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Without going into the history of the open pits (Nos. 1, 2, 3, and 4), we
need only to note that Trench No. 5 (the first covered waste disposal pit)
was designed and built on the basis of recommendations from the waste dis-
posal group of the Health Physics Division. When Trench No. 5 was completed
it worked satisfactorily but was not adequate to handle all the waste being
produced. Due to agitation for abandoning and filling the open pits, it

was decided to build another trench. 1In an attempt to design the new trench
in accordance with Health Physics recommendations, a criteria meeting was
held on September 7, 1960, between W. de Laguna and representatives from
Operations Division (the operators) and Engineering and Mechanical Division
(the designer and builder). Having already designed one trench according

to Health Physics recommendations, it was assumed that the only unresolved
problem was the site of the trench. At the criteria meeting no mention was
made of the need (which later became a "bone of contention'') for water table

exploration of the proposed sites. Three sites were considered (see Refer-
ence 6).

~

Site 1 =~ along the top of the ridge north of existing Trench No. 5

Site 2a - along the top of the ridge approximately 1400 feet north-
east of Trench No. 5

Site 2b - on the spur of the ridge extending south of site 2a.
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M. E. Ramsey -2- December 1, 1961

[Note: It now appears that there is a difference of opinion between Health
Physics and E & M on the exact location of site 2a. Actually, there is room
between sites 2a and 2b for another trench. Since the general statement made
at the criteria meeting indicated either of two sites (not three) on the ridge
would be satisfactory, it was left up to the design group to select the exact
location at each point.}

Since de Laguna objected to site 1 on the basis of the narrowness of the
ridge and the steep side slopes, it was dropped from further consideration.
Since it was more economical to use site 2a than to use site 2b, the Opera-
tions Division properly chose site 2a.

Design was completed on the project on January 23, 1961. The design drawings
were reviewed and approved by Operations Division personnel but were not
reviewed by de Laguna or other Health Physics personnel. It now appears that
this was a serious oversight.

Although it has never been expressed publicly, we doubt that site 2b would be
any more acceptable than site 1, and for the same reasons. The east slope of
the hill at 2b is even more precipitous than the slopes at site 1. Further,
the only reason for a lower water table at site 2b than at site 2a is the
presence of the steep slope.

The trench was built by a lump-sum contractor according to the design. Dur-
ing the construction, a considerable amount of limestone rock was encountered
in the western end of the trench, and one large ledge was uncovered at about
the center of the trench. This caused no concern to anyone at the time,
although it was known by E & M, Operations, and Health Physics personnel.

W. de Laguna was not formally contacted for advice during the construction

of the trench, but he was visited informally in the field by the E & M Divi-
sion program engineer. de Laguna's only comment was to the effect that less
than one-half of the trench would be effective due to the direction of the
strike with relation to the trench.

Before starting to use the trench, it was treated with 20,000 pounds of copper
sulfate in solution to increase the effectiveness of removal of Ru't ions. A

10 per cent NajS solution containing 10,000 pounds of NajS was also pumped into
this trench. Waste was started to the trench on September 8, 1961, and was
continued intermittently (as rapidly as necessary to keep the trench essentially
full) until September 26, 1961 (see Reference 7).

After the trench was put into operation, Health Physics had seven test wells
drilled adjacent to the trench. de Laguna reports that it was due to the high
water level in one of these observation wells which led them to make a search
300 feet south of the trench at an elevation of 809.6 (26.4 feet below the
bottom of the trench). After the seep was discovered, samples taken from the
test wells and the seep were analyzed for fission products (see Reference 11).
It was discovered, to everyone's surprise, that Srtt and Cst was traveling
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M. E. Ramsey -3=- December 1, 1961

through the ground with very little holdup time. This was the first time
in the operation of the waste pits that passage of the waste through shale
failed to hold back the Srt+ and Cst.

The use of Trench No. 6 for waste was suspended until the cause of its fail-
ure could be determined. Much speculation as to the causes followed. During
the investigation many opinions were advanced. The Waste Effluents Committee
called a meeting on October 17, 1961, to review the situation. The minutes
of this meeting were published (Reference 1). Out of this meeting a series
of recriminations arose (References 2, 3, and 4) due to an apparent misinter-
pretation of statements made at and subsequent to the meeting. Several
illuminating statements made at the meeting were not included in the minutes.
For example, W. de Laguna said that his opinion had not been asked regarding
the actual location of Trench No. 6 but that if it had he would not have
predicted a high water table, although in his opinion the principal difficulty
with Trench No. 6 was a high water table. Other items not mentioned in the
meeting have been included in Reference 1 as an apparent attempt to justify
the Health Physics position of claiming that they had the answers all along
but were not consulted.

Since the recommendations of the Waste Effluents Committee show that the
amount of activity which has been put into Trench No. 6 is so small that it
is not a serious hazard, the violence of the recriminations seem to be highly
unjustified. If a spirit of mutual understanding and cooperation is to be
obtained now or in the future, all groups concerned should avoid trying to
throw all the blame on other groups. E & M Division was acting in good faith
and evidently made some mistakes which might have been prevented if Health
Physics Division personnel had been asked to approve the final drawings.
Health Physics personnel could have been more helpful at the criteria meet-
ing by reviewing with the designers and operators the specific requirements
for the trench, including the necessity for test wells for location of water
table. This could have been accomplished by referring the designers to

ORNL 2384 before the fact instead of after the fact.

It is clear now that there is enough experimental evidence available in the
Laboratory to have predicted the difficulties encountered with Trench No. 6

if only the Operations Division had had the foresite to ask the proper people.
The low pH of the waste evidently had much to do with the failure of the shale
to hold back the Cs? (and perhaps the same may be said of its failure to hold
back the Srt+). However, no one who had the answers took the trouble to
"sound off" loud enough to be heard prior to the incident. Could it be that
it was only after it happened that the chemists considered the phenomena in-
volved in order to explain known conditions? This seems unlikely.

As a result of the discussions at the Waste Effluents Committee Meeting, it
was decided to make several experiments on Trench No. 6. These experiments
involved adding NaOH and NajPO4 to the trench in an attempt to fix the Cst
and Sr++ on the shale in the vicinity of the trench. A catch basin was dug
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in the vicinity of the seep, and the water collected was pumped back into

the pit. Routine sampling of the test wells and the seep was initiated.

A log was started of water levels in the trench and in the test wells in
order to assist in the evaluation of the operation of the trench as an experi-
ment. (See References 7, 8, and 10.) The experiment is continuing, and no
definite conclusions have yet been reached as to the effectiveness of the
treatment.

Before it can be definitely established that pits or trenches can be used
for safe disposal of liquid wastes, a number of questions must be resolved.
These are:

-

1. What types of shale may be used?

2. What are the limits of permeability of the shale which can be
effective?

3. What is the minimum depth to water table required?
4. How far must the trench or pit be from precipitous slopes?

5. What chemical pretreatment of the waste is needed? (i.e., how
much excess NaOH is required?)

6. Is chemical pretreatment of the trench required or permissible?

7. What control must be set up in the way of test wells, water table
measurements, chemical and radiological analyses, etc.?

8. Who is responsible for:
a. Specification of criteria?
b. Maintenance of controls?
c. Operation of the system?
d. Adequacy and correctness of design?
e. Location of site?
f. Financing of the project?

One might well ask why Trench No. 5 works well on the same type waste which
caused trouble in Trench No. 6.

Reference 2 raises some management considerations in connection with the
responsibility for the waste disposal problem.

Reference 3 raises a question of formal approval of future sites by Health
Physics. 1In view of the violence of criticism from Health Physics, it seems
that no other course of action is tenable. E & M and Operations Divisions
were under the impression that Trench No. 6 was located at an approved site.
Due to the oversight in obtaining formal approval of the drawings, Health
Physics can now disclaim any responsibility for site selection.

e

H. E. Seagren
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W. H. Jordan, Chairman J. A. Cox
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Problems Presented by Leakage from Trench No. 6

Chairmen Jordan announced that management requested the Committee to review the
situstion arising out of the recently noticed leskage of radiocactive materials
from Trench No. 6.

Cox described the present situation. The trench in question has been in use since
September 10. On October 5 sampling revealed the presence of strontium in a seep
below the trench. Up to this occurrence none of the earth disposal systems ever
failed to retain strontium. The seep occurs about 100 yards below the trench; the
liquid seeping through amounts to 0.15 gallons/minute. It is intended to prepare
a synthetic soil column by adding clay and shale to the seepage area. Instructions
were glven immediately to stop release of radioactive waste into this trench. The
chemistry of the waste system is. currently being studied by S. J. Rimshaw. On the
basis of previous studies it appears desirabie to add caustic solutlon to the
trenches. As long as this trench cannot be used, Pits No. 2, 3 and 4 will be used
again. It i1s of Interest to note that Trench No. 5 which has been in use for more
than a year still operates satisfactorily. The reason for this failure might be
due to geologlcal or hydrological properties of the region.

DeLagune reviewed the problem from the geological viewpoint. The recommended loca-
tion of the trenches was_chosen .on the basis -of-experiences gained with the open
Reference » 18° made to the "ORNL Seepage Pit Requirements" which was published
in the Health Physics Annual Report for July 31, 1957 (ORNL- 2384). A copy of these
reqpirements is included in the attachments (received after the meeting).

Pits No. 2, 3 and 4 were located on a ridge with a steep slope east of Pit No. L.
Bed rock in the area of the pits and trenches lies in beds extending east and west
and dipping south. Pit No. 1 was used for o a short time and its use was dis-
continued quite some time ago. Pit No. 2 operdtes quite well passing 3,200 gallons/
day; i1t contributed only small amounts of ruthenium to the lake. Pit No. 3 passes
about 1,000 gallons/day. Most of the liquid moves out in a direction parallel to
the bedding of the weathered shale: the unweathered shale below a depth of about 20
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to 30 feet is nearly completely impermeable. The side of Pit No. 3 has some lime-
stone ledges which at first were suspected of forming long cracks or channels, but
after the pit was filled no such channels were observed. Limestone beds in the pit
area have not been responsible for rapid liquid movement but the shale was found to
be much more useful for retaining activity than the limestone. If percolation from
Pit No. 3 had been more rapid it would have been more successful but it was blocked
partially by the location of Pit No. 2.

Pit No. 4 was built below Pit No. 2 and uncomfortably close to the steep bank to
the east. While there was some concern about this location, in view of the ac-
ceptable operation of the other two pits the location was approved; however, a
"patrol road” was built below it in order to monitor for possible seeps. Obser-
vation wells were bullt in this area both before and after the pits were in actual
operation. After the pits had been in operation for some time these wells showed
the presence of ruthenium and a small amount of cobalt.

Evidence was obtained later that Pits No. 2 and 3 were above the water table when
built, however, after the pits were operated for a certain time the water table
rose as a result of the seepage and merged with the liquid level in the pits.

Flow from Pit No. 4 was found to be as much as 20,000 gallons/day. The movement

of the liquid is both to the east and to the west parallel with the bedding; very
little movement of the liquid is observed across the bedding. The end walls con-
tribute virtually nothing to the seepage. Because the waste moves out of the pits
in a direction parallel with the beds it appeared logical to build a narrow pit

at right angles to the beds, filling it with broken stone. Such a narrow trench
filled with stone and covered with dirt would fulfill the same function as the open
pits while reducing the radiation field, which on occasion has reached 5 r/hr around
the open pits. On the basis of these considerations we recommended a nearby ridge
which had a level top and at this site a narrow trench (Trench 5) was dug to a depth
of 15 feet. This was filled with rock covered with dirt and when placed in opera-
tion performed satisfactorily. Since the trench was put in service the water table
level has risen by 10 to 15 feet but it is still well below the level of the trench.

In order to study the distribution of activity around the pits auger holes were
drilled 5 feet from the edge of Pit No. 2; later similar holes were drilled opposite
Pit No. 4. Sampling the liquid in these holes showed only very small amounts (a few
counts per minute) of cesium or strontium; however, it should be emphasized that
sampling by means of auger holes does not give the data for a complete, quantitative
material. balance. A detailed report on this attempted sampling is in preparation.

When Pit No. 4 is completely sbandoned and filled in, it is expected that the water
table will drop. This will leave the strontium and cesium activity suspended in

the shale immediately adjacent to the pit and above the water table. This will also
be the case with Trench 5; the case of Pits 2 and 3 is uncertain.
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=~ Trench No. 5 has operated quite well for over a year taking care of about 1/2
of the intermediate-level liquid radioactive waste from the Laboratory. It was

« then decided to build another similar one, and a reconnaissance was made of a
nearby similar ridge. On the basis of this examination two possible sites for

. Trench No. 6 were suggested for further study (see attached map). Experience
has shown that it is unwise to attempt to estimate the depth of the water table
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where Trench No. 6 was actually built showed depths to the water table of from
14 to over 20 feet, but the minimum is probably less. In view of the seasonal

N § variations the exact depth of the water table below Trench No. 6 is not known

‘j‘# in the area of Trench No. 6 but it is unlikely that it contributes materially to

but while it was being dug the shale was dry to a depth of 15 feet. On the basis

of past experience it is quite possible that the water table will rise above the
bottom of the trench in wet weather, even after the trench is abandoned. The

depth to the water table at the suggested locations is greater. R

Although some shallow auger holes were apparently drilled, neither the sites sug-

gested nor the test drilling recommended were actually made use of. The first
observation—weii§’§round Trench No. 6 were drilled after the trench was in service.

The first observations were made about 10 days ago (October 5) and the depth of
water in these wells (seven) varied from 12 to 18 feet. It was this very shallow
depth to water that lead to the search for the seep below the trench, and it should :

5%_; be kept in mind that the highest water table will come in January or February when
% ' the weather is rainy and the effect of evaporation is negligible. Also the flow . <

- of seep will probably increase materially at this time. There is some limestone

. the flow of waste to the seep. In checking the various holes very little activity
. was found in the ones north of the trench but in the three holes to the south quite

¢-- considerable amounts of activity were noticed.

>~ When the trench was built on this site it was felt that it would percolate through

ST - the shale too silowly; actually the present rate is 4,000 to 5,000 gallons/day. The

- evidence suggests that as the water table came up due to seepage from the trench,

~s the flow was concentrated at a shallow depth into the draw to the south. Logging

~4~.the holes with a GM Probe suspended on a cable shows concentrated flow in this one
direction. There is little or no flow through the shale in depth, largely because
of the location and orientation of the trench.

If waste continues to pour into this trench the water table will continue to be

high and the radioactive materials absorbed on the shale will be soaked and leached
annually by the ground water. Geologically the trench has been improperly located;
however, potentially favorable locations for trenches are still available assuming
that test drilling shows a favorable depth to the water table. Construction of a

new properly located trench appears to be more desirable than trying to improve a
basically poorly located one. The effectiveness for long-term retention of strontium
by attempted remedial action at the seep is problematical.

Although some auger holes were drilled in one of the locations suggested for study
no systematic investigations of these areas has yet been made. A detailed topo-
graphic map of the area would be desirable. The presently available topographic

.o~
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map was made from aerial photographs but because the area is heavily wooded the
topography is not accurate. It should be emphasized that even under the best
conditions there 1is a certain amount of gamble in any trench location, but that
careful site selection (including test drilling) can reduce the hazard.

In the discussion it was brought out that the actual choice of the site of Trench
No. 6 was made by Engineering and Mechanical Division on the basis of cost esti-
mates. It appears that at that time the possible geological objections were not
known to them. A large amount of the $30,000 cost of the trench is due to the
construction of the required new pipe line. Construction of the trenches was
pushed in order to make them available as rapidly as possible for replacing the
open pits. Proposed treatments to improve the present situation include sealing
the top and the use of stabilizing compounds.

Lasher gave the curie amount of radiocactive materials in this trench: strontium-90,
110; strontium-89, 15; total ruthenium, 52; cesium, 338; rare earths, 130. These
amounts are negligible compared to those in the other trenches and pits. In order
to make sure that this material will not migrate anywhere else the whole trench
will be covered over.

Jacobs reviewed the problem from the chemical viewpoint. Strontium causes the
chief concern; the cesium 1s much less important. Recent pH measurements at the
seep showed that the solution pumped out had a pH of 10¥., In the past few years
these solutions contained an average of 0.2 molar NaOH. Accordingly, the hydroxyl
concentration is considerably reduced; the soil acts as a weak acid buffering system
neutralizing the basicity of the solution. The pH value of the Conasauga shale is
between 4.5 and 5.2. Addition of 0.2 molar sodium hydroxide solution in the shale
will have a neutralizing effect at a considerable distance from the point of intro-
duction. While the hydroxyl concentration of lower pH solution will be lowered much
nearer the point of discharge, strontium in the waste amounts to about 100 curies
as compared to a total activity of 400 to 500 curies. In the past about 85% of the
activity was due to cesium, 1 to 2% to strontium. It is known that whenever the
pH value is low the strontium will start to move and it should be remembered that
the soil in_ that ares is loaded with calcium. There is too much calcium in the
soIl to make possible mich pickup of the strontium and accordingly any strontium
that is already moving will continue to move and will not be retained. However, if
the pH is increased to a very high value and the calcium is replaced by sodium then
the situation will be reversed. Thus it _can be concluded that the trench did not
have a good opportunity to perform as planned In view of the pH value of 9. 8 at
which calcium hydroxide and even more strontium hydroxide are quite soluble. The
pH value of the seeps at several hundred feet distance is 4.9. Under these condi-
tions, about 80% of the exchange sites are occupied by calcium and sorption of

strontium is low.

The lowering of the pH is due to decaying plants forming humic acid. From the
behavior of the cesium it can be concluded that the solution passes through the
soil very rapidly resulting in poor contact. This behavior suggests channeling.
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No complete clay mineral analysis of this site has been made yet; in the original
pit area the active material consisted mostly of illite. Other shale constituents
amounted to about 20%.

< ~
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With respect to strontium phosphate fixation at high pH values, it should be re- -
membered that the strontium phosphate Sr3(POh)2 is more insoluble than the corre- ¥
sponding calcium salt and so strontium will be taken up. At the lower pH values -
the compound SrHPO) is more soluble than the CaHPOL . If strontium containing ..
waste together with phosphate ions are passed over calcium carbonate, apatite)will

be formed. The calcium carbonate as such will not pick up strontium. OnI"éfter

the apatite lattice is formed can strontium sorption be initiated. In the present
case the phosphate reaction has not proceeded far enough to start picking up the )
strontium. One way to accelerate this is to add phosphate into the waste before it
is released in order to start the first part of the reaction. Rimshaw added that
the pits are filled with calcium carbonate. If the carbonate rocks could be coated
with phosphate the resulting system would be very efficient. A similar method is
used by the French in Saclay. The behavior of this salt is greatly dependent on the
pH: increasing the pH value above 10, the retention of the strontium will be im- —
proved but not that of cesium. o Thly - e e e e e o L <

During the discussion it was brought out that the analysis of the seep is not con-
sistent with the inventory because all the material does not come out and it is
difficult to determine the exact concentration held on the shale. The opinion was
expressed that the difficulty may be due to a problem arising at the end of the
trench. That area could be closed off with a cofferdam.

Cristy presented the results of the seismographic investigations. Unfortunately at
present the seismographic method is not as precise as would be desirable. At the
time the trench was dug large rock formations were found in the middle of the desired
location. In view of the great cost of rock removal seismographic soundings were
taken in order to determine the depth of the rocks before starting drilling opera-
tions. The instrument based on the determination of the rate of propogational sound
waves stops counting after the first shock wave hits the sensor. The depths can

be calculated from the difference of velocity of the waves which is about 1100 £t/
second in air and 5000 ft/second in solid rock. The soundings gave values of 35

to 50 £t of average depths. In some cases rock was found close to the surface.

No consistent readings were obtained throughout the area. The results only allow
the conclusion that in certain locations there is some rock close to the surface

throwing the seismographic readings off.

Jordan expressed the opinion that it is fortunate the trouble was found so soon.
At present the situation does not constitute a hazard but it would if the waste
disposal would be continued. He felt that the exact reason for the difficulty
and solution to overcome it must be known before the trench can be used sgain.

Rupp pointed to the great investment represented by the trench and indicated that

1t would be very desirable to use them up to the limit of their capacity, perhaps
to dispose 500 to 1000 gallons per day after a safe limit is established on the
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basis of the current investigation. Of course, more data are needed for intelligent
action. No more ditches will be constructed for waste disposal. It is hoped that
the recirculation system to be installed will help reduce the volume of the waste
effluents and improve the situation.

The public relation aspect of the pits still in operation must be considered by

the Committee; the ruthenium which is in the system must be removed. It is very
advantageous that the current waste effluents contain very little ruthenium.

Recommendations :

The exact mechanism whereby the strontium and other isotopes have moved so rapidly
to nearby wells and seeps is not understood, although several possibilities have
been considered. The Operations Division plans to continue their investigation in
hopes of salvaging some use of the trench. Meanwhile, no more radioactive liquid
is being dumped into the trench.

The choice of location of Trench No. 6 appears to be unfortunate in that it is so
near to ground water. It may even be that during the rainy season the level of
ground water may be above the bottom of the trench, even if no liquid is pumped
into the trench. Thus, even after the trench is abandoned there will be continued

leaching of the radicactivity absorbed on the soil.

The amount of radioactivity that has been dumped into Trench No. 6 is relatively
small (some 100 curies of strontium) and does not appear to be a serious hazard.
However, if plans should develop to put some waste into this trench, the Committee
would like to review such plans before they are executed. The Committee endorses
Operations® plan to add caustic to Trench No. 6 and recommends that all waste be
treated with caustic before being dumped into any pit. This should help tie up
the radionuclides in the soil.

Submitted by m@ld—»«d@. o

Francoiy§ Kertesz, 'Executive Secretary
October 25, 1961 Laboratory Director's Review Committees

FK:bMcH
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ORNL SEEPAGE PIT REQUIREMENTS

Seepage pits for the disposal of Intermediate-level liquid waste have been
in -operation in Melton Valley for several years, and despite their many defects,
will have a limited but veluable function for some time to come. Study of the
present pits has suggested valid criteria for the selection of future sites. '

The Conasauga shale appéars to be the only local formation that should be
considered for liquid waste disposal. The reasons for this have been given at
leﬁgxh elsewvhere. The present pits are in the gray calcareous shale of the Conasauga
formation. Pits located in the red noncalcareous shale or in mixed limestome and
shale will have somewhat different operating characteristics.

The pits should be located in areas where the normal depth to the water table
is 30 or 40 ft. Where this depth is less, 15 to 20 ft, it is unlikely that the
rate of seepage will be rapid enough to make the cost of the operation attractive.
This depth-to-water requirement is best met on the crests of ridges running south
into Melton Valley from Haw Ridge on the north. The length of the pit should extend
from northwest to southeast across the strike of the shale so as to cut the maximum
number of bedding planes. The slope of the sides of the ridge should not be so
steep as to intercept the uplifted water table which will extend out from the pit
after it is in operation. The side-nill slope of 20 ft in 100 is perhaps the 1limit
for safe operation, and a slope of 30 ft in 100 has been known to lead to trouble;
this value, however, will vary from site to site and each pit should be tested with
water as it is built. Construction and operation will .be easier if the top of the
ridge is flat. A sloping ridge crest will require modification of the present
simple pit design.

A part of the Melton Valley topographic map is shown in Fig. 41, The present
operating pits are shown at I. The next ridge to the east, II, will probably be
the site of the next disposal pit. The topography here is favoresble, and four test
wells have shown a depth to the water table of about 40 ft. Still farther east,
ridge IIT is also topogrephically suitable, although the steep eastern slope may
require that the pit be located 50 or 100 ft west of the ridge crest. ZEast of
White Ogk Creek there are several suitable ridges, although test wells and a study
of ground-water conditions would be required before any decision could be made.
East of the area shown in Fig. 41 the topography is less favorable and the pits
would heve to be smaller and more scattered. Present understanding of the problem
suggests that the best area for waste disposal plts extends about 2 miles east of
the present operating pits. The results of studies to date suggest that this area
should be reserved for future disposal of intermediate-level liquid waste.
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