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ABSTRACT

The Steam Generator Group Project utilizes a retired from service
pressurized water reactor steam generator as a test bed and source of
specimens for research. Program objectives emphasize validation of the
ability to nondestructively characterize the condition of steam
generator tubing in service. Remaining integrity of tubing with service
induced defects is studied through burst and leak rate tests. Other
program objectives seek to characterize overall generator condition,
including secondary side structure, and provide realistic samples for
development of primary side decontamination, secondary side cleaning,
and nondestructive examination technology.

An important preparatory step to primar; side research activities was
reduction of the radiation field in the steam generator channel head.
This task report describes the channel head decontamination activities.
Though not a programmatic research objective it was judged beneficial to
explore the use of dilute reagent chemical decontamination techniques.
These techniques presented potential for reduced personnel exposure and
reduced secondary radwaste generation, over currently used abrasive
blasting techniques. Two techniques with extensive laboratory research
and vendors prepared to offer commercial application were tested, one on
either side of the channel head. As indicated in the report, both
techniques accomplished similar decontamination objectives. Neither
technique damaged the generator channel head or tubing materials, as
applied. This report provides details of the decontamination opera-
tions. Application system and operating conditions are described.
Areas of improvement are suggested. The report should be of benefit to
utilities contemplating decontamination work, and provides basic data of
interest to regulators.
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INTRODUCTION

The Steam Generator Group Project represents a unique opportunity to
thoroughly evaluate a service degruded steam generator under carefully
controlled study conditions. However, like operations performed on
operating units, many of the preparatocrry. examination and sampling
activities require access to the tubes and tube sheet thrcugh the hot
leg and cold leg channel head regions. The objective of the channel
head decontamination task was to ccmply with ALARA concepts and facili-
tate these subsequent task activities by substantially reducing channel
head exposure levels without adversely affecting other components and
surfaces.

The specific technical requirements for the decontamination task were:

= Surface radiation levels of approximately 5 R/h shall be reduced by
at least a factor of ten, as measured by shielded thermoluminescent
dosimeters (TLD) placed directly on the channel head interior
surface.

Substances or processes employed shall be controllable to the
extent that they are not damaging to primary side surfaces and
components nq ssociated with the channel head region.

Remocved contaminants shall be completely contained. Methods and
substances shall be compatible with the space, equipment, services,
and waste handling capabilities of the Steam Generator Examination
Facility.

A maximum radiation worker exposure limit of 2 rem/quarter shall be
observed. Contractor shall comply with all health and safety
requirements of the DOE-operated facility including ALARA
principles.

Like the steam generator Jroject as a whole, the decontamination task,
in addition to performing a necessary function, represented a unique
opportunity to test and demonstrate innovative equipment and decontami-
nation processes without the outage time constraint ana other concerns
attendant to decontamination ~perations on installed steam generators.
To capitalize on this opportunity and provide the Group Sponsors with
comparison informatfon, it was decided to solicit separate contractors
for the hot leg and cold leg decontaminations. It also was hoped that
potential bidders would be willing to share in the expense of the work
both in recognition of the opporturity for further development and
demonstration of a commercial process and for access to the supporting
information to be developed as part of the decontamination task.

Based on this approach, a Request for Proposal (Battelle-Fl
tamination of Nuclear Steam fenerator Channel Head R
distributed on 4/23/82 to 35 cdomestic and foreign firms ar

6
e

68, Decon-
gion) was
d qroups,
including several respondents to a 3/22/82 notice in the Commerce

Business Daily. The following proposals were received and evaluated:




Ailied Nuclear, Inc. - In situ electropolishing.

Combustion Engineering, Inc. and Kraftwerk Union AG - Wet abrasive
blasting with the option of a two-step ~hemical decontamination
process.

KUE Engineering Canada, Ltd. - Low-pressure wet abrasive blasting.

Leador Nuclear Services, Inc. - CAN-DECON dilute chemica' orocess.

NUS Corporation and Hailiburton Services - AP/Citrox chemical
process wich an electrolytic decontamination option.

Quadrex Corporation with Babcock-Woodal Duckham, Ltd. (BWD) and the
Central Electricity Generating Board (CEGB) - LOMI dilute chemical
process with electropolishing as a backup.

Framatome - Abrasive blasting using a remotely operated system
(telexed response;.

After extensive consideration of both technical and cost factors, London
Nuclear Services, Inc. was selecteu to decontaminate the cold leg region
and Quadrex Corporation te do the hot ieg region. Although both
approaches were dilute chemical decontamination methods, it was felt
that the process and chemistry details were sufficiently different to
provide valuable comparison information on effectiveness, corrosion
effects and other areas of interest to regulatory groups and potential
users. It also was felt that application of these methods by commercial
vendors could provide a demonstrated alternative to current industry
practice. Dilute chemical decontamination offered advantages over
current abrasive techniques by generating potentially less secondary
waste and offering possibly reduced operator exposure during the
process.

The channel head dimensions and surface materials are chowr in
Figures 1-1 and 1-Z, respectively. Tne divider plate and bottom of the
tube sheet are Inconel 600, while the interior surface of the bowl is a
weld overlay of 309 stainless steel (22-24% Cr, 12-15% Ni)}. As noted in
Figure 1-1, the Inconel and stainless stee]l surface areas are equal.
One difference between the Surry unit anc¢ an operating steain generator
was that the Surry nozzie openings were sealed at the Surry site with a
welded, galvanized carbon steel cover. This was exposed to the decon-
taminatior solutions for the cold leg operaticn, but, as will be dis-
cussed later, was covered with a protective silicone rubber coating for
the hot leg decontamination. The only other materials exposed during
the two decontaminations were the 304 stainless steel manway covers used
by the decontamination contractors.

The initial radiation readings in the cold leg and hot leg regions are
illustrated in Figures 1-3 and 1-4. These were made -sing TLDs in three
configurations:




CHANNEL HEAD MEASUREMENTS

AREA:
TUBE SHEET - 4 m?
DIVIDER PLATE - 4 m?
BOWL - 8 n?

4

VOLUME - 4250 L :

FIGURE 1-°.
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CHANNEL HEAD COMPONENTS AND MATERIALS
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(INCONEL 600)
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FIGURE 1-2.
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INITIAL RADIATION READINGS
(COLD LEG - R/h)

TLD ROD - 5.8
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4.1

v
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(FACING WALL)

3.

N\

TLD RPOD
.

’

FIGURE 1-3.



INITIAL RADIATION READINGS
(HOT LEG - R/h)

TLD ROD - 5.6
(8 ecm BELOW TUBE SHEET)

TLD ROD

SHIELDED TLD 2.7
(FACING WALL)




. In a rod suspended approximately 8 cm below the bottom of the tube
sheet.

° In a rod passing through the manway and extending to the far corner
junction of the bowl, divider plate and tube sheet as illustrated
in Figures 1-3 and 1-4.

“ Inset into the surface of a lead brick and placed .yainst the
surface of the bowl to measure the surface contamination levels,

The readings in the two halves were similar, ranging from 6 R/h just
under the tube sheet to ~3 R/h in the lower portions of the bowl and on
the suriace film,

As noted earlier, the objective of the decontamination work was to
substantially reduce these radiation levels, as demonstrated by the
achievement of at least a factor of ten decrease in the surface
reacings. This would not correspond to an equivalent decrease in the
general levels inside the channel head because of the contribution from
tube shine. For the decontamination of an operating steam generator, an
effort would be made to decontaminate into the tubes some distance to
reduce this contribution. In the case of the Surry operation, decon-
tamination was constrained for reasons previously noted to the bottom of
the tube sheet and no more than 3 cm into the tubes.

1-7




PREPARATORY AND SUPPORTING ACTIVITIES

Although the decontamiratior contractors were to provide the necessary
equipment and conduct the decontamination operations, there were a
number of project supported activities required to prepare the Steam
Generator Examination Facility (SGEF), obtain pre- and post-decontami-
nation data, prepare corrosion and decontamination effectiveness
samples, and provide analytical, waste management and other support
during the actual operation. The following is a summary of the more
important preparatory and support activities, Some of these are
described in greater detail in the subsequent sections.

Channel Head Pictures

The interior surfaces of the channel head were comprehensively photo-
graphed before and at the conclusion of each decontamination stage.
Selected color photographs illustrating the surface changes are included
in the results section for each decontamination process (Figures 3-15 to
3-17 and 4-10 to 4-12). A complete listing of available picture
sequences is included in Appendix A. Videu tapes also were prepared for
the hot leg and cold lec operations.

Radiologica. Measurements

The radiation levels at various locations inside the channel head were
comprehensively measured using TLD techniques before and at the conclu-
sion of each decontamination stage as described in detail in Section 5.

Removal of Core and Tube Specimens

Samples of the hot leg and cold leg stainless steel surfaces were
obtained prior to decontamination by core drilling through the outer
carbon steel shell as 1illustrated in Figure 2-1. This was a very
dirficult operation because of the hardness of the weld overiay stain-
jess steel. Similar samples were taken after the cecontamination
operations. A 25-cm section of the tubing (Row 1, Column 94, between
support plates 6 and 7) was removed and used to prepare ring specimens
for the corrosion and decontamination effectiveness studies. This was
to assess effects of the decontamination processes on tube ID (primary
side) and 0D (secondary side) films.

Sectioning of Manway Inserts

The hot leg and cold leg manway inserts, which had respective radiation
levels of 2.0 R/h and 3.6 R/h, were remotely sectioned into strips using
the self-feeding, reciprocating saw arrangement shown in Figure 2-2.
The coupons prepared from these strips were used to evaluate decontami-

nation effectiveness for 304 stainless steel.










Preparation/Installation of Protective Plat:s

In order to preserve a section of the contaminated tube sheet bottom
surface on each side for future studies, a special protective plate
-overing an approximate 30 cm x 30 cm area was developed and installed
prior to each of the decontamination operations. The plate (Figure 2-3)
was ctainless steel with 6-in. lead anchor fasteners designed to lock
into select d tubes around its perimeter. A silicone rubber sealing
compound was applied around the edge just before installation as an
added protection against in:rusion of the decontamination solutions.
Raciation exposure during installation of the protective plate was
minimized by developing the special fixturing illustrated in Figure 2-4.
Installation of the plite was accomplished in less than 20 minutes
working from outside the channel head through the manway.

Preparation/Placement of Corrosion Specimens

More than 50 corrosion specimens representing a range of materials and
conditions were obtained and mounted in racks as described in detail in
Section 6. These racks were suspended inside the channel head using
hooks installed in conjunction with the protective plate (Figure 2-5).
The corrosometer probes (Section 6) used to monitor corrosion behavior
durina the decontamination operations were mounted on the manway covers
provided by the decontamination contractors.

Decontamination of Manwa, Cover Bolts

The steel bolts originally used to fasten the manway cover on the
operating steam generator were of a special type that cou’1 not readily
be obtained. Twenty-four of these bolts therefore were decontaminated
to a nonsmearable condition by soaking and scrubbing using concentrated
hydrochloric acid and a thread cleaning device and then used to fasten
the new manway covers provided by the decontamination contractors.

Facility Modifications

A number of minor modifications to the Steam Generator Examination
Facility (Figure 2-6) were required to accommodate the placement of the
contractor process equipment and to enhance the radiological and indust-
rial safety of the decontamination operations. These included:

* Installation of a door between the laboratory and the truck lock to
serve as an emergency escape route for personnel working in the
truck lock and to permit operation, from inside the laboratory, of
the pump used to transfer waste into the truck lock.

Modification of the truck lock to provide secondary containment for
the cold leg decontamination eaquipment and the liquid waste trans-
fer operations. An 8-cm high ramp was constructed at the entrance
of the truck lock and the floor and walls were sealed to a height
of 1.5 m with successive coatings of Carboline 305 and Butvar.
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FIGURE 2-6. Floor Plan of the Steam Generator Examination Facility




A 19 ¢/min. pump was installed in the sump at the back (low point)
of the truck lock and connected to the waste tank in the basement
to handle contaminated 1iquids.

A drain for noncontaminated cooling water was instalied inside the
truck lock and connected to the drain system in the men's locker
room. The water supply in the truck lock was fitted with a back-
flow prevention device to prevent contaminaticn of the building
supply in the event of cross-leakage.

Five 10-cm-diameter penetrations were made in the tower wall at the
back of the truck lock to permit transfer of liquids between the
truck lock and the tower basement without compromising fire safety
regulations by preventing closure of the fire door (Figure 2-7).

Th> waste tank in the tower basement was modified to provide a vent
to the HEPA-filtered building exhaust system. The line installed
to transfer contaminated liquids from the basement tank to the
truck lock was modified to fit the waste transfer tank.

A truck-mountable liquid waste transfer tank was designed, fabri-
cated and certified.

A TV camera was installed in the truck lock to permit remote
monitoring of the decontamination and waste transfer operations,.

Radiation Safety

The activity removed from the cold leg surfaces by the London Nuclear
Services decontamination process was cnllected by ion exchange equipment
located in the truck lock. The concrete block shielding wall shown in
Figure 2-8 was constructed just outside the truck lock wall and was
successful in reducing the external readings to well within acceptable
levels. The ion exchange columns also were shielded inside the truck
lock with block as shown in Figure 2-9 to minimize the exposure to those
working in the truck lock and the laboratory.

Heat Exchanger System

The reagent removal step of the cold leg decontamination process
required a 114 #/min. flow of cooling water for sufficient time to
reduce the system temperature to the value needed for operation of the
mixed bed ion exchange resin (Section 3). Radiological safety consider-
ations prevented the direct dispusal of the cocling water into the
building drain system; therefore, an independent heat exchanger system
was used to provide the cooling capicity while minimizing the potential
for cross-contamination. The heat exchanger system (Figure 2-10)
consisted of a shell/tube heat exchanger capable of cooling 230 &/min
water from 35°C to 29°C when supplied with 190 £/min water at 18°C
maximum, and a pump to circulate the water to the decontamination
equipment heat exchangers for sampie and system cooling
















Deionized Water Supply

The

deionized water required for he cold leg and hot leg decon-

tamination processes was ] an 8 2/min purification system
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ed in z building adjacent to GEF The water was accumulated
3801 tank just outs ‘ GEF and supplied as needed by a small

pumping Sy
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The

additional iror ) S ion, and possibhle precipitation probien

materials in the cnannel head were
stee] or Jaconel 600 with the exception of the gal-

steel covers welded over the nozzle openings at the Surr)
This was not considered a problem for the cold leg decontamina-

ocess. However, for the hot leg decontamination operation, there

concern about possible adverse effects of the zinc on ** acontami -

reagents, excessive consumption of reagents via co n of the
omplication 0 yrocess control and evaluation work because of
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area of the nozzle cover was approximately 2.5% of the *ntal 4rea to

be decontaminated, and estimates by CEGB personnel indicated 1at the
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amount of iron in solution fr corrosion of the carbon steel could be
of the same order of magnitude as that from dissolution of the oxide

film.

was felt that this would complicate or possibly invalidate the

-
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corrosion measurements. n order to avoid these problems, the hot leg

cover
spray

was coated on the inside with sprayahble silicone rubber using a
nozzle operated through a 10-cm-diameter drain hole in the cover.

A stainless steel mesh was piaced over the coating (using the remote

\

ylacement arrangement shown in Fiqure 2-1 to prevent detachment of the
F

COA

ating and plugging of the pump or other system components. The
installed coating and hold-down are shown in Figure 2-]
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Other Preparatery Activ

Uther

tion

ellaneous activities required to prepare for the decontamina-
included:
I« (‘(”‘.j"f)(f :K‘V‘( toarapnic examir ation of th(: lawgy‘ p("rt1on - ""P
channel head to ensure the absence of interconnecting drain hole
that is present in some steam generator designs.
measurements to establish the position of the tube sheet to
ontrol point for the maximum level of the decontamination

solutions.

Welding a strong-back on the outside of the nozzle covers to
prevent a catastrophic failure of the welds. The cover on the hot
leq nozzle also was rewelded in response to a leak that developed
in the weld on the cnld leg ~over, resulting in premature termi-
nation of the last part of the decontamination run,

Construction of ireenhouses around each manway to support the
preparatory operations inside the channel head.







. FIGURE 2-12. Installed Nozzle Cover Coating and Hold-Down



Liquid Waste Transfer/Disposal System (R. L. Bickford)

An existing 1900 ¢ tank was modified to serve as a liquid waste trans-
port tank foi the SGEF. Modifications 'vere made on the tank so that it
would sit horizontally on a truck trailer and could be filled through 2
5 cm line from the SGEF basement holding tank. A 4rur pump was added so
that waste could be pumpea from the tank into tne waste sump at the
waste disposal facility. Other modifications included safety features
such as two level indicators and an overflow line as well as a HEPA
filter for venting air. When the modifications were completed on the
transfer tank, safety personnel witnessed the leak tests and pressure
tests.

During waste transfer operations, the transfer tank was mounted and
fastened on a trailer bed (Figure 2-13). The trailer was backed into
the SGEF truck lock where the transfer tank was filled with liquid waste
pumped from the basement holding tank (Figures 2-14 and 2-15). The
trailer was then moved to the waste disposal facility for the Hanford
Site 300 Area where the liquid waste was pumped from the transfer tank
into the waste sump. Chemical analyses of the liquid waste were taken
before transit and results were given to personnel at the waste disposal
facility. After being pumped dry, the transfer tank was moved back to
the >GEF. When the 7600 % SGEF basement holding tank is full, it takes
four such trips to dispose of all the liquid waste.

Process Chemistry Support

The laboratory in the SGEF (Figures 2-6 and 2-16) was equipped with the
instrumentation and supplies needed by London Nuclear Services and
Quadrex/CEGB personnel to control the -espective decontamination pro-
cesses. Procedures and analyses conducted using periodic samples of the
process solutions "~cluded:

pH and conductivity

Particulates

EDTA

Iron II and total iron

Dissolved oxygen/hydrazine

Proprietary conditioning/decontamination reagents.

A more de.ailed description of (he analytical procedures and process
monitoring schedules is provided in Sections ? and 4.

In addition to the process chemistry work by the decontamination con-
tractors, PNL provided around-the-clock analytical/evaluation support in
the following areas:

. Dissolved metals - Atomic absorption spectroscopy was used to
determine the concentration (in ppm) of Fe, Cr, Ni, Cu, Mn and 7n
in the decontamination solutions during the decontamination opera-
tions.
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. Co-60 Activity - The concentrations of Co-60 in the decontamination
solutions was measured throughout the decontamination operations
using the Ge(Li) detector, analyzer and data acquisition system
shown in Figure 2-17. A description of the evaluation procedures
is included in Section 5.

. Corrosometer Data - Corrosion rate data (um penetration) were
obtained at approximate 2-h intervals for carbon steel, 304
stainless steel and 304L stainless steel for the cold leg decon-
tamination, and for carbon steel, 304 stainless steel and
Inconel 600 for the hot leg decontamination.

The data for these PNL evaluations is included in Section 6 and in
Appendix B.
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3. COLD LEG DECONTAMINATION

The cold leg region of the Surry steam generator channel head was
decontaminated during the September 4-10, 1982 time period by London
Nuclear Services, Inc. using their CAN-DECON dilute chemical decontami-
nation process. This section of the report contains the project report
provided by London Nuclear Services, Inc. followed by a PNL addendum
with supplemental details and figures.
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SUMMARY

The dilute chemical decontamination process, CAN-DECON, was
applied t~ the cold-leg channel head of thc retired Surry
steam generator at Battelle PNL.

The CAN-DECON process, applied in five steps, removed 2.1
curies of activity and produced 24 cubic feet of ion exchange
resin waste. The average decontamination factor (DF) observed
in the channel head was 6.3. The tubes were not included in
the decontamination, at the request of Battelle. A
considerable portion of the remaining field is attributed to
shine from the tubes. Readings on-contact with the lower
channel head interior, shielded from the tube shine, gave DFs
of about 30, indicating that almost complete removal of the
oxide film was achieved with the CAN-DECON process.

The results indicate that the CAN-DECON dilute chemical
decontamination process can effectively remove PWR oxide
deposits and can effectively reduce fields in steam generator
channel heads. The final fields in this deuonstration fell to
about 0.5 R/h.
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INTRODUCTION

Under Battelle Pacific Northwest Laboratories' Subcontract
No. B-F166-8-A-P-1, London Nuclear was contracted to
decontaminate one-half of the channel head of the Retired
Surry Steam Generator. The steam generator wais housed in the
Steam Generator Examination Facility; a building designed to
support study and non-destructive testing of the steam
generator.

The decontamination was performed between September 4, 1982,
and September 10, 1982. The decontamination utilized the
London Nuclear CAN-DECON Dilute Chemical Decontamination
Process.

This report presents the process operations, chemistry, and
results of the decontamination, including metallic and
radionuclide removals, corrosion rates, decontamination
factors, estimated radiation exposure, and radiation fields.




PROCESS OPERATIONS

The major decontamination activities performed at Battelle
are summarized in Table 2.1. The steam generator channel head
was decontaminated using a five-step process. The process
alternated between reducing and oxidizing steps at reagent
concentrations between .05 and .10 wt %,

Attached Figure 2.1 shows the simplified flow path for the
CAN-DECON process. LND 10l1A and LND 104 reagents were
dissolved in demineralized water and circulated from the
channel head through 1ion exchange columns and back to the
channel head. A _process heater was wused to maintain
tempertures at 200 F. Two cation columns were used to remove
corrosion products and radionuclides. A mixed-bed column was
used to remove the CAN-DECON reagent. A more detailed
description of the operating procedures 1s contained in
Attachment 1, Section 3, "Standard Operation."

There were some operating problems during the decontamination.
Due to the fact that only one side of the channel head was to
be decontaminated by London Nuclear, it was necessary to
operate the system at atmsghctic pressure. This limited the
operating temperature to 200 F. The CAN-DECON process is more
effective at 250 F. The circulation pump seal failed during
the decontamination. After numerous attempts were made to
repair the seal, it was decided to use Battelle's waste
transfer pump to complete the decontamination. A later
inspection revealed that an improper shaft had been supplied
with the circulation pump. Near the end of Step 5 of the
decontamination, the nozzle cover pla-: on the steam
generator developed a sizeable leak. This plate had been
poorly welded over the primary nozzle stub when the steam
generator was transferred from Surry to PNL. This failure
caused early termination of the decontamination.

Upon completion of the decontamination, the mixed-bed and
cation columns were slurried into S55-gallon collection drums
for final disposal. The waste was contained in 12 drums,
(660~gallon capacity) of which 180 gallons was contaminated
resin and approximately 360 gallons was slurry water. The
water was decanted from the drums and transferred to the
waste storage tank. The resin was buried by Battelle.

The channel head was inspected after final draining. The
f.elds observed were partially attributed to the shine from
the tubes, and partially to a thin, blackish deposit unevenly
distributed around the head. This deposit was washed into a
collection vessel, using a simple water spray. Final
radiation fields were then measured.
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DATE
8/23/82

8/30/82

9/2/82

9/4/82

9/5/82

9/6/82

9/7/82

9/8/82

9/9/82

9/10/82

TIME

13

10:
15:

18

: 00

30
co

:00

:30

:20
15:
:00

35

19:15

09:
12:
:00

17

00
30

:00
:00
: 00
:00

: 50

:00

10:00

11:
15:
17:

30
30
00

TABLE 2.1

DECONTAMINATION ACTIVITIES

ACTIVITY

Arrival of London Nuclear Staff at Job Site
Indoctrination and Training Completed

Instrument Calibration & Equipment Installation
Completed

System Started Up

LND 101A Reagent Added/Cation Column On-Line
Mixed-Bed cn Line to Remove LND-10lA
Mixed-Bed off Line

LND-104 Reagent Added

Mixed-Bed on Line tc¢ Remove LND~-104
Mixed-Bed off Line
LND-101A Reagent Added/Cation Column on Line

Mixed-Bed o Line to Remove LND-101A
System Shut Down

System Opened for Inspection

Determined that 4th & Sth Steps Desirable

System Started Up

LND-104 Reagent Added

Mixed-Bed Valved in to Remove LND-104
LND-101A Added/Cation Column on Line
Mixed-Bed Valved in co Remove LND-101A
Decontamination Terminated

London Nuclear Representative Arrived at Job Site
Resin Slurry Completed ‘
\




CHEMISTRY AND CORROSION

This section summarizes aspects of chemistry, corrosion, and
radiation monitoring associated with the decontamination.

Chcm'.stg

A summary of the pH, conductivity, reagent concentration,
dissolved iron, and dissolved Co-60 data, during all steps of
the decontamination, is included as Table 3.1. As shown in
Table 3.2, a total of 2.08 Ci of Co-60 was removed from the
system by ion exchange columns. In addition to dissolved
Co=-60, trace amounts of other radionuclides, such as Cr-51,
Ce-131, etc., were also detected periodically. However, their
minute concentration had no significant contribution to the
overall amount of dissolved activity removed. Given in Table
3.7 is a list of dissolved metals removed from the system.
Slightiy more than 2.4 kg of dissolved metals (iron and
chromium) were removed with a majority (97%) being iron. This
is equivalent to a removal of 4.8 kg of oxide film. Analysis
of particulates during the operation indicated only traces of
activity and metals present as non-dissolved species.

Corrosion

Corrosion rates for 304 stainless steel and Inconel 600 were
measured during decontamination. Four coupons of each
material were weighed and installed in the coupon holder of
the decontamination skid. After completion of the
decontamination, these coupons were removed and re-weighed.
They were found to have gained marginally in weight (average
weight gained of 0.03% and 0.008% for the 304 SS and Inconel
600 coupons respectively). This phenomenon is attributed *o
the presence of an extremely thin film of deposit of unknown
nature on the surface of all exposed coupons. Brushing of
these coupons failed to remove the film. Visual inspection of
the exposed coupons revealed no obvious sign of corrosion. As
a result, it is concluded that no corresion occurred on
either the stainless steel or Inconel coupons employed.
Furthermore, dJdata generated on a real-time basis by an
on-line corrosometer with a 304 SS probe during the
decontamination supported this judgment. Table 3.4 presents
the corrosion coupon results.
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TABLE 3.1

SUMMAKY OF OPERATING CONDITIONS DURING EACH
STEP OF THE STEAM GENERATOR CHANNEL HEAD DECONTAMINATION

~ond. Reagent Dissolved Dissolved
Step pH (umho/cm) Conc. (wth) Iron (ppm) Co=60 (uCi/ml

x10™2

1. Reducing
Before Reagent Addition

During Reagent Regeneration

After Reagent Removal

Oxidizing
Before Reagent Addition 5.0 11

During Reagent Circulation 10.9 1220

After Reagent Removal 5.4 22

. Reducing

Before Reagent Addition
Dburing Reagent Regeneration

After Reagent Removal

4. Oxidizing

Before Reagent Addition

During Reagent Circulation

After Reagent Removal

Reducing

Before Reagent Addition
During Reagent Regeneration
After Reagent Removal

* Nct Measured




TABLE 3 2

DISSOLVED Co-60 REMOVED (Ci)
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0.166

1.608

2.975
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DISSOLVED METALS REMOVED (qg)

Step 1
Step 2
Step 3
Step 4
Step 5
Total (rounded)

Equivalent Oxide

TABLE 3.3

910

470

2350

3-12

Cr

45

25

Total
970
43

910



Corrosion Initial

Coupon Weight
Designation (g)

H-1 5.3370

2 5.3461

3 5.3385

4 5.3427

Average

A-l 11.1772
2 11.0877
3 11.0454
4 11.0777

TABLE 3.4
WEIGHT CHANGE IN CORROSION COUPONS

Final
Weight
bl

.3392
.3473
.3398
. 3439

won e

wt. Change = + ,001475 g

11.1780
11.0888
11.0462
11.0785

Average wt. Change = + ,.000875 g

Note:

H - 304 ss
A - Inconel 600

3-13

Weight
Change

.0022
.0012
.0013
.0012

& ¥ $

.0008
.0011
.0008
.0008
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DECONTAMINATION FACTORS AND RADIATION EXPOSURE

Radiation readings were taken, by Battelle staff, using a TLD
rod it various locations in the steam generator channel head.
Figure 4.1 shows initial and final radiation readings.

Table 4.1 summarizes the radiation data collected. The DF
(decontamination factor) varied from 4.5 to 80.0. The average
DF of 6.3 was calculated by averaging points 3 to 6. The low
DF for Point 1 was accredited to shine from the tubes. Point
No. 7 was taken facing the vessel ard did not reflect the
actual fields in the vessel. However, point No. 7 does
indicate that tube shine may be the major contributor to
radiation fields in the vessel.

Note that these final readings were taken after the
degontamination of the hot-leg channel head. The contribution
from the hot-leg had limited the DF to about 2.8; that is,
the average cold-leg channel head fields behaved as follows:

Before any decon 3.35 R/h
After cold-leg decon 1.2 R/h
After hot-leg decon 0.53 R/h
Final DF 6.3 R/h

Shielded dosimeters on the stainless steel surfaces gave DFs
of about 30 (as reported by Battelle staff).

Active stainless steel coupons and Inconel tubes were placed
in the steam generator vessel, giving DFs of 5.7 to 8.5 for
stairless sheet and 4.1 to 4.3 for Inconel.

Total radiation exposure to London Nuclear personnel was 1.4
man-rem.
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38
FIELD 36
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0.6 0.6
0.5 0.4
NA
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_TLD _ROD POSITION
BEFORE AND AFTER FIELD READINGS™
ON TLD ROD POSITIONS

% FROM BATTELLE TLD ROD,
AFTER INSERTION IN CHANNEL HEAD
NA =~ NOT AVAILABLE

LONDON NUCLEAR
DECONTAMIILATION RESULTS FIG. 4.
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TABLE 4.1

DECONTAMINATION RESULTS

Field, R/h
Before After
1. TLD Rod 8 cm Below Tube Sheet 5.8 1.3
2. TLD Rod 274 cm from Bottom of Shell 4.1 -
3. TLD Rod 213 cm from Bottom of Shell 3.8 0.6
4. TLD Rod 152 cm from Bottom of Shell 3.2 0.6
5. TLD Rod 91 cm from Bottom of Shell 2.8 0.5
6.' TLD Rod 30 cm from Bottom of Shell 1.6 0.4
7. Shielded TLD at Tube Sheet Facing Wall 3.3 0.04
Average or - Mlersse e 3o defore 8 L
Shielded Dosimeters on Stainless Steel
Surfaces . -

* Results reported by Battelle Staff
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CONCLUSION

The decontamination of the Surry Steam Generator 4amonstrated
that PWR deposits can be effectively removed by the CAN-DECON
process.

An average decontamination factor of 6.3 was aciuiesved. The
decontamination resulted in the transfer of 2.08 curies of
activity from the steam generator onto 24 cubic feet of ion
exchange resin. The resin was dewatered, solidified, and
buried by Battelle.

Upon completion of all decontamination activities, a visual
inspection of the steam generator revealed it to be clean and
free of any deposits. This, combined with low radiation
levels found on the vessel surface (Point No. 7 Figure 4.1),
infers that the residual fields are produced from *ube shine.
It is felt that the CAN-DECON application to the steam
generator was successful in removing PWR deposits and a
subsequent application to the tubes would improve fields in
the steam generator channel head.
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ATTACHMENT 1
Battelle Pacific Northwest Laboratories
CAN-DECON Decontamination of the

Retired Surry Steam Generator Channel Head

- Procedures -



INTRODUCTION

This document summarizes the operational require-
ments for the decontamination of the steam gener-
ator head. It contains three sections which detail
(1) the necessary preparations for equipment and
services (2) process operacions for the various
steps required for the decontamination and (3)
process chemistry for effective decontamination

monitoring.
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EQUIPMENT INSTALLATION AND SYSTEM PREPARATIONS

Equipment Installation

The decontamination equipment will arrive at site
in a number of sections which require assembly,
as well as connection to the channel head, before
decontamination. These sections are:

one ion exchange skid (skid 1)

two ancillary equipment skids (skid 2 & skid 3)
one piping header for skid 1

three interskid connecting spool pieces
miscellaneous equipment and instrumentation

(disconnected for ease of shipping or due to
fragile nature)
- two man-way covers for the channel heads

The following outlines the installation sequence:

(a) Add the ion exchange resin to the ion ex-

(b)

(e)

(d)

(e)

(£)

(g)

change columns as follows:

CU101 1.7 cu. ft. cation, 6.3 cu. ft. anion
CU102 7.5 cu. ft. cation, 0.5 cu. ft. anion
CU103 1.6 cu. ft. cation, 6.4 cu. ft. anion

Install the man-way cover on the Steam Genera-
tor Channel Head to be decontaminated.

Locate the pump skid (No. 3) in the basement
near the Steam Generator Channel Head as per
Figure 1.

Locate the main skid (No. 2) and the IX skid
(No. 1) on the main floor in the truck lock
as per Figure 1.

Construct temporary shielding around the IX
skid (No. 1) using concrete blocks.

Install the piping header along the front of
skid 1.

Install the interskid connecting spool pieces.
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(h) Connect the following process
services to the skids:

- demineralized water supply (intertace S-5)%

- cooling water supply and return (inter-
faces S-3 and S-4)*

- drain lines (interfaces S-6 ana 5-bA)*

(i) Install and calibrate instrumentation as ne-
cessary.

(j) Connect the nitrogen bottle and regulator to
the surge tank. (Interface S-7)%

(k) Complete the electrical connections to skid 2
(Interfaces S-8, S-8A, and S-9)*

(1) Connect the slurrv hose to CU-102 and route
to the collection header (interface 5-11).%
See Figure 2. (Note that the hose should be
temporarily supported to prevent kinking and
have sufficient slack so as to be easily mov-
ed to the other two slurry connections.

(m) Attach a 3" x 50' hose to connect skid No. 2
at the surge tank anc to the man-way cover.
(Interface S-2 and S-2A)*

(n) Attach a 3" x 50' hose to connect the man-way
cover to skid No. 3 at the pump suctica. (In-
terface S-12 and S-12A)*

(o) Attach a 3" x 50' hose to connect the outlet
of skid No. 3 to the inlet of skid No. 1.
(Interface S-1 and S-1A)*

(p) Connect a %" tubing line from the vent line
on skid No. 3 to the vent line on skid No. 2.
(Interface S-10 and S-10A)*

System Preparation

The following tasks are to be completed by Bat-
telle staff before the decontamination starts:

(a) Supply the miscellaneous equipment listed in
Appendix I.

(b) Radiation level readings are to be taken as
necessary.

(¢) Prepare the chemistry laboratory with support
from London Nuclear staff.

*Note: Interfaces detailed in Table I.
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(d) Connect the rad-waste drain connection to the
collection header.

(e Supply 2,000 gallons of demineralized water
to the job site.

(f) Supply cooling water for sample and process
cooling.
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ITEM NO.

TABLE 1

INTERFACE CONNECTIONS

INTERFACE

CONNECTION

S-1 & S-1A
$S-2 & S-2A
S-3 & S-4

S-3A & S-4A

S-S5
S-6
S-6A

S-7

S-8

S-8A

5-9

S-10 & S-10a

S-11
S-12 & S-12A

* Note: Common Supply for

Outlet Skid 3 to Inlet Skid 1
Surge Tank to Channel Head

Cooling Water Supply & Return
(Process Cooler)

Cooling Water Supply & Return
(Sample Cooler)

Demineralized Water Inlet
Rad-waste Drain
Drain Line Comnection Skid 3

Nitrogen Cylinder to System-
150 Kw Heater Power Supply

Circulating Pump Power Supply

Instrumentation & Control Power Supply
Vent Line Conmmection Skid 3 to Skid 2

Resin Slurry to 55-gallon Drums

Channel Head to Skid 3

terfaces 8 and 8a

3" X 50" hose; 3", 300 1b. R.F. Flg.
3" x 50 hose; 3", 300 1b. R.F. Flg.
15", 150 1b. R.F. Flg.

Mating 3/4" Union For Hose Connection

15", 300 1b. R.F. Flg.
Mating 3/4" Union for Hose Connection

1", 150 Ib. R.F. Flg, Connect to 1" hose
and Run to Waste Tank

4" Swagelock Fitting for Tygon HoSe
480V/150A/3-phase (*See Note 1)
4B0V/150A/3-phase (*See Note 1)
110V/20A/1-phase

" Swagelock Fitting; Rum 4" fyyen Tube
to Collection Tank

14" Cam-lock or equivalent

3" x 50" hose; 3", 300 1b. R.F. Flg.



3.1

3.2.
3.2.1

3.2.2

STANDARD OPERATION

This section details the operating procedures
carried out for the decontamination and should be
read in conjunction with Sketch 3722.

Initial Deconcamination System Status

After the equipment is installed as outlined in
section 2 herein, its equipment status and valve
lineup will be ad justed as per Tables 3-1, and
3-2 respectively.

System Filling
Prerequisites

Prior to filling of the decontamination system,
the following prerequisites apply:

(a) Decontamination system status as detailed i(n
subsection 3.1.

(b) Demineralized water is avail »rle to RS1-V1
and CD1-V1.,

(¢) Steam Generator Channel Head (s available
with man-way cover connected.

(d) Power is available to the required decontami-
nation equipment.

(@) The set point on relief valve ST2-RV1 has
been set to 60 psig.

(f) lon exchange columns are filled with resi:..

(g) A drain facility is installed under the Chan-
nel head to ad just level {(f necessary.

Filling and Venting

with the cqutgnont status as per subsection 3.2.1
initiate the foliowing operations:

(a) Ogcn the following valves: V104/107/108/125/
126/128

(b) Commence filling by opening CDI -Vl. Observe
the channel head level indicatior. Adjust
rate of fil1 by throttling CDi-Vl. As the
l{lt.l fills, verify flow to vents, then
close v125/vize.
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(c)

(d)

(e)

(f)

(g)

(h)

(i)

()

(k)

Monitor the decontamination system equipment
for leakage as the system fills.

When the chaunel head level indicator reads
just below the tube shect, close V128/V101l/
V102.

Open the following valves: CU2-V1/vV2/v3, CU3-
v1/v2/V3, CS1-Vl, CS2-V1, CV1-V1/V2/V3, DGl-
Vl, DG2-V1.

Slowly throttle open RS1-Vl to maintain a
reasonable filling rate.

Stroke CU3-V4/V5/V6 and verify flow to drain
then close the valve.

Monitor the rad-waste drainage flow from col-
lection tank DG-101. Once water starts flow-
ing to drain, close CD1-Vl1 and CV1-V1/V2/V3.

Open V113/V114 to fill the chemical injection
discharge lines. Close the valves when the
tank appears to be one-half full. Open V122
and verify flow to drain. Close V122.

Open individually V121/V123 to verify flow
to drain; then close.

Close RS1-V1.



L2-¢

TABLE 3-1

MISCELLANEOUS DECONTAMINATION EQUIPMENT STATUS

REFERENCE STATE

Equipment Description __ Status
CU-105 Electric Heater Of f
RS-103/105 Slurry Line Connectors Caps On

Nitrogen Bottle
and Regulator

Resin Slurry Hose

Ci'-101/102/103
P-101

Surge Tank Charging System

Connection between IX Column Outlet
and Collection Manifold

IX Column

Circulating Pump

Man-Way Cover

Connected and Isolated

Connected to RS-104

Charged with Resin
Of f

Installed



TABLE 3-2

DECONTAMINATION EQUIPMENT VALVE STATUS

REFERENCE STATE
(continued)

DESCRIPTION STATUS

Degasser vent Closed
Collection tank drain Closed
Surge tank vent Closed
Surge tank relief Set to 60 psig
Demineralized water supply Closed
Sample cooling supply Closed
No. 3 Skid isolation Open
Circulation pump (P-101) suction Open
Circulation pump (P-101) Check Open
Circulation Pump (P-101) Bypass Closed
Circulation Pump (P-101) Discharge Open
Cooler (HX-101) Bypass Open
Cooler (HX-101) Inlet Closed
Cooler (HX-101) Outlet Closed
Auxillary Bypass Open
Auxillary Inlet Closed
Auxillary Outlet Closed
No. 3 Skid Outlet Open
Chemical injection (CI-101) Inlet Closed
Chemical injection (CI-101) Outlet Closed
Ch2mical Addition Closed
Pressure Switch (PS-101) isolation Open
Pressure switch (PS-102) isolation Open
Pressure Indicator (PI-103) Isolation Open
Cooling Water Supply to Filter (F-101) Closed
Cooling Water Return Closed
Upstream drain Closed
Chem:cal injection (CI-101) Drain Closed
Downstream drain Closed

Auxillary Drain

Closed



TABLE 3-2

DECONTAMINATION EQUIPMENT VALVE STATUS
REFERENCE STATE

VALVE DESCRIPTION STATUS
Cul-v1 Inlet flow control Open
Cul-v2 IX column bypass Open
Cul-v3 Pressure indicator (CU-200) isolation Open
CuUl-v4 Pressure indicator (CU-201) isolation Open
CUl-V5 Pressure instrument header isolation Open
cu2-v1 IX column (CU-101) inlet Closed
Cu2-v2 IX column (CU-102) inlet Closed
cu2-v3 IX column (CU-103) inlet Closed
Cu3-vl1 [X column (CU-101) outlet Closed
Cu3-v2 IX column (CU-102) outlet Closed
Cu3-v3 IX columm (CU-103) outlet Closed
Cu3-v4 IX column (CU-103) drain Closed

w CU3-V5 IX column (CU-102) drain Closed
~n CU3-V6 IX column (CU-101) drain Closed
“ RS1-V1 Resin slurry inlet Closed
RS2-V1 Resin slurry outlet (CU-101) Closed
RS2-V2 Resin slurry outlet (CU-102) Closed
RS2-V3 Resin slurry outlet (CU-103) Closed
Ccvl-vl [X column (CU-101) vent Closed
CvV1l-v2 IX column (CU-102) vent Closed
Cvl-v3 IX column (CU-103) vent Closed
CS1-vV1 Upstream sampling isolation Closed
Cs2-v1 Downstream sampling isolation Closed

Cs3-V1 Sample cooler isolation Closed




TABLE 3-2

DECONTAMINATION EQUIPMENT VALVE STATUS
REFERENCE STATE
{continued)

DESCRIPTION STATUS

Cooling Water Vent Closed
Cooler Vent Closed
Channel Head Drain Closed
Channel Head Supply Closed




3.2.3 Interlock Checks and System Leak Check

With the operations outlined in subsection 3.2.2
completed, initiate the following operation:

(a) Have instrument personnel set and check high
pressure switch PS102 to 55 psi.

System Leak Check

(a) Check closed V101/V128 for isolatation of the
man-way cover.

(b) Gradually increase the nitrogen cover gas
pressure in steps to 50 psig by adjusting the
nitrogen bottle pressure regulating valve.

(c) Check all exposed joints for leaks and drops
in pressure.

(d) After the system has been checked for leaks
and necessary ad justments are completed,
crack open ST1-Vl and reduce the pressure to
atmospheric. Close STI1-V1.

(e) Switch the electric heaters to on to verify
that the indicator lights and heaters will
not energize.

(£) Close CU2-V1/V2/V3, CU3-V1/V2/V3, CS1-V1,
CS2-V1.

(g) Isolate HX10l1 by closing V107/V108.
t 3.2.4 Recirculation Pump Startup

(a) Open V101/V102/V128

(b) Close V104.

3-31



3.3

3.3.1

3.3.2

(c)
(d)

(e)

(f)

(g)

Throttle V105 to approximately one-half open.

Place the cleanup recirculation pump (P1l0Ol)
switch to start and hold for 3 to 5 seconds.

Monitor the level in the channel head using
the Tygon tubing sight glass.

Ad just the circulation rate to 200 gpm on
FI101 by adjusting V105.

Vent, as necessary, by opening and closing
V125/V126.

System Startup and Chemistry Preparations

With the operations described in subsection 3.2
completed, initiate the following operations.

Circulation Stabalization

(a)

(b)

(e)

(d)

Check the channel head level to make sure it
stays no more than 3" above the tube sheet.

Check the flow through FI101 and adjust V105
to maintain 200 gpm.

Open SC1-V1 and verify cooling water flow
through the sample cooler.

Initiate sampling procedures.

Raising Temperature to 200° F

With previous step operations completed and a
stable circulation maintained, complete the fol-
lowing:

(a)

(b)

(c)

(d)

Raise the temperature gradually to 200" ~
using heater CU-105.

Check closed V113/V11l4. Open V122 to depres-
surize the chemical injection tank. Close
v122 .

When the system temperature reaches 185° F,
add 4 L. of 30 percent hydrazine to the chem-
ical injection system via the chemical injec-
tion valve V115. Close V115.

Immediately add the hydrazine to the decontam-
ination system by opening V113/V114 and throt-
tling V106.
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3.4
3.4.1

(e) Consinue operation until the system reaches
200" F and the dissolved oxygen concentration
is less than 500 ppb (or as directed by chem-
ists). Add additional hydrazine as necessary.

(f) Isolate the chemical injection tank by open-
ing V106 fully and closing V113/V1l4.

Decontamination Steps

Ceneral

This section details the steps involved in com-
pleting the actual decontamination and has been
subdivided into three steps:

l. First Reduction
2. First Oxidation
3. Second Reduction

Steps 1 and 3 consist of three parts:

- reagent injection
- reagent regeneration
- reagent removal

Step 2 consists of two steps:

- reagent injection
- reagent removal

Reagent injection involves the addition of LND-
101A or LND-104 to the decontamination system.
Reagent regeneration involves the use of a cation
exchange column to maintain reagent concentration
while removing radio nuclides. Process and chem-
istry monitoring and ad justment are alsoc carried
out during the regeneration step to maintain ade-
quate control during the progress of the deconta-
mination.

During the reagent removal step, system tempera-
ture is lowered and the cation exchange column

is isolated. Mixed bed ion exchange resin is then
used to remove the reagent. Chemistry and process
parameters again are monitored to maintain ade-
quate control during this step.




3.4.2A

3.4.28

3.4.2C

First Reduction Step
Reagent Injection

‘a) Raise the system temperature to 200° F using
Procedure 3.3.2.

(b) Place CU-102 on-line by opening CU2-V2/CU3-V2
and closing CU1-V2 until the flow on CU207
reads 40 gpm.

(c) Isolate the chemical injection tank CI10l by
closing V114 and V113. Depressurize CI10l as
per Procedure 3.3.2B

(d) Slowly open V115. Look into tank CI10l and
observe the level. Drop the level to one-half
by opening V122. Close V122.

(e) Add 12.5 1bs. LND-101A through the chemical
hopper via V115. Close V115 once all reagent
is added. Rinse off inlet port of V115 to
remove any reagent.

(f) Open V113 and V114. Throttle V106.
Reagent Regeneration

(a) Repeat steps (d) through (g of subsection
3.4.2A during decontamination to maintain
reagent concentration as deemed necessary by
chemical analysis.

(b) Continue sampling procedures.

(c) Monitor process parameters at regular inter-
vals.

(d) Continue system operation in this manner un-
til chemistry staff decides to terminate the
decontamination.

Reagent Removal

(a) On completion of subsection 3.4.2B, switch
process heater control switches to off.

(b) Once the decontsmination system temperature
drops below 200" F, isolate CUl02 by closing
CU3-V2 and CU2-V2.



3.4.3
3‘&.3A

3.4.3B
3.4.4
3.‘.4A

(c)

(d)

(e)
(£)

(g)

(h)

Open Y107/V126 to vent cooler, then close
V126.

Lower the system temperature to 160° F by
valving in the cooler HX-10l. Open V108 and
close V106.

Open CU2-V1/CV1-Vl to vent. Close CVi-Vl.

Valve in CU10l1 by opening CU3-V1 and ad just
CU1-V2 until the flow on CU207 reads 40 gpm.

Continue system operation in this manner un-
til chemistry staff decides to terminate the
removal operation.

Upon completion, valve out CULOl closing CU3-
V1l/Cu2-vl.

First Oxidation Step

Reagent Injection

(a)

(b)

(ec)

(d)

(e)
(£)

Raise the system temperature to 200° F using
Procedure 3.3.2.

Isolate the chemical injection tank CI10l1 by
closing Vi13/V114. Depressurize CI10l as per
Procedure 3.3.2B.

Slowly open V115. Look into tank CI10l and
observe the level. Drop the level to one-half
by opening V122. Close V122.

Add 25.1 lbs. LND-104 through the chemical
addition hopper via V1i5. Close V115 once all
reagent is added. Rinse off the inlet port of
V1l5 to remove any reagent.

Open V113/Y114. Throttle V106.

Repeat steps (b) through (e) as necessary
during decontaminaticn to maintain reagent
concentration.

Reagent Removal. Follow procedures 3.4.2C.

Second Reduction Step

Reagent Injection. Follow procedure 3.4.2A adding
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3.4.4B

3'A.ac

3.5

3.6

3.6.1

3.6.2

Reagent Regeneration. Follow the same procedure
as 3.4.2B.

Reagent Removal. Follow procedure 3.4.2C except
use CUl03 for reagent removal.

System Shutdown

Shut down the system by turning off the circula-
tion pump and closing V101/V102/V128.

Resin Slurry

The purpose of this step is to transfer the con-
taminated resin from each of the ion exchange
columns to the collection drums for disposal.

Prerequisictes
(a) Connect up cooling water to interface S-5.

(b) Insure the resin receipt drums are connected |
to the resin slurry lines as per Figure 2. |

Slurry Procedure

The following is the procedure for slurrying the
resin from ion exchange column CU-102. Equivalent
equipment designations for CU-101 and CU-103 are
shown in brackets:

(a) Set up radiation monitoring equipment as re-
quired to ascertain levels before, during,
and after slurry operation.

(b) Make all personnel involved aware of the ha-
zards involved during the slurry process.
Keep personnel not essential to the operation
clear of the area.

(¢) Close CU1-V2; check closed CU2-V1/V2/V3, CU3-
V1/V2/v3, CU3-V1/V2/V3/V4/V5/V6, CV1-V1/V2/V3.

(d) Open RS1-V1.

(e) Open RS2-V2 (RS2-V1l, RS2-V3) and watch the
sight glass RS-101 (RS-100, RS-102) for resin
flow to the disposal drums.

(f) Open ball valve on header to selected drum.
Throttle valve as drum fills.
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(g) Close valve when drum is completely full.
Open valve to next drum.

(h) Continue slurry operation until flow is com-
pletely water.

(i) Close RS1-V1 and RS2-V2 (RS2-V1, V3).
(j) Once all the resin is disposed of in the col-
lection drums, check the remaining fields

on the ion exchange columns to make sure they
are at acceptable levels.

Jo ¥ System Draining

3.7:.1 General

The final procedure is to drain the equipment.
General procedure will be to drain the channel
head first, then skids Nos. 1 and 2, and finally,
drain No. 3 skid.

. e S Procedure

(a) Check the decontamination system to make sure
the pump is shut down and supplies of demin-
eralized and cooling water are disconnected.

(b) Connect the 1%'" drain hose to the Steam Gener-
ator Channel Head. Make sure the drain line
is connected to the waste tank.

(c) Open the drain valve V127 and allow the chan-
nel head to drain. Close V127 when complete.

(d) Open: CUl1-V1/V2/V3, V121, V122, V123, V124,
CU3-V4/V5/V6.

(e) Cpen the following valves: CUl-V2, CUl-V1,
CuU2-v1/v2/v3, CS1-Vl, DG1-V1,

(£) When the water level is below the level of
the tube sheet, open the following valves on
skid 3: viol, vi02, V105, V106, V107, V108,
vi25, vi126, v1i09, V110, V111, V113, V114,
vVils5, vVil19, V123, V128

(g) When draining is complete, purge lines as

necessary with nitrogen through the surge
tank.
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4.3

6.3.1

PROCESS CHEMISTRY
GENERAL

This section details the various chemistry
and corrosion monitoring procedures to be
carried out bz2fore, during, and after the
decontamination. In addition, Table 4.1

of this section provides a monitoring sched-
ule based upon the operations outlined in
Section I, System Operations. Water samples
will be taken for process monitoring durng
the decontamination.

pH AND CONDUCTIVITY
Laboratory pH and conductivity meters will
be used to monitor these parameters. Mea-
surements will be made on all water samples
throughout the various oxidizing and reduc-
ing steps of the decontamination.

The pH cell will be calibrated with standard
buffer solutiogs at BH 4, 7 and 10 at ap-
proximately 25°C (77°F). The conductivity
prcbe and weter will be calibrated with
standard KCl sclutions. Below is a list

of spgcific conductance for KCl solutions

at 25°C (77°F)
Concentration Specific Conuctance
(eq/L) (ohm-"/cm)
0.1 0.012886
0.01 0.0014114
0.001 0.0014695

REDUCING STEP

Crud, Radionuclides, and Dissolved Metals

AnaIzses

Selected water samples will be filtered in
the laboratory using 0.45-micron filter
papers. A standard volume between 500 and
1000 mL will be filtered through two back-
to-back identical filter papers, the first
to retain the crud and the second to be
used as a blank. If significant crud is
present, it will be analyzed for weight,
specific and gross activity, and chemical
composition.
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4.3.2

The crud filtrates and all other water sam-
ples taken before and after the ion exchange
column will be counted and analyzed for dis-
solved metals.

Reagent Analysis (Reducing step)

The reagent concentration will be monitored
by analyzing for EDTA. This analysis will

be performed on samples taken before the

ion exchaiize columm. The concentration of
EDTA in CAN-DECON reagent solutions is deter-
mined by complexing the ELCTA with iron III.
[£ the total iron [II concentration is known,
from oxide dissolution and iron [II titra-
tion, then the EDTA concentration can be
determined.

One mole of EDTA complexes with one mole

of iron III. If the EDTA in the reagent
solution is fully complexed with iron III
from oxide dissolution, then the solution

is titrated with EDTA. If it is not, then
additional iron III is added to fully com-
plex the EDTA. The procedure requires that
the iron III<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>