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TEE WITNESS: Yes, they are.
(ly Hr. Davenport) [Have you ever done any
rescarch?
'

I have cone no laboratory work.

Have you ever done any rescarch of different

6 treatises or :hings like that on groundwater movement?
7 A. It was part of the reports that I've written.
8 It's a part ¢’ every report I believe that I've written.
9 I have looked at croundwater travel times, I did, and
10 tried to make the various pieces it together.
11 Q. When you say you looked at croundwater travel
. 12 tires, have ycu ever cdone any more than simply look at
13 reported findings of croundwater travel time?
. 14 A, No; I have done more than that. I put forth
15 the qguestions, I challenced the erperts and brought
16 evidence to becir and made changes.
17 Q. Do ;sou know how to calculate a groundwater
18 travel time?
. 19 A Groindwater travel time is computec to be 200
| 20 years between the entry of a nuclide and the exit at an
21 catcrop, and i:'s already occurred within 25 years, it
22 cometimes take; very little computation.
23 Q. Aga.n, all you're doing is making statements
24 ¢bout informat.on that's reported. Illave you ever

. 25 calculated it?
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A, Makinc statements, challenging the experts,
redirecting research, telling them what to loock for.

It's rather difficult sometimes dealing with come
contcactors‘and because of their own bureaucratic
problems, so you try to direct the research.

Q. Have you ever done any ==

I"R. PLACK: Could we have just one
noment ?
(Whereupon, a discussion wag held

off the record.)

Q. (By Yr. Davenport) lir., Lawless, have you
actually done any direct field work in croundwater
hydrology or have you simply been involved --

A. I have done field work in the sense I've

58

gotten and made appraisals to check what iec going on, to

see what data is being generatec¢ and to cbserve how

they're generating the data.

Q. You, for example, reviewcd well reports, that

type of thing?

A, I have done that.
Q. What other sort of data review c¢id you do?
Ao Well in line with thet, I have just gone in

and looked at the rescarch that was being done, mace

- " - =

suggestions on changes that shouldé e effected and

y werc, that

o
5

guestioned why things were done the way t
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ATOMIC ENERGY DIVISION
Savannan RivER LABCRATORY

AIKEN, SouTw CAROLINA 25801
n:l SO TIL RO, TEL 003 R34 0000, Wy avluiTe, Sy

September 29, 1976

Mr. N. Stetson, Manager

Savannah River Operations QOffice

+U. S. Energy Research and
Cevelopment Administration

Aiken, South Carclina 25801

Dear Mr. Stetson:

As requested in your teletype of September 17, 1976 to J. D. Ellett, we have
prepared comments on the technical matters mentioned in the suit by NROC et
al ‘against ERDA concerning the construction of additional waste storage tanks.
In accordance with the direction of our attorneys in connection with the .

preparation of the defense of this law suit, we are submitting the information
in the attachment.

The Introducticn of the complaint contains b ..d allegations that are generally
repeated with more specificity in later sections. We have replied primarily to
these latter sections to minimize repetition. Some of the technical issues are
common to Savannah River and Hanford, and the replies of both sites may require
coordination. These particular paragraphs are noted in the attachment.

The draft environmental statement on waste management operations at the Savannah
River Plant (ERDA-1537) addresses in detail most of the technical matters in

the suit. When issued, ERDA-1537 could serve as an important document in
responding to the suit. In addition, the "Integrated Radicactive Waste Manage-
ment Plan for the Savannah River Plant" (SRO-TWM-76-1) provides extensive
descriptions of the engineering and safety features of the waste tanks and the
plans for long-term management of high-level waste.

Sincerely yours,

EXHIBIT
hop | icants

(?ZZV-cﬁaza

C. H. Ice, Director

WCR:msg
Attach.
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COMMENTS ON TECHNICAL ISSUES I NROC SUIT

The storage of high-level radioactive waste in the tanks funded for

FY 1976 and FY 1977 will not result in undue risk to the public from
release of radioactive materials to the environment. A1l relevant

and proven technology, currently available is incorporated in the

design of the new tanks to ensure high-integrity containment over their
service life. Although the tanks will have safety features beyond

_those included in the design of the tarks built earlier at the Savannzh

River Plant, there is no undue risk to the public from present storage

of waste. The radiation dose in 1975 to the population within S0

miles of SRP from storage of high-level waste was 3 man-rem (0.004

percent of the dose from natural radioactivity). This radiation |
exposure was not caused by leakage or accidenta) dispersal of radio-

activity, but by normal processing of the high-level waste.

Project 76-8-a will provide six waste tanks, two evaporators, and
additional waste tank farm facilities (pumps, concentrate transfer
systems, etc.) The six new waste tanks will have a total capacity of
7.8 million gallons. '

Project 77-13-d will provide four waste tanks, a waste maintenance
facility and a variety of tank farm improvements. .The additional

tanks will have a total storage capacity of 5.2 million gallons-of
waste. . -

Strontium-90 (half life of 28.9 years) has been assigned to the Medium-
Toxicity (Upper Sub-Group A) category of radionuclides by the Inter-
national Atomic Energy Agency. (Basic Toxicity Classification of
Radionuclides, IAEA Technical Report Series 15, 1963).

Cesium-137 (half 1ife of 30.1 years) has been assigned to the Medium-
Toxicity (Upper Sub-Group A) category of radionuclides by the Inter-
national Atomic Energy Agency. (Basic Toxicity Classification of
Radionuclides, IAEA Technica»Report Series 15. 1963).

The term "soft steel" may be misleading. The generic name applied to
the steels used to fabricate SRP high-level waste tanks is “carbon
steel". More precisely, the steels can be specified in terms of
ASTM Standard designations. The tensile strengths of carbon steels
used in SRP waste tanks (a1l are pressure-vessel guality steels) are
similar to tensile strengths of austenitic stainless steels used in

the waste storage tanks at the ldaho National Engineering Laboratory
in INEL tanks as shown below.

ASTM Designation Tensile Strenath, ibs. per sq. in.
Carbon Steels Range or Minimum

A 285-Grade B 50,000 - 70,000

A 516-70 " 70,000 - 90,000

A 537-Class 1 (normalized) 70,000 - 20,000

——————

* (Comments are numbered to correspond with the numeration of the
'paragraphs in the complaint.
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ASTM Designation " Tensile Strength, 1bs..per sg. in
“Carbon Steels Range or Minimum
Austenitic Stainless Steels
A 479 Types 304L and 316L 70,000

Type 348 i . 75,000 .

(i S—- *
* Current ASTM Stendard for stainless steel plates for pressure
vessels.

Selection of steel for waste tank construction has been studied
extensively at the Savannah River Plant. Both carbon steels and
austenitic stainless steels have been considered in recent years for
tank fabrication. Based on technical and economic reasons carbon

" stee) was selected as the material of construction for SRP tanks

(see Items 63 and 69).

The steel used in the early SRP tanks was A 285-Grade B, and the
fabricated tanks were not stress-relieved. These.are the only tanks”
that-have experienced -nitrate stress corrosion cracking:-“Waste tanks
constructed-at-SRP-since~1967-were-made 0f A 516-70 and were stress-
relieved after erection. The steel for tanks funded in FY 1974 &nd
FY 1975 is A 516-70 in the normalized condition. Normalizing is a
heat treatment (analogous to annealing) that refines the grain size
and improves the toughness of the steel plates. A 537-Class 1 steel
is specified for the FY 1976 and 1977 tanks. This steel is supplied
only in the normalized condition, and the chemical ccmposition is very
similar to A 516-70, except that the specificatinns on impurities are

tighter to ensure more uniform properties among multiple batches of
steel. : : :

.Eight of the sixteen original SRP waste tanks have experienced some

leakage from the primary tank to the annular space inside the secondary
container. All these eight tanks were built prior to 1960 of A 285
Grade B stee) and not stress relieved after fabrication (see Item 52).
The leaks occur through small hairline cracks, usually adjacent to
welds. The rate of leakage was very slow (<0.05 gal/min) except from
Tank 16. In that tank minor leakage was detected in November 1859

from the primary tank to the annular space inside the secondary con-
tainer (steel pan) and concrete vault. Subsequently, during September -
of 1960, a large number of very small leaks resulted in a leak rate
reaching a maximum of about 4 gal/min. The level of waste in the
annular space exceeded the 5-fcot height of the steel pan for an
estimated period of six hours while a transfer jet was being installed
in the annulus to remove the leaked waste. Some wastie overflowed into
the space between the concrete vault and the steel pan. Leakage fron

the primary tank was stopped by reducing the 1iquid level inside the
tank below the major leak sites. ‘



56.

"4 x 10°
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A maximum of 700 gallaons of alkaline waste rose above the top of
the 5-foot-high steel pan liner of Tank 16. Intensive investigation
and monitoring over the intervening years confirm that most of the
700 gallons was contained in the concrete vault and the quantity of
waste leakage into the soil was limited to a few tens of gallons of -
YS?te containing about 7 Ci of radioactivity per gallon (primarily

Cs). Because the tank botiom is below the surface of the near-
surface water table, the radiocactivity that reached the soil also ~
immediately reached the ground water. The soil contains clay with a
significant ion exchange capacity, and consequently during the ensuing
period the radioactivity has moved only a few additiona) feet. The
limited migration has been confirmed by extensive sampling and testing
with encased wells. The radioactivity level in the ground water 15
feet from the edge of the concrete pad under Tank 16 is about 10 times
the normal background of 5 to 15 pCi/1 (the Concentration Guide for
137¢s g drinking water is 2 x 104 pCi/1) and between 2 x 107% &nd

Ci of radioactivity is estimated to have moved beyond this

point. Continued use of Tank 16 was restricted to & reduced volume
(below the worst cracks) until it was removed from liquid storage
service in early 1972. Further details on leakage from Tank 16 are
given in DP-1358.

To prevent possible future accumulation of liquid waste in the annular
space, jets of 75 gal/min capacity are installed in the annular space
of each high-level waste tank so that liquid waste may be rapidly
returned to the storage tank. All tank annuli are purged with air to
dehumidify the space and evaporate any leakage to dry, immobile salt.

SRP has demonstrated the capability to safely remove sludges ani salt
cake from SRP waste tanks. Salt cake in SRP tanks can be redissolved
in water, and transfer of the resultant solution from one tank to
another is a routine SRP operation. Sludge was first resuspended and
pumped from a waste tank in 1956 by slurrying with water. Sludge has
been also slurried from sevg;gI other waste tanks since then. In
addition, § more cost-effective technique for slurrying the siudge

with supernate is being developed and a demonstration with actual waste
is planned. Chemical techniques are being developed for final cleaning
of retired waste tanks and a demonstration in a cracked waste tank is
being planned.

Salt and sludge can alsc be removed safely from leaking waste tanks.
As indicated in response to Item 54, leaks from SRP waste tanks have
resulted from small hairline cracks in the primary tank. These small
cracks would not interfere with salt or sludge removal. Should com-
plete failure of the primary tank occur, the secondary tank will serve
to contain the tank contents during salt or sludge removal. ;

A process is being developed for solidifying and packaging of SRP
waste for long-term storage. The waste will be converted to a solid
form that is highly resistant to dispersion to the environment. The
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development program §s described in the document, "Integrated
Radioactive Waste Management Plan for the Savannah River Plant”
(SRO-TWM-76-1). No technical obstacles have been identified that
would prevent solidification and packaging of SRP high-Tevel waste
for long-term storage . :

Although WASH-1528 (issued in April 1973) indicated that the waste

may remain in SRP tanks through 1999, Savannah River is now planning

to remove high-TeveT waste from the tanks at an earlier date.

Schedules for several of the options for long-term management of SRP
waste show waste solidificagion to tegin in 1987. During the solidifi-
cation period, waste tanks will be emptied on a scheduled basis to
limit high-level waste storage in tanks funded in FY 1976, FY 1577 or
in future years to a period of less than 20 years. Other waste manage-
ment options are also evailable to meet th2 schedule of removing the
high-level waste from these tanks within 20 years. If a long-term

" repository is not available to receive the waste, the solidified

encapsulated waste could be temporerily and retrievably stored in an
environmentally safe facility until the long-term storage facility is
completed. '

SRP waste tanks do not have domes. The Savannah River Plant Type 111
waste tank design, developed in 1966, and continually refined since
then, includes a steel-reinforced concrete center column 6 feet in
diameter that supports the &-foot-thick reinforced concrete roof

slab. The flat 1/2-inch-thick steel roof plates of the tank are pinned
to the concrete roof slab to ensure the highest possible structural

integrity. Collapse of the roof slab of SRP tanks has a very low
probability of orcurrence.

Salt cake is no more corrosive than the ligquid high-level waste. This
has been demenstrated through experience with waste tanks at SRP in
which salt cake has been stored since 1960. Literature survey and
laboratory studies substantiate this experience. ‘Stress_corrosion
cracking can be caused by either strong N0 or strong O concentrations.
Cracking by either anion is inhibited by the presence of small amounts
of the other one. NO2 also acts as an inhibiting agent. ln.tpcfg;s¢iii
0f,-the-waste tanks which are known to have cracked due to stress—=i—%
corrusionu the.cause-was-a=high-concentratfomrof NO3 and relatively Jow

‘concentrations. af OH=_and NO>.in- fresh waste.—As—the waste solutions -

age, radiolytic decomposition of the NO3 occurs, converting it to NO2
and rendering the waste solution less aggressive. Ouring cyrstalliza-
tion of waste, the_interstitial liquor becomes more concentrated in OH”
as the N0, and NO; crystallize in the salt receiver tank. Samples of
the "terminal liquor" have been analyzed to contain §4 OH™, 2M NOa, and_
M NO,. Laboratory studies indicate that this_liquid (with its high OH
concentration) is stabilized by the K03 and NOp concentration and should
not cause stress cracking of the waste tanks.

+ Reply may require coordination with Hanford.



Salt cake has 2 higher density than liquid waste. The amount of
salt stored in a tank is limited so that its weight does not exceed
the design spgcification of the tank.

62. Meltdown of SRP. tanks resulting from a2 loss of coolant is incredible.
The waste tanks are equipped with cooling coils in multiple headers
to remove radiolytic heat. A failure of one or more coil headers
will not affect the operation of other coils. “Twice as many coils as
are necessary to cool the waste are installed as a contingency against
multiple failure. In addition three other safety provisions have been
included in the tank design. These are 1) forced air cooling of the
external surfaces of the primary tank, 2) access ports in the tank
roof to allow insertion of supplementary cooling coil bundles, .and
3) the condenser in the tank ventilation system which returns condens-
ate to the tank. If all of the backup cooling systems were entirely
lost for a tank containing the maximum heat content waste, four to

- ten days would be required before the contents of the waste would
reach boiling. During this time the waste could be transferred
to a tank with adequate cooling.

-

“of=SRP-tanks Bottoms™of new tanks™are specified to be flat within - &

63-64. (/'Lherehasfﬁiiﬁ'no evidence of stress_corrosion cracking on the bottom f’J

~37inches with no more-than a 0:33-inch-per=foot sTope on—2my"di’s

Jtortfun;QEOUt-cf;fTatnéqgfgipéfiénEE&for&alt’tecent-prﬁmary'tln
bottons.has-beea=tasthan hatf -the specified MmaximuMeeees

P

65." 3. Generalized corrosion is minimal in SRP waste tanks. Wall thickness
measurements on ten tanks, and measurements of the bottom plate thick-
ness on two tanks have shown no wall thinning due to general corrosion.
Test coupons exposed-imsynthetic-and actual waste solution showed x
pi tsthgetypei corrosioncto-be<insignificant frates of~tess than-2.5 x «
10=2. cm/year). Examination of one of the cracked-tanks- showed. that

“the stress-corrosion cracks originated on the internal surfaces and
that corrosion on the external surface of the steel was minor. Based
on these measurements corrosion is insignificant. The thickness of

the steel, 3s determined from working stresses in the tank walls, is con-
sidered to be adequate.

b. As-indicated in item 52, the carbon steel--specification for waste ™=
‘tanks_at-SRP- W changed when_stress carrosion cracking was detected.
Fabrication techniques were also revised to minimize stress corrosion
by a stress relieving heat treatment of the fabricated primary vessel.
The steel specifications have been revised further so that the plates
are supplied in the normalized condition.

c. Cathodic protection for SRP waste ‘tanks was considered in 1971 and :
1972. A consulting firm concluded that cathodic protection was
feasible contingent on the resu!ts'of additional studies to

+ Reply may require coordination with Hanford.
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1) determine effects of cathodic protection on tanks
containing salt . , :

2) develop anode material and design for a workable
system :

3) develop anode supports and seals

These additional studies relate to the engineering and maintenance

tonsiderations of emsuring proper electrical potential and current
distribution. -

Other problems were identifted by SRP. These included

1) differences in electrical conductivity of waste .
. supernate, salt cake, and sludge would prevent
uniform distribution of current flow over the inner
surface of a tank,

2). the integrity of the electrical insulation between
' the system anodes and the tank could not be ensured
over a period of years,

3) stray electrical currents that might develop could
actually accelerate localized corrosion in tanks.

The benefits of cathodic protection for waste tanks was judged by

SRP to be small in comparison to the uncertainties and probliems of
installing such a system. As a result of the . “vances in tank con-
struction - improved materials and construction technique (stress -«
relief of finished tanks) - and better understanding and definition

of the characteristics of SRP°waste’ that’ caused corrosion problems-—x ;
in waste~tanks o teveTopmént Of the information necessary ta_implements
cathodfCBrotecTion_was not judged to be necessary.. Reliance was

continued on use of the more resistant steels and improved tank designs
for long-term protection.

d. As indicated in Items 63-64, design, construction and testing specifica-
tions for these waste tanks are developed through extensive analysis
by specialists and consultants. These specifications are revised as
necessary to ensure that SRP tanks incorporate all relevant and proven
technology to ensure tank dependability.

66. a. The long-shafted pumps that can be used to remove liquid waste, re-
dissolve salt, or slurry sludge from SRP waste tanks are designed to
fit into any tank riser larger than two feet. The SRP Type IIl waste
tanks contain numerous access risers larger than this two-foot
diameter. Pumping of all these waste products has been demonstrated
in existing SRP wasfe tanks as described in items 56, 67 and 73.

b. Internal tank cooling coils are a standard part of waste tank design

for removing radioactive decay heat from high-heat waste tanks at
SRP.
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SRP tanks funded for FY 1976 and FY 1977 incorporate in their.
design and construction all relevant and proven technology
currently available to ensure tank integrity over many decades,
although they are scheduled to be used for storage of high-level
waste for less than 20 years. Tanks and associated equipment are
designed with a large factor of safety. They will not be subjected
to all the adverse conditions allowed for and should be serviceable
for a much longer period than their design life. In the very
unlikely event that a tank deteriorates to 2 point of questionable

adequacy before its planned retirement, waste will be transferred
from it to another tank (see item 55). :

The 1ife expectancy of waste storage tanks made either of stainless
steel or carbon steel depends on operational and envirconmental
factors and ability to control those factors. Carbon steel and
stainless steel suitable for waste tank construction have similar
strengths (see item 52). Austenitic stainless steel of the type used
~ for waste storage is susceptible under specific conditions to the
same forms of corrosion that can damace carbon steels. Austenitic
stainiess steels are susceptible to stress corrosion cracking by
chlorides and by caustic; fluoride ions are also known:to have caused Vv
cracking. Pitting~and/or intergranular corrosion (especially in weld
| heat~affected. zones)camoccur=due-to-chlorides,~fluorides,. nitrates,
chromases, and nther.ionic ¢hemical species ™ Therefore, the specific |
-gﬂgmﬁcaéngqgge:of;uaStgabeing’stoggg;agd charges that occur for any |
[ reason’.during. storzge must Be known and must be amerable to adjustment!
s0 that conditions- eorrosive to’ the steéls are avuided: - We-have a-op |
high‘i@!{tfof'é'o_‘qﬁ_g_eﬁnce,_in.the- longevity of the new carbon—-steebra |
taok, A similar level.-of confidence could be abtained for stainless |
steel tanks only after extensive tests with SRP waste. i [

T A

INEL is able to maintain tank temperatures at about 35°C because of

the low levels of radiocactivity in its wastes compared to SRP. This
35°C temperature prevents attack by fluorides that are present. An
extraordinarily large cooling capacity would be required to maintain
SRP high-level tanks at this low temperature.

Storage of SRP wastes as acid solutions in stainless steel tanks has

been evaluated as-an alternative to the present neutralized waste

system. Safety, technical and economic considerations were included
“in these evaluations. Acidic waste from SRP precessing would involve
storing of solids; the amount of solids might be as high as 0.1% (by
weight) of the fuel processed. It was concluded that storage of liquid |
waste in either mode was probably feasible. The risk of either system \
could be reduced to negligible levels by adequate design and engineered
safeguards. The stress corrosion cracking observed previously in carboni
steel tanks would not have occurred had they been stress relived and pro- -
tected by hydroxide and nitrite ion which are stress corrosion inhibitors.
Although either system would provide adequate safety, the neutralized \
wastes possess certain inherent safety advantages for SRP; namely, the
inclusion of the majority of radionuclides in an insoluble and

relatively immobile sludge phase and negligible mobility of neutralized

+ Reply may require coordination with Hanford.



waste in SRP soil due to soil pluggage by hydroxide ion. Since
there were nc safety advantages for the stainless steel tanks at
SRP, the decision between the two systems was made in favor of
continued use of carbon steel tanks. '

The Savannah River Plant waste tanks funded for FY 1976 and FY 1977
are adequately and properly designed to meet their objective of
safe, short-term storage of waste. They will effectively contain

- the waste, and therefore, their use will not impose a risk to the
public from the release of radionuclides. Design of the tanks
represents the combined effdrts of competent engineers, designers,
and consultants. The tank fabricator is selected from among only
the most capable industrial tank fabricators in the United States.
(see also items €5 b, 67 and 75).

- In the event that waste leaked from the tanks into the ground, it
would not enter the Tuscaloosa aquifer. The near-surface ground :
water at the tank farms is isolated from the deeper Tuscaloosa |!
aquifer. Tne near-surface ground water in the vicinity of the tanks ‘ﬁ
is entirely contained on the site. The large Tuscaloosa aquifer is
300 feet deeper than the near-surface ground water, separated by
several nearly impermeable clay barriers, and is at a higher artesian
pressure than the ground water exposed to the waste tanks. Thus,
flow of contaminated ground water could not reach the Tuscaloosa
aquifer. Radionuclides that enter the near-surface ground water
would decay to permissible levels before reaching the nearest creek

because of low ground water velocity and ion exchange characteristics
of the soil (see item 54).
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There is neither intention nor need to remove waste from SRP tanks by
direct contact or mechanical mining methods; 2queous dissolution and
hydraulic slurrying techniques have been demonstrated as discussed in
items 56 and 67. Worker exposure to radiation is minimized by
adequate shielding, and will be maintained well within permissible
guidelines. Access openings (risers) through the tank tops are pro-
vided to allow installation of waste removal equipment when needed.
Installation of much of this equipment, particularly the submerged
slurrying pumps, before it is to be used is impractical because of
potential plugging and other deterioration incurred during the time
while the tanks are serving their intended function of safe waste
storage. However, each SRP tank in liquid waste service is provided
with the facilities required for prompt removal of the tank liquid
should this become necessary for either routine or emergency reasons.

Seismic analyses are an integral part of SRP waste tank design. Con-
sultants recognized for their corpetence in earthquake phencmenon
participated in the design of Type IIl waste tanks. Analyses have
shown that the Type IIl waste tank, with a 4-foot-thick steel-
reinforced concrete roof and a 6-foot diameter steel-reinforced

+ Reply may require coordination with Hanford.
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concrete center column, will maintain functional integrity in an
earthquake producing ground acceleration of 0.2 g. This design
criterion is 4 times the acceleration estimated to have occurred

at the SRP site in the 1886 earthquake at Charleston, South Carmlina.
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