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AN ANALYSIS OF THE SOUTH TANK FARM AND THE P0rENTIAL HAZARDS 
ASSOCIATED WITH CONTINUED USE OF THE TANKS AS PARI' 

OF THE INTERMEDIATE-LEVEL LIQUID 
WASTE DISPOSAL SYSTEM 

F. R. Mynatt 
C. C. Webster 

ABSTRACT 

The available information about the tanks} originally 

constructed in 1943, is presented with drawings either 

presented or referenced. Similar tanks located at other sites 

are discussed. The present use of the tanks is discussed along 

with information to show how they fit into the ORNL waste 

disposal system. The potential problems associated with use 

of these tanks is discussed and recommendations are made . 
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I. LOCATION AND DESCRIPrION 

The south tank farm is a lot approximately 120 ft by 180 ft located 

in ORNL area 3507. There are six underground tanks on the lot spaced on 

a 60-ft center-to-center square matrix. The tanks are recorded as equip

ment pieces numbered 206-111, 206-112, 206-113, 206-114, 206-115, and 

206-116. The waste disposal identification numbers in corresponding 

order are W-5, W-7, W-9, W-IO, w-8, and w-6. Figure 1 shows the location 

of the tanks in the Laboratory area. 

The tanks are 50 ft in diameter by 12 ft deep with a dome top having 

no central support. The tank bottoms are 3 in. thick, and the sides are 

6 in. thick at the bottom and 5 in. thick at the top. Each tank has a 

water capacity of approximately 1,470,000 Ib or 170,000 gal.(l) 

Very little information is available on the construction of the 

tanks. Most of the information presented herein was obtained from con

struction drawings. The tank bottoms rest on a conc;rete saucer· which 

was placed on bedrock approximately 18 ft below the surface at an elevation 

of 781 ft above sea level. The tops of tanks W-5, w-6, W-7, and w-8 are 

covered uniformly with 6 ft of earth; and the tops of tanks W-9 and W-IO 

are covered with 5 ft 6 in. of earth. 

The saucers on which the tanks sit have a slightly larger diameter 

than the tanks. The saucers are designed with troughs to 'channel the 

drainage from the tank sides into 6-in. terra cotta drain pipes which 

lead to dry wells.(2) Pertinent drawings of the tanks and the associated 

drainage system are included at the end of this report. The following 

description of a saucer was found in a July, 1943, Clinton Laboratory 

Progress Report: 

"Each tank is built on a concrete pad covered with a mat. This 

mat consists of two plies of all cotton rag, asphalt impreg

nated, water proofing fabric and a surface cover of Orange 

Label sisalkraft paper all cemented together with asphalt. The 

outer edges of each pad are equipped with a raised rim to col

lect any seepage on the pad and conduct it through a 6-in. 

terra cotta·line to the dry wells. lI (l) 
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Figure 2 shows a cut-away view through tanks W-7 and w-8. 
The tanks were constructed by the Guni te process which is comparable 

to a current process known as shotcrete. The tanks' bottoms, sides, and 

dome-shaped tops are reinforced with wire mesh and reinforcing rods. The 

3/4-in. diameter and 1 1/8-in. diameter rods in the sides were formed 

into hoops by turnbuckles and were held in position by 

them to vertical 1/2-in. diameter rods. Each tank has approximately 

8,000 sq ft of . by 4-in. (#8 x #8) wire mesh and over 6 tons of 

reinforcing rods within the concrete.(3) The following description of 

Gunite is found in Kent r s Mechanical Engineers' Handbook (1950): 

"Guni te. This is the trade name of a portland-cement-sand 

mixture combined with water when discharged in the form of 

mortar from the nozzle of a cement gun. The process has a 

broad application for remedial treatments applied over deteri

orated concrete or masonry surfaces, but it may be used 

advantageously as a means of constructing thin walls and 

partitions. The thickness of the solid section usually varies 

from 1 1/2 in. to 2 in., but may be made thicker when desired. 

The finish surface is of uniform, slightly rough texture. If ( 4 ) 

Gunite is a good process for tank construction because, if applied 

in layers, cracks do not tend to propagate from one layer to another. 

The strength of the concrete wall produced by the Gunite process is 

highly dep~ndent upon the proportion of mixture and the 

thoroughness of mixing. The drawing specification for the tank facilities 

calls for a minimum concrete strength of 2,500 psi after days.(2) 

The sides of the tanks are surrounded a 3-ft radial layer of 

2-in. (average size) crushed stone. The height of this 3-ft layer of 

crushed stone is approximately 12 ft and extends from the saucer to the 

top of the tank. The main purpose of the stone is to provide a passage 

for drainage, and possible leakage) to the saucer and thereafter to the 

dry well where such leakage can be detected.(l) 

Many changes have been made in the piping directly associated with 

the tanks. As originally the tanks were in three 

groups of two tanks each. The tanks on the north s ide were receiver 
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tanks which overflowed into the three tanks on the south side. Tanks W-5 

and w-6 were for storage of nonmetal chemical waste. Tanks W-7 and Band 

W-9 and 10 were for storage of metal (uranium) waste. The original flow 

diagram is shown below. 

Nonmetal Chemical 
Waste 

n Valve Box 

Metal Waste 

Original Flow Distribution 

The most significant addition'since the original piping installation 

is the pumping station and underground transfer lines which provide a way 

for pumping waste from any tank to any other tank or to the liquid waste 

pits. Other additions include the installation of a ventilation system 

for tanks W-5, w-6, w-B, and W-IO. Tanks W-5, w-6, and w-B have been 

equipped with volume gauges and samplers. 

II., WASTE STORAGE TANKS AT arHER SITES 

Concrete liquid-waste storage tanks resembling these at ORNL are 

used at the Hanford and the Savannah River operations. The important 

difference between the tanks at ORNL and those built at Hanford during 

1943-44 is that the Hanford tanks use a mild steel inner liner for con

tainment, whereas the ORNL tanks 9 interior surfaces were painted with a 

,A
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bitumastic or asphaltic paint. The tanks built more recently at Hanford 

are larger, and some are capable of containing concentrated self-boiling 

waste. All concrete tanks at Hanford use welded mild steel liners for 

leak-proof containment.(5) 

In 1960, four large (1,300,000 gal) reinforced concrete tanks were 

built for the Savannah River operations storage of intermediate level 

nonboiling wast.e. The domes and bottoms of these tanks are constructed 

of poured reinforced concrete. The walls , however, are constructed of 

reinforced shotcrete. Containment and leak protection are 'provided by 

welded mild steel liners. Leak detection is provided by drainage channels 

directly below the steel liner. Such drainage is collected in a reservoir 

where it may be detected.(6) 

III . USE OF THE WASTE STORAGE TANKS 

The flow of radioactive waste at ORNL can be divided into four 

systems: (1)' gaseous" (2) intermediate-level liquid, '(3) process liquid, 

and (4) solid. Figure 3 is a schematic flowsheet of the waste dispo,sal 

system and shows the major components of each system. Our attention is 

focused on the three 170, OOO-gal central storage tanks' of the highly 

radioacti~e liquid-chemical,waste system and the three l70,000-gal central 

storage tanks of the liquid-urani~~~ waste system; both are encircled on 

the flowsheet. 

The highly radioactive liquid waste system on the flowsheet is so 

named because it has the highest level of any li~uid waste at ORNL. 

Actually the level of activity varies between O.OO~ and 0.02 curie per 

gal as compared with 80.0 to 5200.0 curies per gal in waste from production 

sites. (7)· By comparison the «liqUid waste at ORNL should be classed as 

intermediate~level waste as it is often deSignated in this report. 
I 

The tanks were originally constructed to be used for 'permanent storage 

of radioactive liquid ~aste produced by the plutonium pilot plant and 

related facilities. The system was arranged in three units of two tanks 

each as described on pages 3 through 5. Two pairs of tanks (W-7 and W-8, 

W~9 and W-lO) were used for storage and recovery of uranium waste. Between 
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1952 and 1957 a metal recovery process was used to reclaim approximately 

130 tons of uranium from the liquid uranium waste collected over the years 

in these four waste storage tanks.(7) One pair of tanks was originally 

used for permanent storage of radioactive liquid waste which did not con

tain uranium. All the waste is neutralized before being transferred to 

the tanks, usually by the addition of a 50% solution of NaOHo The original 

procedure called for a pH of 700-7.5, and precipitation and sedimentation 

were obse~ed. (1) This' sedimentation did not prove to be detrimental in 

fi.lling the tanks, and at the Hanford site this settling process has been 
(8) : 

found to decontaminate the liquid substantially. 

Due to the expa.nding needs of the Laboratory, the capacity of the 

tanks proved to be inadequate for the permanent storage of the intermediate

level waste. At the present time none of these tanks are used for perma~. 

nent storage, and only' three of the six concrete tanks are used as hold-up 

containers for liquid waste (chemical). Figure 4 is a schematic flow sheet' 

of the liquid waste disposal system. used at the present time. 

The three tanks presently used are represented as concrete surge tanks., 

These are tanks W-5, w-6, and w-8. Tanks W-7, W-9, and W-10 are not now 

being used but contain a solution of water, caustic (NaOH'), and some radio

active material. Table 1 is representative of the radioactivity of the 

solution contained in these tanks. By maintaining the solution in a basic 

condition, the rate of deterioration of the tanks is kept at a low value. 

Table 1. Activity in Tanks W-7 and W-9 

Gross ~ (counts/min/m1) 

Gross 1 (counts/min/m1) 

Gross ~ (co~nts/min/ml) 

Sr (dpm/ml) 

Ru106 
(dpm/ml) 

Cs137 (dpm/ml) 

Co
60 

(dpm/ml) 

Liquid volume (gal) 

Tank W-7 

1.82 x 105 

1.13 x 105 

4.38 x 103 

2098 x 10
4 

126,000 

Tank W-9 

5.59 x 10
6 

6.17 x 10
6 

5.48 x 10
6 

2046 x 107 

1050 x 107 

2046 x 107 

143,000 
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The average monthly rate of liquid pumped through the three tanks 

used f'or temporary storage of chemical waste is 336,000 gal. The tanks 

,serve as a facility and also hold up the waste allowing for decay 

of short-lived radioisotopes before discharging to the waste pits 0 Current 

operating procedure calls for a pH of 10 or more for the liquid waste dis~ 

charged to the' tanks. This high pH level can be expected to effect 

significant precipitation and sedimentation with an accompanying decon

tamination factor. The resultant sludge is more highly radioactive than 

the liquid which is routinely pumped to the waste trenches. 

,Table 2 below shows the available storage space resulting from the 

deposition of material in the tanks. 

Tank· 

,W-5 

w-6 

w-8 

* W-7 

* W-9 

* W-IO 

Table 2. Sludge Volume and Capacity of ORWL 
Intermediate-Level Waste Storage Tanks (11) ; 

Sludge Volume Available Capacity 
(Gal) (Gal) Current Use 

60,000 100,000 Chemical waste 

86,000 79,000 Chemical waste 

86',000 79,000 Chemical waste 

"30,000 135,000 Chemi cal waste 

12,000 153,000 Metal waste 

10,000 155,000 Metal waste 

* Not currently in use 

The Waste Dis~osal Group of the Operations Divisionis responsible 

for the operation of the tank farm. To assure that the structural aspects 

of the concrete 'tanks are not altered, based on analysis made on the 

Hanford and Savannah Rive.r liquid waste' tanks, (5, 6) 'the following limi-

tations should be considered for tank-far:m operation: 

(1) Specific gravity of the liquid should be less than 1025-

(2) The waste should not be allowed to boil. 

(3) Vapor pressure in the tanks should not differ significantly from 

atmospheric pressure. 
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Due to the volatility and combustibility of many organic solvents, users 

of the system are requested to follow a special procequre when discharging 

organics into the system. The organic material is to be .discharged only 

in small quantities and then flushed with water. In addition, special 

precautions are taken to'assure safe conditions within tank W-5 which is 

the hold-up tank receiving the organic waste .. A blanket of nitrogen is 

maintained, and the gases above the liquid are sampled routinely to assure 

that the gases above the liquid are not accumulating in such proportions 

as to develop into a hazardous condition. All other tanks through which 

the organics pass are maintained with sufficient ventilation. 

IV. ACCIDENT ANALYSIS 

In order to make assumptions concerning the maximum credible accident 

for the tank farm, we need information concerning a multitude of variables. 

Most of the variables have compensating effects (i.e., both beneficial and 

,detrimental) such that quantitative knowledge of the'variable -would not 

predict its effect on the 'accident. Thus, only byexperlencing an accident 

can we begin to: 'appreciate the effect of many of the variables. 

The quantity and activity of ~he contents of the tanks are of prime 

importance. First, we can assume that three of the tanks presently contain 

no appreciable amount of ,:>:. activity. These tanks:, W-7, W-9, and W-IO, 

contain mostly caustic and very little uranium waste. Liquid samples were 

removed from tanks W~7 and W-9 in February, 1963, ~nd analyzed for various 

types of activity as well as sources. The results' are shown in Table 1. 

Next, we assume that three tanks, W-5, w-6, and W-7, are full and have an 

activity concentration in the liquid equal to that of the -effluent or 

that which may be indicated by sampling. 

Figure 5 is a sketch of a liquid sampler -developed for use in the 

tank. farm. The sampler, is 14 ft long and would be suspended by a rope 

passed over'a pulley hanging from a 20-ft tripod. The sampler is lowered 

into the tank until the liquid 'level indicator -is activated. The liquid 

sample is then pulled into the container by the hand pump (syringe and 

two valves). By using this pump, the release of gaseous activity is 

'l_~ 
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:mjnimized. When the sample level indicator is activated, the valves are 

closed and the sampler is raised from the tank. During this procedure, 

adequate precautions are taken to prevent the spread of contamination 

and overexposure. By use of the pump the sample is transferred to a 

bottle. The sample size is limited to 25 ml to permit the handling of 

the sample containers with l5-in. tongs. The sludge level may be obtained 

by placing a protective cap on the sampler intake and lowering the sampler 

until it stops. The sampler level may be compared with known tank depth, 

thus giving the sludge (more probably a cake) thickness. Once the depth 

of the liquid is determined,_liquid samples could be taken at different 

depths. 

It is highly improbable that a sample would be representative of the 

liquid contained in anyone of three tanks being used even at the time 

the sample is taken; moreover, due to the semicontinuo~s filling and 

-removal of waste from the tanks, a representative sample of one time would 

not be-likely to be representative at another time. For these reasons 

the regular sampling of the tank effluent, which is pumped to the waste 

pits, is GiS indicative of the tank contents as most other practical means 

of sampling would be. Table 3 gives an average calculation of the activity 

concentration for the period from April, 1958, to March, 1959, and compares 

it to the average for 1961. 

Table 3. Sampling of Effluent from Tank Farm 

No. of Curies Volume Concentration 
Date Discharged Discharged (Ga12 {CuriesLGa12 

April - June, 19,020 735,000 0.0258 
1958 

July - September, 11,560 941,000 0.0123 
1958 

October - December, 10,540 845,000 0.0125 ' 
1958 

January - March, 12,053 914,000 0.0132 
.1959 

Total 53,173 3,435,000 Ave. 0.0160 

r-,,,, 

" 
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In 1961, 32,329 ,curies were discharged. 

Volume discharged = 3,000,000 
32,329 / Average concentration = 3,000,000 = .0108 curies gal . 

Table 4 gives a list of the activity transferred per nuclide, the 

average activity concentration, and the maximum permissible concentration 

(nonoccupational) calculation for the liquid waste transferred in 1962. 

Table 4. Total Volume of Liquid and 
Activity Pumped through Tank Farm in 1962 

Nuclide Activit'y Tra~sferred (Curies) 

'Sr9O ,1,513 

Ru
l06 

741 

Cs137 17,561 

Co6O 
111 

TRE 1,141 

Total 21,067 

Volume discharged 4,030,000 gal. 

Concentration = 21,067 = . 0052 curies/gal = 11.5pc/ml . 4,030,000 

MPC (Nonoccupational) for 'Mixture Transferred in 1962. 

MPC 1 
1,513 741 17,5bl 111 1,141 

21,Ob7 + 21,Ob7 + 21,Ob7 + 21,OP7 + 21,Ob7 
1 x 10-7 , 1 x 10-5 2 x 10-5 5 x 10-5 1 x 10-5 

MPC 1 = .0718 . 0352 .834 .005~T . .0542 + + + + 
1 x 10-7 1 x 10-5 2 x 10-5 5 x 10-5 1 x 10-5 

1 6 ' 
MPC 7.704 x 105 1.23 x 10- /'c/ml 
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From these tables we can estimate that the total activity now in the 

tanks in liquid form is less than 1,500 curies; thus, in the worst acci

dent, release of all the liquid contents would not be disastrous. The 
I 

effects of the accident would be minimized by the relativ~ly slow movement 
I 

of the waste through the soil, the ability of the soil to retain radio-

nuclides as demonstrated by the waste-pit operation, and the use of the 

emergency pond. While the sludge in the tanks is much more active than 

the liquid (perhaps by a factor of 10), it will not contribute to the 

accident due to its stationary nature. Only if sucp'conditions exist 

that the sludge is leached away would it be of concern; and, as long as 
I ' 

a caustic environment is provided, leaching is improbable. The great 

improbability of a major release from the tank farm and -ehe fact that the 

release would be relatively slow, thus allowing time for extensive emer

gency procedure, tend to relieve us from concern. 

A more probable, but less extensive, accident involving the tank farm 

would be in the form of leakage of waste from the tanks. Such leakage 

could take place through cracks in the concrete or seepage through the 

concrete. This is possible because the tanks do not have a leakproof 

liner and depend only on the concrete for containment. This could be 

a hazardous situation if it were not for the leak-detection and drainage 

system. 

Each of the tanks is surrounded on the sides by crushed rock. In 

the event of a leak, the liquid would flow down through the rock, would 

be caught by the "saucer" on which the tank sits, and would be channeled 

through the 6-in., drai'n pipes into the dry wells. All six dry wells 

di"scharge into a single drain. This discharge is monitored for 'activity 

at the pump. The waste then, is discharged to the equalization basin 

through the diversion ,box where it is again monitored for activity. 

At this point it is pertinent to discuss the geologic considerations 

affecting leak detection and accident conditions. Figure 6 is a section 

of a TVA geologic map of the Oak Ridge area. On this we can note the 

positions of ORNL, Bethel Valley, and various tributaries. A depth-to

water map was developed during a study of the area around Melton Branch 

for a proposed burial ground. From this map it was found that the water 

table varied between the 775-ft and the Sl2-ft elevation. Depth of 

,-
.J: 
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burial in the new burial ground was limited to 1 ft above the maximum 

recorded water ·table for the specific area in question. The area near 

WhiteOak Creek is similar in many respects to the area around Melton 

Branch. This indicated that the water table around the tank farm might 

be as high as , or higher than, that near Melton Branc·h. The elevation 

of the tank saucers for W-5, W-7, and W-9 i~ 782.5 ft and for w-6, w-8, 

and W-10 is 781.0 ft. The facts led to the assumption that the maximum 

water table in the tank farm was above the level of the tank saucers. 

Indeed, this is substantiated by the high average flow from the tank 

drains; i.e., 26,500 gal per day.(9) 

A high water table around a tank farm could be very detrimental in 

that the water table provides a means for transporting the waste rapidly 

from the upper soil to another strata where it may find its way to some 

unexpected' location. In our case the liquid waste in the soil probably" 

would move south in the direction of the gradient; while in the Chicka

mauga limestone below the tanks, it would probably move southwest or 

northeast in the direction of the strike. 

In the ORNL tank farm the high water table is also beneficial in 

that the high drainage from the leak-detection system gives continual 

proof that the system is in good condition; effectively, the tanks are 

situated in a basin which drains through this leak-detection system where 

all the leakage from the tanks would be removed through the drain to the 

equalization basin. There are two activity monitors capable of detecti'n,g 

a leak. One is at the sump pump for the drain, and one at the.diver-

sion box. As evidence of operating ability, a leak of waste from a 

pipeline near the tanks was detected by the activity monitors.(lO) 

In case of a very large break or maximum release,' the dry-well

drainage system could be expected to remove the waste at a high rate and 

thus minimize release to the water table. The activity in the equalization 

basin, would, in- :ca'se of maximum release, ' rise, above the current limit of 

20 curies. If this occurs the: liquid from the eq~alization basin could 

be pumped to the emergency pond. Also, liquid still in the tanks could 

be pumped to an unharmed tank, to the waste pits, or to the emergency 

pond, or simultaneously to all three. The' most important consideration 

affecting the results of a tank release is that the slow movement of 

waste through the soil would allow time for emergency action. 
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v . CONCLUSIONS 

1. As the tanks are currently operated, their use as a hold-and

surge facility may be considered safe. 

2. Slight leakage from the tanks could be tolerated as long as the 

leak-detection and drainage systems. are fully operative . 

. 3 . The maximum credible accident could be serious, but proper emer

gency procedures could make the additional activity release to the 

environment tolerable. 

4. The primary hazard is the unknown strength of the tanks. Because 

of the age of the tanks and the lack of stress analysis information, ·~this 

must be considered as an unknown variable. For this reason the transfer 

of explosive mixtures (or components which could make up an explosive 

mixture) should be prohibited. The ground loading above the tanks should 

be kept to an absolute minimum. 

VI . RECOMMENDATIONS 

While the tanks cannot be tested, it appears to be reasonably probable 

that they will remain intact. In case of a minor fracture of a tank, the 

liquid waste can be transferred quickly to the trenches leaving only solid 

waste in the tanks. When the evaporator is put into operation wi thin about 

a year, the radioactivity of the liquid in the tanks will increase signifi

cantly. If some other process for disposing of the waste is not developed, 

it will eventually be necessary to build additional storage facilities. 

It is recommended that enough new storage capacity of a higher quality(5,6) 

be built to permit transfer of the liquid from a large fraction of the 

existing tanks to one of the new tanks in the event that a leak should 

occur. This' margin of spare storage capacity should always be rriaintain~d. 



(1) 

(2) 

(4 ) 

(6) 

(8) 

(9) 
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A. APPENDIX 

Several drawings are included at the end of this report for reference 

information. In the case of Drawing 679A and 700) clear copies are not 

currently available. 

Drawing No. 679A . 

Drawing No. 700 

Drawing No. w-68334 

Drawing No. w-68336 

Drawing No. D-12201 

Drawing No. D-12205 
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