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1. INTRODUCTION

ii

The six large gunite s_orage tanks considered as a group is one of
m

approximately 76 facilities currently managed by the Oak Ridge National

Labortories (ORNL) Surplus Facilities Management Program (SFMP). This

program, as part of the Department of Energy (DOE) national SFMP, is

responsible for the maintenance and surveillance and the final

decommissioning of radioactively contaminated surplus ORNl.facilities. A

long-range planning effort is being conducted that will outline the scope

and objectives of the ORNL program and establish decommissioning

priorities based on health and safety concerns, budget constraints, and

other programmatic constraints. In support of this SFMP pl_nning

activity, preliminary engineering assessments are being conducted For'

- each of the ORNLsurplus facilities currently managed under the program.

These efforts are designed to" (I) provide an initial assessment of the

potential decommissioning alternatives, (2) choose a preferred

alternative and provide a justification of the decommissioning plan,

including cost and schedule estimates. This report presents the results
,

of the preliminary decommission study for the si',< gunite storage tanks,

2. FACILITY DESCRIPTION

Since 1943, several storage tanks have been instal led at ORNLfor storage

" of liquid radioactive waste. Twenty-one of these tanks designated as

surplus are involved in the ORNL.SFMP. These tanks have been divided

into nine groups for SPMPconsideration. The decommissioning of eight of

I



these groups is covered in X-OE-231, Vol. 3. The decommissioning of the

group of six large gunite tanks is addressed in this report. These tanks

have a nominal capacity at 170,000 gal each.

2.! Location and Adjacent Facilities
i

i The group of six large concrete tanks (W-5 to W-IO) considered in this

re_ort are located in the south tank farm. The south tank farm is

located in the approximate center of the ORNL facilities at the main

Bethel Valley site (Fig. I.) This tank farm (Fig. 2)comprises si;<

underground tanks, constructed i,_ 19_3 of reinforced gunite, on a 60..ft

center-to-center square matrix. (Gunite is a trade name for a specific

method of spraying a mixture of sand, cement, and water against a form.)

The three tanks in the north row are identified as W-5, W-7, and W-9,

from west to east. The three tanks in the south row are identified as

W-6, W-8, and W-lO, from west to east. The south row of tanks is at :a

slightly lower elevation than the north row, conforming to the natural

slope of the land. Other surplus facilities in this tank ._arm include

accessories such as six adjacent dry wells and four concrete valve pits

that are located in the vicinity of the tanks. Other facilities used in

a current projec% to empty these tanks are described in detail

elsewhere. 3 In summary, the primary equioment includes above-tank access

platforms and slucing _quipment such as pumps, television cameras, and

control equipment.

i

2.2 Tank Construction

A sketch of these tanks is provided in Fig. 3. These tanks in the south

tank farm (known as the 3507 area) have an inside diameter of #0 ft and
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a vertical sidewall height of 12 ft (with reference to the tank floor atL

the center). The tank dome rises an additional 6 ft 3 in, at tile center,

has no 'internal supports, and is covered with about 6 ft of compacted

dirt. The gunite tank sidewall is 6 in. thick; and the tank dome is
r

believed to be 10 in. thick at the center, increasing in thickness near

the tank wall. Tile tank does not have an interior metal liner. The too =

, and side walls incorporate 3/8 in. and I/2 in, steel reinforcment.

'_lelded _8 wire mesh on a 4 x 4 in. pattern is also used in the roof,

' walls, and bottom.

|
The tank bottoms are approximat, ely 5 in. thick and rest on sl iclhtly

sloping (!/2,_'_) saucers that have curbs and gutters surrounding the t_anks.

An adjacent dry well basin is connected to the saucer under each tank,

with a 6-in. vitreous clay pipe that extends into the gutters on the low

side of each tank. The dry well basins are 2 ft square on the inside and

3 ft square on the outside. The dry well from the saucer drain basins

extend to the surface and are covered with manhole opening covers (see

Dwg. 68336).

Valve pits 206-125" and 206 135" consist of concrete boxes with overall

dimensions of 4 x 5 x 7.5 ft and 3.7 x 6 x 7 ft, respectively. The

thickness of the concrete boxes are 6 in. aqd 9 in., respectively. These

valve pits incorporate plug-type valves. Pit 206-135" previously

*These numbers are original equipment numbers used en the old

llL.! installatior, drawings only.
..... ,,, , ,, ...... ,, IrI , ,,
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extended to the surface and Pit 206-!10" originally had 5 ft of soil

cover. Both pits now have been abandoned and are completely covered with

soil.

Two additional concrete valve pits added after the initial installation

are adjacent 1:o the dry well for Tank W-7. These pits are visible from

• .._ aporoximately 40 ft northwest ofthe surface Two ocher pits are loca _,

Tank W.-9. Two pits are located to the southeast and southwest of

Tank W-6.

New facilities constructed in the area to use while emptying Tank W-5 to

W-!O are described elsewhere (see Sect. 7, Ref. 3).

- 2.3 Tank Histor,/_ Use_ and Contents

During the 35 years the gunite tanks have been in service, they have

contained the Low Level Liquid Waste (LLW, formerly called ILW) from a

large variety of ORNL programs. The standard practice has been to

neutralize all acidic LLW by the addition of HaOH or CaCO3 until the

liquid waste was basic, after which the LLWwas transferred to one of the

gunite tanks, usually one in the north row (see Sect. 7, Refs. I and 2).

After a period of storage in the tank, the LLWwould be transferred to an

evaporator for concentration before the return of the LLW to another

ounite tank, usually in the south row, for an additional storage period

" before final disposal. Organic liquid wastes are not normally routed to

*These numbers are original equipment numbers used on the old
installation drawings only.

tl
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these tanks (see Sect. 7, Ref. 3). However, small quantities of organic

liquid has been handled in the aqueous waste and it was once recommended

that addition of a few gallons per day continue to be allowed (see

Sect. 7, Re#. 41.

While the LLW was stored in the gunite tanks, various chemical salts

(strontium hyaroxide barium hydroxide,, various other h'/droxides and

carbonates, and some sulfates) precipitated because of their limited

sclubility in basic solutions. These precipitates accumulated in

distinct sludge strata of varying compositions due Lo the different

comoositions of the LLW from the various input sources. The different

sludge layers also vary in thickness. Most of this sludge material has

now been rem,]veal and disposed of by hydrofr_c_ure (see Sect° 7, Ref. 4).

Most of the original valve pits have been out of service for many years

since the tanks were either not in service or the functions of the valve

pits were provided by newer systems.

The bulk of the sludge in the tanks has now been removed. When the

emptying program began in August 1980, several additional hules were

bored through the soil cover and concrete dome for inserting 34-in. diam.

access shafts (see Ref. 3). These holes remain for access into the

tanks.

'' 11..... H ' .... IFI'I 1 .... '..... I ......... I ....... I...... _ '_'.r' ''rs ,. .... ro'i,' ,_ql_",t'r,, ' ,_ nlr . _ ,F II._gl"'"'elU'tllgl'll .... _tr I' _!II.....m_!''_"m'lh"'"""
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Access is no longer available to the original valve pits. Pit 206-110"

located approximately 16 ft north of the edge of Tank W-7 is no longer in
D

use a_d has not been accessed since being covered with soil. Pit

" 206-136", 14 ft to the east of Pit 206-!!0" has also been covered. Two

newer pits 'ocated adjacent to the dry well for Tank W-7 extend to the

surface but they are no longer in service. Dry wells located

approximately 5 ft from the northwest edge of Tanks W-5, W-7, and _4-9 _n_

5 ft from the southwest edge of Tanks W-6, W-8, and W-iO are accessible.

2.4 Radiological Characterization

These tanks contained highly radioactive material prior to being emptied

in the early 1980s. Measurements taken in August 1980 through the new

access holes just before removal of the tank contents was ini',iated

provided readings of 400, 600, 900, 900, 150, and 900 mr/br in tanks W-5

through W-lO, respectively. These readings were taken above the contents

at dome level. Readings taken in the opening 3 ft above the tanks were

15, 100, 50, 100, 15, and 80 mr/hr, respectively. A concrete plug

drilled out of the top of one of the tanks read 80 mr/ht immediately

after removal, but fell to 2 mr/ht after two days. The corcrete at other

parts of the tanks is likely to retain higher levels of activity. The

radiation level on the access platforms above the tanks was less than

I mr/hr, and levels around _he chain-link fence surrounding the area were

less than 0.5 mr/hr. A typical stainless steel transfer line located in

.

" *These numbers are original equipment numbers used on the old
installation drawings only and are not referred to by this number
anywhere except there.

II
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the vicinity of tank W-8 read 3 r/hr at 3 in. from the pipe. This agrees

with levels of 2_r/ht reported as typical for plug-type valve pits 6• q

The radiation level in these tanks is now lower because most of the

sludge, as well as the clear water which previously covered the sludge,

has been removed by the gunite tank sludge removal project. A

preliminary radiological characterization was made, after the tanks were

emptied, as part of the current SFMPplanning effort. 5 The inventories

of residual material left in tanks W-5 through W-iO following the sludge

removal activities are given in Table I. This material includes a heel

of slurried waste left after the tanks were pumped out, as well as a

small layer of solids which could not be slurried. A total of 345,000 1

ef waste remains in the tanks. The most significant radionuclides

90 137
involved are Sr and Cs. Tanks W-8 and W-iO have the largest

inventories of residual radionuclides, with 7.8 and 7.0 kCi of 90Sr, N

respectively. Results of a radiation survey of the tank openings and

interiors are given in Table 2. Levels of !7 and 20 rad/h were found

near the bottoms of tanks W-8 and W..!O.

3. DECOMMISSIONINGALTERNATIVESASSESSMENT

The gunite tanks in the south tank farm are not known to leak, but they

are old, single-wall tanks that have little or no long-term reuse

potential. As with other decommissioning studies of this series, an ad

hoc review committee was formed to review summary descriptions of the ..

gunite storage tanks, their condition, and the preliminary radiological
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Table i. Estimated inventory of residual waste in each tank.
I

- Type of wasteb Total
Tanka Slurry Solids Jolume Major Total inventory c

, (_) (_)d (_) radionuclides (TBq) IkCi)

W-5 14,000 9,700 24,000 90Sr 11 0.3

137Cs 0 60 0 02
' others 0.43 0.01
I

9O
W-6 39,000 19,000 58,000 Sr 76 2.0

137Cs 5.5 0.15
others !.5 0.04

W-7 39,000 7,800 47,000 90Sr 62 1.7

137Cs 4.5 0.!2
others 1.3 0.03

W-8 3" .000 3,900 43,000 90Sr 290 7.8

137Cs 25 0.96
others 5.1 0.14

. W-9 54,000 0 54,000 90Sr 15 0.41

i 137Cs 9.1 0.25

others __.6 0.07

W-lO 120,000 0 120,000 90Sr 260 7.u
137Cs 36 0.96
others 12 0.33

Total 305,000 40,000 345,000 820 22

aThe capacity of each tank is 6.6 x 105 ;_.

bEstimated volume based on photographic information.

Cgased on radioactivity/volume ratios multiplied by the volume

shown in column 4 of this table.

dHigh density sludge.

lm
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Table 2. Radiological survey results in the
waste tanks in the South Tank Farm.

Direct
TLD absorbed dose rate beta-gamma absorbed

Tank (rad/h) dose ra te a "

b ( rad/h )
Bb Mb S

W-5 0.74 0.76 0.94 0 015

W-6 2.5 1.2 0.03 0.020

W-7 !.8 1.6 0.83 0,300

W-8 17.0 2.5 0.62 0.150

W-9 6.5 5.6 0.22 S !00

W-IO 20.0 4.4 0.43 0.250

aRadiation measured at the opening of the tank access with
I i d o_en.

b_, M, and S indicate different depth where TLD chios were
placed in the tank. B indicates 0.6 m above the bottom of tank W-5
and 0.9 m above the bottom of other tanks. [,I and S indicate !.8 m
and 3._ m above B, respectively.

i!i

,
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characterization study. The decommissioning alternatives for the large

. gunite tanks were discussed in conjunction with alternatives for the

7
other groups of waste tanks.

Entombment and complete removal were the two primary options considered

for decommissioning the gunite storage tanks. The complete removal

option would involve sectioning large concrete tanks in a relatively high

radiation background field. Thus, removal would entail significantly

larger absorbed doses on the part of the operating personnel. On the

other hand, the tanks could be entombed with only moderate personnel

exposures.

Cost was also a significant factor in evaluating entombment and complete

i removal options. The cost estimates for removal of the other, smaller
. LLW collection tanks had been made prior to selection of the

I decommissioning mode for the large gunite tanks. Therefore, costs forremoval were easily obtained along with entombment costs 'for the large
lm

m gunite tanks. Complete removal was found to cost about 30% more than

entombment.

Because of the lower personnel doses associated with entombment, lower

costs, a lack of alternative land use requirements, acceptable ground-

water levels, etc., entombment was selected as the most probable

decommissioning mode for the gunite storage tanks.

IIII
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4. DESCRIPTIONOF THE DECOMMISSIONINGPLAII

q

The six gunite tanks discussed in this report will be entombed ,with a

grout after remote cleaning. The remotely operated equipment to be used

: in the cleaning, shown in Fig. 4, is concepted as being mostly

"off-the-shelf" commercial robotic components.8 The platforms pr:viously

used for the sludge removal operations will provide a base for the

decommissioning equipment. Tank access will be gained through existing

openings under the platforms° Procedures for removing any remaining

material will be essentially the same as when the tanks were emptied

earlier. Remote decontamination will be accomplished using ultra high-

pressure water jet cleaning, without abrasives. However, abrasive jet
II

scarification could be used on hot spots or hard deposits if experience

indicates a need for the use of abrasives.
i

I 'Once the tanks are cleaned, they will be entombed with grout. Each tank

will require about 170,000 gal of grout; thus, a total of slightly over-- I million gal of grout will be required. A typical grout mixture which

might be considered for use in the gunite tanks consists of 20%

" O/

bentonite, 70,° fly ash, and 10% cement.

The soil in the south tank farm around these tanks will be removed to a

depth of approximately I m. The associated piping near the surface will

be removed. The soil and piping will be placed in low-level waste

burial. New soil will replace the old soil and the terrain returned to

the natural slope in the area.

!4



15

' i i

Ir I . IIII III
i. i , . II_' .'. , i ml' I'111' ' '11'1111'' II ' , ,Hl ..... ii_qml.Pl liI, ._,1., ir_,llrlll.m,,,lllN ' 'r'lll,,l_' =' 'pl, _,l_llll .... Illll" ii = el II i ii Irl._llIi, .. I ,._1.1 lp' I!1_ .,. pl ' 'li lm Pi i.. I,, '_11l pFl,._qlll I. Ip.,P,..," I



i

The'general approach to decommissioning of the si;< l_rge gunite tanks

will be:

I. prepare a project plan, support documentation, and radiological

characterization;

2. perform detail design and finalize decommissioning procedures, and

3. implement decommissioning operations.

5. COSTESTIMATEAND SCHEDULE

The primary cost for decommissioning the six large gunite tanks in the

south tank farm is $5,900,000 (FY-85, first quarter dollars) plus a small

portion of the $521,000 for special equipment which will be shared 'with

other tank decommissioning projects, The estimated cost is summarized in

Table 3.

Table 3. Decommissioning cost for entombing South
Tank Farm gunite tanks

i

z

Engineering 810,@00

Operating Contractor' 3,360,000

On-Site Construction Contractor 1,730._00Q.

TOTAl. 35,900,000

|
-!
_m

.,i, ,,. ,, ,, ,,', ,. "_
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Burial ground cost at $1,609,000 is a significant part of the operating

contractor's portion. Waste volumes are provided in Fig. 5.

Contaminated soil accounts for 3,000 m3 of the total 3,200 m3 of
u

radioactive solid waste, Metal and general rubble accounts for the other

200 m3. A total of 835 m3 of liquid wastes are anticipated, mostly, from

J the cleaning operations.

i

The expenditures by fiscal year are provided in Fig, 5. The cost

estimate worksheets are provided in Appendix I. The estimate generated

for the removal option is also presented as Appendix ii.

6. SCHEDULE

, The schedule for decommissioningthe six large gunite tanks is provided

in Fig. 5. The first year involves characterization studies and

assessments and preliminary engineering. Detailed engineering will be

done in the second year and actual decon_nissioningoperations in years

• three and four.
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I YEAR 11 YEAR 2 YEARS YEAR4 YEAR 5, ,, i ,l,. _ t T J ,,, L I I ..... _._L...L_ _ . "

ALTE ATIVES ASSESSMENT /,_ _7'

PROJECT PLANNING
_'z

En_ineerin_ Designs /_- ' i, ...... _ [
GCout Development ,__ -.....

ProjectPlan 7
PROJEC'" D&D OPERATIONS

,7
Tank econtamination _ ......

ZS 17 7
Suppo t Equipment Removal _ |

d Site econtamination and

Restoration Z_" '

I
r7

FINAL PROJECT REPORTING Z_ "

PROJECT COSTS (SK)
Annual Expense 200 600 ..,°425 ..,_425
Capital Equipment - - 25 25
Total 200 600 2,450 o 450

WASTE VOLUME :'ROJECTIONS
Solid (m 3)

Soil (LLW) - - 3,000 3,000
(TRU) ...._

Rubble (LLW) - - i00 i00
i
._ (TRU) ....
4g Metal (LLW) - - 100 100
| (TRU) ....

i Misc. (LLW) .....(TRU) ....

li Total (LLW) - - 3,200 3,200
(TRU) ....

Llautd (m3)
Proces.._Waste .....
LLW - - 835 835

Fig. 5. Decommissioning schedule, waste volume estimates, and costs by
fiscal year.
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