sodium system with helium before filling with sodium. Vapor traps and freeze
traps were used for purging or venting the sodium system. The major compo-
nents of the sodium coolant purification system were the circulating cold
traps, plugging meters, hot traps, and sodium sampler. One cold trap was pro-
vided for the primary sodium system and one for the secondary sodium system.
The primary cold trap, located in a vault, was cooled with gallery nitrogen.
The secondary cold trap was cooled by air.

2.1.7.3 Kerosene Cooling System

The kerosene cooling system consisted of a main and limited-volume cool-
ing system. The main kerosene system provided cooling for: (1) the core cav-
ity, (2) instrument thimbles, (3) the sodium service vault, (4) fuel storage
cells, (5) the wash cell, (6) the primary cold trap nitrogen cooler, and
(7) the heat exchanger for the limited-volume kerosene system. It also pro-
vided backup cooling for the main primary and auxiliary primary pump barrels.
The Timited-volume kerosene system cooled the top shield of the reactor.

Major components of the main kerosene system were the supply tank, two
circulation pumps, and two evaporative coolers. The system contained 1100 gal
of kerosene. The supply tank, which had a capacity of 500 gal, also served as
a surge tank.

The limited-volume kerosene cooling system was a closed circuit with a
capacity of 50 gal. The primary components of this system were a 12-gal surge
tank, a pump, a heat exchanger (heat was transferred to the main kerosene sys-
tem), and the top-shield cooling circuits that serviced the 20-in.-diameter
shield plug, the center 40-in.-diameter shield plug, the 140-in.-diameter
shield plug, the ring shield, and the outer 40-in.-diameter shield plug.
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2.1.7.4 Sodium Melt Station and Primary Fill Tank

The sodium melt station was used for transferring sodium from 55-gal
drums to the primary or secondary fill tanks that were used to fill and drain
the sodium coolant systems. The sodium melt station and the secondary fill
tank were located in the sodium service building. Since the primary sodium
was radioactive, the primary fill tank was Tocated in a vault constructed of
dense concrete, which served as a biological shield. The primary tank was
constructed of 1/4-in.-thick Type 304 stainless steel and had an 8850-gal
capacity.

2.1.7.5 Moderator-Handling Cask

The moderator-handling cask, similar to the FHM, was available for han-
dling, encapsulating, and transporting moderator cans similar to the way the
FHM was used for fuel elements.

2.1.7.6 75-Ton Crane

The 75-ton crane was used to operate the FHM and to handle various casks
and other objects in the reactor bay area.

2.1.7.7 Fuel and Moderator Storage Cells

There were 99 storage cells available for storage of irradiated core ele-
ments. These cells were arranged in a 6 by 16 array and were imbedded in con-
crete on 1-ft centers. Three additional cells were similar in function, but
were not part of the array. Each cell consisted of a carbon steel tube about
25 ft in length with a 4-in. minimum ID and a wall thickness of 1/4 in. The
tube was closed except at the upper end where a gas seal and biological
shielding were provided by either a special shield plug or the core element

shield plug. Seventy-nine of these tubes were attached to kerosene cooling
lines for removal of afterglow heat from stored irradiated core elements. A
helium atmosphere was maintained in the storage cells and was supplied by
either the portable purging equipment or the FHM.
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Three moderator storage cells were available for handling or storage of
moderator and reflector cans. Each cell was formed by a pipe approximately
22 ft long and 20 in. in diameter, with a 1/2-in. wall thickness. These cells
were not cooled, but they could be supplied with an inert atmosphere.

2.1.7.8 Radioactive Vent System

Gas within the primary system was potentially radioactive. It was col-
lected in four main vent lines which emptied into a large tank (Figure 8). A
compressor drew gas from the tank, compressing the gas to 100 psig and dis-
charged it into four 500-ft decay tanks.

2.1.7.9 Radioactive Liquid Waste System

The radioactive Tiquid waste system (Figure 8) consisted of three tanks
(150-, 350-, and 3200-gal capacities), three pumps, associated piping and
valves, and monitoring equipment. A pump was contained in each tank and was
used for transfer or recirculation of Tiquid waste.

Two small tanks were located in the sump tank pit. Liquid waste could be N
gravity drained to these tanks from waste sources such as the hot cell and
wash cells. Normally, the 150-gal tank would be used as the collection tank
and the 350-gal tank as a holdup tank. Waste could be transferred from either
of the smaller tanks to the 3200-gal storage tank.

2.1.7.10 Wash Cells

The wash cells were used to clean fuel elements by removing reactor
sodium retained on the bundle surface. A cell consisted of a 5-in.-0D, Sched-
ule 40, Type 304 stainless steel pipe vertically encased below the reactor
room floor. The FHM was used to load an element into the cell. The element

BB P ¢ 5

was secured in the cell by a breech-Tock mechanism designed to withstand cell
pressure as high as 300 psig. Only a few pounds of steam at 300°F were
charged past the element during a 30-min interval.
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2.1.7.11 Hot Cell

The hot cell was used to remotely inspect and modify irradiated core ele-
ments and to can used fuel clusters for transfer to shielded transport casks.
The facility consisted of two adjacent hot cells (metallurgical and main), an
operating area, a service area, a shower, and a change room Tocated below the
Jevel of the reactor high-bay floor, as shown in Figure 9.

Fach of the areas was isolated by access doors. Access to each cell
interior was through heavily shielded doors which rolled out into the service
area. An L-shaped access tunnel to the main cell provided a means to place
tools and small parts into the hot cell from the service area without expo-
sure. Two airlock doors to the shower and change rooms separated the possibly
contaminated service area from the clean operating area. All operations in
the cell were performed with manipulators and remotely operated equipment hy
means of controls located in the operating area. The cell interiors were kept
at a negative pressure of -0.5-in. water. The service and operating areas
were maintained at 0.25-in. water pressure. Air flow directions were from
these areas into the cells.

2.1.7.12 Miscellaneous Areas

Additional peripheral areas associated with the SRE that contained radio-
active contamination were as follows:

Building Description
041 SRE Component Storage Building
163 Site Service Building
653 Liquid Radioactive Waste Vault
654 Interim Radicactive Waste
686 Temporary Hot Waste Storage
724 Contaminated Sodium Cleaning Building
773 Drainage Control Dam
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2.2 PRE-DECOMMISSIONING STATUS

The nuclear reactor operated from 1957 to February 1964. It was then
shut down for major changes to increase the power rating from 20 MW to 30 MWt
and to upgrade systems and components. This Power Expansion Program (PEP) was
completed in 1965. HNonnuclear operations of the reactor systems were resumed
in May 1965. They were terminated in September 1967, and the primary and
secondary sodium systems and the kerosene cooling system were draghed. A
retirement program prepared the SRE plant, at minimum cost, for an indefinite
period of storage prior to disassembly. However, certain equipment was
removed and shipped to other DOE sites. This program was completed in June
1968, and subsequently, regular surveillance of the site was conducted. Main-
tenance on the remaining equipment was performed only to the extent necessary
to ensure the security of the facility and stored radioactive materials.

-

The following facitities contained radioactive materials:

Building Description

041 SRE Component Storage Building

143 Sodium Reactor Experiment

163 Site Service Building

653 Liquid Radioactive Waste Vault

654 Interim Radioactive Waste

686 Temporary Hot Waste Storage

724 Contaminated Sodium Cleaning Building
753 Primary Fill Tank Vault

773 Drainage Control Dam

The following systems contained hazardous or dangerous material: the
secondary sodium, the sodium service, and the kerosene coolant systems.

Radiological surveys were performed in 1966, about 2 years after the last
nuclear operation. These surveys primarily reflected the cesium and strontium
activity which would have decayed 20% prior to the initiation of decommission-
ing activities.
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2.2.1 Fuel Assemblies

The reactor was defueled before the start of decommissioning activities.
The shield plug and hanger assemblies were disassembled from the unirradiated
Core III fuel and stored in the storage cells in the high-bay floor of Build-
ing 143 (Figure 4). All fissile material from the three cores was stored in
the fuel storage vault at the Radioactive Materials Disposal Facility (RMDF)
under the control of the Nuclear Materials and Waste Management Organization.

2.2.2 Core Components

The core components were stored in the reactor core.

2.2.3 Sodium Systems

The sodium systems were drained, except for residual sodium heels
throughout the system, and were at ambient temperature. All heaters were
turned off, but remained in operating condition.

Approximately 5500 1b of primary sodium was in the primary fill tank at
ambient temperature. A map of the radiation levels from the tank and associ-
ated piping is shown in Figure 10. The contamination level on the surfaces of
the vault was less than 50 dpm/100 cmz. Figures 11 and 12 are the radiation
maps for the main and auxiliary sodium systems. Figure 13 is a radiation map
for the sodium services piping in the sodium service vault. The manway plugs
were removed in the following areas: primary fill tank vault, main gallery,
sodium service vault, and primary drain vault to permit access for surveil-
lance. However, the main shielding plugs were kept over the remainder of
these areas.

2.2.4 Radiocactive Liquid Waste System

The contamination and radiation levels present in several Tlocations
within the Tiquid waste system and in areas associated with this system were
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GENERAL RADIATION
BACKGROUND IN VAULT
5TO 15 mR/h

CONTAMINATION LEVEL
LESS THAN 50 dmp PER 100 cm?2

Figure 12.

AUXILIARY
PRIMARY
PUMP

300 mR/h

500 mR/h

Radiation Map of the Auxiliary Sodium System
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as indicated in Figure 8. All Tiquid waste, except inaccessible heels, was
removed.

The two 5000-gal storage tanks in the obsolete 1liquid waste system had a
radiation level of Tless than 5000 dpm/100 cn?. The tanks were black iron
and showed considerable internal pitting. Figure 8 presents contamination
levels in the various liquid waste lines. Sometime during the operating his-
tory of the SRE, the Tiquid waste system produced a leak, and contaminated
soil existed in the immediate vicinity of the tanks and along rock outcrop-

pings in the cut bank below them.

The change room holdup tank contamination Tevel was 500 dpm/100 cmz.
The activity inside the tank was 3 mR/h maximum.

2.2.5 Radioactive Gaseous Waste System

The Tevels of activity that were present in this system are indicated in
Figure 8. The compressor vault was radiologically clean. The four gaseous
waste storage tanks appeared to be leaktight and were sealed off under a
nitrogen pressure of 1/4 psi.

2.2.6 Component-Handling Machines

The Mark I and II FHMs were stored in the FHM storage bay. The contami-
nation that was present on this equipment at the exposed surfaces is shown in
Table 5.

2.2.7 Fuel, Moderator, and Pump Storage Cells

The cells were empty, except for the plugs used to seal their entrances.
The plugs in the fuel storage cells were the ones removed from the Core III
fuel assemblies. During the reactor operation, the cells were exposed to a
number of ruptured fuel assemblies and represented, other than the reactor
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TABLE 5
CONTAMINATION LEVELS OF FUEL HANDLING MACHINES (1966)

B-Y Activity
Sample Description and Location (dpm/ 100 cm2)
1 Mark I FHM, bottom ledge 114
2 Mark I FHM, bottom ledge 15
3 Mark I FHM, bottom ledge 320
4 Mark I FHM, bottom ledge 69
5 Mark I FHM, bottom ledge 153
6 Mark I FHM, bottom ledge 117
7 Mark I FHM, top platform 36
8 Mark I FHM, top platform 39
9 Mark I FHM, superstructure 153
10 Mark I FHM, superstructure 138
1 Mark II FHM, control console 78
2 Mark II FHM, control platform 51
3 Mark I1 FHM, valve panel Background
4 Mark II FHM, vacuum pump 36
5 Mark I1 FHM, 02 analyzer panel 24 ) N
6 Mark I1 FHM, power panel 30 -
7 Mark II FHM, relay panel 24 e
8 Mark II1 FHM, bioshield 378
9 Mark 11 FHM, lower section 45
10 Mark 11 FHM, center section 105
1 Moderator cask, valve housing 81
2 Moderator cask, console 63
3 Moderator cask, lower base 27
4 Moderator cask, center section-S 57
5 Moderator cask, center section-N 33
1 Loading face spider Background ;
1 Moderator cask strongback Background %
1 Loading face support bridge Background -
1 Long gas Tlock (Tower section tagged) Background h
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vessel, the most contaminated area on the site. Table 6 is a tabulated record
of the radiation activity at the time the cells were sealed.

The fuel-cleaning cells were sealed, and the trenches surrounding them
were equipped with temporary lead shielding. This area had a radiation level
of about 1000 dpm/100 cmz. During the nuclear operation period of the reac-
tor, a strong chemical reaction occurred in the center cell while a spent fuel
assembly was being cleaned. The cell, the surrounding floor area, and the
earth surrounding the lower regions of the cell were contaminated.

The moderator top latch grapple was stored in the moderator-handling
machine located in the SRE high bay.

The long shield plugs from Core III fuel were stored in the storage cells
in the high-bay floor area.

2.2.8 Hot Cells and Ventilation System

The permanent A and B hot cells were below a contamination Tlevel of
500 dpm/100 cm2 except for the two fuel storage thimbles, which were below a -

contamination level of 2500 dpm/1000 cmz.

Contamination smear surveys on the interior areas of the ventilation
ducts adjacent to each filter in the filter room showed beta and gamma con-

tamination Tevels as given in Table 7.

2.2.9 Peripheral Areas

The west end of Building 163, Contaminated Equipment Repairs Facility
(CERF), had contamination levels as shown in Table 8.

Building 724, the SRE 0i1 Cleaning Facility, was used extensively to

R S A

remove contaminated sodium from pipes and miscellaneous sodium equipment. The
contamination levels were as shown in Table 9.
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TABLE 6

CONTAMINATION LEVELS IN SRE BUILDING 143 (1966)

B-Y Activity B-Y Activity
Number (dpm/ 100 cw?) Number (dpm/100 cm?)
Storage Cells

1 10,200 68 40,800
2 4,200 69 1,400
3 11,400 72 9,600
42 14,600 74 6,600
43 3,600 75 15,600
44 1,600 78 1,800
45 4,000 79 2,000
48 5,400 80 3,800
49 4,200 81 7,000
50 2,500 83 7,200
51 3,800 84 7,800
53 4,200 85 6,000
54 9,600 86 45,400
55 12,000 87 11,400
56 52,500 90 15,600
57 6,600 91 15,000
60 11,400 92 30,000
61 11,400 93 5,400
62 2,500 94 6,600
63 5,000 96 7,800
64 7,200 97 8,400
66 4,000 98 4,400
67 1,600 99 11,400
Moderator Storage Cells Pump Storage Cells
. 1290 East 780
C 990 West 500

High Bay Floor

Maximum B-Y level was 75 dpm/100 cmZ with an average
of 50 dpm/100 cmZ
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TABLE 7

ACTIVITY LEVELS OF SRE VENTILATION SYSTEM (1966)

B-Y Activity

Sample Description and Location (dpm/100 cm?)
1 West duct, upstream of filter 2,334
2 West duct, downstream of filter 129
3 Center duct, upstream of filter 10,181
4 Center duct, downstream of filter 1,293
5 East duct, upstream of filter 756
6 East duct, downstream of filter 423
7 East plenum floor, under filter 1,953
8 Center plenum, under filter 1,479
9 West plenum floor, under filter 2,118

2.2.10 Reactor Cavity

The most highly contaminated part of the facility was the reactor cav-

ity. Radiation measurements were taken during decommissioning in 1977.

ation Tevels as high as 100 R/h were recorded.

operation. This structure contained a 1-1/2-in. radioactive sodium heel on
the bottom of the vessel.

ESG-DOE-13403
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TABLE 8
CONTAMINATION LEVELS OF BUILDING 163 (1966)

B-Y Activity
Description and Location (dpm/ 100 cm?)

South floor, west 30
South floor, center 30
South floor, east 30
Center floor, west 30
Center floor, center 112
Center floor, east 30
North floor, west 30
North floor, center 30
North floor, east 87

East wall, north 87
East wall, center 87

East wall, south 30
North wall, west 30
North wall, center 30
South wall, east 130
South wall, west 30 :
South wall, center 30 -
South wall, east 30
West wall, south 30
West wall, center 30
West wall, north 87
Light fixtures, northeast 187
Light fixtures, northwest 112
Light fixtures, west 70
Light fixtures, east 87
Light fixtures, southeast 30
Light fixtures, southwest 30
Supply room overhead crane rails, top 300
Crane rail, south, first sample 266
Crane rail, south, second sample 252
Crane rail, north, first sample 294
Crane rail, north, second sample 185
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TABLE 9

CONTAMINATION LEVELS OF SRE OIL CLEANING
FACILITY, BUILDING 724 (1966)

Description
and Location

B-Y Activity
(dpm/ 100 cm?)

OQutside areas
Inside areas
Floor, northeast
Floor, northwest
Floor, southeast
Floor, southwest
Walls, south
Walls, north
Walls, west
Walls, doors
Trench
South
North
Angle iron, west
Angle iron, east

<30

150
<30
110
100
<30
<30
<30
<30

115
130
440
<30
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3.0. DECOMMISSIONING OBJECTIVE AND WORK SCOPE

3.1 OBJECTIVE

Deactivation of the SRE facilities temporarily provided a safe storage
condition. Because of the potential for release of radioactive material into
the environment and because of the continuing cost for surveillance and main-
tenance, the government initiated a program to decommission the SRE facili-
ties. Dismantlement was chosen as the decommissioning mode. This mode would
dispose by land burial all contaminated material and would remove or decontam-
inate all contaminated structures, components, and areas.

Thus, the objective of the SRE decommissioning project was to remove
radioactive material from the site as necessary to release the site from all
requirements for radiological control, Ticensing, or monitoring.

3.2 WORK SCOPE

The SRE decommissioning project included planning, development and test,
dismantlement operations, radiation control, waste management, quality assur-
ance, and supporting activities as necessary to accomplish the project
objectives.

3.2.1 Planning

Engineering studies were conducted to define and describe the work needed
and the best method for performing and controlling the work. These studies
produced the following planning documents:

1) Program Plan, which is the top-level guidance document for
stating objectives and describing the manner of performance of

the decommissioning program
2) Quality Assurance Plan, based on the general requirements of
the AEC manual, Chapter 0820, and updated to DOE Order 5480-1
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3) Operational Safety Plan, which delineated the radiation safety,
industrial hygiene, and industrial safety procedures for the
decontamination and disposition of the SRE reactor systems

4)  Training Plan, which described the training activities to be
performed to assure that all employees engaged in the SRE
decommissioning received radiation and nuclear safety indoc-
trination, SRE facility familiarization, emergency procedure
training, and specific training on the operation and use of
equipment

5)  SRE Dismantling Plan, which described the site conditions at
the beginning of the decommissioning program, established a
radiological characterization of the site based on survey data
and analysis, and defined the tasks to be performed. The mag-
nitude of the SRE dismantling required that the dismantling
activities be subdivided into separate manageable tasks desig-
nated as "activity." An activity requirements document was
prepared for each of 27 tasks Tisted in Table 10.

3.2.2 Development and Test

Engineering studies conducted in support of the planning documents
revealed the need for specialized tooling and techniques to perform the decom-
missioning tasks safely. Disposal of the highly radioactive reactor vessels
required the development or adaptation of special tooling. An existing Oak
Ridge National Laboratory torch-manipulator designed for use on the ETk River
reactor dismantling program was modified and tested.

The Elk River plasma-arc manipulator design was modified to fit the SRE
reactor geometry. A full-scale mockup of the concentric SRE reactor vessels
was constructed in the engineering test building near the SRE. A major devel-
opment of the manipulator was the design, fabrication, and test of the manipu-
lator capability to cut the reactor vessel radius located at the junction of
the vessel walls and the bottom. Cutting parameters such as rate of cut, arc
amperage, and arc Tlength were determined for application on the radioactive
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TABLE 10
SRE DISMANTLING AND DISPOSITIONING ACTIVITY REQUIREMENTS

Activity Title

1.0 Remote Tooling for Removal of SRE Vessels

2.0 Primary Sodium Disposal

3.0 Reactivation of Contaminated Equipment Repair Facility, Building 163

4.0 Reactivation of Contaminated Components Cleaning Facility,
Building 724

5.0 Removal of Primary Sodium Components in the Main and Auxiliary Pipe
Galleries

6.0 Removal of Secondary Sodium Components in the Main and Auxiliary
Pipe Galleries

7.0 Removal of Primary Sodium Components from the Service Vault

8.0 Dismantling of Sodium Service System in Building 153

9.0 Passivation of Residual Sodium in the Reactor Vessel

10.0 Removal of Reactor Internals

11.0 Component Cleaning in Building 163

12.0 Component Cleaning in Building 724

13.0 Removal of Reactor Vessels

14.0 Decontamination of Primary Fill Tank Vault

15.0 Decontamination of the Pipe Galleries

16.0 Decontamination of Hot Cell Facilities

17.0 Removal and Decontamination of the Storage and Wash Cells

18.0 Decontamination and Dismantling of Mark I FHM

19.0 Decontamination and Dismantling of Mark II FHM

20.0 Decontamination of Moderator-Handling Machine

21.0 Removal of Activated Concrete

22.0 Removal of Inert Gas System

23.0 Disposal of Radiocactive Waste Systems

24.0 Decontamination of Building 163

25.0 Decontamination and Dismantling of Building 724 and Pad 723

26.0 Decontamination and Dismantling of Facilities at Site 686

27.0 Decontamination and Fill of the Retention Pond and Dam 773
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material of the actual reactor vessel. Special tools such as pry bars,
spacers, and grapples were developed to support the manipulator operation.

Removal of the highly radioactive reactor vessel internal piping required
the development of an explosives cutting technique. This development was a
joint contractor/Rockwell effort. Shaped charges for circumferential and Ton-
gitudinal cuts were designed, constructed, and tested. The optimum explosives
quantities for cutting specific pipe and other reactor vessel internals were
established. Techniques and tools for application of the charges to the
underwater vessel internals were developed.

Concrete surface decontamination required development and testing of Z
existing commercial devices and techniques. The development primarily con- =
cerned application of these devices to the special problems of Timiting the
spread of contamination, working in Timited access, and effectively accom-
plishing the decontamination. Scabblers, chipping hammers, jackhammers, sand-
plasters, and spalling tools were tested.

Techniques for decontaminating painted surfaces by using solvents and -’ o
foams were developed. Development of the foam technique was necessary to
accommodate the restrictions associated with disposal of contamiated Tiquid
waste. The foaming technique uses very Tittle liquid and is effective in
lifting loose contamination from surfaces. The use of a vacuum system to pick
up the foam after application was a significant improvement in the use of
foams.

3.2.3 Dismantlement Operations

The decontamination and dismantlement work scope consisted of the follow-
ing operations:

1) Removing peripheral systems, primarily noncontaminated, non- =
sodium-containing systems such as the kerosene cooling system, ’
the nitrogen pipe gallery cooling system, and water tank
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2) Disposing primary sodium from storage tank and the residual
sodium in the reactor

3) Removing sodium system components such as the pumps, heat
exchanger valves, hot traps, and cold traps

4) Decontaminating and dismantling the hot cells, components, and
structure

5) Disposing of reactor vessels and internals

6) Demolishing and disposing of contaminated concrete such as the
biological shield and shield plugs

7) Disposing of radioactive waste handling systems such as the

gaseous and Tiquid waste holdup system

8) Excavating contaminated soil and bedrock
Packaging equipment and waste and shipping it to burial

10) Rectifying the site, including pavement and floor repairs,
Tighting replacement, painting, and wall repairs.

3.2.4 Radiation Control

The Radiation & Nuclear Safety unit was responsible for establishing
design and operational procedures for disposing of source and special nuclear
materials and byproduct radicactive material; designating and identifying
areas to be radiologically posted; taking field measurements of radiation and
radioactive contamination levels; evaluating internal and external personnel
radiation exposures; and evaluating radioactive material concentrations in
effluents and in the environment surrounding the facility. In addition, Radi-
ation & Nuclear Safety was responsible for maintaining records necessary to
demonstrate compliance with ESG standards and applicable state and federal
regulations. Included was a chronological log of information dealing with
daily operations, conditions, and occurrences relating to radiological safety.

g
£
§
:

Administrative and physical radiation controls were instituted to mini-
mize both the release of contamination and the exposure of working personnel
to radiation. The details of radiation control are defined in each detailed
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procedure and generally in the Health and Safety Operating Procedures. The
procedures described the actions necessary for radiation control, including
such actions as:

1) Erecting containment structures to Timit the spread of contami-
nation, particularly airborne contamination

2) Using water sprays to settle contaminated dust

3)  Constructing, installing, and using radiocactive exhaust systems
to flame or arc cut contaminated materials

4) Designating areas as contaminated and Tlimiting access to per- -
sonnel; establishing step-off areas, change rooms, and waste =
holdup areas

5) Using protective clothing, air-breathing apparatus, and dosim-
etry for personnel

6) Continually surveying working areas, packaged equipment, and
waste shipments.

3.2.5 Waste Management

The NucTear Materials Management unit provided guidelines for packaging
and shipping, based on DOE, DOT, and burial site requirements; verification,
along with Quality Assurance, that guidelines were followed; maintenance of
waste packaging and shipment records; and liaison with government agencies and
burial sites on changing requirements in waste disposal.

The waste management work scope handled by the Radioactive Materials Dis-
posal Facility included the activities associated with the furnishing waste
containers, boxes, drums, and casks; preparing containers for waste handling;
arranging for shipwent and burial; and packaging and shipping. In addition to
radioactive waste, asbestos and sodium wastes were processed by waste manage-
ment. Radioactive Tiquid wastes, which could not be buried as a Tiquid, were

TSR v

processed by evaporation or by solidification in cement or a similar medium.
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3.2.6 Project Management and Support

The management work scope included activities such as reporting, cost
control, customer interfacing, recordkeeping, review, approval of documents,
coordination of engineering, manufacturing, quality assurance, health and
safety, traffic, photography, business administration, and contracts.

Project management generally defined the work scope, prepared cost esti-
mates, schedules, expenditure plans, and designated the kind and level of sup-
port required from the participating departments. The rate of expenditures
and conformance to schedule were monitored and adjusted to accommodate prob-
lems as they were encountered.

3.2.7 Quality Assurance

The Quality Assurance Program Plan was based on the requirements of the
AEC Manual, Chapter 0820, and the updated DOE Order 5480-1. The primary
objective of the plan was preserving the health and safety of the decommis-
sioning personnel and the general public and protecting the environment. This
objective was accomplished by reviewing all documents generated for the pro- =
gram, participating in all design reviews, and conducting periodic audits to
verify compliance with all procedures used during the decommissioning. The
Quality Assurance Department also verified that personnel had received the
necessary radiation safety training prior to the commencement of work activi-
ties and, through audits, verified that radiation-detection instruments were
calibrated correctly. In addition, Quality Assurance verified that all radio-
active waste was properly identified and packaged according to applicable
requirements. Final radiological survey sampling plans and results were
reviewed and approved by Quality Assurance.

5145D/s jd
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4,0 WORK PERFORMED
4.1 PROGRAM AND PROJECT MANAGEMENT

The SRE decommissioning was administered by the SFMPO of DOE-RL working
through DOE-SAN, who managed ESG's activities on the project. ESG established
a program office to manage the implementation of the project beginning with
the preparation of the top-level guidance and project plans and concluding
with the final report and film documenting the SRE decommissioning. A docu-
ment flow chart is shown in Figure 14.

A program plan described the task and delineated the objectives of the
program. In addition, it described the procedures to be used for cost and
schedule control and reporting, purchasing and subcontract control, and pro-
gram and engineering data control. Requirements for the quality assurance
plan, operational safety plan, training plan, dismantling plan, activity
requirements, and detailed work procedures were also presented. '

The ESG program office acted as Tiaison with the DOE representatives who
monitored the project and with all organizations that were involved during the
performance of the project. The program office was also responsible for the
overall schedule and budget performance and for the submission of the sched-
ules and budgets. A performance control system (PCS) was used to monitor
progress and to initiate corrective action when necessary.

ATl reporting to DOE and its delegated representatives was done by the
program office, including the monthly, annual, technical, and final reports.

4.2 PROJECT ENGINEERING

Project Engineering, within ESG, followed the guidance of the program
plan and prepared the necessary documents to accomplish the physical decom-
missioning of the SRE. The top-level document prepared by Project Engineering
was the “Facilities Dismantling Plan For SRE." The second-level documents
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were the Activities Requirements. To satisfy the activities requirements,
many subservient documents were prepared, including test plans and reports,
specifications, design reviews and reports, operating procedures, and detailed
work procedures that were used to direct craftsmen performing the physical
work.

Project Engineering was also responsible for developing techniques to be
used during the decommissioning of the SRE, including adapting and refining
the underwater plasma-torch segmentation technique for the reactor vessels,
explosive cutting techniques for piping, and adapting the alcohol passivation
technique to permit disposal of the residual sodium in the reactor system.

Project Engineering, acting through the ESG Engineering Department, was
responsible for the technical adequacy and completeness of documents prepared
as the program progressed. Day-to-day problems dealing with the dismantlement
activity were also handled by Project Engineering.

Project Engineering acted as liaison with the Engineering Department in
obtaining support for manipulator design, structural design, temporary build-
ing support design, and in obtaining support for the monitoring of subcon-
tracted efforts such as earth moving and excavation and shoring wall
construction.

4.3 SITE PREPARATION

The SRE facility had been in a maintenance and surveillance mode since
September 1967. To support decommissioning activities at the site, the reac-
tivation of various subsystems was required. In addition, new materials and
equipment had to be procured prior to the start of work.

The following outline identifies the significant activities performed as
part of the site preparation.
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4.3.1 Equipment Reactivation and New Materials

1) Reactivate utility and convenience services to support Tlimited
office occupancy and the demolition activity

2) Inspect and reactivate the radiocactive gas and Tiquid waste
systems to support the demolition activity

3) Reactivate the Tiquid nitrogen gas system to restore full
capacity

4) Procure special equipment needed for rotating the top shield

5) Design and procure a special water circulation and filtration

unit to support the reactor cavity demolition

6) Design and fabricate one-way-approved shipping casks

7) Prepare specifications and procedures for each task

8) Procure materials and equipment necessary to begin decontamina-
tion activities
Reactivate facility cranes

10) Establish a health, safety, and radiological services office
and analysis Taboratory onsite

11) Upgrade facility as necessary (i.e., repair Tleaking roof,
replace air conditioner, install new hot water heater)

12) Reactivate site security (i.e., repair perimeter fence, replace
door and gate locks.

4.4 DECOMMISSIONING OPERATIONS

4.4.1 Noncontaminated Peripheral Systems Removal

Prior to reactor dismantlement, noncontaminated peripheral systems at the
SRE were removed. These included the kerosene cooling system, nitrogen gal-
lery cooling system, secondary sodium system, air blast heat exchangers, pro-

cess water tank and piping, vault cooling system, sodium service building, and
steam and electrical generation facilities (see Figure 3).
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Removal of the peripheral systems, except for items that required cutting
into sodium piping, was accomplished by a salvage contractor. The arrangement
with the salvage contractor was no cost; the contractor received the salvage
material in exchange for the Tabor of removal. Equipment and material usable
on other programs or potentially usable on the SRE decommissioning program
were set aside. Health, Safety & Radiation Services personnel surveyed all
equipment and materials for radicactive contamination prior to release from
the site.

4.4.2 Primary Sodium Disposal

At the start of dismantlement, approximately 7400 gal of sodium was
stored in the primary fill tank (PFT) under a 1.0-psig nitrogen cover gas.
This sodium was slightly radioactive. Figure 10 shows the maximum radiation
levels on the surface of the tank.

A piping system was fabricated to facilitate draining the sodium from the
primary fill tank into 55-gal drums. A differential pressure between the pri-
mary fill tank cover gas and the 55-gal drum cover gas was used to transfer
the sodium into the drums. A total of 158 drums containing 55,000 1b of
slightly radioactive sodium were shipped to Hanford, Washington, for storage
and future use.

4.4.3 Residual Sodium Passivation

Sodium passivation required a reaction process that could be well con-
trolled and easily monitored for completion. Ethyl alcohol was the reactant
selected to convert sodium to passive compounds.

Alcohol was selected over the water vapor/nitrogen process for the fol-
lowing reasons:

1) Safer reaction of large-bulk sodium pools, eliminating the pos-
sibility of explosive reactions of water vapor condensate and
sodium
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2)  Controllable reaction rate, depending on the alcchol temperature

3)  Reduced possibility of melting the Cerrobend seal between the
Toading face shield and the reactor vessel during cleaning,
since a hot gas was not required

4)  Less expensive to design, install, and operate.

4.4.3,1 PFT Passivation

Passivation reaction parameters had previously been developed in reaction
rate studies that investigated temperature, geometry, and orientation of the
sodium-alcohol reaction interface. The PFT was the first sodium system compo-
nent at the SRE to be passivated.

The PFT was of simple interior geometry, 119 in. ID by 170 in. Tong with
approximately 604 ft2 of surface area. Little sodium was visible. It was
passivated by spraying the interior with alcohol through a multihole nozzle.
The Targe reacting surface area produced a rapid temperature and pressure
rise. When the pressure reached 4.5 psig, a thimble weld cracked and released
much of the generated pressure. No radioactivity was released.

4.4.3.2 Reactor Vessel Passivation

Prior to passivation, a visual inspection of the reactor internals with a
TV camera revealed significant sodium frost deposits — to 1 in. thick -
above the previous sodium pool Tevel. The below-pool-Tevel surfaces were well
drained and had Tittle adhering sodium. Residual sodium in the bottom of the
reactor vessel was measured and found to be 1.25 in. deep. Passivation was
necessary, since the vessel would be water filled for radiation shielding dur-
ing plasma cutting of the core tank and associated internals. Also, the mod-
erator cans and loose internals had to be sodium free prior to burial since
federal regulations precluded burial of metallic sodium.

Sodium had been removed from the reactor bottom by a vacuum technique
several times during operation of the SRE. The vacuum system consisted of a

ESG-DOE-13403
54

é
0



5-hp vacuum pump, a 170-gal stainless steel catch tank, a 28-ft-Tong vacuum

nozzle, a sodium vapor trap, and a modified fuel plug to maintain inert atmos-
phere (see Figure 15). Approximately 40 gal of sodium were vacuumed off the

reactor bottom with this system.

An alcohol piping system for passivating the SRE core tank was then
built, using two solvent pumps and the PFT as the alcohol supply tank. A1l
reactor lines were connected to the piping. Four Tlines (three directional
spray nozzles and one dump line) penetrated the main 140-in.-diameter top
shield plug. Pump flow rates of 35 gpm could be achieved. Figures 16 and 17
show the system during operation.

Instrumentation included five immersion thermocouples above the moderator
cans, seven original core tank vessel thermocouples, two alcohol Tevel detec-
tors, two variable-pressure trip solenoid valves on the vent Tine, and a ther-
mal conductivity-type gas chromatograph with a sampling pump, also on the vent
Tine. Two multipoint recorders produced the thermocouple printouts.

The sodium heel and grid plate were passivated by adding small quantities
of alcohol onto the sodium surface. This permitted accurate process control
of heat and hydrogen generation. Additional passivation of the reactor inter-
nals was accomplished by controlled flooding of the moderator cans and spray-
ing the upper reactor wall and hanger rods with alcohol. A total of 410 1b of
sodium was reacted, using 2500 gal of alcohol in 535 h of operation.

Passivation of the reactor was completed with the following exceptions:
a short rumble was heard when the moderator coolant header was rinsed with
water, and bubbles were seen when both the moderator cans and grid plate
standoff bolts were unseated. The Tatter cases were caused by hydrogen blan-
keting of the sodium suface.
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Figure 16.

Reactor Passivation Piping
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4.4.3.3 Sodium System Component Passivation

Passivation of sodium system components was accomplished with two sepa-
rate systems: a small passivation system and a Targe passivation system.

The small passivation system consisted of a 175-gal alcohol supply tank,
3/8-in. carbon steel tubing, an air-driven pump, and Swagelok-type stainless
steel valves. A1l system connections were metal-to-metal, compression type,
which had proved to be Teakproof. Figure 18 is a sketch of the system.

TO 3-in. VENT,
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]————{4—— Np INLET
59
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COMPONENT JAY
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¢ £ v { Ny INLET

= JAY p)

7704-705
Figure 18. Small Component Sodium Passivation System

Under controlled conditions, large quantities of sodium (50 1b) could be
reacted with the small-capacity system.
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The large passivation system used 1-1/2-in. pipe, one of the previously
used alcohol pumps, the PFT as the alcohol supply tank, and a 3-ft by 8-ft
flanged vessel as an immersion tank (the passivation vessel). All generated
hydrogen was entrained with the return alcohol to the PFT, which was vented by
3-in. tubing to the radioactive exhaust duct. Reaction rates could be easily
observed from the temperature recorder and hydrogen concentrations in the vent
gas. The system was instailed in one section of the primary pipe vault (see
Figure 19). The greatest amount of sodium, more than 1800 1b, was reacted
during this phase.

Details of the reactor vessel and sodium system component passivation can
be found in ESG Technical Report N704TR990007, "Report on Passivation of the

SRE Reactor Vessel and Associated Components.*®

4.4.4 Radioactive Sodium System Component Removal

The heat transfer system for the SRE consisted of four loops: a main
primary and a main secondary Toop and an auxiliary primary and an auxiliary
secondary loop. The main secondary and the auxiliary secondary loops con-
tained no radioactivity and were removed as part of the peripheral systems
dismantling. The main primary and the auxiliary primary loops were contami-
nated. Additional contaminated sodium system components were located in the
sodium service vault.

A radiological survey was conducted in the sodium system areas. The
point at which the survey was made js indicated in Figure 20 for the main
primary loop, Figure 21 for the auxiliary primary loop, and Figure 22 for the
sodium service vault. The survey results are tabulated below.
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Main Primary Gallery Radiological Surve
(See Figure 20)

Area mR/h
1 30
2 5
3 10
4 5
5 5
6 50
7 50
8 300
9 5,000 at 2 ft,
22,500 at contact
10 100
11 1 to 10

® 5 mR/h .»c

TLLX

300 mR/F[i/ T s R

@ 5000 MR /5 )
\\ Y e~ EMBRAKE

MIXING TEE
P T 50 mR/h \\
100 mRMm -~ - GENERAL
\ - RADIATION O
S G BACKGROUND
LN S 1-10 mR/h

CONTAMINATION LEVEL
LESS THAN 50 dpm PER
100 cm

7704-711

Figure 20. Main Primary Loop Radiation Levels
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Auxiljary Primary Gallery Radiological Survey
(See Figure 21)

frea  mR/h
1 500
2 300
3 50
4 5 to 15

AUXILIARY
PRIMARY PUMP

GENERAL RADIATION
BACKGROUND IN VAULT
570 15 mR/h

CONTAMINATION LEVEL
LESS THAN 50 dpm PER 100 cm?2

@ 500 mR/h

@ 300mR/h

7704-713
Figure 21. Auxiliary Primary Loop Radiation Levels
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Sodium Service Vault Radiological Survey
(See Figure 22)

Area R/
1 25
2 50
3 50
4 5,000
5 5,000
) 20 to 50

15 TO 20 mR/h AT GROUND LEVEL

f @ "25mRM
100 mR/h ® 25mRn ‘ J
.. i HOT " ’ 100 R/h
‘ /TRAP
T { f
a ' h
T." . 1 HOT 7Y (® 5000 mR/
\l', F CcOLD TRAP e :
: TRAP ‘ Z £
—(&) 5000 mR/h } : o :

‘coLd
TRAP

@ 5000 mR/h

_.{
L HOT TRAP AND

HOT TRAP
ECONOMIZER  EconoMIZER

~ (@) 5000 mR/h LADDFRM /

GENERAL RADIATION

BACKGROUND IN VAULT -
20 TO 50 mR/h j \J
R ;.,' -

@ s0mRM
PLUGGING METER LOOP

| i

A J
T "“ X _""" CONTAMINATION {
LEVEL LESS THAN
PLUGGING METER LOOP 50 dpm PER 100 cm2 ‘

@ 50 mR/h I
SOUTH ELEVATION | , EAST ELEVATION

7704-712

SRR T e e

Figure 22. Sodium Service Vault Radiation Levels
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Detailed working procedures were written to cover the removal of the SRE
sodium system components. A separate procedure covered the sodium service
vault. Before any components could be cut and removed from the vaults, insu-
lation material containing asbestos had to be removed and packaged for dispos-
al. The pipes were cut using a hydraulically operated, pipe-mounted cutter
and a hand-held "porta-band" saw. Pipe ends were sealed, and the cut pipes
were transferred to Building 163 for further size reduction. Large components
within the vaults such as the main intermediate heat exchanger (MIHX) and the
Tower section of the main primary pump were removed and packaged for burial.

Some of the sodium system components presented special problems. The
mixing tee in the main primary gallery exposed workers to a radiation field of
5R/h at 2 ft and 22.5 R/h at contact. The cold trap and sodium filter in the
sodium service vault both read 5 R/h at contact. Localized shielding was
required on these components during pipe cutting and removal from the vault.
Health, Safety & Radiation Services provided guidance and survey support
throughout the sodijum system component removal. Personnel exposure was
closely monitored, and personnel were rotated from operation to operation to
minimize exposure to each individual.

4.4.5 Disposal of Radioactive Waste Handling and Storage Systems

The SRE Radioactive Liquid and Gas Waste Retention System was located on
a hillside north of the SRE, in and around Building 653. The system included
six 5000-gal decay tanks (four for gas and two for liquid) buried in front of
the building. One receiver tank was buried adjacent to Building 653, and
three standing tanks (T1, T2, and T3) were Tocated at the northwest corner of
Building 143. T3 was at grade; T1 and T2 were in a 35-ft-deep pit.

Decommissioning in this area began with the removal of system components
inside Building 653. Health, Safety & Radiation Services determined the
extent of contamination. All contaminated piping, equipment, and machinery
were packaged for burial. The six hillside waste holding tanks were excavated
and removed with the assistance of an excavation contractor. The tanks were
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surveyed, wrapped in plastic, and shipped to a burial site. Figure 23 shows
the six waste tanks during construction. Contaminated soil in the vicinity of
the two Tiquid holding tanks was removed using a backhoe, placed in approved
shipping containers, and shipped to a burial site. After all buried tanks and
piping adjacent to Building 653 were excavated, the building was razed and all
noncontaminated rubble was buried in the clean and surveyed tank excavation
area. The area was restored to grade, and drainage control was constructed as
necessary to prevent erosion.

Next, the block wall supporting T3 instrumentation was removed, exposing
the tank. Concrete blocks covering the pit were removed, exposing T1 and T2.
The nitrogen cover gas in the tanks and piping system was monitored, found to
be contaminated, and vented to the facility radicactive exhaust system. The
tanks and piping were purged with compressed air to remove any radicactive
gases. Interconnecting piping, valves, valve operators, and instrumentation
were removed, surveyed for contamination, and dispositioned accordingly. TI
and T2 were shipped to burial. T3 was moved to the Radiocactive Materials Dis-
posal Facility and utilized as a holding tank in a Radioactive Liquid Waste
Disposal System. Contaminated liquids from the SRE were sent to the RMDF for
processing and disposal.

Interconnecting piping between Building 143 and the radiocactive waste
handling and storage area, Building 653, was excavated and the pipe was dis-
posed of as radioactive waste. A small amount of contaminated soil was also
shipped to burial. The clean trench was backfilled with clean soil and the
surface was repaved with asphalt.

4.4.6 Removal of the Inert Gas Systems

During reactor operation, the SRE facility had two inert gas systems: a
nitrogen system and a helium system. These two systems were combined during
initial deactivation. Much of this combined inert gas distribution system,
such as the gallery nitrogen cooling system, was removed during the sodium
system dismantlement. The remaining noncontaminated supply and distribution
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system was removed when sodium passivation was complete since an inert cover
gas was no longer required.

4.4.7 Removal of the Kerosene Cooling System

The SRE facility was equipped with a secondary cooling system. In this
system, the kerosene coolant was circulated through the reactor plug and ring
shield, and around the core cavity liner, the wash cells, and the storage
cells. A portion of the system external to Building 143 was removed as part
of the noncontaminated peripheral dismantlement. The internal portions, which
consisted of piping in the trenches to the reactor, to the wash cells, and to

the storage cells, were removed during the excavation of the high bay. Resid-
ual kerosene coolant in the piping posed a hazard because of its flammability
and toxicity. Care was taken when working around components cooled with kero-
sene to ensure adequate ventilation.

4.4.8 Disposal of Fuel- and Moderator-Handling Machines

Two FHMs and one moderator-handling machine were used at the SRE. The \
FHMs, designated Mark I and Mark II, were gas-tight, lead-shielded cylinders =
weighing approximately 52 tons each. They consisted of a hoisting assembly
(dome), shielded body section, a viewing section, a Tower adapter assembly
with a vacuum-tight gate valve, and internal mechanisms for fuel pickup and
guidance.

The SRE moderator-handling machine was also a gas-tight, lead-shielded
cylinder weighing approximately 25 tons. All three machines were stored
upright in the high bay of the SRE.

Before any decommissioning activities were begun, a radiological survey
of the machines was conducted by Health, Safety & Radiation Services. Based
on the results of the survey, a trade study was made to determine the best
method of disposing the three units. The decision was made to ship the
machines to burial intact. ATl noncontaminated attachments to the units were
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removed and sent to salvage. External surface contamination was removed to
meet shipping requirements. A contractor licensed to receive and transport
radioactive equipment was selected. The facility crane was used to load each
unit on special transport vehicles. The three machines, one per truck, were
packaged and transported to the burial site in Beatty, Nevada.

4.4.9 Removal and Disposal of the Reactor Vessel and Internals

The removal and disposal of the reactor vessel and fixed internals
required special tooling similar to that developed by Oak Ridge National Lab-
oratory and used in the ETk River reactor decommissioning. AI acquired the
ORNL design for the rotating mast manipulator used to dismantle the Elk River
reactor. Al modified the design to fit the SRE reactor vessel, fabricated the
manipulator, and developed the underwater cutting parameters in a mockup
facility. After developing the cutting parameters, the manipulator was in-
stalled in the SRE, and the vessel was cut into manageable sections. The ves-
sel segments were stored under water in a shipping cask Tiner until a full
cask load was ready for shipment. The activated vessel internals and segments
were disposed of by land burial inside the sealed cask Tiners.

The SRE reactor vessel consisted of three concentric tanks, the core
tank, the outer tank, and the core cavity liner. The innermost tank was the
1-1/2-in.-thick stainless-steel core tank. The open-top right cylindrical
tank was 20 ft high and 11 ft in diameter. Its top was Tocated 10 ft below
the level of the SRE high-bay floor. The top of the core tank was connected
to the core tank bellows assembly. The bellows provided a flexible seal
between the tank top and the ring shield (see Figure 5).

Immediately outside the core tank were seven 5-1/2-in.-thick thermal
rings. These rings rested on each other and were not welded together. Two of
the rings had cutouts for piping penetrations. The top surface of each ring
had four equally spaced tapped holes that were used to install and remove
rings.
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Immediately outside the thermal rings was the 1/4-in.-thick carbon steel
outer tank. This 20-ft-high tank was 12-1/2 ft in diameter and was set 10 ft
below the level of the high-bay floor. The top of the tank was welded to a
bellows assembly that provided a flexible seal between the top of the tank and
the core cavity liner. Two bellows assemblies intersected the walls of the
outer tank at 180° from each other. These bellows provided a flexible seal
between the core cavity liner and the outer tank walls and also encased reac-
tor piping.

Immediately outside the outer tank wall was Super X insulation. This
9-in.-thick Tayer of insulation was held to the outermost containment vessel
(the core cavity liner) by wires connected to studs. The studs were welded to
the inside of the core cavity 1iner. The outer tank was supported at the bot-
tom by four rings that were interspaced with insulation.

The core cavity liner was the final metal containment for the reactor
core. It was a 1/4-in.-thick carbon steel tank backed by high-density
concrete.

Inside the core tank was a 1/4-in. stainless-steel core tank Tiner, an
open-ended cylinder. The upper and Tower halves of the Tiner were held in
place by a Tiner attachment ring located midway between the top and bottom of
the tank.

Inside the tank liner were the main and auxiliary inlet pipelines that
carried sodium coolant to the core. The pipelines were constructed of an
outer guard pipe and inner coolant pipe. Also inside the core tank liner were
the core clamps and band. There were 12 core clamps.

Located between the Tiner and the core tank were three pipelines: one
for the moderator coolant, one for the tank drain, and one for the tank vent.

The grid plate was located 18 in. above the core tank bottom. This plate
was used to channel the sodium coolant through the fuel elements and moderator
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cans. The grid plate was supported by a ledge that was welded to the ID of
the core tank. Twenty-four stud and nut combinations secured the grid plate
to the Tedge. The grid plate was also supported by 20 staybolts that rested
on the bottom of the core tank. The bolts were attached to the grid plate
with nuts.

4.4.9.17 SRE Mockup Facility and Operations

A remote manipulator system was used to cut up the reactor vessels while
submerged under water for radiation shielding. A mockup of the various ves-
sels was used to develop and check the remote manipulator operating parameters
prior to installation in the SRE. An existing ORNL manipulator design used
for the ETk River dismantling program was modified to meet the SRE geometric
requirements. The underwater portion of the manipulator was fabricated from
stainless steel for ease of decontamination and for corrosion resistance. The
vessel mockup facility was designed and then fabricated in place in Build-
ing 003 at the AI, Santa Susana site (see Figure 24). An existing manipulator
control console was obtained from ORNL and modified for added versatility of
operation,

An Activity Requirement document was written that identified the tasks
and technical approach for developing the special remote tooling required to
effect a safe and timely removal of the SRE reactor internals and vessels.
(TI-704-990-00T, “"Activity Requirement 1 — Remote Tooling for Removal of SRE
Vessels," 2 October 1974.) This document identifies 14 task requirements and
presents the Activity Network Schedule for performing the tooling effort.
Each of these tasks required a Task Requirement document to define the asso-
ciated purpose, scope, requirements, and technical approach. Additionally, a
Task Requirement document was written that described the consulting effort
provided by ORNL to Al for the manipulator development and operations.

Mockup operations are described in documents N704TR990003, N704TR990004,
and N704TR990005.
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4.,4.9.2 Reactor Vessel Shield Plug and Core Component Removal

After passivating the residual sodium in the SRE reactor vessel, all of

the 3-1/2-in.~-diameter shield plugs and the core components, except the moder-

ator and reflector cans, were removed. Table 11 itemizes the core components

and their location in the reactor.

TABLE 11

LOCATION OF CORE COMPONENTS IN THE REACTOR

Ttem

Locationa

Control rods (4) {(new)
Safety rods (4) (new)
Core heaters (10) (new)

Dummy fuel elements (6) {(canned graphite)
Sodium level probes (4) (new)

Pile oscillator (inner assembly) and spare
safety rod thimble

Core exposure facility (new)

Moderator temperature probes (2) (new)
Fission product monitor plug

Core II shield plug and hanger assembly (25)

Spare safety rod boron assembly (new)
Experimental thimbles (3) (new)

Neutron source (antimony oxide-beryllium) (new)
PEP moderator cans (new)

Graphite reflector cans (new)

R-21, =23, -67, -69
R-32, -35, =54, =57

R-4, -7, -14, -16, =25, -41,
-49, -50, -62, -78

R-42, -43, -44, -45, -46, -47
R-60, -61, -63, -64

R-68

R-2

R-18, -39
R-17

R-3, =5,

...6’

-9, =10, -11,

-13, -19, -30, -31, -36, -53,
-59, -65, -66, ~-71, -72, -73,
-74, -75, -76, -77, =80, -81

R=52
R-8, =52,
R-37

-79

91 central core positions

28 outer core positions

qNumbers refer to reactor (R) locations in Figure
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During the SRE-PEP program, most of the core components were replaced
with new components. Some of the remaining components were modified and some
were the originals. The upper portion of the dummy fuel elements was origi-
nal. The Tower sections had been modified by replacing the fuel simulating
portion. The pile oscillator was an original component, but the thimble had
been replaced. The fission monitor plug and the core II shield plug and
hanger assemblies were all original components. All of the components listed
in Table 11 had been in direct contact with radioactive sodium and were con-
taminated. In addition, original components had been exposed to the reactor
flux and were activated. During the SRE deactivation program completed in
1968, radiation levels of 100 mR/h were measured on the fuel plugs when they
were removed from the shield plug.

Each core component was disconnected from its 3- or 3-1/2-in.-diameter
shield plug, surveyed radiologically, and dispositioned. The 20-in.- and both
40-in.-diameter shield plugs (Figure 25) were then removed and transferred to
the RMDF where the bottom reflector plates were removed. The remaining 3- and
3-1/2-in.-diameter shield plugs were also removed for disposal.

The 140-in.~diameter shield plug assembly was about 82 in. high (Fig-
ure 26). The bottom 10 1in. contained a series of reflector shields suspected
of being contaminated with sodium. This bottom reflector shield package con-
sisted of 13 Tayers of overlapping shields. It was supported by fusion welds
at the two 40-in.-, one 20-in.-, and fifty 3.5-in.-diameter penetrations.
Spacers were stacked around each penetration to separate the shields. A
10-in.-high skirt surrounded the entire circumference of the 140-in.-diameter
plug. All of the penetrations and the perimeter skirt had to be severed to
separate the reflector shield package from the rest of the plug.

To accomplish the bottom reflector shield package removal, the 140-in.-
diameter plug was removed from its core position and was mounted temporarily
on support Tlegs constructed from I-beams. A nitrogen-purge system was in-
stalled to provide an inert atmosphere and to control sodium oxidation. The
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shields were then removed, boxed, and transferred to the RMDF for further dis-

assembly and to react residual sodium (Figure 27).

The plug was then decon-

taminated, painted, and wrapped for disposal without further size reduction.

Figure 28 shows the 140-in.-diameter shield plug being shipped for disposal.
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The 91 central-core-position moderator cans and the 28 outer-core-
position graphite reflector cans were installed in the reactor during the SRE
PEP. Since the PEP program did not reach the critical state, the moderator
and reflector cans were only contaminated and not irradiated. These cans
(Figure 29) were removed and inserted into plastic sheathing in a one-step
operation. The snorkel tubes were saw cut from the cans as close to the top
of the element as possible. Snorkel/vent tubes were packaged separately from
the moderator/reflectors which were packaged six elements per box. These ele-
ments were then shipped for land burial.

4.4.9.3 Removal of the Ring Shield and Core Tank Bellows

The SRE tank bellows assembly provided a flexible sodium seal between the
core tank and the ring shield (see Figure 30). It was a 4-ft-high, 13-in.-
diameter corrugated cylinder. The 4-in.-deep corrugations were fabricated
from 0.06-1n. stainless steel. The cylinder was attached to the core tank and
ring shield using 0.12-, 0.38-, and 0.7-in.-thick stainless-steel sections.
The ring shield was 6 ft high, donut shaped, with a 194-in. 0D and a 132-in.
/ID. It was constructed of reinforced magnetite concrete and Tead and was jac-
keted with stainless steel. The 60-ton ring was used as shielding, and it
also supported the 140-in.-diameter rotating shield plug. Below the ring
shield and external to the bellows were reflector plate assemblies, which were
stacks of ten 0.06-in. plates spaced 1 in. apart. A vent pipe and monitor
tube shroud partially obstructed access for the bellows to core tank cut.

The vent pipe and monitor tube shroud were cut to provide torch access to
the core tank bellows. A bellows cutter (see Figure 31) was then installed
and used to cut the bellows at the top of the core tank and just below the
ring shield. The ring shield was removed, followed by the bellows and the
reflector plate assemblies. All plasma torch cutting for removal of the ring
shield and core tank bellows was performed in air.
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Before implementing the removal of the ring shield and bellows, cutting
parameters were developed in the SRE mockup. The mockup operations were
divided into three tasks:

1) Develop cutting parameters for the Linde PT-5 plasma torch on
materials representative of the bellows assembly

2)  Check bellows cutting fixture

3) Develop remote tools and techniques to cut the vent pipe and
monitor tube.

The vent pipe was removed by placing a temporary wooden platform over the
water-filled reactor vessel, and the radiological exhaust system of the build-
ing was connected to the volume under the platform. The torch hose bundle was
sheathed in plastic. The torch operator wore protective clothing and a full
face mask. The pipe was secured with a nylon line which was tied off to the
platform railing. A high-volume air sample taken at the operator's Tlevel
detected no airborne activity when the pipe was cut.

The same equipment and techniques used to remove the vent pipe were used
to remove the upper 3 in. of the instrument monitor tube. A Tifting grip was
used to remotely grapple the tube. Again, no significant airborne activity
was detected.

The bellows was removed by making two circumferential cuts to free it
from the ring shield as well as to free it from and provide access to the core
tank. Torch movement was erratic because the guide wheel encountered surface
irregularities. The guide wheel was removed and the torch was restrained so
that the torch stood off the workpiece. The torch was moved over the core
tank while the standoff distance was maintained constant.

A temporary wooden platform placed over the reactor pit was connected to
the radiological exhaust duct and covered with plastic. The cut at the core
tank level severed the bellows from the core tank. The cut of the bellows
from the ring shield was made using the same equipment setup.
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The ring shield was removed, loaded onto a 100-ton (gross vehicle weight)
truck, and shipped intact to an approved burial site. The reflector plates
were then removed using six plate grapples modified for remote placement. The
plates were removed, cut up, and Toaded into a low-level waste container. The
bellows assembly was removed using four Tifting grips that had been attached
to the thermal ring-Tifting spider. As the bellows was removed, it was
wrapped in plastic. The bellows was cut into shippable sections in the RMDF
Decon Room, Building 21.

4.4,9.4 Fixed Internals Removal

To gain access and to segment the reactor vessels, it was first necessary
to remove the fixed internals from the SRE reactor vessels. Fixed internals
consisted of the internal piping, protective shrouds, core clamps, and core
clamp band.

The main and auxiliary core clamps were removed first to facilitate
access to the main and auxiliary sodium inlet pipe shrouds. These clamps were
removed by free-hand cutting with the plasma torch.

Five pipe lines and three shrouds (half sections of pipe welded into the
Tiner to permit clearance for pipes between the core tank and Tiner) had to be
cut before the core tank liner could be segmented. These tasks were initially
performed by explosive cutting and finished by plasma torch. Jet Research
Corporation (JRC) was awarded a contract to cut the pipes and shrouds. They
performed the explosive cutting work during two separate visits.

During the first visit, the main and auxiliary pipes plus the liner
shrouds were cut. The main inlet pipe was a 6-in. pipe concentric with a
10-in. pipe. The auxiliary inlet pipe was a 2-in. pipe concentric with a
10-in. pipe. These pipes were cut just above the grid plate and at the elbow
(see Figure 32). The cuts just above the grid plate were made with a clip-on
circular cutter (see Figure 33). A series of cuts was made to sever the main
inlet pipe at the elbow. These cuts were made to remove a kneecap section
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from the inner and outer pipe elbows. The remaining pipe "ligaments" were cut
using circular outside diameter cutters. The auxiliary inlet was cut using a
clip-on cutter on the horizontal section of the pipe. The cut pipes were
grappled, transferred to the water-filled storage pit, and then cut into ship-
pable Tengths. Several cuts were made across the core tank liner shrouds.
These cuts were linked to plasma-torch cuts in the Tiner.

During the second visit, the following pipe lines were cut:

1) Reactor vent (2-in., schedule 40)
2) Moderator coolant (2-in., schedule 40 concentric with 4-in.,
schedule 40)

3)  Reactor drain (1-1/2-in., schedule 40).

The remaining core clamps and core clamp band were removed by the plasma R
torch after the pipe and shrouds were removed.

The SRE mockup in Building 003 was used extensively to set up the under-
water plasma-cutting parameters, to check out the remote tooling for placement
of the explosive charges, and to develop the underwater television camera sys- =
tem. Mockup operations are described in documents N704TR990003, N704TR990004, =
and N704TR990005.

Using the parameters developed in the SRE mockup, the main and auxiliary
core clamps were removed. These clamps fell to the grid plate during removal
where they were retrieved using a magnet.

Explosive cutting techniques and the plasma torch were used to cut the
main and auxiliary pipes plus the Tiner shrouds, reactor vent, moderator cool-
ant, and reactor drain pipes. Cutting proceeded as follows.

The JRC manipulator was installed directly at the center of the reactor
core tank. The camera and pool lights were Tocated on each side of the manip-
ulator. A primed charge was installed on the JRC manipulator grips, and the
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manipulator was lowered into the work area. The spring-loaded charges were
attached to the pipe by a clothes-pin-type spring action. After the charge
was installed, the camera, lights, manipulator, and water filtration sump pump
were lifted out of the water. The charge was armed, platform openings were
covered with plastic sheeting, the high bay and surrounding hallway were
cleared, and the charge was detonated. Before personnel were allowed to re-
enter the high bay, a high-volume air sample was analyzed.

The main inlet pipe required 26 explosive cuts (shots) to free it from
the reactor vessel. 1In 2 weeks, 24 shots were required to cut the pipe elbow,
13 more shots than had been anticipated. The Tigament cuts were difficult to
complete. The inside diameter of the pipe had been severely deformed by the
previous cuts. This resulted in a larger than normal cutter-to-workpiece dis-

tance and caused the cutting jet to be attenuated by the intervening water.
The Tligament cuts were finally completed by using 155-g straight-Tine cut-

ters. Two shots were made on the inlet pipe just above the grid plate. The
cuts did not sever the 6-in. pipe. The elbow section of pipe below the grid
plate was removed using special grappling operations.

The auxiliary inlet pipe was removed in two cuts as planned. The moder- g

ator coolant header pipe was severed just above the grid plate with just one
shot.

Cuts across the tank liner shrouds were unsuccessful. The charges were
held against the liner by a long pole. Six shots were required to make one
cut. The remaining three cuts were incomplete.

The plasma torch and manipulator system were used to complete the Tliner
shroud cuts. During the cutting, several torch nozzles and retaining nuts

were consumed. It took about 2 h to cut the shroud.

An attempt to remove the reactor drain Tine by explosive cutting was not

successful. The next eight explosive cuts were made on the coaxial pipe mod-
erator coolant Tine elbow. The cutting sequence was similar to that for the
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main inlet (e.g., remove a half-section of the outer and inner pipes, remove a
section of the 2-in. pipe ligament, and cut the 4-in. pipe Tigament). An
attempt to remove a knee cap section of the 2-in. inner pipe was unsuccessful
because of difficult cutter-to-workpiece geometries. Two additional attempts
using large gram cutters were also unsuccessful. At this point in the opera-
tion, it was found that the water level of the storage pit had fallen 4 in.
The explosive cutting was stopped and the plasma torch was used to complete
the removal of the piping and to cut the access slot.

Explosive cutting operations were hampered by poor water clarity, water
plume, debris, and by the Targe number of operations required to make an ex-
plosive cut. Each detonation stirred up fine particulate matter that clouded
the water. To obtain a clear view, the camera and lights were moved closer to
the work site, which then obstructed the JRC manipulator and increased the
time required for charge placement. Water plume and splashes from the deto-
nations contaminated the work platform. The maximum number of cuts that could
be made each day was limited to four because of the time required to
(1) remove the camera, lights, JRC manipulator, and sump pump from the reactor
vessel; (2) cover the platform openings with plastic sheeting; and (3) test
for high airborne radioactivity. The main drawback to explosive cutting was
the large amount of debris produced that had to be removed remotely. Each
cutter exploded into as many as six pieces of shrapnel, each of which had to
be individually grappled for removal.

The ESG manipulator and plasma torch were used to complete pipe cutting
operations. The manipulator arm was replaced with an arm that moved the torch
radially and rotated it from a horizontal to a vertical position (Figure 34).

Two methods of plasma-arc cutting of the pipe were tried. The first
method consisted of piercing the pipe wall using the torch to create a series
of interconnecting holes until the pipe was severed. The major difficulty
with this method was that it Teft small tangs of material between the pierced
holes. These tangs prevented torch access to the backside of the pipe. To
remove the tangs, the torch had to be precisely located over them. This was
time consuming.
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The second method consisted of making a series of vertical cuts on the
pipe. The cuts were made with a Targe-diameter nozzle using hole-piercing
torch parameters. Cutting speed was 30 in./min. These parameters made wide
cuts on the pipe. A series of cuts (as shown in Figure 35) was made to pro-
vide torch access to the backside of the pipe. Because each cut was made on
undisturbed material, the arc was easier to start and fewer torch stoppages
resulted. It took about 1 h and required 14 cuts to sever the moderator pipe.

The moderator pipe was cut into three pieces: two 4-1/2-ft sections and
one 2-ft section. The tank drain Tine was cut into three pieces: one 3-ft
section and two 5-ft sections. The drain line pipe section Tocated below the
grid plate was removed later during core tank bottom cutup operations. The
vent Tine was removed in one piece by cutting just above the elbow and ranov-
ing the support bracket bolts. The pipe sections above the grid plate were
dropped onto the grid plate as they were cut, where they were grappled and
removed. All sections of pipe were cut to a length acceptable to the shipping
cask Tiner without further size reduction.

The bolt heads for the brackets supporting the tank vent Tine were
removed by using the plasma torch. The TV camera was used to position the
torch over the bolt heads. With the torch set to operate with hole-piercing
parameter settings, the arc removed most of the bolt heads. To finish remov-
ing them, the torch had to be moved several times.

Internal piping was removed from the reactor vessel in two steps: first
the main and auxiliary piping, then the small-diameter piping. The main and
auxiliary pipes were removed to facilitate cutting up the core tank Tiner.
The TV camera system and placement device were used to locate the pipes and to
position the grapple. The grapple-actuating cylinders were connected to a
requlated, 200-psig nitrogen supply. The grapple was positioned just above
the center of gravity of the pipe. The pipes were lifted vertically out of
the reactor vessel and transferred in air to the storage pit. Three persons
effected the transfer: a crane operator, a health physicist, and a mechanic
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who guided the pipes through the pTlatform openings. Maximum exposure received
during the transfers was 40 mrem. Each pipe read 12 R/h at 3 ft.

The small-diameter pipes were removed from the reactor to facilitate cut-
ting up the grid plate. A right-angle adapter was added to position the clamp
for grappling horizontal pipes. A section of hose was added on the vent port
of the clamp actuation valve to exhaust air and contaminated water from under
the platform. The TV camera system was used to help Tocate the pipes and
install the clamp. Each section of pipe was lifted to within 1 or 2 ft of the
surface of the water and secured with a nylon line. Each pipe section was
then transferred to the storage pit, and each line was tied to the pit railing
for easy retrieval. The moderator coolant header was unbolted, grappled, and
transferred to the storage pit to be cut under water.

Pipe grappling operations were hindered by poor water clarity. Conse-
quently, the TV camera and placement device were needed to position the grap-
ple. This step added to the operating time.

Eight core clamps were intact when removal operations began; the main and
auxiliary core clamps had been removed previously. One clamp was dislodged
when other internals not attached to the tank structure were removed. The
fourth clamp was displaced as the sump pump was being removed. Sections of
the band that had only one pin were displaced from the Tiner by jiggling the
housing clamp 1ifting tool. Four sections of the band had two or more pins in
them and required the stud displacement tool for removal. These band sections
were a result of missing clamps. These double sections read only 50 mR/h,
which permitted disposal in an unshielded wooded shipping container. The core
clamp next to the moderator coolant line could not be grappled with the hous-
ing clamp 1ifting tool. Instead, a nylon Tine was used to catch and secure it
for removal. The clamps that had been dislodged were retrieved from the grid
plate by using a magnet and line.
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4.4.9.5 Core Tank Liner and Liner Attachment Ring Removal

The core tank Tiner, a 1/4~in.-thick, Type 304 stainless steel, open-
ended cylinder (see Figure 36), was held in position inside the core tank by a
2-3/4~in.-wide, 3/4-in.-high Tiner attachment ring. The ring had been welded
to inside diameter of the the core tank at the core top level. The core tank
Tiner removal method was to cut the Tiner into 44 segments (4 rows of 11 seg-
ments) using the manipulator and the plasma torch under water. The segments
had grappling slots cut in them and were grappled before the final cut was
made. The segments were then transferred to the underwater storage pit, where
they were Toaded into storage racks to await selective Toading into a shipping
cask liner.

The top and bottom halves of the core tank Tiner were welded to the
attachment ring. To faciliate vertical cuts across the ring, eleven 6-in.=-
Tong sections of the band were removed with a plasma torch. Each section was
removed by making two radial cuts and an intersecting cut parallel to the tank
wall (see Figure 37). This reduced the ring to a 0.5-in.-thick stub and gave
sufficient torch-to-stub clearance to permit using the plasma torch to make
vertical cuts on the core tank through the access slots.

The following development work was performed in the mockup prior to
rerioval of the core tank liner:

1) Cuts were made using the manipulator plasma-torch system (see
Figure 38)

2)  Candidate grapples and removal rigging were tested, and the
best were selected

3) Improvements were made in the test plasma-torch/manipulator
system.
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Figure 37. Attachment Ring Cuts

Removing the core tank liner required 15 working days and presented few
problems. The SRE manipulator and plasma torch were used under water to seg-
ment the liner into 44 sections. Although explosive cutting of the internal

piping and shrouds had deformed the liner, cutting was accomplished by chang-
ing the torch-to-liner standoff distance and by diligently observing the cut-
ting operation with the underwater TV camera.

The first row of segments read 40 mR/h at 3 ft and were placed in wooden
shipping containers for disposal. The remaining three rows of segments were
transferred to the storage pit and Toaded into a shipping cask liner. The
second row of segments averaged 400 wR/h at 1 ft, while the Tast two rows
ranged from 4.2 to 7.5 R/h at 3 ft.

To gain access to the core tank wall, 6-in.-long slots were cut in the

core tank Tiner attachment ring with the underwater plasma torch. The cut
pieces were retrieved from the tank by using grappling devices.
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Figure 38.

Core Tank Liner Mockup Cutting Test Results
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4,4.9,6 Grid Plate Removal

The SRE grid plate was a 125-in.-diameter plate of 1-1/2-in.-thick,
Type 304 stainless steel. Its perimeter was supported by a 5-in.-wide ledge
welded to the core tank inner wall. The Tledge and grid plate were bolted
together with 24 stud and nut assemblies. The grid plate was also supported
by 3-in.-diameter bolts threaded into pads that rested on the bottom of the
core tank. The bolts were arranged in three circles: the inner circle had
6 bolts; the other two had 12 each. The pads of the middle bolt circle were
welded to the tank bottom.

The underwater plasma-torch process was used to remove the grid plate.

It was cut into two concentric rows of segments with a center segment. The
staybolt and perimeter nuts were removed by a manually powered long extension
wrench. The radial cuts on the outer row of segments were extended to within
3/4 in. of the wall of the core tank. A cutting insert consisting of a
3/4-in. section of stainless steel was installed to prevent the arc from
extinguishing in the gap between the grid plate and the Tedge. A circumfer-
ential cut 3/4 in. from the wall of the tank completed the segmentation (see
Figure 39).

Grid plate removal operations were divided into three tasks:

1) Staybolt nut removal
2)  Grid plate cutting
3)  Segment removal.

The grid plate staybolt nut wrench was used to remove the 3-in. hex
nuts. The wrench was a 30-ft-long, 2.5-in.-djameter tube with a T-handle on
the top. The nuts were grappled using the pipe clamp with jaw inserts and
placed in underwater storage cans. About 3 days were required for removal.

Inserts were to be installed in selected coolant holes to facilitate grid
plate cutting and to prevent guide wheels from dropping into the coolant
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holes. It was determined that the grid plate could be cut with the underwater
plasma torch without using guide wheels, eliminating the need for coolant hole
plugs. Torch-to-workpiece distance was set by the torch-touch system des-
cribed previously.

The staybolts were caught and secured with 1/2-in. nylon line as the seg-
ments were transferred to the storage pit. The hook was removed from the seg-
ment, and the nylon line was rigged to the overhead crane to free the stay-
bolt. The segments in the middle row were grappled using three hooks of the
grid plate grapple. The center segment was Teft in the vessel until after the
thermal rings had been removed. The staybolts that were threaded into welded
pads were removed using the staybolt wrench and the staybolt removal tool. As
the first staybolt was being removed, a sodium water reaction occurred. To
avoid this condition, the remaining bolts were loosened eight turns and then
soaked for 24 h. Only a few gas bubbles were observed during removal of the
remaining 11 staybolts. The bolts were grappled using the pipe clamp with
pipe jaw inserts.

4.4.9.7 Core Tank Removal

The core tank was a 132-in.-diameter, 18-ft-deep, 1-1/2-in.-thick
stainless-steel tank (Figure 40). Main and auxiliary inlet pipe stubs pro-
truded through the walls of the tank. All other internal piping had already
been removed, the external piping had been severed to within 18 in. of the
outside of the core tank, and access slots had been cut in the core tank liner
attachment ring.

Core tank removal consisted of two separate operations. First, the tank
walls were removed from the tank top to a level 27 in. above the grid plate;
second, the remaining wall sections and core tank bottom were removed after
removal of the grid plate.

The first operation involved cutting the tank walls into 44 segments
using the manipulator and plasma-torch system. The segments, approximately 37
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by 42 in., were cut from four rows containing 11 segments in each row. The
segments were removed by grappling and tensioning an entire row of segments
before the horizontal severing cut was made. A row of segments was then
transferred in air and Toaded into an underwater storage rack.

The second operation, removal of the core tank bottom, consisted of
removing the remaining 40.-in.-high wall section; the 5-in.-wide, 1-1/2-in.-
thick grid plate support ledge; and the tank bottom, as illustrated in Fig-
ure 41. The core tank bottom was actually removed after thermal ring
removal. Twenty-four 3/4-in.-diameter studs had been threaded into the grid
plate support ledge. Welded to the outside of the tank next to the bottom was
a 3/4-in.-thick skirt that had been used for tank alignment. A 4-1/2-in.-
radius section joined the wall to the tank bottom. Twelve 8-in.-diameter,
1-1/2-in.- thick pads had been welded to the tank bottom in a 68-in.-diameter
circle as support for the grid plate.

Two new operations were identified in the tank bottom removal sequence:
(1) cutting the tank wall through the Tledge and (2) cutting the tank bottom
and leaving a 1/2-in. gap between it and the outer tank. Tests directed
toward solving these conditions were conducted in the SRE mockup demonstration
tank and Ted to the following removal sequence:

1)  The tank bottom was Tifted 6 in. and shimmed in place. Segment
tensioning devices were used to Tift the tank bottom.

2) To provide torch/arm access to the Tower tank walls, 3 in. of

the lTedge was cut off.

) The remains of the tank drain Tine were removed.

4) Twelve access slots were cut through the Tedge.

5) The tank wall section was cut into 12 segments and removed.

6) The skirt attachment weld was removed by cutting the tank at
the weld elevation.

7)  The skirt was removed from the tank.

8) The tank knuckle was cut and moved inward 20 in.
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9) The outer row of segments supported by shims was cut and
removed.

10) Shims were installed under the center section, and the remain-
ing outer row segments were removed.

11) The wmanipulator arm was adjusted to cut between every other
staybolt.

12) The staybolt segments not supported by shims were cut and
removed.

13) Shims were placed under the center segment, and the remaining
staybolt segments were removed.

14) The manipulator was removed from the guidepost.

15) The guidepost and center segment were removed.

No sigificant problems occurred during the removal of the core tank
walls. Replacement of nozzles and electrodes were routine, underwater visi-
bility was adequate, and cutting around the main and auxiliary inlet presented
nominal challenges. Maximum segment dose rate was 45 R/h at 1 ft. Typical
exposure per row of transferred segments was 25 mrem per man (see Figure 42).

The core tank bottom removal was started by placing it on shims. Cutting
debris was removed to permit the installation of the manipulator and guide-
post. Three days were required to Tift the tank and install the shims, while
it took 1 day to install the manipulator.

Cutting the grid plate ledge required removal of the grid plate perimeter
studs and nuts and the tank drain line. The tank drain line was cut flush
with the top surface of the ledge to permit torch clearance. Sections of the
ledge surrounding the drain Tine were removed. Acceptable circumferential
cuts were obtained by using an 8 x 12 nozzle and slowly indexing the torch.

A 2-in.-thick layer of debris on the bottom of the tank interfered with
completing vertical cuts on the tank wall. Debris was scraped to the center
using an arm-mounted scraper. This permitted the cuts to be completed. The
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actual skirt weld elevation was 2 in. lower than anticipated. Thus, 12 addi-
tional vertical cuts were required, which resulted in two additional small (2-
by 35-in.) segments. Horizontal cuts at the skirt weld freed the 2.5-R/h seg-
ments. These were loaded into a shipping cask liner.

Several 360° scarfing cuts were made on the core tank edge to skirt
weld. A 2- by 2-in. grappling hole was cut in a transition segment, and a
grid plate grapple was installed. Radial, knuckle, and skirt-weld cuts per-
mitted the segment to be peeled off of the skirt.

With the skirt out of the way, the tank transition (knuckle) segments
were easy to cut and grapple. Removal of the transition segments permitted
torch access to the skirt. The skirt was grappled in eight places and sus-
pended 10 in. above the bottom of the outer tank during plasma-arc cutting.
Cut sections were placed in wooden disposal containers.

The second circle consisted of six staybolt segments. The staybolts had
been unthreaded and removed previously. The segments were grappled and loaded
into a shipping cask liner. Typical segment dose rates were 400 mR/h at 3 ft.

The 38-in.-diameter bottom center segment of the core tank was grappled
with a vertical Tifting grip and placed on the floor adjacent to the reactor.
The guidepost was removed and the 2.0-R/h center segment was loaded into a
submerged shipping cask Tiner completing the core tank bottom removal
operation.

4,4,9,8 OQuter Tank Bellows Removal

The outer tank bellows (Figure 43) provided a flexible seal between the
outer tank and the core cavity liner. It consisted of a 150-in.-diameter top
cylinder welded to a 12-in.-high, 150-in.-diameter bellows assembly, and also
to a 12-in.-wide flange that joined it to the cavity liner. Three conduit
bellows extended from the cavity liner to the cylinder. To prevent water from
contacting the insulation, all plasma-torch cuts were made in air.
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The removal approach was to:

) Cut the bellows free from the cylinder
) Cut the outer tank just below the bellows
) Cut the bellows flange

) Cut the bellows assembly into quarters.

The radial arm with the torch-rotate mechanism was used with the plasma
torch in air with slightly modified hole-piercing parameters to cut the bel-
Tows free from the cylinder. Hole piercing was repeated until all connections
between the bellows and the cylinder were severed.

Next, the outer tank and flange cuts were made, then vertical cuts were
made through the bellows cylinder and flange.

The four sections of the bellows were removed after the platform and
manipulator had been removed. The grid plate hook sling was installed in a
3/4-in. hole in the bellows flange. A rope was installed around the end of
each segment to stabilize the load. Several small connecting sections of
material were found during removal but were broken by flexing the material.
The segments were Toaded into a wooden shipping box for disposal.

4.4.9.9 Thermal Ring and Debris Removal

The thermal rings — a stack of seven rings external to the core tank —
were separated from the core tank by a 1-1/2-in. annulus. The rings, made of
low-carbon steel, were 5-1/2 in. thick, 128 in. in diameter, and 33 to 37 in.
high. Sore rings had cutouts for vessel piping clearance.

The rings were removed by:
1) Remotely bolting the ring to the 1ifting fixture

2)  Removing the ring using the 75-ton overhead crane
3)  Placing the ring in a specially prepared cutting area
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4) Installing mechanized oxyacetylene cutter and containment hood
5) Segmenting the ring into four sections.

Dose rate calculations showed that the exposure per man would be within
acceptable Timits. Calculations also showed that unshielding shipping of the
segments would be within acceptable limits.

Debris generated during explosive and plasma-arc cutting operations was
remotely removed from the thermal ring annulus, core tank, and outer tank.
The debris consisted of:

1) A mixture of particles, ranging in size from 0.13 in. to
0.001 in. in diameter, generated by the plasma-arc cutting of
stainless steel

2)  Strips of agglomerated cutting particles (1 in. wide) generated
during the plasma-arc cutting of the core tank

3)  Odd-shaped strips of metal scraps generated by explosive cutting

4)  Fine particulate dirt, which probably was introduced when the
reactor vessel was rinsed with industrial water.

The removal operations involved: &

1) Vacuuming debris using a Jjet-pump-type nozzle plumbed to a
screen-Tined collector basket

2)  Using the filtration system to remove particles too small to be
collected by the basket

3) Using a grapple to remove pieces too large to be vacuumed.
(The grapple was designed and fabricated during SRE operations,
when the nature of the removal problem was understood.)

The rings were painted with zinc chromate primer to fix surface contami-
nation. The IDs of the upper three thermal rings were painted using a

manipulator-mounted spray gun; during removal, the remaining surfaces of each
ring were painted using a 6-ft-Tong extension wand.
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To install the ring-Tifting fixture, 1 h was required; 1/2 h was required
to Tift the ring to floor Tevel; and 8000 1b of force was required to separate
the rings. The only cutting problems involved small sections of steel or slag
joining the two cut faces. These sections were either recut with the plasma
torch or broken when the segments were transferred to the storage area. Two
highly activated segments were loaded into the center of the shipping box and
were flanked by two Tess activated segments which acted as shielding to meet
DOT regulations (see Figure 44).

A pipe clamp/1ifting tool was used to remove a fuel slug and the debris
caused by explosive operations from the core tank. Most of the debris was
pushed onto the grid plate Tedge and then, after grid plate removal, onto the
bottom of the core tank. After thermal ring removal, the dredge was used to
remove cutting debris from the thermal ring annulus. Approximately three to
four times a day the hose that connected the nozzle to the collector basket
would become jammed with chunks of slag particles. The dredge had to be dis-
assembled to remove the chunks. The annulus dredging operations were discon-
tinued because of the high personnel exposures resulting from hands-on disas-
sembly of the dredge.

A filter system was used to remove fine particulates. This system con-
sisted of a submersible pump connected to a 3-in.-diameter flexible hose that
Ted to the cyclone separators. The water then flowed through a booster pump,
through an aggregate bed Culligan filter, and back to the reactor vessel. The
system could filter water from either the reactor vessel or the storage pit.
Particulates were removed from the Culligan filter by reversing the water
flow, backflushing, and diverting the flow to the 500-gal radiological trans-
fer tank. Backflushing through 10-micron-thick disposable cartridge filters
did not adequately clarify the water.

To remove debris from the core tank, the first method tried was to remove
the fine particulates and then scoop up the debris. A box was installed on
the inlet of the submersible pump and connected to a flexible hose and noz-
zle. This worked well for removing particulates from the top sections of the
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slag piles, but failed to remove particulates from within the piles. A 6-in.-
wide blade mounted on the down extension of the arm and the water jet from the
pump were used to push the debris into a basket. Three full baskets (600 1b)
were removed. This debris was visually inspected for fuel elements, but none
was found.

4.4.9.70 OQuter Tank Removal

The outer tank was a 15-ft-diameter, 19-ft-high, open-top vessel
installed 8 ft below floor level and surrounded by thermal insulation (see
Figure 45). The 1/4-in.-thick carbon steel tank was used for cover gas con-
tainment. Two horizontal corrugated cylinders (bellows) intersected the tank
at 14 ft below floor Tevel. A 3/4-in.-thick doubler plate reinforced the bel-
Tows-to-tank junction.

Removing the bottom of the outer tank consisted of removing all sections
of the outer tank below the line where the tank flange was 1-3/4 in. thick.
The Tower half of the flange was 2 in. thick; the upper half tapered to a
1/2-in.-thick section. The carbon steel flange was welded to a 150-in.-
diameter, 2-1/2-in.-thick carbon steel plate. Eight equally spaced Tocating
cleats (2 by 2 by 9 in.) were fastened to the bottom of the tank.

To prevent water from saturating the thermal insulation, the outer tank
was cut in an air environment. The guidepost was installed in the locating
hole previously drilled into the bottom of the tank. The manipulator was
installed on the guidepost with the radial arm bolted to the carriage in the
outermost Tocation. An asbestos cover installed over the hose bundle pre-
vented damage from sparks. Contamination was fixed to the inside diameter of
the tank by painting with zinc chromate primer. An airless paint sprayer
attached to the manipulator was used to apply the paint. All platform open-
ings were covered with plastic, and the radiological exhaust duct was con-
nected to the platform.
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The cutting pattern specified four rows of 55-in.-high segments, but
since low activity levels permitted segments to be shipped in a wooden box,
the height was doubled. Segments from the top row read 25 mR/h at 1 ft, and
segments from the bottom row read 45 mR/h at 1 ft. Cutting the doubler plates
around the bellows required using cutting parameters for 1-1/2-in.-thick
stainless steel.

The outer tank bottom flange taper dimensions were not the same as indi-
cated by the drawing dimensions. As a result, the horizontal cut severed the
flange where its thickness was too great for lifting grips to be installed
easily. Several grips were inadvertently installed in the wrong locations and
could not be remotely removed. This caused the cutting pattern to be revised
and produced two double and several half-size segments.

Cutting and removal operations were almost flawless. Changing the arm to
carriage location produced a few uncut tabs at the cut start/stop points. The
segment removal sequence was simplified by removing all but one segment. The
46-in.-diameter center section with an attached segment was loaded into an
extra large shipping box. The maximum segment dose rate was 1 R/h at 1 ft.
This concluded remote dismantling operations.

4.4,9.11 Insulation Removal

A 9-in.-thick Tayer of insulation covered the inside diameter of the core
cavity liner. It was held in place by wires connected to studs welded to the
cavity liner. Remote removal using the plasma-torch manipulator system was
considered, but manual operation was selected.

Insulation tiedown wires were cut manually, and the 3- by 8- by 36-in.
blocks were stacked in a wooden shipping container. Removal of 1100 ft3 of
wall insulation required 3 days. Removal of the floor insulation required

2 days.
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4.4.9.12 Core Cavity Line Removal

The reactor core cavity liner formed the inside surface of the biological
shield. The 1/4-in.-thick steel Tiner was attached to the biclogical shield
by the kerosene cooling coils which were welded to the Tiner and embedded in
the concrete.

After all of the core components, tanks, and insulation were removed, the
reactor core cavity liner was removed. The upper 3/4 section of the 1/4-in.-
thick steel Tiner was cut into sections using a hand-held oxygen-acetylene
torch. The Tower 1/4 section of the core cavity Tliner was cut with a torch
and pryed loose from the biological shield using a hydraulic Hy-Ram. Removal
of the Tiner was phased with the biological shield removal to take advantage
of having the concrete removed from behind the Tiner. The sections were pack-
aged in wooden crates for disposal.

4.4,10 Excavation of Contaminated Soil

The primary sodium fill tank vault and the sodium service vault were
located directly north of the reactor building high-bay area. During reactor
operation, the concrete surfaces of these vaults became contaminated. Decon-
tamination was best accomplished using the Hy-Ram and working inward from the
outside of the vault. This required that an access ramp be excavated at the
northeast corner of the SRE high bay. Figure 46 shows the initial excavation
to expose the outside wall of the sodium service vault. Figure 47 shows a
portion of the east exterior wall of the primary fill tank vault. This was a
common wall between the two vaults. The numbered grids defined the interior
wall of the sodium service vault.

During this excavation, contamination above the Table 3 Tlimits was found
in the soil surrounding the footing at the northeast corner of the high bay.
Further excavation uncovered contamination as high as 13,000 pCi/g located in
cracks in the bedrock east and north of the high bay (see Figure 48). Fig-
ure 49 shows the excavation along the east face of the building. Contaminated
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soil and bedrock were packaged for disposal in tri-wall cardboard "King-Pac"
containers. The containers, which were mounted on a plywood skid, held
approximately 2000 1b each. ATl contamination above the release Tlimit was
removed from the area. The area was backfilled to provide machine access for
further decontamination activity within the high bay.

Decontamination of the sodium service vault and the primary fill tank
vault was completed using the Hy-Ram. Whenever possible, selective, rather
than bulk, removal approaches were used to minimize the waste to be packaged
and sent to burial. It was shown that the Hy-Ram could be equipped with
chisel-Tike tools that could peel off selected Tayers of contaminated concrete
in vaults and walls. Figure 50 shows the Hy-Ram in operation.

After the sodium service vault was demolished, access was provided to the
interior of the primary fill tank vault. Contaminated surfaces were removed
with the Hy-Ram. The east, south, and west walls were demolished and the
clean rubble was stored onsite for future use as backfill material. The floor
and the north wall remained and were subseqently buried during backfilling of
the access ramp. Figure 51 shows the demolition of the primary fill tank
south wall and the extent of the excavation along the east side of the high
bay.

Access to the north and east exterior surfaces of the reactor biological
shield was provided by demolishing the main and auxiliary primary vault
walls. Prior to this time, it was decided to excavate the entire SRE high
bay. This would provide equipment access to the remaining below-grade compo-
nents that had to be removed. These included the fuel storage cells, wash
cells, moderator element storage cells, and fuel element enclosure sleeves.
Prior to the start of soil excavation, a consulting civil engineering firm was
hired to evaluate the impact of the future excavation on the structural integ-

rity of the building. The recommendations from the consultant were as follows:

1) Excavation work should not begin until completion of facility
improvements.
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2)  The 75-ton bridge crane should be down rated to 5 tons and
stored at the far west end of the high bay when not in use.

3) A retaining wall should be built at the southern limit of the
excavation in the high bay between the hot cell wall on the
west and the auxiliary secondary gallery wall on the east (see
Figure 52). The retaining wall was to consist of 50-ft-deep,
steel-reinforced concrete pilings with 4 by 12 wooden shoring
secured in channels imbedded in the piles. Figure 53 shows the
installation of the wooden shoring. As the excavation deep-
ened, additional shoring could be added.

4) Sejsmic bracing had to be added when the excavation was
completed.

5) Additional bracing had to be added if excavations went below
the bottom of a footing.

The pilings for the retaining wall were installed while the excavation of
the access ramp was in progress. The ramp provided equipment access for the
concrete vault demolition and the high-bay excavation. The SRE high-bay exca-
vation lowered 90% of the high-bay floor area an average of 20 ft. Six seis-
mic braces were added. Four 8-in.-diameter steel pipes tied the grade beam
under the north wall to the floor of the primary fill tank vault. A single
8-in. pipe bisected the northeast corner from the grade beam to a new footing
down in the excavation. Another 8-in. pipe tied the grade beam under the east
wall to an existing concrete footing, Tocated at grade, east of the high bay.

Contamination was found in the bedrock near the primary fill tank vault
and the main primary vault. The bedrock in this area consisted of multilay-
ered sandstone. Numerous cracks and slip planes were visible. Individual
cracks could be traced for 10 ft or more along the surface. Contaminated lig-
uids had come into contact with this particular rock formation and traveled
along numerous pathways. The source of the contaminated liquid was probably
surface and ground water and water leaks from a temporary storage pool in the
primary pipe vault.
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Installation of Wooden Shoring in High-Bay Retaining Wall

Figure 53.
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The main primary pipe vault was used for underwater storage during reac-
tor vessel disassembly. It was constructed of concrete with a few pipe pene-
trations. In preparing for the work, the vault was sealed watertight. The
surfaces were cleaned, and the cracks were filled. The pipe penetrations were
sealed, and the entire surface was coated with an epoxy material. Despite the
preparation, a water leak developed during the segmentation project. It may
have resulted from the explosive cutting operation. The leak resulted in
water containing fission and activation product contamination being released
into the soil at the north and east quadrant of the building. As socon as the
loss of shielding water was noted, a steel tank was fabricated to fit inside
this vault, and contaminated material and water were transferred to the tank.

Contaminated rocks and soil were found around five facility support col-
umn footings. Three footings were along the north wall (7A, 8B, and 9B). One
was along the east wall (11D). And one footing was at the corner where the
north and east walls meet (10/11) (see Figure 52). The structural consultant
previously contacted was again brought in on contract. A series of temporary
footings, cross bracing, and support columns needed to be installed if excava-
tions were required near or below these five column footings. Exploratory
excavations in this area were performed using jackhammers and hand tools.
Rock and soil samples were analyzed, and the results were compared with pre-
vious samples. Extrapolation was used to estimate the depth of radiocactive
contamination in several visible cracks. Based on this information, it was
apparent that the only solution was to remove the contaminated soil from
beneath the footings.

Three Tevels of effort were suggested by the consultant:

1) A footing could be partially undermined to remove local soil
contamination

2)  The footing could be completely undermined to remove deep soil
contamination

3)  The column and footing could be removed to provide access for
deep excavation.
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The level chosen for a specific column footing was based on the extrapo-
lated amount of contamination expected. One column was partially undermined
(10/11). Two columns were totally undermined (7A and 11D). And two columns
and footings were removed and later replaced (8B and 9B). The installation of
temporary footings and columns was subcontracted. Only one column was worked
on at a time, and a full, 28-day cure was permitted on a foundation or column
before work was started on an adjacent footing. Figure 54 shows the column
supports and the seismic braces anchored to the floor of the primary fill tank
vault. Figure 55 shows the column bracing inside the high bay. Column 7A, on
the left, already has a new foundation and reinforced footing in place. Note
that Column 9B has been removed.

The excavation east of Column 11D was opened once access through this
area was no longer required. The contaminated bedrock directly under the col-
umn footing was removed and a new concrete foundation was installed. Excava-
tion of contaminated soil was continued east of the facility. A 6- by 10- by
12-ft-deep hole was excavated below Column 11D to remove all of the contami-
nated bedrock. Figure 56 shows a part of this excavation.

The column support bracing remained in place until the high-bay excava-
tion backfill and compaction was started. The seismic bracing, which was
anchored above the Tower Tevel of the excavation, remained in place until the
backfill soil reached the level of the primary fill tank floor.

4.4.11 Biological Shield Demolition

The SRE biological shield was a solid, high-density concrete structure
surrounding the core cavity liner. The shield was 4 ft thick, with the
exception of the pipe bellows area (see Figure 5). Prior to the start of
demolition activities, a biological shield removal methods trade study was
performed. Three methods were evaluated: (1) using the Tlarge hydraulic
Hy-Ram, (2) using standard jack hammers and scabbling tools, and (3) using
conventional explosives. To aid the study, six core samples were taken of the
biological shield and analyzed for activation. The samples were obtained
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using a Milwaukee heavy-duty drilling rig with a 2-in.-diameter by 12-in.-
long, diamond-impregnated core drill.

The first three samples were taken at 3 ft 4 in., 7 ft 8 in., and 13 ft

2 in. below-grade level.
the biological shield to the inside.

The drilling was accomplished from the outside of
The next three samples were removed from

20, 26, and 27 ft below grade and were drilled from the inside of the biologi-

cal shield out.

core are shown in Figure 57.

The sample locations and their relationship to the reactor
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Figure 57. Biological Shield Core Sample Locations
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Samples for radiometric analysis were removed from the concrete cores
using a hand hacksaw with a tungsten carbide blade. Radiometric analysis was
performed using a thin window gas proportional counter having a background of
approximately 20 counts per minute (cpm). A T-g KC1 standard was used to
determine counter efficiency. The data generated from the analysis are pre-
sented in Table 12.

The accumulated data taken from the six core samples indicated that the
removal of approximately 24 yd3 of rubble was required to achieve the
100-pCi/g Timit in both the concrete and steel reinforcing bar. This volume
of concrete is small compared with the total volume of the biological shield,

which would represent approximately 1418 yd3.

The excavation of contaminated soil from the northeast corner of the high
bay provided access to the exterior surface of the biological shield. Thus,
it was decided to use the hydraulic Hy-Ram to remove the concrete from the
biclogical shield. First, the clean soil was removed from around the outside
surface to a depth of 18 ft below grade. Starting at the top, the Hy-Ram
removed the nonactivated concrete from the outside in. Health, Safety & Radi-
ation Services provided concrete sample analysis as new concrete surfaces were
exposed. Prompt sample analysis combined with the core drilling data enabled
the Hy-Ram to selectively remove nonactivated concrete from the biological
shield without exposing the activated material close to the core cavity
Tiner. This resulted in considerable cost savings in the packaging, transpor-
tation, and burial of contaminated waste.

Removal of contaminated material required some modifications to the con-
crete removal procedure. A plastic tent was suspended from a plywood platform
around the entire biological shield. The plywood platform was held by an
overhead bridge crane. The facility radioactive exhaust duct was connected to
the tent to provide a negative pressure. A high-pressure, low-volume water
spray was used to help control dust when the Hy-Ram was operating. With this
arrangement, it was possible to demolish the activated concrete with a minimum
release of airborne contamination.
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TABLE 12
SRE BIOLOGICAL SHIELD RADIOMETRIC ANALYSIS

: Sample Location
Core Location (In Inches From pCi/g
(Below Grade) Sample Core Cavity Liner) (Gross Beta)
3 ft 4 in. 1 1/2 1.5
2 3 NAD@
3 6 7.6
4 1 NAD@
5 18 NAD2
6 24 7.6
7 ft 8 in. 1 0 125.0
Z 6 32.2
3 12 17.6
4 18 27.9
5 24 24.8 :
-
13 ft 2 in. 1 1/2 220.0
2 1-1/2 348.0
3 3-1/2 118.0
4 5-1/2 128.0
5 9-1/2 9.2
20 ft 0 in. 1 1 3300.0 g
2 2-3/4 4780.0 :
3 6 1350.0 B
4 12 228.0
5 15 93.9
6 18 30.5
7 23 18.2
26 ft 0 in. 1 1 503.0
2 6 164.0
3 8 72.0
4 11 40.4
5 18 14.8
27 ft 0 in. 1 1 150.0
2 6 63.0
3 11 29.7
4 18 27.7
5 23 27.7

eNAD = No activity detected.
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Once the biological shield was removed to the level of the high-bay
excavation (approximately 18 ft below grade), the core cavity Tliner was
removed (see Figure 58). The remaining portion of the biological shield con-
tinued below the bottom of the excavation for another 16 ft. Activated con-
crete in this region was removed from the inside out. Figure 59 shows the
remaining biological shield just prior to backfill and compaction. Archive
samples were taken from the walls and floor and remain at the Santa Susana
Field Laboratories.

4.4.12 Below-Grade Component Removal

Within the SRE high bay were several operational components that were

located below grade. Among them were the hot dry fuel cells, the moderator
can storage cells, and the wash cells (see Figure 52). The fuel element
enclosure sleeves, located in the primary hot cell, and the main and auxiliary
primary pump dip legs, located in their respective vaults, were also below
grade. The two fuel element enclosure sleeves and the two dip legs were the
deepest components since their top surface was approximately 20 ft below grade.

4.4.12.17 Fuel Storage Cells £

There were 96 fuel storage cells located at the SRE. They were used to
store dry reactor fuel elements. The cells consisted of steel tubes,
5-1/4 in. in diameter by 22 ft 6 in. long. The tubes were arranged in 6 rows
with 16 tubes in each row, all encased in a concrete monolith. Each tube had
its own kerosene cooling line. The fuel storage cells internals were removed
and packaged for burial early in the SRE decommissioning. The tubes remained
in place until concrete surface decontamination could be completed in that
area of the high bay. Once access was available, the Hy-Ram was used to frac-
ture the concrete encasing the tubes. A steel plate anchored each storage
tube to the concrete at 5 ft below grade Tevel. Once this plate was cut, all
of the tubes were easily removed. The fuel storage cells were cut into 6-ft

S —

lengths, packaged in boxes, and shipped to Tand burial. Figure 60 shows the
Hy-Ram fracturing the concrete around the upper portion of the fuel storage
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cells. The high-pressure, low-volume water spray was used to control dust.
Figure 61 shows a health physicist surveying a fuel storage tube as it is
removed. The kerosene cooling line can be seen along the side and looping
around the bottom of the tube. Figure 62 shows the demolition of the remain-
ing fuel storage cell concrete structure after the tubes were removed. One
tube can be seen next to the moderator element storage cells. Note the detail
of the retaining wall construction.

4.4.12.2 Moderator Element Storage Cells

The three moderator element storage cells were located adjacent to the
fuel storage cells. They were Targer (20 in. in diameter by 22 ft long).
Like the fuel storage cells, the moderator cells internals were removed and
properly disposed of early in the SRE decommissioning activity. The Hy-Ram
was used to fracture the concrete around the cells, and the facility bridge
crane was used to remove each cell from the rubble. The cells were reduced
and packaged in Building 163. Figure 63 shows the concrete removal around the
tops of the cells.

4.4.12.3 Fuel Cleaning Cells

The three fuel cleaning cells (or wash cells) were used to remove resid-
ual sodium from a fuel assembly that had been removed from the reactor core.
The wash cells were 24 in. in diameter and 25 ft Tong. The top 2 ft 8 in. of
the cells were encased in concrete with the remainder of the units surrounded
by a sandy soil backfill. As with the previous cells, the wash cells inter-
nals were removed and disposed of as radicactive waste early in the decommis-
sioning. A unique feature of the wash cells was the presence of drain lines
running from the bottom of each cell to the valve pit adjacent to the hot cell
service gallery. The drain lines precluded the use of the facility crane to
pull the cells as had been done with the fuel storage tubes. Instead, access
had to be provided to the bottom of the cells. A pit was dug and shoring
installed along the walls of the excavation before employees could be allowed
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to remove the drain pipes. The upper right corner of Figure 62 shows a por-
tion of the shoring installed for the wash cell drain Tine removal.

The wash cells themselves were removed in sections. As the upper con-
crete collar was removed, the upper 3 ft of the cells was cut free. This was
accomplished by using a large-diameter pipe cutter. During the high-bay exca-
vation, another larger section of each cell was removed in the same manner.
Immediately following a cut, the top of the cell was sealed with a cover to
prevent the introduction of foreign material into the wash cell. Figure 64
shows the removal of the wash cell drain lines. Caution was used to prevent
the spilling of any contaminated Tiquids onto the surrounding soil. Once the
drain pipes were removed, the remaining portions of the wash cells were
removed and transferred to Building 163 for size reduction and packaging for
disposal.

4.4.12.4 Hot Cell Fuel Element Enclosure Sleeves

The fuel element enclosure sleeves were the deepest elements in the SRE
facility. The two sleeves were Jocated within a 6-ft-deep pit at the bottom
of the primary hot cell. Figure 65 is a sketch of the SRE hot cell area. The
hot cell floor was 20 ft below the high-bay floor. This meant that the tops
of the sleeves were 26 ft below grade. The sleeves themselves were 8 in. in
diameter by 25 ft 6 in. Tong. Thus, the bottom of the sleeves were over 50 ft
below the original high-bay floor.

When the sleeves were uncapped, they were found to contain 2 to 4 ft of
water. Analysis of samples indicated levels above the maximum permissible
concentration for mixed fission products. The small side diameter of the
sleeves made decontamination of the interior surface virtually impossible. It
was decided to remove the sleeves. The Hy-Ram was used to expose the top sec-
tion of the two units. It quickly became apparent that the small backhoe/
Hy-Ram combination would not be capable of excavating a hole deep enough to
reach the bottom of the sleeves. The preliminary excavation also showed that
the two units were most Tikely encased in concrete for their entire Tength.
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Meetings with various contractors and consultants were held to explore methods
of excavating the bedrock adjacent to the sleeves. The following combination
was selected to provide the needed access:

1) A Tow-strength concrete mix was placed in the excavation dug by
the small backhoe. This provided a smooth, solid surface for a
rock drill, adjacent to the sleeves.

2) A vrock drill was used to drill a pattern of 93 holes in approx-
imately a 10-ft by 10-ft area. The holes were a minimum of
30 ft deep.

3) A large backhoe capable of excavating 35 ft straight down was
brought onsite. The large backhoe was also equipped with a
Hy-Ram to fracture the bedrock which had been weakened by the
rock drilling.

4)  The two sleeves were pumped dry and then filled with an expand-
ing polyurethane foam to fix contamination. If the Hy-Ram or
backhoe had inadvertently punctured a sleeve, the foam would
have minimized the spread of contamination.

Figure 66 shows the rock drill in operation. Figure 67 shows the large
backhoe in operation inside the high-bay excavation. Figure 68 shows one of
the two sleeves being removed from the excavation.

Samples for analysis were taken every 6 ft during the rock drilling as
well as the excavation. No contamination was found in the 10- by 12- by
32-ft-deep excavation. Archive samples were taken and the hole was backfilled
with 100 yd3 of Tow-strength concrete. This proved to be cost effective
compared with the Tabor charge of backfilling and compacting by hand, since
access was limited for machine compactors. The two sleeves were transferred
to Building 163 for size reduction and packaging for disposal. Figure 69
shows the size reduction booth set up in Building 163.
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Large Backhoe in SRE High-Bay Excavation

Figure 67.
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4.4.12.5 Sodium System Dip Legs

The main primary and auxiliary primary sodium Toops each contained a dip
leg. The sodium pumps were designed to accommodate a certain amount of leak-
age past the hydrostatic bearing and labyrinth seals into the upper part of
the pump case. An overflow line permitted sodium collected in the pump case
to be transferred back to the suction side of the pump through the dip Tleg.
The dip leg provided a Tow point in the Toop.

After the sodium systems were removed and main and auxiliary primary
vaults were demolished, the dip legs remained as 24-in.-diameter by 25-ft-deep
pipes at the bottom of the excavation. The two units were surveyed internally
by Towering instrument probes to the bottom. The auxiliary unit was found to
be clean. It was filled with concrete and a steel plate was welded to the
top. The primary dip leg was internally contaminated and work was begun to
remove it. First, a series of holes were drilled around the circumference of
the pipe to a 24-ft depth. (The top 2 to 3 ft of the pipe had been removed
after the vault floor was demolished.) During this operation, the dip leg was
found to be embedded in concrete for its entire length. Several methods were
tried to Tift the dip leg out of the cored hole. The facility bridge crane,
onsite mobile equipment, and a 25-ton hydraulic jack were all tried without
success. The dip leg was removed only after the Hy-Ram was used to excavate a
shaft along side the pipe. Figure 70 shows the Hy-Ram working on the excava-
tion. The dip leg was found to have three equally spaced 1/2-in.-diameter by
4-in.-Tong horizontal anchors. The bottom plate was 2 in. larger in diameter
than the pipe, which prevented the dip leg from being pulled after the core
drilling was completed. (There was no indication of any type of anchor on the
facility construction drawings.) The dip Teg was transported to Building 163
and cut up and packaged for disposal.

4.4.13 Decontamination and Dismantling of the Hot Cell Area

The SRE facility had its own onsite hot cell. It was located below grade
at the west end of the high bay (see Figure 3). There were two cells — a
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primary cell with two windows and two remote manipulators and a metallurgical
cell with one window and one manipulator. Access to the hot cell operating
and service galleries was by a stairway from the west end of the high bay or
through two access hatches from the outside.

The first step in decontaminating the hot cell area was to remove the
cell doors, windows, and manipulators. The operating and service gallery
walls were stripped of all unnecessary piping and electrical components.
Next, a thorough radiological survey was performed. Surface contamination
found on the concrete walls and floor was removed. The walls of the cells
were 3-ft-thick, high-density magnetite concrete covered inside and out with a
1/8-in.-thick carbon steel plate, except for the floor pans in the cells which

were 1/8-in.-thick stainless steel. Since the cells had never been exposed to
a neutron field, there was no activation, only surface contamination. Since a
considerable amount of contamination could be masked by the steel plates, they e
were removed. Figure 71 shows the removal of the steel plates from the inte-

rior of the primary cell. Carbon steel plates were removed with a conven-

tional oxyacetylene cutting torch. The stainless steel floor pans were cut

using the plasma-arc torch.

&

The in-cell floor drains and the hot cell air exhaust Tine were removed.
The exhaust line was an 8-in.-diameter, thin wall tube used to discharge the
primary cell atmosphere to the above-grade radioactive exhaust system. The
tubing was embedded in the concrete wall between the primary hot cell and the
hot cell operating gallery, inches away from the grade beam supporting the
west wall of the high bay. A method was found to remove the tubing without
endangering the structural integrity of the building. A combination of con-
crete sawcutting and jackhammering by hand was successful. The exhaust Tine
was removed intact without damage to the facility. Figure 72 shows the pri-
mary cell wall and the exposed exhaust Tine.

Hot cell drain Tline removal posed a different challenge. The high point
of the drain system was below the 6-ft-deep pit at the east end of the primary
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cell. This put the drain line almost 7 ft below the floor of the metallurgi-
cal cell and close to 9 ft at the point where it entered the T1-T2 pit. Exca-
vating the pipe by hand would have been costly; machine access was needed.
Since the high-bay excavation had exposed the east wall of the hot cell, a
doorway was made through this wall. A concrete wall saw was used to cut an
opening in the 18-in.-thick wall into the operating gallery. The Hy-Ram was
used to remove the concrete. Access into the primary cell was provided by
demolishing the east wall of the cell. Access into the metallurgical cell was
provided by demolishing the west wall of that cell. A concrete saw was used
to cut the floor in the cells and the service gallery. The backhoe was used
to excavate above the drains. The final few inches of soil were removed by
hand, so as not to risk damaging the pipe. The contaminated drain line was
removed and packaged for burial. No contamination was found in the soil. The
excavation in the service gallery also provided access to the wash cell valve
pit drain. Some additional cencrete sawcutting and backhoe operation uncov-
ered this drain line, which entered the T1-T2 pit at approximately the same
elevation as the hot cell drain. In the same vicinity was the wash cell gas
vent Tine which also entered the T1-T2 pit. A hole was found in the gas vent
line and contaminated soil up to 21,000 pCi/g was found adjacent to the pipe.
Some hand excavation was required to remove all of the contamination. No con-
tamination was found near the wash cell valve pit drain. The wash cell valve
pit itself was found to be contaminated. The Hy-Ram was used to demolish the
concrete, and the rubble was packaged for burial.

Since the hot cell was below grade, it was subject to the effects of
ground water at the site. Several temporary sumps were installed in the high-
bay excavation, but the hot cell had its own permanent sump. Leach Tines
installed under the concrete floor channeled the ground water to the sump dur-
ing the rainy season. A sump pump was used to pump the water up and away from
the building. During the operation of the reactor, the drain from a radioac-
tive sink was plumbed into the suwmp. The pump discharge was connected to a
radioactive holdup tank adjacent to the discharge Tine. The sump, sump pump,
piping, and a small portion of the leach Tines were contaminated. A1l of the
contaminated components were removed, and a new sump was installed. A portion
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of the Teach lines was replaced. A new sump pump and some piping were
required. The radioactive holdup tank was excavated and shipped to burial.
No additional contaminated soil was found.

Numerous penetrations existed between the operating and service galleries
and the insides of the two hot cells. There were also penetrations between
the two cells. Most of these consisted of small-diameter (2-in. or less) pipe
and electrical conduit. Some of these pipes were surveyed and found to be
internally contaminated. Those that could not be decontaminated easily were
removed by core drilling a 4-in.-diameter hole around the pipe and removing
the solid core with the pipe intact. Located in the floor of the primary cell
were three storage thimbles. They were 3 in. in diameter and 9 ft lTong. They
were easily removed by the Hy-Ram as part of the cell floor demolition.

The T1-T2 pit adjacent to the hot cell originally contained radioactive
Tiquid waste holdup tanks. They were removed early in the SRE decommission-
ing. The pit was constructed of concrete and required surface decontamination
over a large area. Jackhammers and hand scabblers were used as machine access
was Timited.

ATT of the trenches and excavations in the floor of the hot cell were
backfilled and compacted. The floor was patched at the completion of hot cell

decontamination.

4.4.14 Excavation Backfilling

Backfill and compaction of the SRE high-bay excavation began immediately
following the completion of the below-grade final survey. A procedure was
written and approved, and the excavation contractor was retained to provide
the Tabor and equipment necessary to complete the backfill. The procedure
specified the compaction density to be a minimum of 90% of maximum density as
determined by the Uniform Building Code (UBC) Standard No. 70-1 (ASTM D1557).
Field density testing in accordance with UBC Standard No. 70-2 (ASTM 1556) was
also required. A geotechnical engineering consultant provided the field tests
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and a final report verifying the compaction density of the high-bay backfill.
This report is on file with the Facilities & Industrial Engineering Department
of Rockwell International, Energy Systems Group.

The wooden shoring wall was removed from the bottom up, as the backfill
soil raised the level of the high-bay excavation (see Figure 73). The column
support bracing was removed when the soil Tevel reached the tops of the tempo-
rary footings. Seismic bracing installed outside the high bay was also
removed when the backfill soil reached the footings. Figure 74 shows the
high-bay excavation during the early phase of backfill and compaction.

3 of material was used to backfill the SRE excava-

Approximately 7000 yd
tion. About half was available onsite and consisted of soil from the excava-
tion and clean concrete rubble. Large pieces of concrete were reduced in size
with a mobile crane and a wrecking ball. The remaining soil was purchased

from a nearby land development.

While the high-bay backfill was in process, Energy Systems Group's Facil-
jties Design engineers were designing a replacement floor for the high bay.
Construction of the new floor started shortly after the completion of back-
filling. The excavation surface area outside the building was paved with
asphalt. Since the high-bay walls had yet to be decontaminated, precautions
were taken to prevent the new floor from being contaminated. Two coats of a
concrete sealer were applied. Next a coat of strippable Tatex paint was
applied to prevent liquid contaminates from getting into the porous concrete.
In the event a spill occurred, a second coat of paint would have been applied
over any residual contamination that could not be removed. Then both coats of
paint would be stripped off and fresh paint reapplied. The theory was not
tested since the floor was not cross contaminated during any remaining decon-
tamination activities.
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4.4.15 Decontamination of High-Bay Walls, Ceiling, and Cranes

With the replacement of the high-bay floor, below-grade decontamination
activities at the SRE were completed. Only the high-bay interior and the
radioactive exhaust system remained to be decontaminated. Since the radio-
active exhaust would be needed for high-bay decontamination, it was left for
last. A characterization survey was performed on the high-bay interior sur-
faces to determine the extent of the contamination. Locations of high instru-
ment readings were identified on the walls. Smear samples indicated no remov-
able contamination. Samples of the paint and the concrete behind the paint
were obtained and analyzed. In all cases, contamination was found in the
paint but not in the concrete. An evaluation of different paint removal meth-
ods was initiated. Sandblasting was selected over mechanical or chemical
means. A sandblasting contractor who could work to our procedures was
selected and a contract was awarded. Concurrently, a contract to install
scaffolding in the high bay was awarded. The scaffolding provided access to
100% of the high-bay walls, the perimeter of the ceiling, and a portion of the
three bridge cranes. Access to the remainder of the ceiling and cranes was
accomplished by using a manlift. Figure 75 shows the scaffolding along the
east wall of the high bay.

Prior to the start of sandblasting, the high bay was sealed and the
radioactive exhaust units on the roof were activated. A negative pressure was
maintained in the high bay to prevent the release of airborne contamination.
The rooftop exhaust system had been designed for this purpose since the high
bay was at a negative pressure during reactor operation. Sandblasting was
very effective in removing the many layers of paint on the concrete and steel
surfaces. The large amount of dust generated necessitated a much higher than
normal frequency of filter changes in the exhaust system, and the large volume
of sand deposited on the floor each day necessitated regular floor cleanup
after the contractor had Teft for the day.

For the decontamination by sandblasting method to be effective, the paint
has to be removed as completely as possible, especially from the horizontal
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surfaces near the ceiling. Normally, a sandblaster prepares a surface for
painting. It is usually acceptable if a certain amount of the original paint
is not removed, particularly on surfaces that are difficult to reach (e.qg.,
tops of beams or trusses, or backside of support columns). On a decontamina-
tion job, these are the surfaces that must be cleaned as well as possible.
Consequently, some of the structural steel surfaces had to be resandblasted.

In addition to the walls, ceiling, and structural steel, three bridge
Cranes were located in the high bay. A self-propelled, 60-ft manlift was
required to reach the cranes for sandblasting and surveys. The two 5-ton
cranes were relatively easy to decontaminate. The large, 75-ton crane had
many surfaces that were not cleaned by sandblasting. Some surfaces required
several applications of a chemical paint stripper followed by hand scrubbing
with a wire brush to remove contaminated paint. More contamination was found
in and behind electrical control panels mounted on the crane itself. Decon-
tamination of the panels proved ineffective. They were removed and disposed
as waste. The braided steel cable on the hoist was contaminated in several
places and had to be removed and shipped to burial.

A final survey verified the removal of all contamination from within the
high-bay interior.

4.4.16 Disposal of Radioactive Exhaust Systers

The SRE was equipped with three independent radioactive exhaust systems.
Two identical units were mounted on the roof and exhausted air from the high-
bay area. A separate single exhaust system for the hot cells was located
directly above the metallurgical cell west of the high bay. During the decon-
tamination activity, the roof units were used primarily during the sandblast-
ing operation. The hot cell exhaust was disconnected from the two cells early
in the decommissioning, and a new 18-in.-diameter exhaust line was routed into
the high bay. The new duct provided a header to which several smaller diam-
eter flexible or rigid exhaust lines could be connected. This radiocactive
exhaust system was used frequently during the SRE decommissioning. It was a
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vent for the sodium passivation, provided a negative pressure during reactor
dismantlement and biological shield demolition, and was used during high-bay
decontamination.

A radiological survey of the two roof units indicated they could be dis-
mantled in place if the removable contamination could be "fixed" to the inte-
rior surfaces. This was accomplished with spray paint. Figure 76 shows the
dismantling effort on the east roof exhaust. Both units were cut up into man-
ageable pieces, wrapped in plastic, and Towered to the ground using an exist-
ing roof hoist. Figure 77 shows the removal of a portion of the roofing mate-
rial adjacent to the roof penetration. Contaminated material was packaged for
burial. The hot cell exhaust was dismantled starting with the ducting far-
thest from the blowers and moving toward the plenum. The contaminated compo-
nents were packaged and shipped to burial. Noncontaminated items were sent to
salvage. The exhaust stack was internally surveyed, found to be clean, and
left in place for possible future use.

4.4,17 Decontamination of Buildings 163 and 041

Building 163 is a prefabricated, sheet metal building Tocated just east
of the SRE. The west end of Building 163 has served as a pipe spool fabrica-
tion shop, a machine shop, a radioactive waste staging area, and a radioactive
waste size reduction and packaging facility. Decontamination of the west end
of Building 163 was included in the SRE D&D activity.

A radiological survey indicated that most of the contamination in the
building was Tocated in the wall insulation material and in the concrete
floor. All of the insulating material was removed from the ceiling and walls
and disposed of as radioactive waste. A 2-ton bridge crane and its supporting
structure were removed. The hoist was packaged for burial. The structural
steel was decontaminated and sent to salvage. The concrete floor was scabbled
to remove fixed contamination, and a small radioactive exhaust system was dis-
mantled and shipped to burial.
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Building 041 was located within the SRE complex, west of Building 143.
It had primarily been used for storage of radicactive waste prior to ship-
ment. A small amount of fixed contamination was found on the concrete floor.
Scabbling was used to remove the contamination.

4.4.18 Decontamination Equipment

Several pieces of equipment were found to be extremely useful throughout
the SRE decomissioning project. A time-and-materials contract was established
to provide concrete demolition services. The contractor had a large assort-
ment of equipment available for use at the site, as well as a ready supply of
experienced operators and Taborers. The workhorse of the project was the
backhoe/Hy-Ram combination. Figure 78 shows the Hy-Ram, a hydraulic jack-
hammer that could be mounted onto a backhoe in place of a bucket. The Hy-Ram
could demolish concrete or bedrock many times faster than hand-held jackham-
mers. It could operate in any position, including 20 ft below the surface
where the backhoe was parked. Despite its size, the Hy-Ram was easily maneu-
vered and could be used for selective material removal. The backhoe was used
regularly at the SRE site. Various size buckets enabled the backhoe to exca-
vate all but the deepest components at the site. The large backhoe shown in
Figure 67 was used for the fuel element enclosure sleeves removal. It had the
capability to excavate a hole 35 ft deep.

Concrete surface decontamination was a large part of the SRE D&D proj-
ect. If a concrete surface could be decontaminated, the remaining material
could be disposed of as clean rubble with a significant waste disposal cost
savings. Many different methods and various pieces of equipment were tried
with varying degrees of success.

The best and most versatile tool was found to be a scabbler. The scab-
bler 1is an air-driven, multiheaded concrete scarifying tool. Figure 79 shows
two units: a three-headed hand-held model and a five-headed floor model. In
actual use, the smaller hand-held unit was preferred. A guard was installed
over the sides, and the hose from a portable radiocactive vacuum system was
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attached. With the vacuum on, very little airborne dust escaped from the work
surface. A single-headed "potato masher" scabbler was used in places the lar-
ger unit could not reach. Pneumatic tools, from 15-1b chipping hammers to
90-1b jackhammers, were used extensively for concrete and bedrock removal.

Portable vacuum cleaners for the removal or control of radioactive par-
ticulates were equipped with absolute filters and were used regularly at the
SRE. Figure 69 shows a vacuum in use in Building 163.

4.5 WASTE DISPOSAL

4.5.1 Radioactive Waste Packaging and Handling

Most of the radicactive waste from the SRE was packaged onsite. Material
or rubble identified as contaminated was packaged for burial as soon as possi-
ble. This was done for several reasons: first, it reduced the chance of
cross contaminating a clean or recently cleaned surface; second, it provided
access for further decontamination activity; and third, it reduced the radio-
active field in a work area.

i

The selection of a container to package waste was based on several fac-
tors including type of material, volume to be packaged, and radiation Tlevel.
Low specific activity contaminated soil, bedrock, and concrete rubble were
packaged in cardboard, tri-wall King-Pac* containers. These containers were
mounted on a plywood skid, held approximately 1 yd3 each, and when Tloaded,
had an average weight of 2000 1b. The King-Pacs had several advantages: they
were inexpensive, the skids could be fabricated in advance and stored at the
site, a box could be assembled in minutes, and even a loaded container was
easy to handle. The primary disadvantage was the fragility of the cardboard.
Great care was required when packaging or handling King-Pac containers. For
example, no metal could be disposed of in a King-Pac. Large concrete pieces
had to be packaged with a sufficient quantity of soil to prevent the rubble

R T T

*Registered trademark.
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from shifting during transport and rupturing the sidewall of the container.
Even scratches to the outer Tayer of cardboard were sufficient to cause a
container to be rejected for shipment. A rejected box would have to be
repackaged.

Low specific-activity contaminated steel or wood was packaged in strong,
tight, wooden boxes. Each box held approximately 100 ft3, and gross weight
was limited to 6000 Tb. Care was still exercised when packaging and handling
a wooden box. If not packaged properly, the sidewall of a box could be
split. Both King-Pac and wooden containers required indoor storage. Onsite,
Building 041 was used for waste storage with overflow containers going to the
Radioactive Material Disposal Facility.

Standardized shipping containers, like the King-Pacs and strong, tight,
wooden boxes, helped organize the waste for shipment. Occasionally, oversize
or custom packaging was required. The reactor vessel shield plug and the ring
shield were both shipped to burial intact. The two FHMs and the one moderator-
handTing machine were also shipped to burial with only minor disassembly. With
some large components, it was cost effective to perform a size-reduction opera-
tion prior to shipment. Figure 69 shows a size-reduction booth set up in
Building 163. Items such as the fuel element enclosure sleeves and the dip leg
were segmented in the booth, with a cutting torch or portable band saw, and
placed directly into a shipping container.

Components having high Tevels of radioactivity required special packaging
and handling. Lead or concrete shielding was used to reduce the surface dose
rate on a container when shipping high-Tevel waste. Dedicated shipping casks
were used for the disposal of items that could not be packaged conventionally,
even with shielding. The reactor vessel segments were an example of waste
that required special containers,

Radioactive liquids were generated as part of the SRE decommissioning.
Early in the project, it was permissible to ship Tow-level Tiquids in bulk
quantities directly to a burial site. As transportation and burial guidelines
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became more restrictive, this was no longer permitted. Initially, contami-
nated 1iquids were acceptable if they were mixed with an absorbent medium,
such as diatomaceous earth. This is how the 2500 gal of contaminated alcohol
used in the sodium passivation process were disposed of. Eventually, the
restrictions also prohibited this process. To comply with the new require-
ments, it became necessary to construct an evaporator. The unit was installed
at the RMDF. Contaminated liquids were transported to the RMDF and processed
in the evaporator. After processing, the remaining sludge was mixed with the
proper quantity of cement powder and permitted to solidify in drums. The
drums were acceptable at the burial site.

4.5.2 Radioactive Waste Transport and Burial

Transportation of radioactive waste from the SRE site was contracted to
carriers licenced to receive and transport radioactive materials. Normally, a =
shipment was transported in a covered trailer 40 ft or 44 ft long. The quan-
tity of each shipment was restricted by a 40,000-Tb weight limit. Special
transport vehicles were required to ship oversize or overweight loads. Fig-
ure 28 shows the reactor vessel shield plug being shipped to burial. Fig-

|

ure 80 shows the ring shield on a special transport vehicle. Radioactive

waste from the SRE was shipped to two burial sites.

4.6 POST-DECOMMISSIONING RADIOLOGICAL SURVEY

The SRE facility was divided into several regions on the basis of past
use, contamination history, and decommissioning operations. These regions,
marked on Figure 81, were treated as geographical units in releasing the
facility.

e Region I — This area contained the Hot 0i1-Sodium Cleaning
Facility, Building 724, and related structures, roadways, and
drainage paths. Building 724 was relocated to Region IV and is

now identified as Building 133. This building has been
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released for unrestricted use. Survey data for this building
is included in the report for Region IV.

Region II — This area contains the Box Shop in the east end
of Building 163 and also includes the surrounding paved
surfaces.

Region III — This area adjoins the contaminated work area of
Building 163 and comprises the entrance approaches to the SRE
and Region IV.

Region IV — This area consists of the roadway from the SRE
west parking Tot and the slope to the west of the SRE and
includes the building moved from Region I.

Region V — This area contains the gas storage vault (Build-
ing 653) and the temporary radioactive waste storage area.
Region VI — This area contains the water supply storage tank
and some Southern California Edison Company structures.

Region VII — This area contains the retention pond, the old
leach field, the sanitary sewer pumping system, and the SRE
drainage channel back to the fence line. It includes the
retention pond overflow channel downstream for a distance of
about 200 ft.

Region VIII — This area consists of paving to the south and
west of Building 143 to approximately the enclosure for the
T1/T2 and T3 pits. It includes the drainage channel along the
southwest to south edge of the paved area.

Region IX — This area consists of the remainder of the paved
area around Building 143 and includes the drainage path along
the north side to the fence Tine at the northeast corner.
Region X — This area was in use as a parking Tot and includes
the natural ground to the east of the parking Tot.

Building 163 — This area was the contaminated work area of

the building and included the change room and the concrete ramp
at the west entrance.

Building 143 — This was the major reactor building and con-

sisted of nonradioactive areas and areas with surface and/or
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distributed contamination. The ground level and certain below-
grade rooms are shown in Figure 3.
® Building 041 — The north portion of this building was used

for interim storage of radioactive waste prior to shipment for
disposal. The south portion was used for storage of controlled
items.

As decontamination work in a region or building was completed, final sur-
vey activity began. A technical information (TI) report was prepared for each
region and building as they were certified for final release to unrestricted
use. The reports identify the area covered by the survey, the types of moni-

toring instruments used in the survey, and the results of the survey. In all
cases, the level of radioactivity in the region or building was found to be
below the acceptance criteria used in Table 3.

These reports have document numbers as follows:

N704T1990027, Region I
"Radiological Survey Results — Release to Unrestricted Use,
SRE Region I (Building 724 Area)"

N704T1990028, Region II
"Radiological Survey Results — Release to Unrestricted Use,
SRE Region I1 (Building 163, Box Shop)"

N704T1990029, Region III
"Radiological Survey Results — Release to Unrestricted Use,
SRE Region III (SRE Entrance)"

N704T1990030, Region IV
“RadioTogical Survey Results — Release to Unrestricted Use,
SRE Region IV (West Parking Lot)"
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N704TIS990031, Region V
“Radiological Survey Results — Release
SRE Region V (Gas Storage Vault)"

N70471I990032, Region VI
"RadioTogical Survey Results — Release
SRE Region VI (Water Tank Area)"

N704T1990033, Region VII
"Radiological Survey Results — Release
SRE Region VII (Retention Pond)"

N704TI990034, Region VIII
"Radiological Survey Results — Release
SRE Region VIII (SRE Front Lot)"

N704TI1990035, Region IX
"Radiological Survey Results — Release
SRE Region IX (SRE Back Lot)"

N704TI990036, Region X
"Radiological Survey Results — Release
SRE Region X (SRE Parking Lot)"

N704TI1990037, Building 041
"Radiological Survey Results — Release
SRE Building 041"

N704TI1990038, Building 043
"Radiological Survey Results — Release
SRE Building 143"

N704T1990039, Building 163
“Radiological Survey Results — Release
SRE Building 163"
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5.0 SCHEDULE AND COST

5.1 SCHEDULE

Operation of the SRE as a nuclear power plant ended 15 February 1964.
Modifications for a planned power expansion were completed 15 May 1965. At
that time testing of the non-nuclear systems began. These systems were shut
down in September 1967 after a decision was made to decommission the SRE.

A deactivation plan was implemented to put the facility in a “stored-in-
place" condition. Deactivation of the facility was completed in 1968, and it
was placed in a surveillance and maintenance mode.

An initial proposal for decommissioning the SRE was prepared in 1974.
This proposal was prepared to get the project under way and was issued without
having site characterization radiation data available (surveillance data from
1966 were utilized). The proposal requested funding for a 3-year period with
a dismantlement plan to be prepared during the first year.

The dismantlement plan was prepared in 1975. It defined the methods to
be used in removing contaminated equipment, systems, and materials, including
cutting and removing the reactor vessels using a plasma torch. It also iden-
tified the need for development work and a test facility to establish and
demonstrate cutting methods and parameters. This development work was accom-
plished in the 1975 through 1977 time period while auxiliary systems and
structures were being removed. Reactor vessels were cut and disposed of in
1977 and 1978.

Removal of basement vaults, equipment embedded in the below grade struc-
tures, and substructure rock and soil extended from 1977 through 1981. Exten-
sive contamination found deep in the bedrock added to the work and required

extended time to complete.
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The final schedule for decommissioning the SRE is shown in Figures 82,
83, and 84. The original 3-year funding period (1975 through 1978) was estab-
lished to initiate the program. Subsequent schedules evolved to accommodate
funding Timitations and to meet the needs of changed conditions which expanded
the work scope.

5.2 COST

The proposal submitted in 1974 to initiate the dismantlement covered a
3-year period and requested $6.9 million in 1975 dollars. The budget request
was prepared before the dismantlement plans were prepared and without a radia-
tion characterization survey.

The dismantlement plan had not been prepared when the original estimate
was made. It was one of the first activities funded by the original budget
request. The dismantlement plan identified the need for a test facility and a
2-year program to develop, test, and demonstrate plasma arc remote cutting
capabilities to segment and remove the reactor vessels and internals.

Changing conditions encountered during the decommissioning added complex-
ity and additional work to the project. As the work progressed, radiation
surveys detected more contamination than anticipated in areas surrounding the
reactor building, in radioactive waste systems, in the reactor building equip-
ment vaults, and in the bedrock beneath the vaults. Contaminated water leaked
into the bedrock. Extensive excavation was required to follow and remove con-
tamination which seeped into cracks in the bedrock. Building foundations had
to be temporarily braced and shored to prevent collapse.

As-built conditions differed from drawing information, resulting in added
cost and time to perform additional work. Spills of radioactive material dur-
ing reactor operations had been cleaned to Tess stringent criteria, resulting
in additional cleaning and/or removal of material for burial in order to meet
current criteria for release for unrestricted use.
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1975 1976 1977 1978 1979 1880 1981 1982 1983

ACTIVITY LR I EE B LR TN RS RN R I R B U R AL A
DOCUMENTATION ‘
Dismantiement Plan P S—
Activity Requirements ; :

Documentary Film

Work Prncedures : ]

Environmental
Evaluation Report

Final Report s

FACILITY SITE PREP.

Service Requirements S -

Design Facility

Support Modifications PO
Modify Support Facilities et !
]
REMOVE & DISPOSE OF ‘ :
1
CONTAMINATED AND ’\
HAZARDOUS EQUIPMENT !

Main Air Blast
Heat Exchanger

s

Auxiliary Air Blast '
Heat Exchanger i

Gallery Cooling System - | !

Kerosene Cooling System - i ‘ i

Secondary Sodium Piping | | i
External To Building f A I

Drum Primary Sodium Da— )
i
Dismantle Sodium Piping RSN !
i

Ciean and Dispose |
of Sodium Piping
and Equipment

Figure 82. SRE Decommissioning Schedule

ESG-DOE-13403
179



1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
ACTIVITY R R N LR R LR I EREY N A RE N E BRI N R I T B

REMOTE TOOLING

Establish Task
Requirements

Design and Fabricate
Mockup

Design and Fabricate
Manipulator

Piasma Torch
Development

[E—

Scope Cutting
Cutting Parameters

Develop Operation of
Manipulator in Mockup L

Prepare Detailed
Work Procedures . Lo

Install Manipulator [
in SRE Vessel

REMOVE AND DISPOSE
OF REACTOR VESSEL
INTERNALS

Plugs ~
Shield Plugs H
Miscelianeous Internals =

Reflector and
Moderator Cans

Ring Shietd and
Beltows

Explosive Cut
internal Piping ok

Figure 83. SRE Decommissioning Schedule
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1974 1978 1976 1977 1978 1979 1980 1981 1982 1983
ACTIVITY Rl R I AL R R R R R R R T DE L RER] R L R LR

REMOVE AND DISPOSE
OF REACTOR VESSELS

Core Tank Liner

and Grid Plate (-

Core Tanks S —

Thermal Rings [

Quter Tank & !
Insulation —

Cavity Liner Segmentation
and Concrete Separation . |

Remove and Dispose of
Activated Concrete ot

REMOVE SUPPORT
FACILITIES AND
EQUIPMENT |

Dismantle Portable
Hot Cell

Remove Waste
Tanks and Lines

Dismantie and Dispose
Fuel and Moderator
Handling Machines

[

Remove Storage and : |
Wash Cells . L

High Bay Excavation i

SRS U

SITE REPAIR

Raze or Repair i
Structures N ; i)

Backfill as
Required

Perform Final
Radiation Survey H

PACKAGING _

Package, Transport, and
Bury Radioactive Waste

Figure 84. SRE Decommissioning Schedule
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Requirements for radwaste disposal changed significantly during the con-
tract period, and waste shipping and burial costs increased by a factor of
2-1/2 from 1974 to 1982.

An abnormally high inflation rate during the extended decommissioning
period increased the costs. The original estimate of $6.9 million was in 1975
dollars. The final cost included approximately $4.3 million attributable to
inflation.

The combined effects of changing conditions, increased work scope, in-
Creased waste burial costs, extended schedule, and the abnormally high infla-
tionary period resulted in a final cost of $16.6 million in 1982 compared with
the 1974 estimate of $6.9 million in 1975 dollars.

The SRE decommissioning project has shown that thorough and complete
engineering studies, planning, and site survey data are needed at the onset of
a major decommissioning project to allow more accurate development of cost/
budget/schedule requirements.

The total SRE dismantlement costs, summarized by major cost elements, are
listed below:

Cost ($K)
(Including Fee)
1 Program Management, QA, and Planning $2,410
2 Development 1,465
3 Reactor Structure 1,370
4 Radioactive Heat Transfer Systems 1,175
5.  Reactor Building Substructure 2,805
6 Reactor Building Superstructure 940
7 Radwaste Systems 1,055
8 Support Buildings and Structures 985
9 Nonradioactive Auxiliary Systems 95
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Cost ($K)
(Including Fee)

10.  Waste Shipment and Burial 2,650
11. Rectification 465
12. Health & Safety 1,220
Total 16,635
5230D/srs
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6.0 WASTE VOLUMES GENERATED

Types of waste and guantities generated in SRE D&D are shown below.

Shipping Container Volumes, ft3 Total
VoTlumes
Type of Waste K1'ng—Paé:gD Boxes | Casks| Drums | Unboxed| (ft3)
Activated vessel 106,611 698 645 11,954
components
Contaminated components 51,490 | 1,729 | 1,025 595 54,839 %
Contaminated soil and 61,874 1,481 63,355
concrete :
Absorbed alcohol and 4,993 4,993
other solidified Tiquids
Disposed liquid 1,270 1,270
Subtotal 61,874 62,101 12,427 {18,769 | 1,240
Total 136,411 :
5230D/glb
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7.0 OCCUPATIONAL EXPOSURE TO PERSONNEL

At the beginning of the Decommissioning Facilities Program, an Opera-
tional Safety PTan3 was developed. It provided the basic requirements and
implementation for radiation safety, industrial safety, and industrial hygiene
and was used throughout all the projects in the decommissioning program. ATl
exposure to radioactive materials was under the surveillance of the Radiation
and Nuclear Safety Group. The radiation protection standards established by
the DOE Manual, Chapter 0524 were used. These standards 1imit individual
occupational exposure to radiation to 3 rem in a calendar quarter and 5 rem in
a calendar year for whole-body exposure. For the extremities (hands and
feet), the limits are 25 rem per quarter and 75 rem per year; for the skin,
the limits are 5 rem per quarter and 15 rem per year. In addition, a limit of
3 rem per year was used as a guide for controlling individual radiation
exposures.

Film badges, processed by an independent laboratory, provided the legally
documented record of external exposure. These badges were processed monthly
during the early part of the project and quarterly later.

Direct-reading pocket dosimeters were used daily by each employee to
monitor external radiation doses on a task. The dosimeters were charged at
the beginning of each shift, and the indicated doses were recorded at the end
of work that day. These records were summarized weekly and plotted for each
employee by the health physics staff to provide a current and visible indica-
tion of exposure control.

Surface contamination in the work areas was monitored frequently by smear
surveys, with the smears counted on automatic gas flow proportional counters.

3J. D. Moore and E. L. Rody, "Operational Safety Plan for the AI Decontamina-

tion and Disposition of Facilities Program," SRR-704-990-001 Rev. B
(October 1975).
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Establishment of well-defined work areas with step-off lines aided in minimi-
zing the spread of contamination. Airborne contamination was continuously
monitored by use of continuous air monitors with automatic alarms. Airborne
contamination was rarely a problem because of the control afforded by use of
local containment and ventilation.

Application of special techniques to jobs that would normally create
severe airborne contamination was very satisfactory. The plasma-arc cutting
of the core vessel under water released a negligible amount of radiocactive
material. The outer tank was cut with the plasma arc in air. Airborne radio-
activity from this operation was controlled by use of a temporary plastic
enclosure exhausted by the facility radiocactive exhaust system. Attachment of

a vacuum cleaner hose to a concrete scabbling tool essentially eliminated any
spread of dust from a very dusty operation. The vacuum cleaner exhaust was
passed through a HEPA filter before release.

Internal exposures to radiocactive material were determined by quarterly
analysis of urine samples. Following suspected exposures, samples were also
analyzed by an independent laboratory. Only one quarterly dose exceeded
1.25 rem, and that was allowable on the basis of prior exposure records.

Ambient radiation, particularly in areas subject to change in exposure
rate, was monitored by a remote area monitor with an automatic alarm. Surveys
were also performed by the health physics staff, and exposure rates were
posted on a facility layout plan.

The number of the operating personnel varied in response to the type and
amount of work. Radiation doses received at the SRE have been identified and
recorded. The cumulative group dose for this project was 89 man-rem. It was
well below the amount that would have been accumulated had each worker been
exposed at a rate that would result in receiving the Timit of 5 rem per year.
In fact, it compares well with the cumulative group dose that would result

from exposures at a rate consistent with the current DOE guideline of 1 rem
per year to be used for the design of new facilities. This is shown in Fig-
ure 85.
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Much of the group dose was received in specific high-exposure opera-
tions. Disposal of the primary sodium auxiliary systems required considerable
hands-on work, cutting and removing piping and components containing residual
sodium. Removal of the core tank and core tank bottom involved transfers
between the water-filled reactor vessel and a water-filled storage pit of com-
ponents with exposure rates of 10-30 R/h at 1 m. Doses were controlled prim-
arily by minimizing time and maximizing distance between the active pieces and
the operators. The thermal rings produced a field of 4 R/h inside the ring,
but operators were kept outside where the self-shielding of the 5-in.- thick
steel reduced this to 400 mR/h. Decontamination of the water-filled storage
pit after disposal of the activated material was another relatively high-
exposure task.

Much of the work dealt with highly dispersible radioactive material:
contaminated sodium and sodium compounds, contaminated water and alcohol, slag
and dust from cutting activated steel, and contaminated or activated concrete
and soil. In spite of this, controls were successful in restricting internal
contamination of personnel by inhalation or ingestion. While the occurrence
of positive bioassay results clearly suggested exposure episodes (and most of
these clusters of positive indications were associated with incidents), no
Tong-term depositions have resulted. Supplemental whole-body counts for gamma
radiation showed Cs-137 burdens of 5 to 24 nCi, the largest value indicating
less than 0.1% of an allowable body burden for this isotope. Assuming an
equal amount of Sr-90 to be associated with this, but undetectable externally,
the fraction of a body burden would be 1.2%.

A1l results of the radiation monitoring program showed that exposure was

controlled well below established Timits and, in fact, can be held to levels
that are consistent with current design criteria for operation of new plants.

5185D/g1b
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8.0 FINAL FACILITY CONDITION

The SRE site, at the initiation of decommissioning, is shown in Fig-
ure 86, and the SRE site, at completion of decommissioning, is shown in Fig-
ure 87. Figure 88 is a plan view sketch of the SRE site.

The total site has been decontaminated and hazardous materials, primarily
sodium, have been removed from the site. The disposition of the SRE support
facilities or their present condition is as follows:

1) Temporary Hot Waste Storage 686. The above-ground facility was
razed and the contaminated materials were packaged and shipped
to a burial site. The area was surveyed and reported accept-

able for unrestricted use in "Radiological Survey Results
Release to Unrestricted Use, SRE Region V," Document N704TI990031.
2) Liguid and Gaseous Radwaste Waste Holdup and Decay System 653.

The compressors, tanks, and piping were excavated and removed
for shipment to burial. The remaining vaults were decontamina-
ted and partially demolished. Contaminated rubble and soil
were packaged as waste and sent to burial. The area was back-
filled. The radiological survey of the area was also reported
in Document N704TI9S0031.

3) Retention Pond and Drainage Control Dam 773. The retention
pond was drained and contaminated silt and soil were removed.
Recent rains have partially filled the pond. The water is non-
contaminated. Water from the pond will be drained into the
Simi valley as as soon as Rockwell's request for this action is
approved by the State of California. The Radiological survey
resutts are reported in "Release to Unrestricted Use,

Region VII," Document N704TIS90033.

4) Sodium Cleaning Pad 723. This facility was used to cTean non-
contaminated sodium from equipment and materials. The area is
clean. Survey results are reported in "SRE Region I," "Docu-
ment N704TI1SS0027.
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10)

Contaminated Sodium Cleaning Building 724. The building was
decontaminated and transferred to another Santa Susana field
laboratory site for use in cleaning sodium components. The
remaining pad and surrounding area were decontaminated. Survey
results are reported in "“SRE Region I," Document N704T71990027.
Engineering Test Building 003 was used to support SRE and other
programs activities. The decontamination of Building 003 was
repcrted in a separate final report.

Interim Radioactive Waste Facility 654. This facility was
operated in conjunction with the Radioactive Materials Disposal
Facility (RMDF). A1l above-grade SRE materials and equipment
have been removed, and the surface area has been decontamina-
ted. The final disposition of the Interim Radioactive Waste
Facility will be associated with the RMDF disposition.

SRE Component Storage Building 041. This facility was used to
store waste during the SRE decommissioning. This decontamina-
ted facility remains and will be used for clean storage.
RadioTlogical surveys of Building 041 are reported in "SRE
Building 041," Document N704TISS0037.

Steam Generator Pad €684. The steam generator pad and all the
nearby concrete support structures for the nonradioactive sys-
tems associated with the production of electricity by Southern
California Edison were demolished. The resulting clean rubble
was used in the backfilling of the SRE building excavations.
Radiological survey results of the steam generator area is
reported in "SRE Regions II, VII, ana X," Documents
N704T1890028, N7047I1950033, and N704TI1990036.

Site Service Building 163. This facility was used to repair
contaminated components. In recent years, the east end of the
building was used for constructing shipping containers. The
facility was decontaminated, and the basic structure remains
for continued use as a box shop. Radiological survey results
for Building 163 are reported in "SRE Region II," Document
N704T1950028.
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11) Intermediate Storage of Contaminated Items 689. This facility
was totally removed prior to the SRE decommissioning. The con-
taminated blacktop in the area was removed and the area was
repaved. The radiological survey results are reported in "SRE
Region IV," Document N704TI990035.

12)  The Primary Fill Tank Vault 753 and Cold Trap Vault 695. These
were contaminated. The total below-grade structure was removed
and the area was backfilled and paved. The radiological survey
results are reported in Document N704TI1990038.

13) Sodium Service Building 153. This building was razed. The
concrete pad and footings were excavated to provide access for
excavation equipment into the main SRE building. This area has

been backfilled and paved. The radiological survey results are
reported in Document N704T1990035.

14) SRE Reactor Building 143. The north portion of the SRE b
building contained the reactor and supporting systems. The -
contaminated systems were removed, contaminated soil and bed
rock were removed, the excavations were surveyed, then back-
filled and paved. After the building superstructure was decon-
taminated by sandblasting, it was painted. Lighting and fire
detection systems were restored. The south portion of the =
building housed the control rooms, offices, restrooms, and -
electrical services. These areas were decontaminated as neces-
sary. The final survey results of Building 143 are reported in
Document N704TI9S0G38.

15) SRE Complex. Only the reactor building, 143; the storage
building, 041; the site service building, 163; and a fire pump
building on the northeast end remain. The total area
surrounding the building has been repaved.

Personnel access restrictions have been removed, and Buildings 041 and
143 are being used as warehouses.
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The release of the SRE complex to unrestricted use will be contingent on
the acceptance and approval of this final report and the report to be issued
by Argonne National Laboratories survey team who conducted independent surveys
at the site. In addition, the release to unrestricted use will be based on
the considerations presented in the “Sodium Reactor Experiment Decommissioning
Environmental Evaluation Report," DOE-SF-4, ESG-DOE-13367. This document,
prepared by Rockwell ESG, states that the proposed action — release for
unrestricted use — does not present any significant impact on the environ-
ment. Ground water will not be contaminated. Decontamination on various
areas of the SRE has effectively reduced radioactivity in the soil to better
than allowable 1imits. Contamination of water moving through these soils is
highly improbable. Samples of surface and subsurface water has indicated
radioactivity that is less than levels allowed for unrestricted areas. Radio- z
activity will not be introduced into the food chain from this pathway. Resus-
pension of radiocactive materials into the atmosphere will not occur since
material near the surface, which could become airborne, contains very low
levels of radioactivity and no significant dose will result from inhalation of
this material. Direct external exposure from the SRE will not reflect an

dmna

i

increase above that naturally occurring at the site.
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9.0 LESSONS LEARNED

A review of the technical and management approaches taken to accomplish
the SRE decommissioning indicates that, as in any program, the total perform-
ance could be improved if the project were to be repeated. This review has
produced recommendations that will be useful in future programs. The SRE
project has been divided into 11 major tasks. Each task is reviewed and ana-
lyzed, and recommendations are presented.

9.1 PLANNING AND ENGINEERING

The overall program incorporated plans for health and safety, training,
and quality audit and assurance as well as development of approaches, respon-
sibilities, and schedules. Beginning with a review of the facility design and
operating history, a dismantling plan was prepared, followed by activity
requirements and detailed working procedures for each task. Engineering was
performed and control documents were developed for the tasks and for the
development and special tooling designs. This intensive planning effort
proved beneficial, both in technical performance and in effective control of
costs. As decommissioning efforts proceeded, differences between design
drawings and actual site conditions were found because facility drawings were
not always updated. Available radiological survey data were insufficient for
planning purposes, necessitating site characterization surveys to aid the
planning effort.

Conclusions and Recommendations

1) Comprehensive radiological surveys should be performed prior to
the establishment of schedules and cost estimates. Adequate
work scope definition is impossible without thorough knowledge
of the extent of radiological contamination.

2)  Thorough engineering studies of alternatives and then compre-
hensive planning should be prepared as early as possible to
adequately define the work to be done and permit accurate esti-
mates and schedules to be prepared.
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3)  During reactor operations, records of incidents, radiological
surveys, repairs, reconstruction, and any alterations should be
maintained in sufficient detail to aid the decommissioning
effort.

4)  Facility drawings should be kept current.

5) Construction photographs should be taken and retained.

6) The design of nuclear facilities should incorporate decommis-
sioning procedures.

9.1.1 Disposition of SRE Structures and Systems

The selected SRE decommissioning mode was the complete dismantlement of
contaminated structures and systems. However, in the initial planning, it
became apparent that the specific SRE facilities and buildings could be useful
during the decommissioning procedure. Consequently, facilities such as the
radioactive exhaust system and the personnel change room with its showers and
radiocactive waste holdup system were kept operable throughout the decommis-
sioning procedure. In addition, the SRE reactor building provided a contain-
ment structure for airborne contamination generated by the decommissioning
operations. The building also provided a health physics laboratory, office
space for supervisory personnel, and restrooms and lunch rooms.

When the excavation of below-grade structures and systems began, the dif-
ficulty of excavating around building support columns and the need for shoring
walls required a decision regarding the advisability of retaining the SRE
superstructure. An engineering study showed that a schedular delay of several
months would be necessary to dismantle the building, provide temporary con-
tainment structures for the decontamination operations, and relocate the
health physics laboratory, personnel services, and supervisory offices, if the
building was not retained.

9.2 DISPOSAL OF NONCONTAMINATED SRE SYSTEMS AND SUPPORT FACILITIES

The secondary sodium system, steam and electric generation facilities,
airblast heat exchangers, water supply system, and external portions of the
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kerosene cooling system were the principal elements of the noncontaminated
systems and facilities removed as the first decommissioning steps. A demoli-
tion and salvage contractor was hired to perform the removal. Because the
work areas were physically separate from the contaminated areas of the SRE,
the removal required no special techniques, other than industrial safety con-
trols for the sodium and kerosene involvement and monitoring by Health Physics
and Safety personnel. The cost for salvage contractor services was offset by
the value of the materials removed.

By performing this work first, access to the contaminated systems of the
plant was improved, and interference between work on contaminated and noncon-
taminated systems was prevented. The time spent removing noncontaminated sys-
tems was also used for planning and development work for the contaminated sys-
tems. It should be noted that safety precautions used by outside salvage con-
tractors vary greatly, and therefore their operations must be monitored
closely by the project onsite supervisor.

Conclusions and Recommendations

1) Maximize the use of conventional salvage contractors for non-
contaminated work and provide separation from contaminated work
areas.

2)  Consider salvage value to offset decommissioning costs.

3) Schedule removal as early as possible to simplify access.

4) Assess contractor's safety procedures and safety record.

9.3 DISPOSAL OF CONTAMINATED SODIUM

During the deactivation process, 54,950 Tb of slightly radioactive sodium
(4 mR/h at the surface of each 55-gal drum of sodium) had been drained into
the storage tank from the reactor and primary piping system. This sodium was

Tater put into drums for shipment to Hanford, Washington, for possible use in
other programs.
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Residual sodium coating the interior of system components, piping, and
the reactor vessel required special procedures for disposal. Sodium deposits
and heels in piping, etc., were heated and drained into drums. Then, alcohol
was added to react with the residual sodium films in piping, components, and
the reactor vessel system. The alcohol was added slowly into the particular
configuration, with control of the rate of flow based on the quantity of
hydrogen generated by the reaction. Explosive mixtures were prevented by
diluting the hydrogen with nitrogen. About 8,000 gal of alcohol were used.
The resulting contaminated Tiquid was pumped into 55-gal drums containing dia-
tomaceous earth, which absorbed the Tiquid and made it acceptable for burial.
The drums were shipped to the licensed commercial burial site at Beatty,
Nevada. (Current regulations do not allow such disposition of liquid wastes.)

Several sodium chemical passivation options were studied. The alcohol
reaction was selected because it is comparatively slow and permits greater
control. The sodium passivation procedure was carefully planned and conduc-
ted. Particular care was exercised to exclude air from the reactor vessel.
Air contact with heated sodium can result in a fire.

Conclusion and Recommendation

Alcohol passivation of sodium films, although an effective and safe
method, results in problems with alcohol disposition. Other sodium
passivation methods such as nitrogen/steam reaction should be con-
sidered.

9.4 DISPOSAL OF CONTAMINATED SRE PERIPHERAL SYSTEMS AND FACILITIES

The next step in the decommissioning sequence was the disposal of the
peripheral systems and facilities. Performing this step next in the sequence
had the advantages of decreasing the area of operation in the shortest time,
improving the familiarity of the crews with decontamination work, and pro-
viding better access for subsequent activities.
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The peripheral systems and facilities disposed of were: (1) the gaseous
and Tiquid waste holdup system on the hillside north of the reactor building,
(2) the hot waste storage facility on the same hillside, (3) the secondary
sodium storage handling and purification systems, and (4) the drainage reten-
tion pond. The vault walls of the Tiquid waste holdup system and the soil
below the system components were contaminated. A hydraulically operated
Hy-Ram was used to peel off several inches of concrete from the walls and
floors. The soil below the tanks and several feet downslope was also removed

and packaged for burial.

The capability and versatility of the Hy-Ram was developed in the con-
crete decontaminated operations. An early objective of the SRE decommis~
sioning project was to minimize the total costs associated with the generation
of contaminated waste. Whenever possible, selective rather than bulk removal
techniques were used to minimize the waste to be packaged and sent to burial.
The Hy-Ram could be equipped with chisel-Tike tools that could selectively
peel off layers. It was also used to demolish the bulk noncontaminated con-
crete in vaults and walls. Consequently, its simplicity, versatility, acces-
sibility, and cost effectiveness led to its evolution as the workhorse for the

material removal operations.

The hot waste storage facility, essentially concrete and steel tank
structures mounted on a concrete pad, were easily removed. The storage struc-
tures were above grade, and radiological surveys indicated that the soil had

not been contaminated.

The secondary sodium systems, consisting of a sodium storage tank, sodium
system loading facility, pumps, hot and cold traps, piping, and valves, were
dismantled. Residual sodium in these components was reacted with steam. The
cleaned components were free of contamination and were sent to salvage as

scrap.

A radiological survey of the water in the drainage retention pond showed
no contamination. The water was pumped into area drainage channels, and the
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silt in the pond was surveyed and sampled. Several slightly contaminated
areas were detected; after these were removed, the area was resurveyed and
found to be free of contamination.

Conclusions and Recommendations

1) Work on slightly contaminated peripheral systems should be used
to train the work force and establish procedures.

2)  Selective removal of contaminated materials is cost effective
and should be used.

3)  The Hy-Ram should be considered for both selective and bulk
concrete removal.

9.5 DISPOSAL OF SUPPORT SYSTEMS

The support systems consisted of the machines for handling the fuel and
moderator elements; the fuel storage, fuel wash, and examination cells; and
the inert gas system. The Targe fuel and moderator handling machines were
stripped of external appurtenances and then shipped to a burial site. Dis-
mantling and decontaminating the basic structures would have been too time
consuming and costly. This approach — intact shipment to burial — was
used for disposing of all the Targe system components.

Fuel storage cells, fuel wash cells, and other cells located in the floor
of the SRE high bay were excavated.

Some of the cells were Tocated close to key building support structures
and were deeply imbedded in bedrock. Removing these required techniques that
would not damage the building structure or present a hazard to the personnel
involved. To provide this protection, it was necessary to install shoring to
prevent cave-ins. A consulting firm was hired to design and install the
shoring. Holes were drilled from the grade-Tevel floor to a depth of 60 ft to
provide for the pouring of 2-ft-diameter reinforced concrete pilings. The
pilings were slotted to accept timber spanners as excavation progressed.
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To control contamination during dismantling and packaging for shipment,
the storage and wash cells were filled with a solidifying foam and capped
before being removed and later cut into manageable Tengths.

The Hy-Ram was used to free the cells from their concrete support struc-
tures and to demolish the bulk concrete.

The fuel examination hot cell complex was also located below grade at a
depth of about 20 ft. To decontaminate this system required removing hot cell
windows, overboring pipe penetrations, cutting through concrete to free
piping, removing stainless steel cell lining, and spalling off contaminated
concrete surfaces.

The following procedure was used to remove the two storage tubes located
in the floor of the examination cell (bottom of tubes, about 50 ft below
grade):

1) A flat concrete base was poured from which a rock drill could
operate.

2)  Approximately 100 deep holes were drilled to weaken the bedrock.

3)  The weakened bedrock was excavated using the Hy-Ram and a back-

hoe.

4)  The storage tubes were pulled out.

5) The excavation was backfilled with grout to offset the effects
of ground water.

Once set, the grout sealed the excavation and provided a firm base for
further backfilling. Figure 89 shows the storage tubes imbedded in bedrock
and the extent of the excavation necessary for their removal. The examination
cells were partially dismantled, the inner cell liner was removed, and the
drain Tines were excavated.

The noncontaminated concrete structure of the hot cell complex was not

completely demolished.
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Conclusions and Recommendations

1)  Remove large components without major disassembly (fuel
handTing machines, plugs, shields, etc.) and transport to
burial sites in one piece wherever possible since this may be
most cost effective.

2) Use a solidifying foam internally to fix contamination in com-
ponents so that they can be sectioned without spread of con-
tamination.

3) Include provisions for ease of removal and for avoiding spread
of contamination when installing system components into the
bedrock.

9.6 DISPOSAL OF REACTOR VESSELS

The disposal of the reactor vessels, because of the significant induced
radioactivity present in the metal, required development and use of remotely
operated equipment and tooling. A manipulator with a plasma-arc torch-cutting
head was used to remotely cut the vessels under water into manageable sec-
tions. These sections were remotely transferred to a water storage basin and
then placed in cask Tiners for later dispcsal. Reactor vessel internals (such
as downcomers and core clamps) were removed using shaped-charge explosives.
Although explosives were used in removing the internals and proved to be very
effective, it was shown later than the plasma-arc cutting technique could have
been used also.

After the highly activated inner reactor vessels were removed, the
thermal shield rings were lifted out. Since these were only slightly radio-
active, they could be cut up for disposal safely with automated, remote, and
oxy-acetylene cutting on the reactor room floor.

Removing asbestos insulation from between the vessels was a hands-on
operation. After removal, it was sent to a burial site as low-level radio-
active waste.
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The engineering, tooling design, and cutting parameter development that
preceded the use of the polar manipulator and plasma torch greatly facilitated
this portion of the work. A mockup of the reactor vessel was constructed
early in the project to permit development and training. The operators were
adept at cutting before beginning work on the SRE. The vessel segmentation
was conducted under water to cut 1—yd2 sections from the vessel, remotely
move these to a water-filled vault, and selectively stack the sections into
cask liners.

The success of the vessel segmentation project was highly dependent on
maintaining good underwater viewing. The TV camera attached to the manipula-
tor was helpful as Tong as water clarity was maintained. A pump and filter
system was used, and appropriate radiation shielding was provided. With pro-
per maintenance, the unit produced good results.

Ground water was found in primary system vaults when they were first
opened. A piping vault was also used for underwater segment storage. It was
constructed of concrete with a few pipe penetrations. In preparing for the
work, the vault was sealed water tight. The surfaces were cleaned, and the
cracks were filled. The pipe penetrations were sealed, and the entire surface
was coated with an epoxy material. Despite the preparation, a water leak
developed. It may have resulted from shocks caused by the explosive cutting
operation. As soon as the Toss of shielding water was noted, a steel tank was
fabricated to fit inside this vault and contaminated material and water were
transferred to the tank. Water containing fission and activation products
migrated into the soil and bedrock at the north and east quadrant of the
building.

Samples were analyzed to determine the degree of activation of the con-
crete biological shield surrounding the reactor. This was found to be 10 in.
into the shield from the inside. The lower portion of the shield was not con-
taminated and was buried in place. To minimize the generation of contaminated
waste, the Hy-Ram was again found useful in accomplishing selective removal.
In this case, the outside annulus of the concrete structure was removed (with
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close radiological surveillance) as noncontaminated material and saved for
Tater use as backfill material. The inside contaminated concrete was reduced
to rubble and packaged for waste disposal.

Conclusions and Recommendations

1) Careful planning, engineering, tooling development, mockup
trial runs, and training are recommended for the successful
completion of the task and to simplify the work.

2)  Plasma-torch segmentation is recommended as a successful tech-
nique for remotely cutting highly contaminated reactor vessels.

3)  Explosive cutting is feasible for remote underwater pipe cut-
ting, but plasma-torch techniques should be considered.

4)  The use of existing plant structures for critical operations
such as storing of contaminated water should be avoided. New
watertight structures should be engineered, fabricated, and
installed for decommissioning processes.

5) MWater clarity for viewing capability is essential for under-
water operations. Therefore, an adequate filtration system is
necessary.

6) lhere access permits, the Hy-Ram should be used for selective
removal of layers of the biological shield.

9.7 EXCAVATIONS

The SRE high bay was excavated to an average depth of 26 ft. The exten-
sive excavation was necessary to remove the below-grade reactor structure,
primary piping system vaults, fuel storage and cleaning cells, and the hot
storage tubes.

In addition, an equivalent volume of soil and rock was removed from out-
side the north and east sides of the building. This excavation was necessary
to remove the primary sodium storage vault, service system vault, and piping
systems. Additional excavation was required to remove contaminated soil in
the northwest quadrant of the building. The excavation extended beneath grade
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beams and column footings. Temporary bracing and shoring were installed to
support local areas while the contaminated soil was being removed.

Two sources contributed to the extent of the soil contamination below the
vaults., When the contaminated primary service vault was first opened, con-
siderable water was found in the vault. This water either seeped in through
the walls and floor slab from a ground water source or came in through the
roof during rainy periods. The second source was the Teak from the pipe vault
pocl used to store contaminated pieces from the reactor vessels.

Localized contaminated areas were decontaminated using manually operated
tools. Large areas were excavated using the Hy-Ram. Since the SRE structure
and some of the systems extended into underlying bedrock, some of the con-
tamination in the soil extended into fractures in the bedrock. This necessi-
tated some laborious machine and manual removal operations. After contamina-
ted material from the below-grade areas had been removed, the area was sur-
veyed and found to meet acceptance criteria, and the excavation was back-
filled. Clean material removed from the excavation was returned. Additional
backfill material was purchased from a nearby land development operation.

A consulting A& firm was employed to prescribe and design bracing for
the building columns during the period when they were extensively exposed by

the excavation.

Conclusions and Recommendations

1) Carefully segregate noncontaminated materials to provide back-
fill and to reduce the volume of contaminated waste.

2) Give constant attention to safety considerations for personnel
and remaining structures for the duration of the project.

3)  Carefully assess engineering detail for all operations
(including minor ones) during the progression of the job.
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9.8 DECONTAMINATION OF STRUCTURES

Surface decontamination activities preceded most of the dismantling and
removal operations. This decontamination was performed to reduce radiation
exposures to personnel and to enable the bulk of structures or equipment to be
disposed of as noncontaminated. In other cases, decontamination of the exter-
ior of large items (such as the fuel handling machines) facilitated packaging
and handling for disposition.

In a program to develop decontamination techniques, we used available
Titerature, experiences of ourselves and others, and demonstration to produce
an optimum set of techniques. Generally, we found that vacuuming, followed by

SR

applications of a foam containing decontaminating agents, was the best way to
clean painted and metal surfaces and to initially clean various other sur-
faces. The approaches used in decontaminating concrete surfaces are described
in Section IV. A scabbler device that spalls the concrete surface and is
equipped with Tocal vacuum and air cleaning proved quite effective.

On walls, ceilings, and the two high-bay cranes in the main building,
contamination was fixed in the paint. The areas were decontaminated in two
steps. First, paint, particularly from horizontal surfaces, was removed by
sandblasting. Then, the few remaining spots were decontaminated by scrubbing
or surface removal. Before sandblasting, all extraneous equipment, piping,
and ducts were removed. No attempt was made to provide local aerosol control;
instead, the entire high-bay area was sealed to contain contaminated dust and
sand. A1l personnel in the area wore protective clothing and respiratory pro-
tection.

Conclusions and Recommendations

1) Pay careful attention to decontamination techniques to optimize
contamination and exposure control, reduce waste volumes, and
reduce cost.
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2) Consider a foam decontamination approach for removal of loose
contamination on walls. It minimized the generation of con-
taminated water and provided other benefits.

3)  Decontaminate large surface areas of concrete floor with the
scabbler.

4) Use sandblasting as an effective method for decontaminating
large areas where contamination is fixed in paint. (A commer-
cial contractor was used; however, since their usual objective
is to clean in preparation for painting, and they neglect non-
visible areas, the contractor's work required constant super-
vision.)

9.9 WASTE HANDLING

ATl materials Teaving the SRE site were radiologically surveyed. Clean
materials were sent to the salvage yard or removed by a salvage contractor.
Contaminated materials were packaged in accordance with approved procedures
and shipped on special trailers for land disposal. At first, these materials
were shipped to a commercial site in Beatty, Nevada. Later in the program,
such wastes were shipped to a DOE site at Hanford, Washington. Contaminated
water was processed in an evaporator at the Radiocactive Materials Decontamina-
tion Facility at Santa Susana. Sludges were solidified by mixing with con-
crete and then were shipped to burial.

With the Targe volume of slightly contaminated concrete and soil to be
sent to burial from this project, the choice of suitable packaging was crucial
to the achievement of optimum cost effectiveness. Tri-Wall Chemical King
PakTM containers (Tri-Wall Containers, Inc.) were found to be the most eco-
nomical packaging for this category of waste. This is a fiberboard assembly
about 1 yd3 in volume. A typical Toaded weight was about 2000 1b. The
package was fastened to a shipping pallet. It met DOT requirements and was,
until recently, acceptable to the Beatty site. It remains acceptable at some
other disposal sites.
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A total of 5050 yd3 of contaminated solid waste was shipped for burial.

Conclusions and Recommendations

1) Uncertainty of commercial disposal site requirements and of
state and federal waste transportation requirements greatly
affect the cost, schedule, and technology of the waste disposi-
tion and should be carefully considered in early planning
activities.

2) Radioactive waste generation must be carefully controlled and
contained. Labor-intensive decontamination of components and
materials is costly and leads to increased volumes of waste
being sent to burial. However, the cost for burial is escala-
ting, which changes the economics of decontamination prac-
tices. Trade studies are recommended.

9.10 RADIOLOGICAL SAFETY AND SURVEY CERTIFICATIONS

The SRE decommissioning operations were monitored and controlled by the
Rockwell International Health and Safety Department. Decontamination and sur-
veying were repeated until the radiological cleanliness criteria had been
met. Radiological surveying and analysis were performed according to DOE,
NRC, and California guidelines.

A quality assurance (QA) program, independent of Health Physics and the
performing engineering department, supported the decommissioning program. In
addition to being responsible for current calibration of instrumentation and
inspections of waste shipments, QA established procedures for the statistical
sampling and analysis of all decontaminated areas.

The Argonne National Laboratory's radiological survey team, assigned to
the project by DOE, conducted surveys at various stages of the decommissioning
and will provide overview and certification of the decontamination of the
facility and site.
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The commitment to ALARA principles was incorporated into the overall SRE
operational safety plan and into the detailed working procedures. As a
result, the total man-rem exposure for this project was controlled to approxi-
mately 75 man-rem. There were no individual exposures above the guidelines;
most were considerably less than 3 rem/year.

The criteria for acceptable residual contamination levels that were
applied are shown in Table 1. These values are slightly more conservative
than those of Regulatory Guide 1.86 for surface measurements. In the absence
of consensus or regulatory criteria for contamination, such as activation pro-
ducts distributed in materials, the project-specific values shown in Table 1

were developed. An environmental report was prepared that examined the possi-
ble effects of the residual Tevels and found them to be acceptable.

In the area of industrial safety, it is notable that no lost-time injur-
ies occurred during the SRE decommissioning effort.

Conclusions and Recommendations

1) The radiological criteria for decontamination and for contamin-
ation and exposure control must be developed and formalized at £
the project planning stage.

2) Close operational surveillance by health physics personnel is
essential to control contamination and exposure, to optimize
decontamination work, and to assist in controlling the volume
of contaminated waste.

3) Radiological control and certification planning is essential.

4) Quality assurance input is necessary in radiological status
evaluation.

5)  The participation of an overview and certification agency
should be established early and the participation should be
integrated into the project schedule.

6)  An intensive industrial safety program is required for decom-

missioning activities.
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9.11 FACILITY DESIGN

Decommissioning of any nuclear facility can be accomplished with existing
technology. This has been demonstrated in the successful decommissioning of
the SRE. It is apparent, however, in examining the technology and procedures
employed in the decommissioning, that an in-depth review of the experience
gained should be made by facility designers of future nuclear facilities so
that problems can be avoided or at least mitigated. The designers can also
incorporate facility features that will simplify the decommissioning procedure.

The more significant possibilities are considered and presented below.

B

9.11.1 Decontamination of Concrete Surfaces

Decontamination of concrete surfaces, particularly surfaces with cracks,
expansion joints, and porous concrete, is difficult. Many techniques were
tried, ranging from washing with solvents to total removal of the surfaces.
None was wholly satisfactory. They all required an extensive use of man-
power. Physical removal of the surfaces was usually accomplished with a con-
crete spalling tool (scabbler) that could remove surfaces to about 1/2 in.

ki g

depth. Grit blasting was used chiefly for paint removal. Surfaces where per-
meation of the contamination was very deep (several inches) were removed by a
hydraulically powered and positioned ram (Hy-Ram).

The difficulty of decontaminating concrete surfaces in areas where con-
tamination is Tikely to occur, such as in vaults, trenches, pits, building
columns, and walls, indicates a need for protection of surfaces. Metal liners
with welded joints, continuous plastic material covers, paint, or hard, smooth
coatings should be used to cover the concrete. In addition to permeability,
the covering material selected should be sufficiently strong to withstand the
potential for damage from maintenance traffic in the area. Metal liners, if

e

used, should provide for ease of removal. Welded joints should be constructed

Et

to allow mechanical cutting and effect containment of cutting debris. The use -
of concrete expansion joints should be avoided unless an effective flexible
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sealer or cover can be specified for protection over the Jjoints. Surface
geometries should be optimized for cleaning. Rounded corners and edges should
be used where possible.

9.11.2 Disposal of Massive Concrete Structures

Handling or demolishing of massive contaminated or activated concrete
biological shields and support structures can be difficult and costly. These
structures are usually only partially radicactive, and the radioactive mate-
rials are not easily separated from the nonradioactive materials because of
the selective demolition required, the care necessary to keep from cross-

contaminating, and the tedious radiological assessment procedures required.
At the SRE, the other biological shield was demolished using the Hy-Ram. The
upper portion of the shield was not significantly contaminated by induced &
radioactivity. However, the section near the reactor core Tine was activated, |
requiring packaging and shipment of the rubble to burial. Separation of the

clean concrete from the activated concrete was not attempted for the concrete

from the center section. Although this increased the volume of waste sent to

burial, the cost for burial was less than the estimated separation costs.

W

The use of massive monolithic concrete designs in biological shields or
other areas where concrete activation will occur should be reconsidered.
Other shielding materials, for exanple, Tead, steel shot, or iron pellets, in
conjunction with hydrogenous shield material, might be used. Interlocking,
modular concrete structures could be used. Where integrated concrete struc-
tures are necessary for containment or strength, means for easily removing or
spalling the concrete surfaces should be included in the design. A two-layer
biological shield structure could be used. The structure could consist of a
physically independent outer layer for containment and an inner layer con-
structed to provide the major shielding requirements and contain all the
induced activation expected during the reactor Tifetime.
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9.11.3 Disposal of Reactor Vessels

The disposal of the reactor vessel will be a major activity of decommis-
sioning. If a plasma-torch manipulator is to be used to cut up the vessel,
then design considerations of the following would simplify the torch opera-

tions.

1)  Locate piping, grid plates, and other reactor internal struc-
ture with optimum access for cutting with the torch.

2)  Provide for the installation of the manipulator; include manip-
ulator support structure where possible.

3)  Select material for vessels, pipe, and support structure with a
concern for induced radiation effects.

9.11.4 Disposal of Waste Holdup Tanks

Excavation and removal of waste holdup tanks was relatively easy.
However, leaky valves, tank fittings, and piping contaminated adjacent soil.

Consideration should be given to containing the radioactive waste tanks
in isolated vaults with provisions for detecting and containing leaks. Tracks
or guide structures should be considered for use on the tank outer walls to
permit remote cutting and radiological surveys of the tanks.

9.11.5 Removal of Process Equipment

Process equipment such as heat exchangers, pumps, sodium purification
traps, waste handling, and their support structures were removed without major
difficulty.

Contamination in this equipment tends to collect in low spots and in cold
spots. Design and installation of this equipment should enhance the tendency
to concentrate the contamination. Dismantling of process equipment would be
simplified if the larger system components were designed for ease of disassem-
bly and for isolation of sections that are Tikely to be contaminated. Process
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system equipment installations should include adequate access for removal
operations.

9.11.6 Disposal of Handling Machines

The 50~ to 60-ton fuel moderator and plug-handling machines were stripped
of clean, reusable exterior equipment and then shipped, intact, to the burial
site. The cost for labor to dismantle the machines and decontaminate compo-
nents was too great and was, therefore, not attempted.

Handling machine designs, which would permit easy disassembly and isola-
tion of contaminated sections, would permit a greater salvage of material and
a decrease in the waste volume for burial. Handling machines are usually at
the center of most reactor operations and, consequently, are vulnerable to
airborne contamination. An airtight shroud constructed of easy-to-wipe mate-
rials, covering the exterior wiring controls and instrumentation, would sim-
plify decontamination of the exterior.

9.11.7 Decontamination of Facility Structures

Decontamination, rather than removal, of facility structures such as open
beams and columns, electrical cable trays, conduits, exhaust ducts, etc., may
be desirable to save the facility for future use. However, decontamination
costs, in some instances, can exceed replacement costs.

Facility designs should recognize that radioactive spills will occur and
that plant interiors, and especially horizontal surfaces, will become contami-
nated. Fasily cleaned containment should be provided, and the routing of ser-
vices through areas where spills may occur should be avoided.

9.11.8 Contamination Assessment

The radiological assessment of soil and concrete rubble, when working to
essentially background Tevels, is a time-consuming process. Consequently,
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many cubic yards of soil with marginal contamination may be packaged and
shipped to burial.

A well-kept record of radiocactive spills and other plant construction and
operating history is necessary. Radiological instrumentation-access spaces
throughout the plant in concrete structure, shielding material, and soil would
facilitate the plant contamination assessment.

9.11.9 General Recommendations

Perform comprehensive radiological surveys, engineering studies, and
extensive planning prior to initiating the decommissioning work on site. The
accuracy of the schedule and cost estimates are absolutely dependent on com-
plete understanding and definition of the full scope of work. This scope can
only be adequately defined after the completion of these activities.

The processes described can be anticipated before the decommissioning of
many nuclear facilities. Solutions to problems may be made more difficult by
the increasingly restrictive regulatory requirements, such as the contemplated
decrease in the permissible radiation dosage for workers; the more restrictive
requirements for packaging, transport, and burial of waste; and the growing
emphasis on greater usage of waste volume reduction techniques.

Considerations for simplifying decommissioning not directly related to
SRE experiences are presented as follows:

1) A decommissioning plan should be prepared concurrently with the
conceptual design of the facility and should be revised in
parallel with the development of the facility design.

2)  The design of maintenance equipment and facilities should
include capabilities for use in the decommissioning opera-
tions. Waste volume reduction capability such as arc cutters,
shears, compactors, electropolishers, and liquid waste solidi-
fication should be provided.
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3) Plant air exhaust systems should have the capability to handle
airborne contamination generated during decommissioning. The
plant should also have capability for containment of the liquid
and solid generated during decommissioning.

4)  Adequate space should be provided near the facility for decon-
tamination, dismantling, packaging, storage. Also, adequate
personnel and equipment access to the potentially contaminated
areas is required.

These recommendations assume that decommissioning problems, as experi-
enced today, will be similar to those 40 years from now when the facilities
currently being designed will be ready for decommissioning. The projected
physical size of plants is much Targer now; the reactor designs, particularly
the reactor internals, are much more complex; regulatory requirements for
radiation worker radiation dosages are becoming more stringent; onsite burial
of waste is being considered; and the possibility of a site being satisfac-
torily decontaminated to levels for unrestricted use is decreasing. The basic
requirements for reducing contamination are not expected to change, but more
of the decontamination work may be transferred to remotely operated machines.
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10.0 LIST OF ABREVIATIONS

SRE — Sodium Reactor Experiment

PEP — Power Expansion Program

IHX — Intermediate Heat Exchanger

EM — Electromagnetic

FHM — Fuel Handling Machine

RMDF — Radioactive Materials Disposal Facility

CERF — Contaminated Equipment Repairs Facility

SFMPO — Surplus Facilities Management Program Office

DOE-RL — U.S. Department of Energy, Richland, Washington Area Office
DOE-SAN — U.S. Department of Energy, San Francisco, California Area Office
ESG — Energy Systems Group of Rockwell International Corporation
PCS — Performance Control Systen

PFT — Primary Fi1l Tank

MIHX — Main Intermediate Heat Exchanger

ORNL — Oak Ridge National Laboratory

JRC — Jet Research Corporation

DOT — U.S. Department of Transportation

UBC — Uniform Building Code

HEPA — High Efficiency Particulate Air

ALARA — As Low As Reasonably Achievable

DOE — U.S. Department of Energy

AEC — Atomic Energy Commission
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Document No.

N704ACR990003

N704ACR990004

N704ACR990005

N704ACR990006

N704ACR990007

N704ACR990008

N704ACR9900T0

N704ACR990011

N704ACR990012

N704ACR990014

N704ACR990015

N704ACR990016

N704ACRSS0017

N704ACR9906020

N704ACR9S0021

APPENDIX
SUPPORTING DOCUMENTS

Title

SRE Activity Requirement No. 005. Removal of Primary
Sodium System Piping and Components

SRE Activity Requirement No. 009. Passivation of Residual
Sodium in the Reactor Vessel

SRE Activity Requirement No. 008. Removal of Sodium Com-
ponents from Sodium Service Building 153

SRE Activity Requirement No. 16. Decontamination and Dis-
mantling of Demountable Maintenance Shield Assembly

SRE Decontamination and Removal of Storage and Wash
Cells. SRE Activity Reguirement No. 17

SRE Activity Requirement No. 10. Removal of SRE Reactor
Vessel Loose Internals

SRE Activity Requirement No. 7. Removal of Primary Sodium
Components from the Sodium Service Vault

SRE Activity Requirement No. 11. C(leaning of Sodium
Components

SRE Activity Requirement Nos. 18 and 19. Decontamination
and Dismantling of Mark I and Mark II Fuel Handling
Machines

SRE Activity Requirement No. TOA - Removal and Disposal of
the SRE Ring Shield

SRE Activity Requirement No. 20. Decontamination of Mod-
erator Handling Machine

SRE Activity Requirement No. 16. Decontamination and Dis-
mantling of the Hot Cell Facilities

SRE Activity Requirement No. 23 - Disposal of Radioactive
Waste Systems Exterior to Building 143

SRE Activity Requirement No. 24. Decontamination of
Building 163 (CERF)

SRE Activity Requirement No. 25. Decontamination & Dis-
mantling of Building 724 and Pad 723
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Document No.

N704AACR990002

N704ACR990023

N704ACR990024

N704ACR990025

N704ACR990027

N704DP990001

DRR-704-990-001

DWP-704-990-003

N704DWP 990004

N704DWP 990008

N704DWP 950009

N704DWP990010

N704DWP990011

N704DWP990012

N704DWP990013
N704DWP990014

N704DWP 990015

Title

SRE Activity Requirement No. 14. Decontamination of Pri-
mary Fill Tank, Pipe & Sodium Service Vaults

SRE Activity Requirement No. 21. Removal of Activated and
Contaminated Concrete Structure from the SRE

SRE Activity Requirement No. 27. D&D of Building 143
Retention Pond and Sanitary Sewer

Disposal of Building 143 (SRE) Stack and Vent System
Activity Requirement

SRE Activity Requirement No. 29. Final Closeout of the
SRE Facility

Start-Up Safety Review for Plasma Torch System

Design Review Minutes for the ORNL Rotating Mast Manipula-
tor Final Design

Procedure for Transferring Radicactive Sodium from Primary
Drain Tank into Approved Cabinets

Procedures for Installing SRE Manipulator in SRE Vessel
Mock-Up

Detailed Working Procedure for Removal of SRE Sodium Sys-
tem Components

Passivation of Remaining Sodium in SRE Core Vessel.
Building 143 Detailed Working Procedure

Passivation of Remaining Sodium in SRE Primary Sodium Tank
Detailed Working Procedure

Decontamination and Dismantling of SRE Demountable Main-
tenance Shield Assembly (DMSA) Detailed Working Procedure

Detailed Working Procedure for the Removal of SRE Reactor
Vessel Loose Internals

DWP for Loading & Shipping SRE Declad Fuel

Removal of Primary Sodium Components from the Sodium Ser-
vice Vaults

Detailed Working Procedure for the Removal of Sodium Sys-
tems & Components in Building 153
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Document No.

N704DWP 990016
N704DWP990017
N704DWP 990018
N704DWP990019

N704DWP990021

N704DWP990025

N704DWP 990026
N704DWP990028

N704DWP390029
N704DWP 990031
N704DWP990032
N704DWP990033
N704DWP930034
N704DWP 990035

N704DWP 950036
N704DWP990037

N704DWP990038

N704DWP 950039

N704DWP 990040

N704DWP990044

Title

Cutting and Disposition of Primary Sodium Piping
SRE Core Liner Removal - Detailed Working Procedure
Core Clamp Band Removal - Detailed Working Procedure

Detailed Working Procedure for Explosive Removal of SRE
Vessel Internal Piping

Detailed Working Procedure for the Removal of SRE Storage
and Wash Cells Internals

Detailed Work Procedure for the Removal of the SRE
Gridplate

Core Tank Removal Detailed Working Procedure

Detailed Working Procedure for the Passivation of Remain-
ing Sodium in the SRE Components

Manipulator and Platform Installation and Alignment
Core Tank Bellows Removal

Main & Aux. Core Clamp Removal from the SRE Core Tank
SRE Core Tank Bottom Drilling

SRE Gridplate Nut Removal

Detailed Working Procedure for the Removal of the SRE Mod-
erator Coolant Header

Guide Post Installation and Removal

Detailed Work Procedure for Removal, Transfer, and
Reassembly of SRE Rotating Mast Manipulator and Platform

Detailed Working Procedure to Transfer SRE Internal Piping
to Storage Pit

Detailed Working Procedure for the Cut-Up of the SRE
Internal Piping

Detailed Working Procedure for Core Tank-To-Liner Attach-
ment Ring Removal

Detailed Working Procedure for Removal of SRE Gridplate
Perimeter Nuts
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Document No.

N704DWP 990045
N704DWP990046

N704DWP990047
N704DWP990048

N704DWP 990049
N704DWP990050
N704DWP990051
N704DWP990053

N704DWP 990054

N704DWP 990055

N704DWP390057

N704DWP 590058

N704DWP 990060

N704DWP 990062

N704DWP990063

N704DWP990065

N704DWP 990070

N704DWP990071

Title

Detailed Working Procedure for Outer Tank Bellows Removal

Detailed Working Procedure for SRE Thermal Rings Removal
and Cut Up

Detailed Working Procedure for Removal of Cutting Debris

Detailed Work Procedure for the Removal of the SRE Core
Tank Bottom

Detailed Working Procedure for Outer Tank Removal
Detailed Working Procedure for Outer Tank Bottom Removal
Detailed Working Procedure for Super X Insulation Removal

Detailed Working Procedure for Scoring the Core Cavity
Liner

Disposal of Radioactive Waste Systems at Building 653 and
Building 143

Detailed Work Procedure for Operation of the SRE Shielding
Water Filtration System

Decontamination and Dismantling of Building 724 Detailed
Working Procedure

Removal and Shipment of Two Fuel and One Moderator Handl-
ing Machines

Deactivation of Building 143 Retention Pond and Sanitary
Sewer System

Decontamination and Dismantling of the Hot Cell Facilities
at SRE

SRE Site Survey Plan for Release to Unrestricted Use
Building 143 Detailed Working Procedure for Excavation of
the SRE to Remove Below-Grade Contaminated and Activated
Material and Structures

Final Radiological Inspection Detailed Working Procedure

Backfill and Compaction of the SRE High Bay Excavation,
Detailed Working Procedure
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Document No.

TI-704-990-011

TI-704-990-012

TI-704-990-013

TI-704~990-014

TI-704-990-015

TI-704-990-016

TI-704-990-017

TI-704-990-020

TI1-704-990-021
T1-704-990-022
TI-704-990-023
N704T1990025

N704T71990026

N704T1990027

N704T1990028

N704T1990029

N704TI990030

N704T1990031

Title

Remote Tooling Task Requirement 1.9. Core Tank Liner

Removal Tooling

Remote Tooling Task Requirement No. 1.710.

Removal Tooling

Remote Tooling Task Requirement No. 1.71.

mal Rings Removal Tooling

Remote Tooling Task Requirement No. 1.12.

Removal Tooling

Remote Tooling Task Requirement No. 1.13.

mal Insulation Removal Tooling

Remote Tooling Task Requirement No. 1.14.

Liner Removal

Core Tank

In-Vessel Ther-

Quter Tank

In-VYessel Ther-

Core Cavity

PTan of Action for Technical Assistance Provided by ORNL
in Support of Remote Tooling for Removal of SRE Vessels

Soil and Concrete Activation Limits for Unrestricted Use

of Former SRE Site

Disposal of Primary Sodiuum

Support Calculations for Rotating Mast Manipulator

Passivation of Remaining Sodium in SRE Core Vessel

Contamination Confinement Systems for Decontamination and

Disposition of the SRE Core Vessel

Technical Information on Decontamination
Materials by Foam Application

Radiological Survey Results - Release to
SRE Region I (Building 724 Area)

Radiological Survey Results - Release to
SRE Region II (Building 163, Box Shop)

Radiological Survey Results - Release to
SRE Region III (SRE Entrance)

Radiological Survey Results - Release to
SRE Region IV (West Parking Lot)

Radiological Survey Results - Release to
SRE Region V (Gas Storage Vault)

ESG-DOE-13403

227

of Radiocactive

Unrestricted Use,

Unrestricted Use,

Unrestricted Use,

Unrestricted Use,

Unrestricted Use,

=




Document No.

N704TI90032

N704TI990033

N704T1990034

N704TI990035

N704T1990036

N704T1990037

N704T1I990038

N704TI990039

N704T1930045

N704TI990047
N704TI990050
N704TI950051
N704TI990057

N704TNP990001

N704TP990005
N704TP990006

N704TP990007

Title

Radiological Survey Results - Release to Unrestricted Use, SRE

Region VI (Water Tank Area)

Radiological Survey Results - Release to Unrestricted Use, SRE
Region VII (Retention Pond)

Radiological Survey Results - Release to Unrestricted Use, SRE
Region VIII (SRE Front Lot)

RadioTlogical Survey Results - Release to Unrestricted Use, SRE
Region IX (SRE Back Lot)

Radiological Survey Results - Release to Unrestricted Use, SRE
Region X (SRE Parking Lot)

Radiological Survey Results - Release to Unrestricted Use, SRE
Building 041

Radiological Survey Results - Release to Unrestricted Use, SRE
Building 143

Radiological Survey Results
Building 163

Release to Unrestricted Use, SRE,
Schedule to Complete Excavation of SRE in FY 1979 First Year
Schedule of 2-Year Plan for Excavation of SRE in FY 1979
Disassembly and Examination of SRE Sodium Heated Steam Generator
References for Decontamination and Dispositioning Criteria
Decontamination of Surfaces by Foam Cleaning

Final Radiological Inspection of the Below-Grade Areas in the
SRE Prior to Release for Unrestricted Use

Training Plan for the Decontamination and Disposition of
Facilities

SRE Mockup Operations Test Plan

Test Plan for the Explosive Cutting Demonstration of SRE Vessel
Internal Piping

Manipulator Checkout and Test Procedure
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Document No.

N704DWP 990087

N704ER990001

N704ER990003

N704ERSS0005

N704ER990008
N704ER990009

FDP704990003
N704DP990001
N704DP990004
N704DP930005
PP-704-990-001

PP-704-990-002
RPA-704-990-001

SRR-704-990-001

SRR-704-990-005

N704SRR990007

N704SRR990008

Title

SRE Radioactive Vent System Removal Detailed Working
Procedure

Evaluation of Cutting Methods for Removal of the SRE
5-1/2 Inch Carbon Steel Thermal Rings

Radiation Levels Associated with Irradiated Metallic Com-
ponents of the SRE

Dose Rates Outside the ATCOR AL-33-90 Cask during the
Shipment of SRE Stainless Steel Components

SRE Biological Shield Removal Methods Trade Study

Engineering Report for the Core Drilling and Radiometric
Analysis of the SRE Reactor Biological Shield

Facilities Dismantling Plan for SRE

High Level Radiocactive Waste Transfer

Sodium Disposal Facilities Operating Procedure
SRE Primary Piping Sodium Disposal

Quality Assurance Program Plan for the Decontamination &
Disposition of Facilities

Decontamination & Disposition of Facilities Program

Release PTan of Action for the Decontamination & Disposi-
tion of Facilities Program

Operational Safety Plan for the Al Decontamination & Dis-
position of Facilities Program

Minutes of Isotopes Committee Reviéw of the SRE Dismantl-
ing Plan

Minutes of Isotopes Committee Review of Decontamination
and Disposition Program Detailed Working Procedures for
STIR and SRE facilities.

Minutes of Isotopes Committee's Review of Application to
Passivate Remaining Sodium in SRE Vessel Building 143
Detailed Working Procedure and an Operating Procedure for
Calibration of Radiation Survey Meters in Building 100,
Santa Susana
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Document No.

N704SRR990009

N704SRR990011

N704SRR990012

N704SRR990014

N704SRR990019

TI-599-19-103

T1-704-990-001

TI-704-990-002
TI-704-990-003

TI-704-990-004

TI-704-990-005

T1-704-990-006

TI-704-990-007

TI1-704-990-008

TI-704-990-009

TI1-704-990-010

Title

Minutes of the Isotopes Committee Review of the Detailed
Working Procedure for the Proposed Sodium Passivation in

the SRE Primary Tank

Minutes of Isotope Committee Review of the Detailed Work-
ing Procedures (DWP's) for Imminent D&D Operation

Minutes of Isotope Cormittee Review of the Detailed Work-
ing Procedure for Removal of SRE Reactor Vessel Loose

Internals

Minutes of Isotope Committee Review of the Proposed
Plasma-Torch and Explosive Cutting Operations at SRE

Summary and Comparison of ESG and ANL Radiometric Analyses

at the SRE

Post Retirement Plan for Radiological Decontamination of

the SRE Site

Activity Requirement No. 1.
SRE Vessel

Sodium Disposal Processes

Remote Tooling Task Requirement No.
In-Vessel Radiation Survey

Remote Tooling Task Requirement No.
ing & Photo Survey

Remote Tooling Task Requirement No.
Liner Mock-Up

Remote Tooling Task Requirement No.
Manipulator

Remote Tooling Task Requirement No.
ting System

Remote Tooling Task Requirement No.
Torch Control Console

Remote Tooling Task Requirement No.
Cut-Up Tank

Remote Tooling Task Requirement 1.8.

Removal Tooling
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Remote Tooling for Removal of

Initial

In-Vessel View-

SRE Core Cavity

Plasma-Torch

Plasma-Arc Cut-

Manipulator-

Underwater

Vessel Internals




Document No. Title

N704TP990008 Radiological Survey Plan, Support of D&D Program Opera-
tions at T-143 (SRE)

N704TR990003 Manipulator Console Systems Checkout and Calibration Test
Report - Development

N704TR990004 SRE Vessel Internal Piping Explosive Cutting Development

N704TR990005 SRE Underwater Plasma Arc Cutting Development Test Report

N704TR990006 Report on Passivation of the SRE Hot Trap

N704TR990007 Report on Passivation of the SRE Reactor Vessel and Asso-

ciated Components

N704TR990008 SRE Reactor Vessel Cutup and Disposal

5176D/g1b
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