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INTRODUCTION

Alkaline radicactive wastes resulting from the chemical separation of
fission products from plutonium and uranium at the Savannah River Plant are
stored in underground carbon steel tanks having capacities that range from
0.75 to 1.3 million gallons. The waste falls into two general categories:

- high heat waste (HW) which contains the majority of the fission products, and
low heat waste (LW) which is generated by purification processes and the dis-
solving of aluminum cladding from reactor fuels. Some tanks, equipped with
cooling coils, are for storage of HW, while other tanks, without cooling coils,
are for LW.

Tank 4 is a 750,000 gal type I tank in F Area. It is used for HW stor-
age (figure 1). It is 75 ft in diameter and 24} ft high, and has 34 vertical
cooling coils. At the bottom, where sludge and most of the fission products
concentrate, there are four horizontal cooling coils. The tank is constructed
of type ASTM A-285B steel, with nonstress~relieved welds; it is inside a con-
crete vault with an annular space surrounding it. A 5 ft high steel annulus
pan (secondary container to collect leakage from the tank) lines the bottom
of the vault. Eight risers provide access to the tank interior and four
risers provide access to the annulus.

. Events in the history of tank 4 are listed chronologically in figure 2
and are discussed briefly in this report. Listing of a date by month and
year at any place in this report serves as a reference to the Works Technical
Report for that month. .

This history covers the period from September 1959 to December 1974,

SUMMARY

Tank 4 was placed in service as a fresh HW receiver from the Purex process
in Building 221-F in April 1961. About 607 of the supernate was decanted in
February 1971. Tank 4 then began receiving evaporator bottoms. The supernate was
transferred in July 1971, June.1972, and March 1974, "Fresh high heat waste
was transferred into the tank three times between July 1971 and September 1972
to dilute the evaporator bottoms and avoid salt accumulation on top of the
sliudge in the tank. Tank 4 has no known leaks.

The tank interior and annulus have been inspected by direct observation
and by using an optical periscope. Samples of sludge and supernate were ana-
lyzed. and tank temperature profiles were taken. There have been several equip-
ment modifications and repairs,

DISCUSSION

OVERALL CHRONOLGGY

In April 1961, tank 4 was placed in service as a receiver of HW from the
Building 221-F Purex process. The tank was filled to 265 inches by April 1963,
then to 267 inches by additional HW receipts in December 1966 and January 1967.
The tank remained at this level until about 60% of the supernate was decanted
in February 1971. Receipt of evaporator bottoms began in March 1971 and con-
tinued intermittently until September 1972. The supernate was decanted three
times during this period and high heat waste supernate was received in tank 4
following each decantation. Also during this period, the vertical cooling
coils were blanked off. These steps were taken to avoid salt buildup on the
sludge in the tank bottom.



During the period of evaporator bottoms receipt, about 34,000 gal of soft
salt accumulated on top of the sludge. By October 1974, the salt had redissolved
in the fresh waste receipts.

Significant events, including all entries discussed in the following para-
graphs, are shown on the tank liquid level plot in figure 2 along with the

sludge and supernate temperatures.

Chronology of Events
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1971

Tank 4 began receiving ¥W from the Purex process in Building 221-F.

Level probes were installed in the north and south annulus risers to
replace the necklace alarm.

The annulus was periscopically inspected and photographed.

Vertical temperature profiles showed hot spots in the sludge.
Corrosion samples were suspended under riser 4.

Adrborne activity escaped around the riser plugs and contaminated a
small area around each riser. The risers were caulked and decontami~
nated.

Fresh waste receipt was suspended with the tank liquid level at 265
inches.

Corrosion coupon for SRL was placed in riser 2.
Rainwater inleakage activated the annulus alérm.
Vertical temperature profiles were measured.
Additional fresh HW receipts began.

Fresh waste receipts terminated with the tank liquid level at 267
inches. ' ‘

Attempté to sample the sludge were unsuccessful because the sludge
sampler malfunctioned.

The sludge was sampled for studies of zirconium and niobium recovery.

Measurements showed the sludge load-bearing properties to be inadequate
for salt storage in tank 4.

The sludge depth under riser 6 was four inches.
A transfer jet was installed in riser 6.

Approximately 421,000 gal of supernate were transferred to tank 7.

The vertical cooling coils were blanked off. Tank 4 began receiving
evaporator bottoms. :
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Jul 1971
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Jun 1972
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Jul 1972

Aug 1972

Sep 1972

Oct 1972

Jan 1973

Feb 1973
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4

Salt thickness and sludge depths were measured. Some soft salt was
present.

About 619,000 gal of supernate were transferred to tank 7.

Approximately 184,000 gal of mixed high t waste supernaté were'

received from tank 7.

The annulus was periscopically inspected through the north and south
risers. The annulus was smeared under the same risers to check for
contamipation.

Approximately 614,000 gal of supernate were transferred to tank 7.

About 194,000 gal of high heat waste supernate were received from
tank 7.

The annulus was periscopically inspected through the east and west '
risers. The annulus was smeared under the same risers to check for
contamination.

Approximate1§ 595,000 gal of supernate were transferred to tank 7.

About 191,000 gal of miked high heat waste supernate were received
from tank 7.

The evaporator bottoms drawoff valve began leaking. S
The leaking drawoff valve was removed.
About 385,000 gal of supernate were transferred to tank 7.

Approximately 391,000 gal of high heat waste supernate were received
from tank 18.

A new drawoff valve was installed.

The open-circuit electric potential between the tank wall and the
supernate was measured.

The annulus leak detection-probes were inspected.

The primary wall thickness was measured under the east annulus riser.
The annulus was periscopically inspected.
The reel tape cable was replaced.

Thenpfimary wall thickness was measured under the north, south, and
west annulus risers.




Oct 1973 The reel tape was recalibrated.

The horizontal cooling coils were blanked off.
Nov 1973 The reel tape was recalibrated.
The tank interior was periscopically inspected and photographed.
- Full Fooling water flow was returned to all tank coils.
Feb 1974 About 263,000 gal of supernate were transferred to tank 7.
Liquid level dip tubes were installed in the annulus.
Mar 1974 Approximately 332,000 gal of Supe;nate were transferred to tank 7.

May 1974 A new reel tape was installed. The old reel tapé and other debris
under the tape riser caused operational difficulties,

Contamination was found in the steam supply lines leading to tanks

3 and 4, indicating possible past suckback of waste solutions or

migration of airborne activity into the steam lines.
Jun 1974 Tank 4 began receiving fresh high heat waste.
Sep 1974 A transfer jet was installed in the tank annulus.

The reel tape malfunctioned.
Nov 1974 The reel tape was returned to service.
Dec 1974 Reel tape malfunctions occurred.
Jan 1975 Reel tape‘operation was restored.
INSPECTIONS OF TANK INTERIOR AND ANNULUS

The tank interior and annulus were inspected in September 1959 and the tank

interior was inspected in 1961 prior to waste receipts in the tank.” Monthly
visual observations of the annulus began in May 1962. The annulus was periscop-
ically inspected and photographed in 1962, 1972, and 1973. The tank interior
was periscopically photographed and inspected in November 1973 and May 1974.
All inspectiong are shown in figure 2. '

Available color transparencies are listed in table 1.

Chronology of Events Related to Inspection

Sep 1959 The tank and annulus were inspected. Rust covered the tank interior
surfaces, and pits up to one sixteenth of an inch deep were noted on
the interior tank bottom. Vapor phase inhibitor had been added in
1958.




Mar 1961 The tank was inspected for fabrication defects.

Apr 1961 The tank inspection continued. Two weld defects, a punch mark, and
. three holes {each less than (.2 inch deep) that had been burned into
" the tank floor by a cutting torch were found. The defects were re-

paired by welding before waste recelpt began on April 20, 1961.

May 1962 Monthly visual observations of the tank annulus were initiated.

The annulus was periscopically inspected and photographed beneath
the north and west risers.

Mar 1966 The annulus was visually inspected after ralnwater activated the neck-
lace alarms.

Jun 1972 The annulus was periscopically inspected and photographed beneath the
north and south risers. No unusual conditions were noted. The
annulus was smeared under the same risers to check for contamination.
Results were inconclusive. '

Jul 1972 The annulus was periscopically inspected and photographed beneath the
east and west risers. White solids were seen at the junction of the
primary steel tank wall and the concrete between the primary tank
wall and annulus pan beneath the east riser. The solids were believed
to have been leached from the concrete by ground water. The annulus
was smeared under the same risers to check for contamination. Results
were inconclusive.

Aug 1973 ' The annulus was periscopically 1nspected and photographed beneath the
east riger. No abnormalities were cbserved.

Nov 1973 The tank interior was periscopically inspected and photographed. No
salt buildup was seen above the 256-inch liquid level. :
IR} .

May 1974 The tank interior was periscopically inspected through riser 4 to de-
termine the cause of reel tape operation problems.

SAMPLES ‘OF TANK CONTENTS

- The tank contents were sampled and analyzed three times between July 1968
and July 1972. A sludge sample taken August 1, 1968, was used by the Special
Studies Group of Separations Technology to study 93zx-23Nb recovery. All samp—
ling is shown in figure 2 and all available analyt1ca1 results are shown in
table 2. :

Chronology of Events Relating to Sampling

Aug 1968 A sludge sample was taken for use by the Sep Tech Special Studies
Group

Dec 1968 A supernate sample was taken.

Jun 1972 A supernate sample was taken on the 23rd.




PHYSTICAL MEASUREMENTS

Temperature profiles were taken in existing thermowells. In 1973 the
wall thickness was measured using a digital thickness gage from Automation
Industries. WNo thinning of the wall was detected. Other measurements in-
clude salt and sludge depths and the tank open circuit potential. These
measurements are shown in figure 2.

Chronology of Events Relating to Physical Measurements

Jul 1962 Vertical temperature profiles were taken (figure 3).
SRL corrosion coupons were suspended under riser 4.

Aug 1963 An SRL corrosion coupon was placed in riser.2.

May 1966 Temperature profiles were taken (figure 4).

May 1970 The sludge load bearing strength was measured and found to be inade-
quate to support salt cakes (figure 6).

Feb 1971 Sludge depth was measured.

Apr 1971 Salt and sludge depths were measured.

Feb 1973 The open circuit potential between the tank and the supernate was
measured. The tank metal was in a passive (noncorroding) state.

Jul 1973 The primary tank wall thickness was measured under the east annulus
riser (figure 5).

Sep 1973 The primary tank wall thickness was measured under the north, south,
and west annulus risers {(figure 5).

TESTS CONDUCTED

In October 1973, all cooling water to tank 4 was valved off to study heating
of the sludge and supernate in the absence of cooling water flow in the cooling
coils. The water was valved back on in November 1973. In July 1962 and August
1963, corrosion coupons were suspended in the tank. In August 1968, the sludge
was sampled for zirconium and niobium recovery studies. These events are showm
on figure 2 and in the overall chronology of events.

EQUIPMENT MODIFICATIONS AND REPAIRS

Several reel tape replacements and repairs occurred after September 1973.
In April 1962, conductivity probes were installed in the annulus to replace the
necklace alarm. A transfer jet was installed in the tank in February 1972, and
an emergency transfer jet was installed in the annulus in September 1974. 1In
February 1974, liquid level dip tubes were installed in the annulus. These and
other equipment modifications and repairs are shown in the following list and in
figure 2.




Chronology of Events Related to Equipment Modifications and Repairs

Apr

Aug

Feb
Sep
Jan
‘Sep
Oct
Nov
Feb

May

Sep

Nov

Dec

Jan

1962

1962

1971

1972

1973

1973

1973

1973

1974

1974
1974
1974

1974

1975

Conductivity probes that were installed in the north and south annulus
risers replaced the necklace alarm.

Tank risers which had leaked airborne activity were caulked and decon-
taminated.

A transfer jet was installed, with discharge to tank 7.

A leaking drawoff valve was removed. The valve plug was broken.
A new drawoff valve was installed.

The reel tape cable was replaced.

The reel tape was recalibrated.

The reel tape was recalibrated.

Liquid level dip tubes were installed in the annulus.

A new reel tape was installed. Debris in the tank interfered with reel
tape operation. : -

An emergency transfer jet was installed in the annulus,

The reel tape was removed from service to correct operating problems.
The reel tape was returned to‘service.

The reel tape malfunétioned.

Reel tape operation was restored.
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Table 1
TANK 4 COLOR PHOTOGRAPHS

L

Waste Management Tech.

Access Object of File Locatien - .

Date Port Photograph DPSPF Box or Tray slots <
4727762 North Annulus, welds 8248-1 thru 28 Box 6 32 - 59 _
5/1/62 West Annulus, welds 8245-1 thru 31 Box 6 5% - 87 . B
6/8/712 South Annulus, welds 15972-1 thru 25 Tray 6 26 - 50 *
6/12/72  North Annulus, welds  13999-1 thru 25 Tray 6 1-25 .
7/13/72 West Annulus, welds 16089-1 thru 31 Tray 6 51 - 80
7/11/72  East Annulus, welds  16074-1 thru 25 Tray 6 82 - 106 3
7/24/73  East Annulus, welds  17190-1 thru 23 Tray 6 107 - 129 =

10424773 7 Interior wall 17468-1 thru 12 Tray 7 1-12
5/10/74 4 . Reel tape 17962-1 Tray 7 13
5/10/74 4 Tank bottom 17962-2 thru -12 Tray 7 14 - 24
& wall
Table 2
TANK 4 SAMPLE ANALYSES . -
Date Sampled 12/68 6/72
Type.of Sample Supernate Supernate
Item
A 2.1 g/1 0.54
oH 13.8 g/l 2.8M
co;' 2.3 g/t 0.24
N(); 120 g/1 2.4
N0; 68.5 g/1 3.1
so;' 18.4 g/1 0.03M
cr 0.1 g/l 0.03M 3
v, 0.7 g/l 0.04M ~
CrUd 0.009M L
Specific gravity 1.284 - 2
pH . 1l -
Grose alpha, d/m/ml 7.1 % 10& <5 X 106
Pu, d/m/ml - . 5X 103
Gross beta, d/m/ml 4.9 X 108' -
Gross gamma, d/m/ml . ) 1.8 X 10S - i
90sr . afm/m 3.6 X 10° - w‘»
932:-9%Nb, dfmfnl D -
103
Ru, d/m/ml ND ND
l06Ru, d/m/ml ND ND
B4¢s, d/mfml 19 xao® 2.7 % 10°
e, d/m/md 9.2 X 10° 1.2 x 10t
laACe, d/m/ml ND -
l”Pm, d/m/oii 9.3 X 108 -

ND = none detected.
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